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Summary 
Background: Iron deficiency anemia (IDA) is the most com-
mon type of anemia worldwide and has many adverse
effects on life quality. This meta-analysis study aims to
show that reticulocyte hemoglobin content (CHr) is more
effective than routinely used parameters in the diagnosis of
IDA.
Methods: Comprehensive and systematic research was
done using international databases including PubMed,
Web of Science, Cochrane Library, Science Direct, and
Google Scholar, which contain all articles published on IDA
until December 29, 2020. Seventeen articles were includ-
ed in the meta-analysis. 
Results: The analyses found the Cohen’s deffect size
(Standardized Mean Difference) values of the parameters.
Accordingly, CHr is 2.84 (95% CI 2.36 to 3.31), mean cor-
pus volume (MCV) is 2.46 (95% CI 1.97 to 2.95), ferritin is
2.37 (95% CI 1.63 to 3.11), and transferrin saturation
(TSAT) is 3.76 (95% CI 2.14 to 5.38). To diagnose IDA, the
sensitivity value of the CHr concentration was found as
83.5% (95% CI 76.1 to 89.8), specificity value to be 91.8%
(95% CI 85.5 to 96.4), and mean cut-off value as 28.2 pg.
Conclusions: The results of our study reveal the findings that
CHr is a better biomarker than MCV and ferritin used in deter-
mining IDA, and its efficacy is lower than TSAT. It is very
important to use it routinely for the pre-diagnosis of IDA,
which is very important for public health. The groups in the
study are heterogeneous but contain bias. Therefore, meta-
analyses of studies with less heterogeneity of CHr are needed.

Kratak sadr`aj
Uvod: Anemija usled nedostatka gvo`|a (IDA) je naj~e{}a
vrsta anemije na svetu i ima mnogo negativnih efekata na
kvalitet `ivota. Cilj ove meta-analize je da poka`e da je kon-
centracija retikulocitnog hemoglobina (CHr) efikasnija od
rutinski kori{}enih parametara u dijagnozi IDA.
Metode: Sprovedeno je sveobuhvatno i sistemati~no
istra`ivanje gde su upotrebljene me|unarodne baze poda-
taka, uklju~uju}i PubMed, Web of Science, Cochrane
Library, Science Direct i Google Scholar, koje sadr`e sve
~lanke objavljene na temu IDA do 29. decembra 2020.
Meta-analiza je obuhvatila sedamnaest ~lanaka.
Rezultati: Analizom su utvr|ene vrednosti parametara za
veli~inu efekta Koenovog d (standardizovana srednja razli-
ka). Shodno tome, CHr je 2,84 (95% CI 2,36 do 3,31),
srednja zapremina tela (MCV) je 2,46 (95% CI 1,97 do
2,95), feritin je 2,37 (95% CI 1,63 do 3,11), a zasi}enje
transferinom (TSAT) je 3,76 (95% CI 2,14 do 5,38). Da bi
se dijagnostikovala IDA, utvr|ena je vrednost osetljivosti
koncentracije CHr na 83,5% (95% CI 76,1 do 89,8), vred-
nost specifi~nosti 91,8% (95% CI 85,5 do 96,4), a srednja
grani~na vrednost je 28,2 pg.
Zaklju~ak: Rezultati na{e studije ukazuju da je CHr bolji
biomarker od MCV i feritina koji se koriste u odre|ivanju
IDA, a njegova efikasnost je ni`a od TSAT. Veoma je va`no
da se rutinski koristi za preddijagnozu IDA, {to je veoma
va`no za javno zdravlje. Grupe u studiji su bile heterogene,
ali imaju elemente pristrasnosti, pa je potrebno sprovesti
meta-analize sa manjom heterogenosti CHr.
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Introduction 

Iron is an element that has essential functions
for human life. While it is found in the structure of
hemoglobin (Hb), which provides oxygen transport in
the body, it also ensures the fulfilment of iron-related
functions by joining the structure of enzyme systems
in some tissues (1). Iron deficiency anemia (IDA)
occurs when the iron intake in humans is less than its
excretion, in other words, when a negative iron bal-
ance occurs in the body (increased need for iron,
absorption disorders, chronic blood loss) as a result of
insufficient iron for Hb synthesis in the stores (1, 2).
IDA is the most common type of anemia, and it con-
stitutes the most advanced stage of iron deficiency.
The World Health Organization (WHO) describes a
hemoglobin value of <130.0 g/L in men, <120.0
g/L in women, and <110.0 g/L in pregnant women
as anemia (3, 4). IDA is more common in women
than men due to conditions such as menstruation and
pregnancy. Adolescence causes an increase in blood
pressure due to rapid growth and development and
insufficient iron stores. If this condition cannot be
compensated, IDA may occur as a result of insuffi-
cient intake. The most important reasons for IDA in
postmenopausal women and men are the formation
and increase of gastrointestinal system (GIS) bleeding
(5–7). IDA is characterized by hypochromia and
microcytosis in erythrocytes, decreased serum ferritin
and serum iron levels, TSAT, and increased total iron-
binding capacity (4, 8). Low serum ferritin level in IDA
is essential and should not always be associated with
IDA. Again, because it is an acute phase reactant, its
normal condition does not exclude IDA; the underly-
ing etiology must be defined and regulated (9). In
contrast to all these conditions, iron overload reduces
the efficiency of iron utilization and induces oxidative
stress formation (10). In addition to these, free ery-
throcyte zinc protoporphyrin (ER-ZPP), soluble trans-
ferrin receptor (sTfR), and reticulocyte hemoglobin
content (CHr or Ret-He) are among the reliable labo-
ratory test parameters used to describe IDA. Soluble
transferrin receptor with increasing erythrocyte ER-
ZPP value causes early deterioration of iron condition
and emergence of IDA (11–14). 

Bone marrow erythropoietic activity and intra-
cellular iron requirement are important criteria in
determining sTfR level. Therefore, in conditions asso-
ciated with iron deficiency and induced erythropoiesis
(sickle cell anemia, megaloblastic anemia, thalas semia,
polycythemia, etc.), sTfR concentration increases,
while aplastic anemia decreases (15, 16). Normal
serum sTfR level is 3.5–8.5 mg/L. It is known that a

high sTfR (>8.5 mg/L) level is an early and sensitive
biomarker for the diagnosis of IDA (11). 

The ratio of sTfR concentration to logarithmic
ferritin level is also determinant in the differential
diagnosis of IDA. A ratio of less than 1 is associated
with chronic disease anemia, while the ratio higher
than 2 is evaluated in favour of IDA (17). 

The decrease in iron concentration increases
zinc transport in the intestines, and therefore the
increased concentration of ER-ZPP (80 g/dL) in ery-
throcytes is associated with iron deficiency. However,
routine use of ER-ZPP measurements is difficult and
time-consuming due to automation difficulties (18). 

CHr, also known as Ret-He, measures the
amount of hemoglobin in reticulocytes and is an indi-
cator of cell hemoglobination, reflecting the quality of
newly produced reticulocytes. Microcytic, hypo -
chromic red blood cell (RBC) is formed due to ongo-
ing reticulocyte production when there is not enough
iron. Thus, RET-He reflects an earlier measure of
reduced hemoglobin status compared to hemoglobin
and hematocrit (11, 19). 

Reticulocytes are separated from the erythrob-
lasts after Hb synthesis, pass into the peripheral blood
and turn into mature erythrocytes within a few days.
Therefore, CHr is the ideal parameter to be consid-
ered for real-time Hb synthesis. Reticulocyte hemo-
globin content is affected only by the amount of iron
unless there are hematopoietic disorders (10). 

Determination of iron status is possible with
RET-He measurement. RET-He is determined by
automated fluorescence flow cytometry, which meas-
ures the mean values   of the forward light scattering
intensity of mature red blood cells and reticulocytes
using a polymethine dye. The values   obtained reflect
the reticulocyte hemoglobin content (20). Reticulo -
cyte hemoglobin content is more effective in diagnos-
ing iron deficiency, determining early iron deficiency
anemia, differentiation of beta-thalassemia feature,
and more effective than the other parameters in -
volved in iron metabolism (10, 12). CHr is a less vari-
able parameter that performs better than ferritin in
response to intravenous (IV) iron therapy, providing
better diagnostic accuracy for iron (15, 16). 

In the United States and Europe, CHr has been
accepted as a marker in iron deficiency with a diag-
nostic threshold of 29 pg. However, there is no refer-
ence value agreed on the best value for its sensitivity
and specificity (17). 

Keywords: Reticulocyte Hemoglobin Content, Iron
Deficiency Anemia, Transferrin saturation, Mean Corpus
Volume, Ferritin, Meta-Analysis

Klju~ne re~i: Sadr`aj retikulocitnog hemoglobina, ane-
mija usled nedostatka gvo`|a, zasi}enje transferina, sred -
nja zapremina tela, feritin, meta-analiza
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This study examined the effectiveness of CHr in
addition to routine parameters in determining IDA.       

Methods

Literature Search Strategy

Comprehensive systematic research was carried
out using international databases, including PubMed,
Web of Science, Cochrane Library, Science Direct,
and Google Scholar, to determine all studies on CHr
as a biomarker of IDA. 

Our study included all articles published until
December 29, 2020. The words used as search crite-
ria in this study are as follows: »Reticulocyte hemoglo-
bin AND iron deficiency anemia OR iron deficiency«,
»reticulocyte hemoglobin« OR »iron deficiency« OR
»iron deficiency anemia«. 

This systematic review and meta-analysis were
carried out under the guidelines for Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA). 

Selection Criteria 

The full texts of the articles related to the study
were examined in terms of exclusion and inclusion
criteria. Appropriate studies including clinical features
of patients diagnosed with IDA and CHr used as a
biomarker in the diagnosis of the disease were includ-
ed in the meta-analysis.

Prospective/retrospective cohort, case-control,
and cross-sectional studies were found suitable for
inclusion in our study.

Repeated articles, reviews, case reports, expert
opinions, letters, editorials, studies on experimental
animals, studies not including control groups, studies
where CHr is a biomarker but not related to iron defi-
ciency, studies without available data, studies on
results other than mean and standard deviation val-
ues, articles published in languages   other than
English, studies involving chronic patient groups with
IDA, and studies only on iron deficiency were exclud-
ed (Figure 1).   

Data Extraction and Quality Assessment

Data extraction, evaluation of literature quality,
and evaluation of bias risk were carried out independ-
ently by two researchers (Serdar M. and Kılıç M.). 

The following features were extracted: Article
information (first author, year of publication), country,
study designs, gender, device information, study
example, patient/control information, the total num-
ber of samples, researched parameters. This informa-

tion is shown in Table I. Microsoft Excel database was
used to save the necessary information.   

Statistical Analysis

The meta-analysis study was performed using
MedCalc statistical software, version 19.0.7 (Med -
Calc Software, Ostend, Belgium). A meta-analysis
was performed on Cohen’s d effect size (Standardized
Mean Difference) by taking the mean and standard
deviation values. In the evaluation, the results
obtained with the random-effects model of the stud-
ies with low bias risk were taken into consideration.
The study aimed to perform group analysis of CHr,
MCV, ferritin, and TSAT biomarkers according to the
target range in IDA. Using Cochran’s Q statistic and
I2 statistic respectively, statistical heterogeneity was
evaluated. If the I2 statistical value was above 50 per
cent and the p-value was lower than 0.05, the hetero-
geneity was considered statistically significant.

Figure 1 PRISMA flow diagram for inclusion of studies in
this meta-analysis.
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Table I Features of the studies analyzed for iron deficiency anemia, Sysmex  XN Aplpha/10/300/1000, XE 2100/5000   (Sysmex
Corporation Kobe, Japan), Technicon H3, (Bayer, Germany), Advia 120, ADVIA 2120i (Siemens AG, Erlangen, Germany).

FIRST AUTHOR YEAR COUNTRY DEVICE STUDY
DESIGN

PATIENT
GROUP

PATIENT/
CONTROL 

TOTAL
NUMBER FEMALE MALE RESEARCHED

PARAMETERS

Chaipokam et al.
(46) 2017 Thailand Sysmex- XE

Alpha
Prospective

cohort
Adult-

Anemia

Control, IDA,
Talasemi,

Talasemi trait,
AI

267 190 77 MCV, CHr

Rehu et al. (35) 2011 Finland ADVIA 120
and 2120 Retrospective Adult-

Anemia
Control, IDA,

ACD 250 138 112 CHr, MCV

Brugnara et al. 
(8) 1999 Amerika Technicon

H3

Iron
Deficiency
Children

Control, 
IDA, ID 210 90 210 CHr, MCV,

Ferritin

Balci et al. (47) 2016 Turkey
Sysmex
ADVIA
2120i

Case-control
6–12 

Years Old
Children

Control, IDA,
B12 vitamin 
deficiency,

mixed anemia

112 52 60 CHr, MCV,
Ferritin

Ceylan et al. (48) 2007 Turkey ADVIA 120 Case-control Adult-
Anemia

Control, 
IDA, ID,

Talasemi minor,
B12 vitamin
deficiency

131 91 40 CHr, MCV

Cai et al. (49) 2017 China ADVIA 120 Case-control Adults Control, IDA,
NIDA 140 100 40 CHr, MCV,

Ferritin

LUO et al. (50) 2007 China ADVIA 120 Case-control

Pre-
menopausal

Women-
Anemia

Control, IDA,
NIDA 142 142 CHr, MCV

Dinh et al. (51) 2020 Vietnam
Sysmex
ADVIA
2120i

Retrospective Adult-ESRD
Control, IDA,
NIDA, ESRD,

IDA-ESRD
312 188 124 CHr, MCV

Ageeli et al. (52) 2013 Saudi 
Arabia

ADVIA
2120i Case-control Adult-

Anemia
Control, IDA,

ACD, CRF 320 170 150 CHr, MCV,
Ferritin, TSAT

Buttarello 
et al. (53) 2016 Italy Sysmex 

XE-5000 Case-control Adult-
Anemia

Control, IDA,
ID, NIDA, trait

 talasemia
290 CHr, MCV,

Ferritin

Uçar et al. (33) 2019 Turkey Sysmex 
XN 1000 Case-control Adult-

Anemia
Control, IDA,

ID, NIDA 217 171 46 CHr, MCV,
Ferritin,TSAT

Toki et al. (54) 2017 Japan Sysmex XN
300/XE Case-control Adult-

Anemia
Control, IDA,

ID, NIDA 211 148 63 CHr, MCV,
Ferritin,TSAT

Vázquez-López et
al. (55) 2019 Spain ADVIA 120 Case-control 1–16 Years

Old Children
Contol, IDA, 

ID 1239 620 619 CHr, MCV,
Ferritin,TSAT

Malczewska-
Lenczowska et al.
(56)

2017 Poland ADVIA 120 Case-control Sports
women

Control, 
ID stage I, 
ID stage II 

219 219 CHr, MCV,
Ferritin

Chinudomwong 
et al. (57) 2020 Thailand Sysmex 

XN-10 Case-control Adult-
Anemia

Control, IDA,
IDA-inflamma-
tion, NIDA-AI,
NIDA-CKD,

Talasemi

938 603 335 CHr, MCV,
Ferritin

Urrechaga 
et al. (58) 2011 Spain Sysmex 

XE 5000 Case-control
Anemia 

and
Talasemia

Control,
talasemia trait,

mild IDA,
severe IDA

473 CHr, MCV,
Ferritin, TSAT

Rungngu et al.
(59) 2016 Indonesia Sysmex 

XE-2100
Cross-section-

al

6–12 
Years Old
Children-
Anemia

Control, IDA,
NIDA 50 17 33 CHr, Ferritin

ACD: Anemia of chronic disease, AI: Inflammation anemia, CHr: Reticulocyte hemoglobin content, CKD:Chronic kidney disease, CRF: Chronic
renal failure ESRD: End-stage renal disease, ID: Iron deficiency, IDA: Iron deficiency anemia, MCV:Mean corpuscular volume, NIDA: Non-iron
deficiency anemia, TM: β-Talasemia minor, TSAT: Transferrin Saturation 



Publication Bias

Two reviewers evaluated independently the risk
of bias in each study using the Diagnostic Precision
Study Quality Assessment Tool (QUADAS-2) recom-
mended (18). Publication bias is demonstrated by
analysis with a funnel plot.  

Results

Literature Search and Study Characteristics

Based on the search strategy, 113,536 studies
were evaluated among the databases specified. A
total of 13,116 studies were included in the study
after the records, except for studies with open access
and research articles were excluded. Thirteen thou-
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Table II Meta-analysis of reticulocyte hemoglobin content (CHr), Mean Corpuscular Volume (MCV), ferritin, Transferrin
Saturation (TSAT), sensitivity and specificity of CHr to diagnose iron deficiency anemia articles.

Study IDA
(n)

IDA-CHr
Main±SD

Control
(n)

Control-
CHr

Main±SD

Effect
Size

95%
CI

MCV FERRITIN TSAT SENSITIVITY SPECIFICITY

EffectSi
ze

95%
CI

EffectSi
ze

95%
CI

Effect
Size

95% 
CI

Sample
size

Proportion
(%)

95%
CI

Sample
size

Proportion
(%)

95%
CI

Chaipokam 
et al. 2017 (46) 53 21.2±5.5 99 33.1±2.4 -3.137

-3.62
to 

-2.65
-3.30

-3.80
to -

2.80
53 83.0

70.2
to

91.9
99 80.8

71.6
to

88.0

Rehu et al.
2011 (35) 58 26.8±3.8 63 33.2±2 -2.12

-2.57
to 

-1.67
-1.16

-1.54
to -

0.77
58 82.7

70.5
to

91.4
63 90.4

80.4
to

96.4

Brugnara 
et al. 1999 (8) 24 24.2±2.7 186 26.8±1.8 -1.349

-1.79
to 

-0.90
-1.08

-1.51
to -

0.64
-0.09

-0.52
to

0.33
24 79.1

57.8
to

92.8
186 74.7

67.8
to

80.8

Balci et al. 2016
(47) 26 22.26±1 32 29.9±0.7 -8.692

-10.39
to 

-6.99
-3.20

-3.99
to -

2.41
-4.26

-5.21
to 

-3.31

Ceylan et al.
2007 (48) 41 21.8±3.3 34 28.2±1.7 -2.349

-2.94
to

-1.75
-1.85

-2.40
to -

1.30
41 85.3

70.8
to

94.43
34 1

84.6
to

99.9

Cai et al. 2007
(49) 56 23.3±4 46 31.8±2.5 -2.476

-2.99
to 

-1.95
-2.42

-2.93
to -

1.90
-1.91

-2.38
to 

-1.44
56 87.5

75.9
to

94.82
46 91.3

79.2
to

97.5

Luo et al. 2007
(50) 30 23.5±3.1 71 32±1.1 -4.403

-5.15
to 

-3.65
-3.609

-4.27
to -

2.94

Dinh et al. 2020
(51) 59 23.4±3.2 145 31.2±1.2 -3.90

-4.38
to 

-3.41
-3.256

-3.69
to -

2.81
59 98.3

90.9
to

99.9
145 97.9

94.0
to

99.5

Ageeli et al. 
2013 (52) 100 22.9±2.9 60 30.9±1.3 -3.27

-3.76
to 

-2.79
-4.093

-4.64
to -

3.53
-11.85

-13.2
to 

-10.5
-7.89

-8.82
to 

-6.96

Buttarello 
et al. 2016 (53) 58 24.4±4.8 164 33±1.2 -3.23

-3.66
to 

-2.80
-2.141

-2.50
to -

1.78
-1.31

-1.63
to 

-0.99
58 91.3

81.0
to

97.1
164 94.5

89.8
to

97.4

Uçar et al. 2019
(33) 52 21±4.1 54 36.6±7 -2.69

-3.22
to 

-2.15
-2.996

-3.55
to -

2.43
-1.10

-1.51
to 

-0.69
-2.83

-3.37
to 

-2.29
52 90.3

78.9
to

96.8
54 100

93.3
to

100.0

Toki et al. 2017
(54) 72 23.4±4.9 67 33.8±2.5 -2.631

-3.08
to 

-2.17
-2.008

-2.41
to -

1.59
-0.56

-0.90
to 

-0.22
-2.38

-2.82
to 

-1.94

Vázquez-L 
et al. 2019 (55) 13 24.5±30 1153 31.1±1.7 -1.885

-2.43
to 

-1.33
-2.951

-3.51
to -

2.39
-1.64

-2.19
to 

-1.09
-1.51

-2.06
to 

-0.96

Malczewska-L 
et al. 2017 (56) 33 29.3±1.8 87 31.4±1.0 -1.567

-2.02
to 

-1.12
-0.457

-0.86
to 

-0.05
-2.44

-2.94
to 

-1.93

Chinudomwong
et al. 2020 (57) 133 20.6±9 155 33±1.4 -1.993

-2.27
to 

-1.71
-1.909

-2.18
to 

-1.63
-1.40

-1.66
to 

-1.14
133 73.6

65.3
to

80.9
155 96.7

92.6
to

98.9

Urrechaga  
et al. 2011 (58) 126 22.3±3.7 90 33.7±1.4 -3.827

-4.28
to 

-3.37
-3.235

-3.64
to 

-2.82
-2.44

-2.80
to 

-2.08
-4.39

-4.89
to 

-3.89

Rungngu 
et al. 2016 (59) 16 25.8±4.8 34 29.8±1.3 -1.338

-1.99
to 

-0.68
-1.59

-2.27
to 

-0.91
16 43.7

19.7
to

70.1
34 85.2

68.9
to

95.0

Total (random
effects) 950 2540 -2.846

-3.31
to 

-2.38
-2.463

-2.95
to 

-1.97
-2.38

-3.11
to 

-1.63
-3.77

-5.38
to 

-2.15
550 83.5

76.1
to

89.9
980 91.8

85.6
to

96.4

CI = Confidenceinterval, n = Sample size, SD = Standard Deviation 
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Figure 2A Forest plot of reticulocyte hemoglobin content (CHr), B Funnel plot of reticulocyte hemoglobin content, C Forest
plot of mean corpuscular volume (MCV), D Funnel plot of mean corpuscular volume, E Forest plot of ferritin, F Funnel plot of
ferritin, G Forest plot of transferrin saturation (TSAT), H Funnel plot of transferrin saturation.
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sand twenty-two articles not suitable for the title and
abstracts and published in languages   other than
English were excluded. From the remaining 94
pieces, 17 of them were included in the meta-analy-
sis, excluding those with repeating records, animal
studies, those that did not include a control group,
and those related to chronic diseases other than iron
deficiency. The flowchart and detailed literature
search steps are shown in Figure 1. 

Characteristics and Quality Studies 

The articles on CHr, a biomarker used in
patients with IDA, were included in our study, all in
English until December 29, 2020. From the 17 arti-
cles, 2 of them were written in Thailand, 3 in Turkey,
2 in Spain, 1 in Finland, 1 in the United States, 2 in
China, and one in Indonesia, Vietnam, Saudi Arabia,
Italy, Poland, and Japan. The study contains 951 indi-
viduals with IDA and 3491 people, including 2540
control group members. The features of the included
studies are shown in Figure 1.   

Reticulocyte Hemoglobin Content

As a result of a detailed literature review, 17 arti-
cles including IDA data of CHr were included. In the
meta-analysis performed with the low bias risk ran-
dom-effects model in the included articles, the I2
value of CHr was 93.52%, so intergroup heterogene-
ity was achieved (P <0.0001), and random effect size
value 2.84 (95% CI 2.36 to 3.31) is shown in Table
II. Publication bias is evaluated with a forest plot in
Figure 2A and funnel plot in Figure 2B. 

Mean Corpuscular Volume 

After the literature review, 16 articles with MCV
data were included. In the meta-analysis performed
with the low bias risk random-effects model in the
included articles, the MCV I2 value was 94.71%, so
intergroup heterogeneity was achieved (P <0.0001),
and random effect size value 2.46 (95% CI 1.97 to
2.95) is shown in Table II. Publication bias is evaluat-
ed with a forest plot Figure 2C and funnel plot in
Figure 2D.

Ferritin 

12 articles with ferritin data were included. In
the meta-analysis performed with the low bias risk
random-effects model in the included articles, the fer-
ritin I2 value was 97.15%, so intergroup heterogeneity
was achieved (P<0.0001), and random effect size
value 2.37 (95% CI 1.63 to 3.11) is shown in Table
II. Publication bias is evaluated with a forest plot
Figure 2E and funnel plot in Figure 2F.

Transferrin Saturation 

5 articles with TSAT data were included. In the
meta-analysis performed with the low bias risk model
of random effects in the included articles, the TSAT I2
value was 97.70%. Therefore, intergroup hetero-
geneity was achieved (P<0.0001), and random
effect size value 3.76 (95% CI 2.14 to 5.38) is shown
in Table II. Publication bias is evaluated with a forest
plot Figure 2G and funnel plot in Figure 2H.

Discussion

Anemia is a global health problem that is quite
common worldwide and affects 43% of children
under the age of five, 38% of pregnant women, and
29% of non-pregnant women (19). IDA brings along
many complications such as growth retardation, neu-
rocognitive deficiencies, impaired immune system,
increased risk of premature, and impaired learning
ability (20–24). It is therefore important to ensure
accurate and timely diagnosis of the disease by pre-
venting such adverse effects (25–27). Although there
is no single and best test for determining iron defi-
ciency, bone marrow aspiration, which is accepted as
the gold standard, and the method of staining bone
marrow macrophages and erythroid precursors with
Prussian blue is used. However, the method is not
suitable for routine use because it is expensive, sub-
jective, and invasive (26, 28). 

There are many biochemical parameters used in
the diagnosis of IDA. However, as these parameters
are affected by certain conditions, it is not easy to
evaluate them. Serum ferritin concentration, serum
iron level, TSAT, and total iron-binding capacity
(TIBC) are the most widely used biochemical tests.
Although serum ferritin level reveals the iron concen-
tration accumulated in the body, factors such as acute
and chronic inflation, malignancy, liver diseases, and
excessive alcohol use increase independent of iron
(29). Serum iron level decreases with infection,
inflammation, and malignancy but increases with liver
disease. Since the TSAT level is calculated on iron
and TIBC, it is affected by changes in these values   
and does not always give an accurate result (29–32).

In recent years, CHr has become one of the
parameters used to determine IDA (33, 34). reticulo-
cytes, as the first erythrocytes produced in the bone
marrow, transform into mature red blood cells a day
or two after entering the bloodstream. Reticulocyte
parameters have become one of the parameters used
to reflect the iron status in a short time due to their
shorter lifespan compared to erythrocytes and ability
to provide information about bone marrow erythro-
cyte production (12, 35). CHr has a higher specificity
and a lower coefficient of variation since it is not
affected by inflammation like some parameters used
in the diagnosis of IDA (36). Reticulocyte hemoglobin
content data can be obtained from a few millimeters
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Figure 3A Forest plot meta-analysis of the sensitivity of reticulocyte hemoglobin content to diagnose iron-deficiency anemia
articles, B Funnel plot meta-analysis of the sensitivity of reticulocyte hemoglobin content to diagnose iron-deficiency anemia
articles, C Forest plot meta-analysis of the specificity of reticulocyte hemoglobin content to diagnose iron-deficiency anemia
articles, D Funnel plot meta-analysis of the specificity of reticulocyte hemoglobin content to diagnose iron-deficiency anemia
articles, the reticulo cyte hemoglobin content mean cut-off value.
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of peripheral blood compared to bone marrow biopsy
and is also advantageous because it is relatively inex-
pensive, convenient, and less invasive (37).

In this random-effect meta-analysis, studies on
the efficiency of CHr in the diagnosis of IDA are sum-
marized. For this meta-analysis, a total of 13,116 arti-
cles were examined, and 17 studies were included in
the study according to the inclusion and exclusion cri-
teria. The number of articles including parameters
such as MCV, ferritin, and TSAT, which were used fre-
quently in the past in the diagnosis of iron deficiency,
varies (16 articles for MCV values, 12 articles for
Ferritin values, and 5 articles for TSAT values   were
examined). The most effective examination is thought
to be obtained by including each study that meets the
criteria given in Figure 1 for meta-analysis. The litera-

ture review exhibited the fact that this study is the first
meta-analysis of CHr to determine the diagnosis of
IDA.   

A total of 3491 individuals, of which 2540 peo-
ple were in the control group, and 951 people were
with IDA, were included in this study. The inclusion
criteria for the current study were determined as CHr,
which is one of the important parameters in the diag-
nosis of IDA and containing at least one of the param-
eters of MCV, ferritin, or TSAT.

Ferritin is an indicator of the total amount of iron
stored in the body. When the serum ferritin level
shows values   less than 15 mg/L, it is highly sugges-
tive for the diagnosis of IDA. At values   below 30
mg/L, the sensitivity is 92%, and the specificity is 98%
(38, 39). Again, a ferritin level below 45 mg/L and
the sensitivity of 85% and specificity of 92% are par-
ticular to IDA (40, 41).  

A low MCV value alone is not sufficient for a
diagnosis of IDA. Unless the MCV volume is greater
than 95 m³ (95 fL), it should not be considered in
IDA because this threshold has a sensitivity of 97.6%
(40, 42). 

TSAT is low in IDA, typically less than 10%, and
in this case, the sensitivity is 48%, and the specificity
is 88% (43, 44).

In the meta-analysis performed with the low bias
risk random-effects model in the included articles, the
sensitivity CHr I2 value was 78.78% (95% CI 61.43 to
88.32), so intergroup heterogeneity was achieved
(P<0.0001) (Figure 3A–B). The sensitivity of CHr to
diagnose IDA was found as 83.5% (95% CI 76.1 to
89.8), and they are shown in Table II. 

In the meta-analysis performed with the low bias
risk random-effects model in the included articles, the
specificity CHr I2 value was 89.53% (95% CI 82.88 to
93.60), so intergroup heterogeneity was achieved
(P<0.0001) (Figure 3C–D). The sensitivity of CHr to
diagnose IDA was found as 91.8% (95% CI 85.5 to
96.4), and they are shown in Table II. 

In conclusion, the meta-analysis study showed
that CHr is a better marker than other more common-
ly used parameters in IDA. Many previous studies also
support this conclusion. Also, this meta-analysis we
conducted is important for being the first meta-analy-
sis study regarding CHr and IDA.  

The literature review revealed that different cut-
off results related to CHr were obtained, and these
values   vary between 28–29 pg. The CHr mean cut-
off value obtained in our study is 28.2, and this is
shown in the histogram in Figure 3E.

There are important heterogeneity and bias
problems in the studies. Patient selection and lack of
reference methods are particularly important. There
are important criteria differences for index tests. Also,

J Med Biochem 2022; 41 (1) 9
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it is important to have significant group differences
(pediatric patients, renal failure, etc.)  in studies. It
should be noted that there will be a significant
change in methodologies over time (Figure 4).

All parameters of IDA, which are included in the
research, have heterogeneity. CHr is a more effective
marker in determining IDA compared to the routinely
used MCV and ferritin levels. The effect size value of
TSAT, one of the parameters examined, is above
0.80, and its selectivity is higher than CHr.

The study also has some limitations. These are
as follows: like other meta-analysis studies in the liter-
ature, methodological differences are arising from
combining studies conducted with different methods,
and this may lead to bias. Since studies in which the
diagnosis of IDA of CHr was evaluated in the meta-
analysis were included, many parameters used rou-
tinely were excluded. IDA, erythropoiesis status, and
chronic anemias were excluded from the study. In the
study, no distinction was made according to gender
and age.    

Conclusion

This study is the first meta-analysis to evaluate
the efficiency of CHr in the diagnosis of IDA.

According to our results, CHr should be used addi-
tionally with the parameters used in the diagnosis of
IDA. ‘The results of our study reveal the findings that
CHr is a better biomarker than MCV and ferritin used
in determining IDA, and its efficacy is lower than
TSAT. It is very important to routinely use it for the
pre-diagnosis of IDA, which is very important for pub-
lic health.’ CHr alone provides important information
about the current bioavailability of iron, but its use
with other parameters removes uncertainty about the
diagnosis and treatment of IDA. CHr is a very impor-
tant parameter that can be used to evaluate a very
common disease in the clinic, such as IDA’ The het-
erogeneity index of the study results is quite high.
Therefore, comprehensive studies with more homo-
geneous groups are needed to elucidate the relation-
ship between IDA and CHr.
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Summary
Researchers around the world have experienced the dual
nature of severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2), ‘tragically lethal in some people while sur-
prisingly benign in others’. There have been congregating
studies of the novel coronavirus disease (COVID-19), a dis-
ease that mainly attacks the lungs but also has mystifying
effects on the heart, kidneys and brain. Researchers are
also gathering information to ascertain why people are
dying of COVID-19, whether it is solely a respiratory disor-
der, a coagulation disorder or multi-organ failure.
Alterations in laboratory parameters like lactate, ferritin and
albumin have been established as risk factors and are asso-
ciated with outcomes, yet none have not been
sub stantiated with a scientific biochemical rationale. SARS-
CoV-2 affects the alveolar type II epithelial cells which
significantly disturbs its surfactant homeostasis, deprives
Na,K-ATPase of ATP, thereby disturbing the alveolar lining
fluid which then gradually decreases the alveolar gaseous
exchange initiating the intracellular hypoxic conditions.
This activates AMP-activated kinase, which further inhibits
Na,K-ATPase, which can progressively cause respiratory
distress syndrome. The virus may infect endothelial cell
(EC) which, being less energetic, cannot withstand the
huge energy requirement towards viral replication. There -
fore glycolysis, the prime energy generating pathway, must
be mandatorily upregulated. This can be achieved by
Hypoxia-inducible factor-1 (HIF-1). However, HIF-1 also

Kratak sadr`aj
Istra`iva~i {irom sveta iskusili su dualnu prirodu te{kog
akutnog sindroma koronavirusa-2 (SARS-CoV-2), koji je
»tragi~no letalan za neke ljude, a iznena|uju}e benigan za
druge«. Brojne su studije vezano za novo korona virus obo -
ljenje (COVID-19), koji uglavnom o{te}uje plu}a, ali i ima i
iznena|uju}e efekte na srce, bubrege i mozak. Istra`iva~i
tako|e sakupljaju podatke za{to ljudi umiru od COVID-19,
bez obzira da li je to samo respiratorni poreme}aj, poreme}aj
koagulacije ili je multi-organski poreme}aj. Promene labora-
torijskih parametara kako {to su laktat, feritin i albumin su
ustanovljeni kao faktori rizika, mada jo{ uvek nisu nau~no
dovoljno potvr|eni. SARS-CoV-2 deluje na alveolarne tip II
epitelijelne }elije koje zna~ajno o{te}uju povr{insku homeo -
stazu, deluju na Na,K-ATPazu, odnosno vr{e o{te}enje alveo -
larne te~nosti koja zatim postepeno umanjuje izmenu alveo-
larnih gasova i dovodi do izmene intracelularnih hipo ksi~nih
uslova. Ova aktivnosti AMP-aktivirane kinaze, koja zatim in -
hi bira Na,K,ATPazu, {to zatim mo`e progresivno da
prouzrokuje respiratorni distres sindrom. Virus mo`e da infi-
cira endotelijalne }elije (E]) koje postaju manje energetske,
i nisu sposobne da obezbede dovoljno energetskih potreba
prema viralnoj replikaciji. Prema tome, glikoliza, primarni
energetski put mora da se u prvom redu reguli{e. Ovo mo`e
da se postigne sa Hipoksija inducibilnim faktorom-1 (HIF-1).
Me|utim, HIF-1 tako|e aktivira transkripciju von Wille -
brandovog faktora plazminogen aktivator inhibitora-1, i de -
luje supresivno na osloba|anje trombomodulina. Ovo
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Introduction 

The most crucial and curious question about the
new coronavirus is “How deadly is it?” Majority of the
new coronavirus disease-2019 (COVID-19) patients
are asymptomatic (1). Of all the COVID-19 deaths,
the share of deaths in 0–17 years old is only 0.06%,
while in > 65 years is 73.6% (2). This clearly indi-
cates that the virus is more lethal to older people. The
causative agent of COVID-19, severe acute respira -
tory syndrome coronavirus-2 (SARS-CoV-2), thus
seems to be tragically lethal in some while being sur-
prisingly benign in others. This disease mainly attacks
the lungs but also has bewildering effects on the
heart, kidneys and brain. Researchers are gathering
information to determine what actually kills COVID-
19 patients, whether it is pneumonia, blood clots or
kidney failure (3). Presently, there is no discrete theo-
ry to explain all the features, symptoms, clinical and
autopsy findings such as lethality of virus to older peo-
ple, diffuse alveolar damage prevalent in younger
patients, endothelial cell invasion, in-situ pulmonary
thrombosis and micro clots, and multiple organ dam-
age. Variation in laboratory parameters like lactate,
ferritin and albumin have been established as risk fac-
tors and are associated with outcomes, but have not
been substantiated with a scientific biochemical ratio-
nale. Here, I present the biochemical rationale and
propose the Hypoxia-inducible factor-1 hypothesis to
substantiate the various features, clinical laboratory as
well as autopsy findings. 

Material and Methods

Only PubMed/Scopus indexed articles published
on the relevant topic along with the knowledge and
understanding of biochemistry, acquired over three
decades, have been used for proposing the hypo thesis. 

Results and Discussion 

Entry of the virus in the body

SARS-CoV-2 enters a human host cell using the
angiotensin-converting enzyme 2 (ACE2) as its recep-

tor. Recent studies have indicated 10 to 20 times
higher binding affinity of SARS-CoV-2 to ACE2 than
the earlier SARS-CoV (4, 5) and higher expression of
ACE2 on the epithelial cells of oral mucosa (6) and
nasal epithelial cells (7). Thus, SARS-CoV-2 can repli-
cate in these epithelial cells and can further penetrate
inside the human body through these routes.

When SARS-CoV-2 enters through the mouth, it
binds to and penetrates oral epithelial cells (OEC),
hijacks its machinery, consumes its energy and nutri-
tion for replication, and may even affect the gustatory
system resulting in loss of taste function. Similarly,
when it enters through the nose, the virus binds to
and enters the nasal epithelial cells (NEC), possibly
affecting the nasal olfactory epithelium and resulting
in the loss of olfactory function. SARS-CoV-2 entering
and damaging islets cells, resulting in acute diabetes,
has been well documented (8). Taste reduction and
smell reduction has been reported in 55.4% and
41.7% respectively of 204 COVID-19 patients (9).
However, during the replication in OEC and NEC, the
body gets sufficient time to tackle the virus through its
own immune system. NEC also expresses the
immune-associated genes (7). The nasal cavity is in
continuation with the oral cavity, which allows the
virus to slowly migrate to the oropharynx, nasophar-
ynx, throat and the upper respiratory tract (URT) and
can be detected in these regions. Since no major
organ or critical function is lost, the COVID-19 indi-
vidual may remain asymptomatic, or may have just
mild symptoms. Anosmia, with or without dysgeusia
has been manifested in patients with mild to no con-
stitutional symptoms (10, 11). If the body’s immune
mechanism and lung defences are strong enough, it
prevents the virus from invading the lower respiratory
tract (LRT) and other organs and eventually the
COVID-19 patient effectively fights off the viral inva-
sion while being completely asymptomatic or having
mild symptoms. This has been noticed in the majority
of young COVID-19 individuals.

activates transcription of von Willebrand factor, plasmino-
gen activator inhibitor-1, and suppresses the release of
thrombomodulin. This in turn sets off the coagulation cas-
cade that can lead to in-situ pulmonary thrombosis and
micro clots. The proposed HIF-1 hypothesis justifies various
features, biochemical alteration, laboratory as well as
autopsy findings such as respiratory distress syndrome,
increased blood ferritin and lactate levels, hypoalbumine-
mia, endothelial invasion, in-situ pulmonary thrombosis
and micro clots, and multi-organ failure in COVID-19.

Keywords: novel coronavirus, COVID-19, SARS-CoV-2,
severe acute respiratory syndrome coronavirus 2, hypoxia-
inducible factor-1

nasuprot dovodi do koagulacione kaskade koja mo`e da
dovede in-situ pulmolarnu trombozu i mikro koagulaciju.
Predlo`ena HIF-1 hipoteza potvr|uje razli~ite doga|aje, bio-
hemijske promene, laboratorijske nalaze, kao i nalaze auto -
psije kao {to su respiratorni distres sindrom, pove}an nivo
feritina i laktata u krvi, hipoalbuminemiju, endotelijalnu
invaziju, in-situ pulmolarnu trombozu i mikro koagulaciju,
kao i o{te}enje brojnih organa u COVID-19.

Klju~ne re~i: novi korona virus, COVID-19, SARS-CoV-2,
te`ak akutni respiratorni sindrom koronavirusa 2, hipo-
inducibilni faktor-1
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Why is the virus so lethal to older people?

Each and every inhalation can introduce new
infectious agents and irritants into the respiratory sys-
tem. To protect the lungs, the conducting airways are
lined with ciliated airway epithelium. Whenever
microorganisms try to invade the airway epithelium,
they get trapped in the mucus layer, and the cilia beat
in a coordinated manner, with considerable frequen-
cy, to remove the invading pathogens. However,
aging slows the ciliary beat frequency, gradually
decreases the number of cilia and ciliated cells result-
ing in the breakdown of the lungs first and foremost
line of defense (12). In younger people, the airways
are sensitive and the inhaled particles provoke vigor-
ous coughing to expel the irritants, while in older peo-
ple ( >65 years), the coughing reflex either may not
be triggered, due to less sensitive sensory receptors,
or may be triggered ineffectively due to reduced res-
piratory muscle strength (13). In people > 65 years,
the vital capacity is decreased, resulting in decreased
exchange of gases, and the increased residual vol-
ume causes substantial air trapping in the lungs, mak-
ing their alveolus a milieu for microbial growth.
Alveoli in younger people (<65 years) have sufficient
macrophages to clear the pathogens reaching alveoli,
while alveoli in older people have fewer macrophages
and more pro-inflammatory neutrophils that release
free radicals and cytokines, which makes them more
susceptible to cytokine storm that damages the alve-
olar structure (14). All of these result in high risk of
SARS-CoV-2 migrating to the LRT and penetrating
the deep lung tissue, causing serious lung complica-
tions in the already physiologically-challenged lungs
of the elderly.

What if the SARS-CoV-2 reaches the deep lung
tissue? 

In lungs, the gaseous exchange is carried out in
alveoli, which consists of alveolar type (AT) 1 and AT2
epithelial cells. AT1 cells, representing about 40% of
the cell population but covering 90–95% of the alve-
olar surface area, contain scanty mitochondria and
organelles. AT2 cells, representing 60% of the cell
population while occupying only 5–10% of the area,
are highly metabolically active with a large nucleus
and their cytoplasm is rich in mitochondria, endoplas-
mic reticulum (ER) and prominent Golgi complex
(GC) (15). A layer of alveolar lining fluid (ALF) covers
the entire surface of the alveolar epithelium, and the
regulation of its volume and composition is extremely
important for optimal gaseous exchange (16). AT2
cells synthesize, assemble and regulate the secretion
of functional surfactant (17). Surfactant when
released produces a monolayer over alveolar epitheli-
um surface, which reduces alveolar surface, opsonis-
es pathogens and facilitates their clearance.
Insufficient surfactant causes alveoli collapse, pul-
monary edema & respiratory distress syndrome.

Nearly 10% of the secreted surfactant pool is needed
to be recycled per hour as the surfactant keeps get-
ting inactivated. Primarily, AT2 cells cause this recy-
cling, failing which, ineffective surfactant accumu-
lates in the alveolus causing associated complications
(18). Moreover, AT2 cells have Na,K-ATPase for the
transepithelial ion transport which is crucial for the
regulation of the ALF, to guarantee proper gaseous
exchange (16). 

In the alveolus, the AT2 cell has a high concen-
tration of ACE2, all the infrastructure and energetics
to support the replication and more importantly
expression of > 20 other genes that are closely relat-
ed to virus replication and transmission. This makes
AT2 cells the most preferred target cells of COVID-19
in LRT (19). 

Bioenergetics burden, hypoxia, ROS, down -
regulation of Na,K-ATPase, breakdown of sur-
factant homeostasis in AT2 cells trigger lung
damage

When SARS-CoV-2 enters an AT2 cell, it hijacks
its entire cellular machinery and diverts its energy,
essential amino acids (EAAs) and nutrition towards its
own replication. If expenditure, exclusively towards
the viral genome and structural proteins, are account-
ed for, then each virus costs a minimum of 1.7x107

ATP along with a huge nutritional load of EAAs (20).
However, this does not include the expenditure
towards proteases, polyproteins 1ab, 5  and 3
sequences of subgenomic mRNA, lipids, carbohy-
drates, transport of molecules, assembly and disas-
sembly process in ER-GC. The huge energy expendi-
ture and hijacking of the entire cellular machinery of
the host by the virus can significantly disturb the sur-
factant homeostasis and deprive Na,K-ATPase of suf-
ficient ATP, as Na,K-ATPase itself requires around
40% of cellular energy for its normal functioning (21).
Reduction in ATPase activity reduces the crucial trans -
epithelial ion transport, which in turn disturbs the ALF
resulting in decreased alveolar gaseous exchange,
which is further worsened by the disturbed surfactant
homeostasis. To cater for the additional energy
required to support the fast viral replication, the AT2
mitochondrial electron transport chain (ETC) has to
increase by consuming more glucose, fatty acids and
oxygen. This increased ETC can result in more reac-
tive oxygen species (ROS). Increased oxygen con-
sumption with reduced oxygen delivery to the AT2
might gradually initiate intracellular hypoxic con -
ditions in AT2. This hypoxia/ROS then activates
AMP-activated kinase (AMPK) which further inhibits
Na, K-ATPase. This greatly impairs lung fluid clear-
ance (21) and can progressively increase the blood
ferritin levels, as hypoxia causes more than four fold
increase in ferritin content in alveolar cells. The
increased blood ferritin content in COVID-19 has
been abundantly reported. 



Fast viral replication continues damaging the
other AT2 cells exponentially. The inflammatory
cytokines of endothelial cells further exacerbates the
deteriorating lung. Gaseous exchange is highly
reduced and the alveolus becomes fully filled with
fluid, or almost air-free, and ventilators also fail to suf-
ficiently ventilate such COVID-19 patients, leading to
death by respiratory failure. Older patients with more
comorbid conditions tend to die early, while younger
patients with no comorbidity continue to fight for
longer. The accumulation of inactive surfactant along
with the cell debris, free radical damage from oxygen,
cytological pleomorphic AT2 cells can cause diffuse
alveolar damage, which has been reported to be
more prevalent in younger patients (3). 

Respiratory failure cannot be the only cause –
Endothelial cell invasion and HIF

During the clash between the immune system
and SARS-CoV-2, the virus may escape into the circu-
latory system and spread easily because of the abun-
dant expression of ACE2 on endothelial cells (EC)
(22). With a higher binding affinity for ACE receptors
(4, 5), SARS-CoV-2 can be more potent in spreading
and infecting other organs via the bloodstream (3).
The presence of viral elements within EC with evi-
dence of EC death has also been reported (23).

The EC is not a major energy-requiring cell (24).
It has low mitochondrial content and generates more
than 80% of their energy requirement through glycol-
ysis. The oxygen consumption, which contributes to
just 15% of EC energy generation, has physiologically
been kept low to facilitate ECs to transfer most of the
oxygen to the perivascular tissues (25). SARS-CoV-2
infecting EC is bound to change its whole energetics,
as the normally low energetic EC cannot withstand
the huge energy requirement (20) towards viral repli-
cation. ECs are designed to generate energy mostly
by anaerobic glycolysis, during which each glucose
molecule is broken into 2 lactate molecules yielding
only 2 molecules of ATP. Whereas, aerobically, each
glucose molecule consuming oxygen and involving
mitochondria, gets completely oxidized into 6 CO2
molecules and generates 32 molecules of ATP. Thus,
to sustain the viral replication on anaerobic glycolysis,
the glycolysis must mandatorily be upregulated. This
upregulation can be achieved by Hypoxia-inducible
factor-1 (HIF-1), which is a transcriptional activator of
genes involved in cell metabolism (27, 28).

HIF-1 is composed of a regulatory HIF-1a sub-
unit and constitutively expressing HIF-1  subunit. HIF-
1a subunits undergo oxygen-dependent hydroxyla-
tion by prolyl-hydroxylase domain containing protein
(PHD). PHD-catalysed hydroxylation reactions
require oxygen and alpha-ketoglutarate (2-oxoglu-
tarate) as co-substrates, and iron and ascorbate as
cofactors (29). The hydroxylated HIF-1a subunits are
rapidly destroyed via the ubiquitin-proteasome system

(UPS) pathway. In a cellular hypoxic environment,
non-hydroxylated HIF-1a subunits escape UPS degra-
dation, and combine with HIF-1  and co-activators
forming a functional HIF-1 (26). Varieties of viral
pathogens have been reported to activate the HIF-1
pathway. Hepatitis B virus, Vaccinia virus and Epstein-
Barr virus can stabilize HIF-1a by interfering with pro-
lyl hydroxylation or UPS degradation. Influenza A
virus activates HIF-1 by inhibiting proteasome, that
too under physiologically normal oxygen levels (nor-
moxia), thereby mimicking a hypoxic response in nor-
moxia (26, 30). 

Thus, in COVID-19, it can be scientifically
hypothesized that SARS-CoV-2 by some mechanism
activates HIF-1 to manipulate the host cell environ-
ment for its own benefits. Accordingly, SARS-CoV-2
in EC activates HIF-1, which then induces the genes
encoding all the glycolytic enzymes to upregulate gly-
colysis. Glucose transporters, phosphofructokinase-2
(generator of the most powerful glycolysis activator),
phosphoglycerate kinase and pyruvate kinase, which
are confirmed targets of HIF-1, are induced. HIF-1
inhibits pyruvate dehydrogenase via direct transacti-
vation of pyruvate dehydrogenase kinase. Con se -
quently, pyruvate entry into tricarboxylic acid (TCA)
cycle is suppressed and instead generates lactate
which effluxes from the tissues via monocarboxylate
transporter MCT4, which is also upregulated by HIF-
1 (31). Thus, based on this hypothesis, virus replica-
tion inside EC should cause very high consumption of
glucose leading to malnutrition and high amounts of
lactate in the blood. The same has been reported in
100 percent of the COVID-19 patients who died,
thereby concluding that lactate levels can be used as
indicators of disease progression (32). Additionally,
HIF-1 activated in EC can upregulate pro-inflamma-
tory cytokines (IL-1, 6 and 8) and platelet-activating
factor to fuel neutrophils recruitment at the site of
viral invasion (33). Increased serum IL-6 has been
abundantly reported as a marker of disease progres-
sion and has been associated with fatal outcomes in
COVID-19, thus favouring the proposed hypothesis.

Virally infected EC, as a damage control mea-
sure, can employ heme, as it greatly potentiates cell
killing mediated by neutrophils and ROS. Conse -
quently, EC upregulates heme oxygenase-1 (HO-1) to
degrade and release Fe2+ from heme, and also upreg-
ulates ferritin (34). Ferritin heavy chain (FHC) ferroxi-
dase inactivates Fe2+ to Fe3+ inside ferritin to preclude
the generation of lethal hydroxyl radical from Fe2+ by
Fenton reaction (35). HO-1 deficiency causing exten-
sive EC damage amply demonstrates the significance
of this defence system (34). HIF-1 upregulates the
HO-1 gene (36) and consequently necessitates more
ferritin. Thus, based on the proposed HIF-1 hypothe-
sis, one can assume that high serum ferritin reflects
alveolar (37) and intense endothelial invasion by
SARS-CoV-2 leading to fatal outcomes, and the same
has been reported abundantly.
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HIF, coagulation abnormality and multi-organ
failure 

If SARS-CoV-2 indeed activates the HIF-1 path-
way in EC, as hypothesized here, then it should also
demonstrate its impact on procoagulant and antico-
agulation behaviour of EC. Recently, it has been
established that ECs produce surface regulatory pro-
teins that prevent excessive coagulation. These
include EC receptor thrombomodulin (TM), endothe-
lial protein C receptor (EPCR), tissue factor pathway
inhibitor (TFPI), and protein C (PC) (38). Under nor-
mal physiological conditions, TM-bound thrombin
converts PC that is bound to EPCR, into activated pro-
tein C (APC). For APC to be effective, its complex with
protein S (PS) synthesized by EC, must be formed
(39). The resulting APC-PS complex, then inactivates
the activated factor (F) VIII and FV and, therefore,
limits the functions of FVIII-FIX (intrinsic tenase com-
plex) and FX-FV (prothrombinase complexes) inhibit-
ing coagulation under the normal physiological con-
ditions (39). PS is also a cofactor of TFPI (40) which
inhibits the tissue factor (TF)-FVII (extrinsic tenase
complex) activation of FX (38). PS binds to activated
FX and FV, inhibits activated FX independently, and
downregulates thrombin generation (41). Thus, PS
has a definite function in the inhibition of coagula-
tion. HIF-1 downregulates PS expression, resulting in
its inverse relationship with PS (42). The decreased
PS might result in the inhibition of APC and TFPI.
APC without its cofactor PS might fall short to prevent
inactivation of activated FVIII and FV, the two cofac-
tors essential for blood coagulation, thereby failing to
prevent the FVIII-FIX intrinsic tenase and FX-FV pro-
thrombinase complex. TFPI without the cofactor PS,
may fail to inhibit TF–FVII extrinsic tenase complex
activation of FX. Insufficient PS can result in an ele-
vated amount of activated FIX, which increases the
risk of venous thromboembolism. Hence, inhibition of
activated FIX has been proposed as a treatment of
venous thromboembolism (40). HIF-1 activates tran-
scription of procoagulant molecule, von Willebrand
factor (VWF) (43) and induces the exocytosis of EC
Weibel-Palade (WP) body (store house of P-selectin
and VWF) causing release of VWF and P-selectin at
the EC surface (34) . HIF-1 induces transcription and
translation of the plasminogen activator (PA) in -
hibitor-1 (44, 45) but does not induce tissue-PA (44)
and suppresses the release of TM (46). Moreover,
prostacyclin released by EC cannot exert its anti-
aggregatory effect on platelets as adenylyl cyclase
(downstream mediator) is reduced by HIF-1. As a
result, cross-linked fibrin clots are formed on the sur-
face of endothelium and this sets off the coagulation
cascade (46). Based on the proposed hypothesis,
small regions of the pulmonary capillary having
SARS-CoV-2 infected ECs, can undergo coagulatory
situation forming in-situ pulmonary thrombosis and
micro clots. Thus in COVID-19, the pulmonary
thrombotic events need not be embolic at all, instead,
in-situ pulmonary thrombosis could be the culprit.

The hypothesis also explains the findings in several
studies that have reported a disproportionate high
number of venous clotting events as pulmonary
thrombi (47, 48) without an associated increase in
deep vein thrombosis (DVT) (49). The hypothesis can
also respond to the queries raised by some authors on
whether the high number of pulmonary embolism
(PE) are due to embolic events or are in-situ pul-
monary thrombosis (49). Thrombosis reduces the
blood flow, thereby restricting the delivery of nutrients
and oxygen to downstream tissues and organs. This
then, gradually induces necrosis and damage to the
respective organs leading to death. Multiple organ
damage has been reported in COVID-19 deaths (23,
32). Alternatively, large occlusive thrombi can detach
and embolize and then occlude distal vessels resulting
in thrombo-embolism. Similarly, venous thrombo-
embolism, as a major cause of DVT and PE can be
triggered (50) and the same has been reported as the
cause of death (51). 

Conclusions

The proposed HIF-1 hypothesis can rationalize
various features, clinical laboratory and autopsy find-
ings such as respiratory distress syndrome, increased
blood ferritin and lactate levels, hypoalbuminemia,
endothelial invasion, in-situ pulmonary thrombosis
and micro clots, and multi-organ failure in COVID-19.

Future plans

A definite research plan can help to prove the
mechanism by which the SARS-CoV-2 activates HIF-
1. In COVID-19, HIF-1 can be activated by following
mechanisms: 

i) Intracellular hypoxic condition. 

ii) Fe2+ may become a limiting factor due to
increased ferritin

iii) Alpha-ketoglutarate may become limiting
due to its conversion to glutamate, an AA
consumed towards viral structural proteins. 

iv) SARS-CoV-2 component or molecule inter-
fering in PHD-catalysed hydroxylation reac-
tions or UPS degradation.
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Summary 
Background: The laboratory testing process consist of five
analysis phases featuring the total testing process frame-
work. Activities in laboratory process, including those of
testing are error-prone and affect the use of laboratory
information systems. This study seeks to identify error fac-
tors related to system use and the first and last phases of
the laboratory testing process using a proposed framework
known as total testing process-laboratory information sys-
tems. 
Methods: We conducted a qualitative case study evaluation
in two private hospitals and a medical laboratory. We col-
lected data using interviews, observations, and document
analysis methods involving physicians, nurses, an informa-
tion technology officer, and the laboratory staff. We
employed the proposed framework and Lean problem solv-
ing tools namely Value Stream Mapping and A3 for data
analysis.
Results: Errors in laboratory information systems and the
laboratory testing process were attributed to failure to fulfill
user requirements, poor cooperation between the informa-
tion technology unit and laboratory, inconsistency of soft-
ware design in system integration, errors during inter-sys-
tem data transmission, and lack of motivation in system
use. The error factors are related to system development
elements, namely, latent failures that considerably affected
the information quality and system use. Errors in system
development were also attributed to poor service quality.
Conclusions: Complex laboratory testing process and labo-
ratory information systems require rigorous evaluation in
minimizing errors and ensuring patient safety. The pro-

Kratak sadr`aj
Uvod: Proces laboratorijskog ispitivanja sastoji se iz pet
analiti~kih faza u ukupnom procesu analiziranja. Aktivnosti
u laboratorijskom procesu uklju~uju i one koje se odnose
na utvr|ivanje gra{aka i uti~u na laboratorijski informacioni
sistem. Ovo izu~avanje ima za cilj identifikaciju gre{aka u
odnosu na primenu sistema od prve do poslednje faze
ispitivanja u laboratorijskom procesu primenom poznatog
informacionog sistema za celokupni proces ispitivanja.
Metode: Primenili smo kvalitativno izu~avanje procesa u dve
privatne bolnice i medicinske laboratorije. Podatke smo
sakupljali putem intervijua, na osnovu posmatranja i doku -
mentovanih metoda analiziranja uklju~uju i lekare, sestre,
informacionog stru~njaka i laboratorijsko osoblje. Primenili
smo poznati LEAN proces za re{avanje problema koji je
poznat kao Value Stream Mapping i A3 za analizu podataka.
Rezultati: Gre{ke u laboratorijskom informacionom sistemu
i laboratorijskom procesu ispitivanja javljaju se uglavnom
zbog lo{e saradnje izme|u jedinice za informacione
tehnologije i laboratorije, zbog lo{eg informacionog
sistema, prenosa podataka i motivacije za primenu sistema.
Gre{ke nastaju i zbog problema u razvoju samog kvaliteta
informacionog sistema. Tako|e gre{ke su posledica lo{eg
servisiranja sistema.
Zaklju~ak: Kompleksan laboratorijski proces ispitivanja i
laboratorijski informacioni sistem iziskuju rigoroznu pro -
cenu i kontrolu gra{aka i osgiranje sigurnosti pacijenata.
Predlo`eni okvir i primena LEAN postupka su neohodni za
procenu procesa laboratorijskog ispitivanja i laboratorijskog
informacionog sistema koji moraju da budu rigorozni i
sveobuvatni.

List of abbreviations: total testing process (TTP); laboratory
information systems (LIS); total testing process-laboratory infor-
mation systems (TTP-LIS). 
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Introduction 

A mistake or inefficiency in one of the stages of
the laboratory testing chain can affect the overall
process implementation and management, and sub-
sequently physician diagnosis (1, 2). A laboratory
information systems (LIS) expedites and facilitates
interactions during the laboratory testing process (3).
Involvement of multiple units in testing workflow
requires effective use of LIS to monitor task perform-
ance, ensure a smooth process, and readily identify
errors. Many errors identified in laboratory test results
were caused by a complex, error prone, unreliable,
and poorly designed LIS (4, 5). These outcomes are

aggravated when the LIS linked patient and test data
to other units and institutions and involved data
exchange because of complex inter system interac-
tion (6). Errors were also attributed to human factors,
including patient misidentification and an erroneous
test request (7).

Total testing process (TTP) (8) is a unique
framework that guides the testing process as well as
analyzing and minimizing testing error risk not only in
the laboratory center, but also in other clinical units
(7, 9). The TTP includes internal and external labora-
tory activities that involve one or more procedures
requiring staff interaction. We proposed a TTP-LIS

posed framework and Lean approach are applicable for
evaluating the laboratory testing process and laboratory
information systems in a rigorous, comprehensive, and
structured manner.

Keywords: case study, error, evaluation, framework,
laboratory information systems, Lean, patient safety, total
testing process, socio-technical 

Klju~ne re~i: prou~avanje slu~aja, gra{ka, procena,
laboratorijski informacioni sistem, LEAN, sigurnost
pacijenta, ukupni proces ispitivanja, socio-tehnolo{ki
proces

Figure 1 The proposed TTP-LIS framework.
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framework on the basis of a combination of TTP and
human, organization, technology and fit (HOT-fit)
frameworks (10, 11). The HOT aspects are crucial
elements that complement the evaluation of the LIS
and lab testing process. The proposed framework
aims to illustrate a systematic, coordinated, and opti-
mized laboratory testing process and LIS flow to
facilitate a rigorous error evaluation (12). The evalu-
ation factors, dimensions, measures and their
relationships are depicted in Figure 1. 

Error evaluation can benefit from Lean, a quality
improvement method that emphasizes on removing
process waste, including error. Various Lean tools,
such as value stream mapping (VSM), 5Why, and A3
problem-solving methods, have been widely used
for process improvement (13). A3 is a structured
approach to problem solving that uses a report tool to
summarize the definition, scope, discovery process,
findings, proposed action steps, and results from the
problem analysis. A3 can be combined with other
Lean tools, such as VSM and 5Why, to visualize and
identify the root cause of problems. VSM is used to
illustrate the overall process to identify waste/ prob-
lems and the appropriate solutions in the current and
future state map, respectively. The problem can be
scrutinized using the 5Why tool to identify its root
cause and mitigation strategy by asking a series of
question, either five times or any appropriate range.
The study focused only on pre-pre-analytic and post-
post-analytic phases of the TTP framework, given
their high error rates (14, 15), compared to other
phases.

Material and Methods

We conducted a subjectivist case study strategy
employing qualitative methods in this summative
evaluation to examine errors related to the LIS and
the first and last phases of the lab testing process. A
subjectivist approach enabled a comprehensive
understanding of the healthcare context surrounding
the management of LIS-induced error by generating
detailed, insightful explanations (16, 17). We per-
formed evaluation by applying the TTP-LIS framework
at two premier private hospitals in Malaysia. These
cutting-edge hospitals have been leading the national
health care and are recognized by accreditation bod-
ies such as the Malaysian Society for Quality in
Health, Joint Commission International (XI), and
Quality Management System (MS ISO 9001: 2015).
The local Institutional Review Board deemed this
study exempt from review. Author AA, a trained qual-
itative researcher, collected the data through
interviews, non-participant observations, and docu-
ment/artifact analysis methods. 

Sampling

A purposeful snowball sampling method provid-
ed in-depth information from key informants. We
identified participants from our initial contact with the
lab director. We discussed the appropriateness of
selected informants with the lab head based on their
respective expertise, job scope and abilities in provid-
ing the required information. Finally, we recruited 15
participants, including clinicians and management,
lab, and IT staff (Table I). 

Table I Participant list and method description.

Method Participant (N) Description

Interview Physician (2)
Nurse (2)
Lab head (1)
Lab staff (2)
IT staff (1)

• Semi structured interview questions were formulated
according to the job description and role of participants

Total  =  8 

Document analysis Physician (1)
Lab head (1)
Lab technician (1)
IT staff (1)

• Lab test request form 
• Statistical report of the lab test request form
• Statistical report of the lab test results (non/late access,

location, and test type)
• Monthly/annual report
• Improvement in the lab testing process 
• LIS improvement report (based on modules/

functions/others)        

Observation Lab head (1)
Lab staff (2)

• Process flow of the lab test request
• Lab test report process

Total = 15 



Data collection and analysis methods

The face-to-face, one-on-one interview lasted
for one to two hours for each informant who we
queried on lab testing process, LIS use, error and mis-
take incidents, their causes, and the strategies for
mitigation and LIS improvement. We audio recorded
and transcribed interviews. Observation took place in
a medical lab for over a day on lab testing processes,
from clinical requests to the production of lab results,
to identify potential LIS-induced errors. We analyzed
documents related to LIS’ overall development, oper-
ation and management, process owner, backup
system handling, and software and hardware man-
agement. We analyzed data thematically using the
initial TTP-LIS evaluation framework (12). In addition,
we employed three Lean tools, namely VSM, A3
Problem Solving, and 5Why to visualize the current
process, its problems and root cause, and the desired
(future) state of the first and last phases of lab testing
(13). We validated and refined the TTP framework
with an expert who reviewed and acknowledged the
said framework as a comprehensive evaluation tool
for the lab testing process and LIS.

Results 

The hospitals PHA and PHB were established in
the mid-1990s. They collaborated with a private lab-
oratory, Lab C, which has managed most lab
operations at all PH branches since 2000. The hospi-
tals provide services to 3000 to 4000 patients at a
time and provide educational services to medical and
nursing students. Evaluation of the overall system
used in the hospitals and laboratories involved the
LIS, lab testing process and other health information
systems (HISs). The LIS evolved from a stand-alone
system that only supports internal laboratory opera-
tions to a system with extended functions that are
connected to HISs. The LIS was also developed by the
IT unit of Lab C whereas the HIS was outsourced and
operated by the hospital IT unit. Both systems are
integrated in a new platform. The IT staff in Lab C
provide training to LIS users. Figure 2 illustrates the
overall findings according to the proposed TTP-LIS
framework.

Human factors

Overall, the LIS was optimized by the lab staff
compared to the hospital staff. Many clinicians did
not attend training because of time constraints and
their heavy workload. Lack of training and exposure
to LIS result in low system use. Users, particularly sen-
ior physicians and nurses, are reluctant to use the LIS
to request lab tests and access its results for various
reasons such as »wasting time, hassles to remember
password, patient name or id« (Lab Head). According
to a physician, »system use disrupted my task.

Sometimes the LIS processes data slowly and requires
time consuming access, while the network is disrupt-
ed during lab test request. The manual form saved
more time.« A nurse stated that although »system use
eased our task, our competency is low«.

LIS use is mandatory only in some PH branches,
while others still operated manually. The LIS use start-
ed from the laboratory and expanded to clinical units.
However, poor synergy and discrepancies between
management and IT in planning and strategizing the
LIS affect system development and the subsequent
non-optimized LIS use in clinical units. Poor system
development is also attributed to poor service quality
in terms of responsiveness, assurance (service
providers’ skills, consideration and ability to provide
trust and confidence (18)), and empathy from the
service provider and hospital management. Decisions
for system development were made according to indi-
vidual or other interest including politics, such as
conflict of interest and business profit, instead of sys-
tem use. The integration of heterogeneous,
outsourced, and in-house developed systems with dif-
ferent platforms, hardware, and software resulted in
many system problems, such as unreadable informa-
tion, unclear images (blurred, inappropriate pixel
sizes, and display of system coding), and inaccessible
information. These problems pose challenges to the
clinical unit and the physicians’ decision making per-
tinent to patient diagnosis or treatment because of
inaccurate data. Subsequently, these issues affect sys-
tem use, user satisfaction, and the lab test process.
Physicians and nurses preferred the manual method
in requesting lab tests and obtaining lab test results as
they perceived as faster than those of LIS. Instead of
increasing process efficiency, LIS use delayed tasks
and disrupted the decision-making process. In short,
system development outcomes significantly affect the
system and information quality, and service quality
determines the fulfillment of user requirements.

Technology factors

System quality influenced other factors including
system development, system use, the lab testing
process, and user satisfaction. We identified errors
that stemmed from poor LIS functions, including the
number of lab test results that are less than the actual
number of applied tests. Moreover »[some] lab test
results accessed from LIS showed unexpected analy-
sis when the results are linked to diagnosis results
from the CIS« (Dr. B). 

Organizational factors

The whole lab testing process takes around 15–
20 minutes, if there is no disruption, to paste bar
code on specimen tubes and application form, enter-
ing request information in LIS, testing specimen and
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Figure 2 Error factors in the lab testing process and LIS.

Net benefits 

ORGANIZATION STRUCTURE – Lab testing process 

r -analytic 

Analy  

Post-analy  

HUMAN 

User satisfaction 

Legend: 

Process flow 
Influence 

Sy
st

em
 Q

ua
lit

y Unsatisfactory functions
Inflexible – LIS is
incompatible  with most
hospital systems

In
fo

rm
at

io
n 

Q
ua

lit
y 

Unclear
information
display
Error in data
transfer between
systems Se

rv
ic

e 
Q

ua
lit

y IT management did not
prioritize user
requirements
No synergy between IT
and lab management
Less responsive towards
user needs

Sy
st

em
 u

se
 

Insufficient
training
Lack of motivation
Uninterested in
using the system
to perform routine
task

Sy
st

em
 d

ev
el

op
m

en
t 

Uncoordinated system
development
Unfulflled user
requirement
Lack of cooperation in
project management
Absence of rigorous
evaluation

Manual request for lab test (Scenario 1)
Information error in lab testing process (Scenario 2)
Repeated lab testing process (Scenario 4)

Pr
e-

pr
e-

an
al

y
 Solution

Enforce and reward the
LIS use for requesting
and accessing  lab test
results
Regular discussion
among clinical staff to
avoid error and save time
Limit repetition and
improve system

Plan

Provide sufficient devices
to access systems
Written procedure for
system use and
prohibition of hardcopy
Strict rule on repeated
requests
Ensure guideline
compliance

Late/ non accessed lab test results (Scenario 3)

Po
st

-p
os

t-
an

al
y

 Solution  

Provide facilities to
access systems
Establish committee to
monitor system use
Practical training for
new and current user

Plan 

Provide electornic devices
Written procedure for
system use
Strict rule on repeated
request
Ensure guideline
compliance

Low 

 

TECHNOLOGY 



26 Arifin, Yusof: Evaluating laboratory testing process and LIS 

verifying lab test results. We chose to analyze four
process scenarios that were recommended by the
informants according to their error impact on the
overall workflow in terms of additional time, increased
workload, material waste, and (most importantly)
delay in patient treatment. Scenario 1 (manual
request of the lab test process and printing lab test
results) became problematic as it resulted in extra
workload for lab staff to routinely check or request
missing information on the manual form, file, print
documents, and »...the patient code on manual forms
need to be individually scanned and checked to
ensure its consistency with the system« (lab head).
Then, the lab test results must be printed and sent to
physicians or nurses. Missing or lost results required
another print out and the same goes for physicians
who request patient lab test histories. Increased bur-
den arises from the error chain, whereas a physician’s
error rippled to the lab unit and the prescribing
process that involves lab test results. 

Erroneous test request (Scenario 2) occurred
due to several reasons, as claimed by the informants.
»We must perform the test upon receiving the sample
and request form. We would not able to identify the
request as a mistake when the request information is
consistent with those of the system« (lab staff).
»Choosing the wrong test commonly happened in
critical situations where [the] physician does not have
time to check [the] test requested by the nurse« and
the nurse »forgets to verify it with the physician.« A
mistake is usually realized upon test completion. Non
accessed/delayed lab test results (Scenario 3)
recurred because of non-scrutinized processes or
hasty decisions. According to the lab head, the situa-
tion affects staff efficiency, particularly when they
must prioritize other urgent lab tests. Lab staff were
puzzled when »a requested test results were not
accessed upon its completion, [thereby] indicating
that the test is not needed, [a situation] which wasted
our time and resources to conduct the test.« 

In Scenario 4, the repeated lab testing process
is attributable to the inefficiency of the clinical unit
and sample testing process. Lab testing is repeated
when the laboratory or physician identified test results
that are abnormal or fall outside the reference range
lab test or unidentified errors were present in the test
request. Upon realizing these abnormalities and erro-
neous request during results validation, the lab head
ordered a second and correct test request, respective-
ly. If the first and second test results are consistent,
they are categorized as a critical case and the physi-
cian is contacted immediately. Result abnormalities
are entailed for the second test, whereas erroneous
request attributable to staff carelessness or inefficien-
cy should be avoided. Similar to Scenario 2, the
prescriber’s verification is imperative before submit-
ting the test request. 

According to the four scenarios of the two lab
testing processes for pre-pre-analysis and post-post-

analysis (Figure 1), A3 diagrams are used to illustrate
and elaborate upon the as-is and to-be processed ele-
ments as demonstrated in Scenario 2 (Figure 2). The
process is related to lab test request by a nurse or clin-
ical assistant using the LIS. A nurse was instructed by
a physician to request for a lab test using a CIS. The
nurse labelled sample tubes and stored them while
waiting for a lab staff member to collect them. Then,
the nurse directly entered the related information for
requesting the lab test in the computer unit. However,
the test type that she chose differed from that desired
by the physician. 

Normally, neither the nurse nor the lab head
would realize the mistake until the physician checks the
order before submitting it to the LIS. Therefore, the test
was processed normally according to the requested test
type. Upon the test completion, the results were gener-
ated, checked, and verified by lab head. Then, the
results were submitted to the CIS via the LIS. A physi-
cian accessed the lab test results, only to realize that
they are irrelevant. At this point, the charge was already
forwarded to the finance unit for patient billing. This
mistake required the physician to report the occurrence
to the management and finance, and the charge must
be paid by the hospital. Therefore, double checking
and verifying test requests are critical to avoid a chain
of problems. The physician is responsible for recheck-
ing requests, and the nurse must remind the physician
about it before submission. We illustrated the problems
to aid in identifying the root cause and planning for
mitigation as follows.

A3 Problem Solving report for Scenario 2

ISSUE

Mistake in selecting lab test type during the
request through the LIS.

BACKGROUND

The nurse received instruction from the physi-
cian to request for a lab test via the LIS. The nurse did
not realize that she had mistakenly chose the wrong
test type during the request process.

FUTURE STATE

The to-be processed flow diagram is similar with
that of the as-is process (Figure 3), except for the
replacement of the two problems with the following
two solutions.

SOLUTION STEPS

Detailed discussion among the medical team of
a mitigation plan to avoid recurring mistakes and
resources waste.
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Figure 3 As-is Process of Scenario 2.
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Discussion 

We went through a relatively challenging,
iterative process of constructing structured and
comprehensive socio-technical factors in the TTP-LIS
framework (12). This study contributes to the existing
knowledge by proposing a new framework based on
the HOT-fit and TTP frameworks, as well as concepts
in error management and process improvement,
namely the Lean methods. The TTP-LIS framework
features a comprehensive evaluation method of socio-
technical factors that can be applied flexibly in other
processes and systems in a similar or different clinical
settings. The findings showed the practicality of the
TTP-LIS framework as an evaluation tool in identifying
errors and their causal factors. The use of Lean tools,
namely, A3 report, VSM, and 5Why, enabled us to
analyze and visualize the root cause of problems in an
objective and structured manner (13, 32). The
evaluation of LIS-induced error enabled the IT staff in
both laboratory and hospital to collaborate in improv-
ing LIS quality by synchronizing system development
to reduce system integration problems and consider-
ing system functions according to user requirements.
Human, lab testing process, organization and technol-
ogy factors are intertwined. Errors caused by human
(4, 7) technology (5), and processes (3, 9) disrupted
the lab testing process workflow. Human factors main-
ly contribute to errors in the lab testing process and
LIS, as proven in other studies (7). Errors in system
development and use that are attributed to human
factors require continuous evaluation and monitoring
to ensure quality. The LIS supports user needs (3, 19)
and routine tasks and reduces problems (20).
Mandatory use of the LIS among physicians and nurs-

es is meant to increase the efficiency of routine tasks
in the lab testing process. However, LIS use among cli-
nicians is very low. In general, the findings can be
categorized as follows: latent failure in system devel-
opment, poor error management, and unsatisfactory
lab testing process and LIS use. 

Latent failure in system development

System development highly contributed to error
occurrence in the LIS and HIS use in terms of introduc-
tion of new technology, heterogeneous software,
human–computer interaction, and communication
issues within the system developer team. These factors
are consistent with other findings (3, 5, 6). These latent
failures hinder the optimized potentials of the LIS. The
case LIS developers really understand the requirements
of the lab testing process and featured them as the
main functions in LIS. In contrast, the HIS was out-
sourced; the hospital management team identified
more general user requirements. This resulted in inte-
gration conflict and subsequent errors, including
unclear data requirement and inappropriate graph
generation that that affect physician decision making. 

Latent failure is a major challenge for manage-
ment and organizational decision makers. Strong
collaboration between management with both hospi-
tal and laboratory units can aid in solving latent
failure (21). During the system development, risk fac-
tors should also be considered apart from the cost.
Heterogeneous system development methods
increased error risk and cost. On the contrary, a uni-
fied system development method that considered

Plan Expected results

Lab test verification/auto verification is included as
part of SOP in using LIS

The procedure for lab test verification is followed

Impose the procedure (e.g.: reminder on main
web/mobile LIS interface, awareness campaign, 
training, and poster)

Physicians and staff are aware of and adhere to the
procedure

IMPLEMENTATION PLAN

COSTS/BENEFITS

Cost 

System upgrade to include auto verification and alert functions

Awareness intervention programs

Benefits 

Reduced mistakes in lab test requests 

Increased efficiency and reduced turnaround time for lab test request and initializing patient treatment 



user requirement reduced error risk. The study can be
extended to further understand latent failure factors
and identify optimum strategies to address them.

Poor error management

In general, LIS-induced errors require tackling
the problems at their root cause and employing a
basic solution method from the socio-technical
perspectives, before quality improvement and
automation (3, 22–25), as proposed in our error
management approach. Most identified errors can be
mitigated through a joint, multi discipline collabora-
tion from all staff. However, monitoring is imperative
at the outset (26) to ensure guideline compliance. An
error management method serves as a tool to miti-
gate errors identified by the system or through routine
error checking at the end of a task completion. The
absence of an error management system led to recur-
ring errors (27, 28) that waste time, resources, and
cost in terms of service or materials. Recurring errors
also indicate ineffective and inefficient workflow and
system use that negatively affects work motivation.
Many error management strategies have been suc-
cessfully proven in other industries and can be
adopted in laboratory and clinical settings. These
strategies include 1) reducing cognitive load through
automated record, notes, and process (e.g., verifica-
tion and checking); 2) enhanced information access;
3) imposing an error-proofing function for critical
tasks such as preventing fatal drug instruction accord-
ing to the dosage for certain patients; 4) checking
error at its source (individual process step); 5) coordi-
nation of similar tasks; and 6) minimizing individual
involvement in a single task (29–32). 

Lab testing process and LIS use

User acceptance and sufficient training increase
LIS use in lab testing workflow and subsequently
ensure smooth flow and enhanced work quality (3, 7,
20, 33). However, a lean workflow is imperative prior
to optimizing the process automation to improve the
core issues in the workflow itself (3, 13). Various
efforts have been made to reduce errors in routine
monitoring, particularly in the early and final phases
of the lab testing process, given that both phases
involve clinical instead of lab staff who are more
familiar with the related process. Therefore, inter
departmental cooperation is crucial for avoiding
recurring errors. 

In short, although all scenarios involved simple
errors and mistakes, they posed various possible
implications, such as inefficiency, high workload,
adverse events, and patient safety issues. In -
appropriate testing is not only wasteful and costly, but
also risky to patients (31). However, the processes can
be streamlined and optimized through management

and mitigation of process and error. Automated inter-
ventions such as an ordering system that alerts
prescribers can educate them about requesting inap-
propriate or repeated testing (31). Moreover, auto
verification is widely reported to have potential for
facilitating safe, efficient, and reliable tools (30, 34).
We proposed a comprehensive plan to avoid errors in
the early and final lab testing process. The steps
include 

• analyzing and redesigning workflow accord-
ing to Lean methods; 

• establishing clear, written, and digital proce-
dures; 

• improving system training for users; 
• outlining indicators for quality monitoring;

and
• improving communication and synergy among

healthcare and laboratory professionals. 

The procedure for lab testing workflow must clar-
ify patient identification; gathering, labelling, and
transferring specimens; and analysis preparation. The
responsible individual must understand and acknowl-
edge the procedure and its importance, the potential
risk, and effect on the sample and subsequently to the
patient because of procedure noncompliance. All steps
required ongoing training and efficient assessment. 

Study limitations

The short duration of the observation limited the
detail evaluation of possible error incident during the
lab test process but this situation was offset with a
briefing from the lab head. Moreover, documents
related to LIS use and the lab testing process are
restricted as they are regarded as private and confi-
dential. Furthermore, manual requests for laboratory
tests limit the evaluation of LIS use in clinical units,
particularly in the pre-pre-analysis phase. Never -
theless, the rich interview data compensate for this
constraint.
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Summary 
Background: HbS/ cases having clinical, hematologic and
electrophoretic similarities cannot be sufficiently distin-
guished from sickle cell anemia cases and are misdiag-
nosed as sickle cell anemia. This study will investigate the
congruence between the HPLC thalassemia scanning tests
and the laboratory findings compared to the DNA
sequence analysis results of the patients diagnosed with
SCA between 2016 and 2020. This study also aims to indi-
cate the current status to accurately diagnose sickle cell
anemia and HbS/ in the light of hematologic, elec-
trophoretic and molecular studies. 
Methods: Fourteen patients who were diagnosed with SCA
in hospitals at different cities in Turkey and followed by the
Thalassemia Diagnosis, Treatment and Research Center,
Muğla Sıtkı Koçman University were included in this retro-
spective study. The socio-demographic characteristics,
hemogram, hemoglobin variant analysis results and DNA
chain analysis results of the patients were taken from the
database of the centre and then examined. The informed
consents were taken from the patients. The patients were
administered a survey containing questions about transfu-
sion history and diagnostic awareness. The Beta-Thalas -
semia mutations were analysed using a DNA sequencer
(Dade Behring, Germany) based on the Sanger method. 
Results: According to the DNA sequence analysis, the
results of these patients diagnosed with SCA in hospitals in
different cities of Turkey were the following: of 14 patients,
8 had HbS/0, and HbS/+ and one had HbS carrier, and
one had Hb-O, and three had SCA. The patient with HbS

Kratak sadr`aj
Uvod: Slu~ajevi HbS- koji imaju klini~ke, hematolo{ke i
elektroforetske sli~nosti ne mogu se dovoljno razlikovati od
slu~ajeva anemije srpastih }elija i pogre{no se dijagnosti -
kuju kao anemija srpastih }elija. Ova studija }e istra`iti
podudarnost izme|u HPLC testova za skeniranje talasemije
i laboratorijskih nalaza u pore|enju sa rezultatima analize
DNK sekvence pacijenata sa SCA dijagnozom izme|u
2016. i 2020. Ova studija tako|e ima za cilj da uka`e na
trenutni status ta~ne dijagnoze anemije srpastih }elija i
HbS- u svetlu hematolo{kih, elektroforetskih i moleku-
larnih studija.
Metode: U ovu retrospektivnu studiju je bilo uklju~eno ~etr-
naest pacijenata kojima je dijagnostikovan SCA u bolnica-
ma u razli~itim gradovima Turske, a koje je pratio Centar za
dijagnozu, le~enje i istra`ivanje talasemije, na Univerzitetu
Muğla Sitki Ko~man (Muğla Sıtkı Koçman). Socio-demo -
grafske karakteristike, hemogram, rezultati analize varijante
hemoglobina i rezultati analize DNK lanca pacijenata su
uzeti iz baze podataka centra i potom ispitani. Od pacijena-
ta je obezbe|ena informisana saglasnost. Pacijentima je
data anketa koja je sadr`ala pitanja o istoriji transfuzije i
svesti o dijagnozama. Mutacije beta-talasemije su anali -
zirane pomo}u DNK sekvencera (Dade Bering, Nema~ka)
na osnovu Sangerove metode.
Rezultati: Prema rezultatima analize DNK sekvence ovih
pacijenata kojima je dijagnostikovan SCA u bolnicama u
razli~itim gradovima Turske od 14 pacijenata je 8 imalo
HbS- 0 i HbS-+, a jedan je bio HbS nosilac, jedan HbO,
a tri osobe su imale SCA. Pacijent sa statusom nosioca HbS
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Introduction 

Sickle cell diseases (SCD) affect millions of peo-
ple worldwide. It is estimated that there are more
than 300 million people who have (HbSS, SC, SD,
SE, S/, SO-Arab) or carry sickle cell disease, which
is expected to be increased gradually (1, 2).
300,000–400,000 babies with SCA are born every
year around the world, and tens of thousands of peo-
ple have the most severe clinical phenotype of the dis-
ease – the homozygous HbSS form (3, 4). It can be
seen everywhere in the world, but it has an epidemic
course, especially in Sub-Saharan Africa, Saudi
Arabia, India, Central and South America, Middle
East countries and Mediterranean countries (5, 6). In
Turkey, sickle cell disease and carriage are common,
especially in the southern Mediterranean coasts, with
a prevalence ranging from 0.3% to 44% (7). 

Sickle cell disease is the most common one of
the monogenic disorders caused by a point mutation
in the 6th codon of the -globin gene (HbS or HbB:
c.20A> T) (6, 8). It originates from homozygous or
compound heterozygous mutation of the abnormal
hemoglobin S that forms as a result of the conversion
of glutamic acid in the -globin chain to valine (6, 9).
SCD has a multi-systematic and complex physio -
pathology that can damage every organ and tissue in
the body (8). The trigger of all complications is the
deoxygenated HbS polymerization (6). The genotype
is a key determinant of the clinical severity of SCD (4,
10).

More than 15 genotypes, which cause sickle cell
disease, were determined (11). Homozygosis is the
most common and severe genotype of the disease
with the shortest survival and is called sickle cell ane-
mia (SCA) (4, 11). Other main pair heterozygote SCD
types are the hemoglobin S/DPunjab, hemoglobin

S/E, hemoglobin SO-Arab, hemoglobin SC disease
(HbS/C), sickle- +-thalassemia (HbS/+) and sick-
le-0-thalassaemia (HbS/0) forms. HbS/ cases are
called HbS/+ and HbS/0 according to the different
hemoglobin A levels. Higher hemoglobin A and F lev-
els are characterized by a milder phenotype. It is dif-
ficult to clinically distinguish S/0 thalassemia from
sickle cell anemia (4, 8, 10). Therefore, parenteral
carriage status and mutation should be analysed for
an accurate diagnosis (4, 10).

In particular, HbS/ cases having clinical, hema-
tologic and electrophoretic similarities cannot be suf-
ficiently distinguished from sickle cell anemia cases,
and are misdiagnosed as sickle cell anemia (10).
Although they are clinically treated similarly, the spe-
cific profiles of the genetic and pathophysiological
mechanisms of patients with HbS/ are not yet well
known. On the other hand, there are limited data to
describe the profile of clinical complications of HbS/
patients (8). The clinical phenotype severity varies
even among individuals with the same genotype (12).
The complication incidence varies over time in the
same individuals and among different individuals (4,
11). Patients manifest a dramatic range of severity
ranging from a milder clinical course to severe trans-
fusion dependence and progressive organ damages
(8).

One of the important points is that SCA mani-
fests itself in the second 6-month postpartum period,
while HbS/ may not manifest until puberty (7).
However, it should be noted that even patients with
mild SCD (HbSC and HbS+) forms may have vaso-
occlusion attacks and hemolytic anemia as well as all
serious and life-threatening complications, which are
seen in SCA (13, 14). If a patient with HbS/ is mis-
diagnosed as SCA, this would have significant effects
for the next generation; hence an accurate diagnosis

carrier status also contains three additional mutations, all
of which are heterozygous. We discovered that although
two of three mutations, which are c.315+16G>C and
c.316-185C>T, are previously reported as benign, at least
one of the two mentioned mutations, when combined with
HbS, causes transfusion-dependent HbS/.
Conclusions: Briefly, HbSS and HbS/ thalassemia geno-
types cannot be definitely characterized by electrophoretic
and hematologic data, resulting in misdiagnosis.
c.315+16G>C and c.316-185C>T are previously report-
ed as benign; at least one of the two mentioned mutations,
when combined with HbS, causes transfusion-dependent
HbS/b. In undeveloped or some developing countries,
molecular diagnosis methods and genetic analyses cannot
be used. If mutation analyses could be performed, then
such differential diagnosis errors would reduce. However, if
mutation analysis cannot be performed, other methods
such as HPLC, capillary electrophoresis absolutely be
sought to have insight into the parental carriage status.

Keywords: SCD, sickle cell anemia, HbS/, HbSS,
Sickle-0-thalassemia, genotype, fenotype

je tako|e imao tri dodatne mutacije koje su sve hetero -
zigotne. Otkrili smo da, iako su dve od tri mutacije, a to su
c.315+16G>C i c.316-185C>T, prethodno prijavljene
kao benigne, bar jedna od dve pomenute mutacije, u kom-
binaciji sa HbS, izaziva transfuziono zavisni HbS/.
Zaklju~ak: Ukratko, genotipovi HbSS i HbS/ talasemije ne
mogu se definitivno okarakterisati elektroforetskim i hema-
tolo{kim podacima, {to rezultira pogre{nom dijagnozom.
Utvr|eno je da bar jedna od dve pomenute mutacije,
c.315+16G>C i c.316-185C>T, koje su prethodno pri-
javljene kao benigne, u kombinaciji sa HbS izaziva trans-
fuziono zavisni HbS/. U nerazvijenim zemljama, ili nekim
zemljama u razvoju, metode molekularne dijagnoze i
genetske analize se ne mogu koristiti. Ako bi se mogle
izvr{iti analize mutacija, onda bi se takve gre{ke diferenci-
jalne dijagnoze smanjile. Me|utim, ako se analiza mutacija
ne mo`e izvr{iti, apsolutno se tra`e druge metode poput
HPLC-a, kapilarne elektroforeze kako bi se dobio uvid u
status preno{enja sa roditelja na decu.

Klju~ne re~i: SCD, anemija srpastih }elija, HbS/,
HbSS, Srp-0-talasemija, genotip, fenotip
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is crucial to prevent future diseases for the next gen-
erations.

This study will retrospectively investigate the
congruence between the HPLC thalassemia screen-
ing tests and the laboratory findings in comparison
with the DNA sequence analysis results to understand
how accurately patients with SCA were diagnosed
based on this information. 

Materials and Methods 

Ten (73.4%) female and four (26.6%) male
patients, who admitted to the Thalassemia Diagnosis,
Treatment and Research Centre, Muğla Sıtkı Koçman
University Education and Research Hospital between
January 1, 2016, and October 31, 2020, were in -
cluded in this retrospective study. The ethics approval
was taken from Muğla Sıtkı Koçman University
Education and Research Hospital on July 3, 2020,
and the Ethics Committee on September 26, 2020,
with the document numbered 2020/10. This study
was conducted following the Helsinki Declaration’s
principles.

Fourteen patients who were diagnosed with SCA
in hospitals in different cities in Turkey and followed
by the Thalassemia Diagnosis, Treatment and
Research Centre, Muğla Sıtkı Koçman University were
included in the study. The socio-demographic charac-
teristics, hemogram, hemoglobin variant analysis
results and DNA chain analysis results of the patients
were taken from the database of the centre and then
examined. The informed consents were taken from
the patients. The patients were administered a survey
containing questions about transfusion history and
diagnostic awareness. 

Their red blood cell index parameters were
determined using Sysmex XN 1100 (Sysmex Diag -
nostic, Japan).

The hemoglobin variant analysis was performed
using Primus Ultra II device (Trinity Biotech Diag -
nostic, Ireland) based on the high-pressure liquid

chromatography (HPLC) byion exchange chromato -
graphy. 

The Beta-Thalassemia mutations were analysed
using a DNA sequencer (Dade Behring, Germany)
based on the Sanger method. 

Results 

Our patient group consisted of 10 female
(73.4%) and 4 male (26.6%) patients aged 6 months
to 54. The main findings of the study; our patients
had a wide range of clinical severity, ranging from
mild joint pains to transfusion dependence.

According to the DNA sequence analysis, the
results of these patients diagnosed with SCA in hospi-
tals in different cities of Turkey were the following: of
14 patients, 8 had HbS/0 and HbS/+ and one had
HbS carrier, and one had Hb-O, and three had SCA.

The patient with HbS carrier status also contains
three additional mutations, all of which are heterozy-
gous. Although two of three mutations, which are
c.315+16G>C and c.316-185C>T, are previously
reported as benign, at least one of the two mentioned
mutations, when combined with HbS, causes HbS/
status (15). This patient is transfusion-dependent and
has pain crises. This patient’s MCV value indicates
microcytosis, which is compatible with HbS/.

The patients in our study had the first manifesta-
tions and the initial diagnosis at 5, 6 or 12 years old.

Discussion

This study will investigate the congruence
between the HPLC thalassemia scanning tests and
the laboratory findings in comparison with the DNA
sequence analysis results of the patients diagnosed
with SCA between 2016 and 2020. This study also
aims to indicate the current status to accurately diag-
nose sickle cell anemia and HbS/ in the light of
hematologic, electrophoretic and molecular studies. 

Table I Hematologic differences between SCA and S/Beta in literature.

Patients & Tests HbSS Hb S/0 Hb S/+

RBC Morphology Normocytic Microcytic Microcytic

Normochromic Microchromic Microchromic

Hemoglobin Electrophoresis

A2 (%) <3.5 >3.5 >3.5

F (%) <10 <20 <20

A0 (%) 0 0 20–30

S (%) >90 >80 >60

Phenotype Usually Heavy Medium-Heavy Mild-Medium
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In the literature, HbS/ was characterized by
fewer sickle cells and microcytic, hypochromic RBC,
and a distinction was made between normocytic nor-
mochromic anemia and SCA to describe the explana-
tory variables between hemoglobin HbSS and HbS/
(Table II) (5, 6). However, splenomegaly is an important
distinctive finding among the clinical symptoms. It was
reported that SCA patients have hemolytic anemia with
a progressive course in the second 6-month postpar-
tum period and early childhood period as well as chron-
ic splenomegaly, acute splenic sequestration crisis,
splenic infarctions. However, HbS/ patients have no
splenic infarction in the childhood period but have
severe, palpable splenomegaly and associated seques-
tration crisis and rarely organ failure in the adulthood
period (16, 17). In the multi-centre study by Belgemen
Özer et al. (18), the hematologic, molecular and clini-
cal data of 55 HbS/ patients were analyzed and com-
pared with the literature data. It was reported that there
were cases that were not consistent with the literature,
with varying hemograms, hemoglobin electrophoresis
and peripheral smear findings. In the study performed
by Benites et al. (19) to compare the hematologic
parameters of HbS/0 and HbS/+ patients, a statisti-
cally significant difference was not found in any
hemogram parameter except for leukocytes and
platelets.

The results of our study on this controversial sub-
ject are mostly compatible with the literature. However,

in analogy to the studies by Benites et al. (19) and
Belgemen Özer et al. (18), our study had also patients
who were incompatible with the literature. A HbSS
patient had a low MCV; however, an elevated MCV was
noted in some HbS/ patients, but it was found that
this was caused by megaloblastic anemia. MCV/MCH
is the basic distinctive hemogram finding between the
two diseases; however, it is not sufficiently distinctive in
cases of iron deficiency, B12-folic acid deficiency, nutri-
tional deficiency, hypothyroidism, sider oblastic anemia,
myelodysplastic conditions, HbSS accompanied by
alpha-thalassemia mutation. Iron deficiency may cause
the interpretation of HbSS as HbS/, while mega-
loblastic anemia may cause the interpretation of HbS/
as Hb SS. Overlooking this may lead to erroneous diag-
nosis. However, it should be noted that it may be rarely
detected at different values (20, 21).

In the study by Notarangelo et al. (22), HbS/
patients with confirmed molecular accuracy were
classified according to the  mutation, and it was
reported that some mutation differences with IVS-I-5
(G>C), IVS-I-5 (G>A) and IVS-I-110 had a more
severe phenotype and clinical presentation, and some
mutation differences were associated with a milder
phenotype (8). The study by Belisário et al. (23)
reported that the newly discovered 92 (C>T) and
IVS-II-844 (C>A)/IVS-II-839 (T>C) mutation pre-
sented as a very mild HbS/+ case.

The patient with HbS carrier status also contains
three additional mutations, all of which are heterozy-

Table II Hematologic and molecular diagnostic data of patients with SCA.

Pt. Age Sex RBC
(10^12cells/L)

HGB
(g/L)

MCV
(10^-14
L/cells

MCH
(10^-11
g/cells)

B12
(pmol/L)

Folic Acid
(nmol/L)

Hb S
(%)

Hb A2
(%)

Hb A0
(%)

Hb F
(%)

Genotype
(Only 

pathogenic variants shown)
Phenotype

1 19 M 2.82 86 8.76 3.05 231 > 45 61.7 4.5 10.7 28 - Hb S/

2 38 F 3.69 84 7.05 2.28 312 24 46.4 5.8 46.2 1.6 heterozygous c.20A>T, 
heterozygous c.25_26delAA Hb S/0

3 40 F 3.46 91 7.80 2.63 188 > 45 44.9 5.4 44.2 5.5 heterozygous c.20A>T Hb S Carrier

4 35 F 2.84 65 7.15 2.29 154 17 50.8 5.5 40.7 3.0 heterozygous c.20A>T, 
heterozygous c.316-106C>G Hb S/+

5 35 F 2.06 76 10.19 3.69 364 15 69.9 4.9 20.3 4.9 homozygous c.20A>T Hb SS

6 54 M 5.48 120 6.55 2.19 - - - 5.3 14.9 1.8 heterozygous c.93-21 G>A, 
heterozygous c.364G>A Hb O-Arab/ß+

7 38 F 3.37 74 6.71 2.20 - - 72.5 6.1 13.2 8.2 herterozygousc.20A>T, 
heterozygous c.93-21G>A Hb S/+

8 24 F 2.55 59 7.37 2.31 - 17 76.7 6.9 9.0 7.4 heterozygous c.20A>T, 
heterozygous c.316-106C>G Hb S/+

9 42 M 2.84 86 8.59 3.03 441 39 82.2 4.9 2.9 10 homozygous c.20A>T Hb SS

10 60 F 2.19 85 11.05 3.88 242 18 48.3 5.2 4.0 42.5 heterozygous c.315+1G>A, 
heterozygous c.20A>T Hb S/0

11 54 F 2.72 53 5.90 1.95 352 - 82.8 6.1 3.4 7.7 - Hb S/

12 26 M 3.45 96 7.68 2.78 245 12 77 3.7 4.6 14.7 homozygous c.20A>T Hb SS

13 30 F 2.61 100 9.89 3.83 - - 78.5 4.7 3.0 13.8 homozygous c.20A>T Hb SS

14 18 F 3.79 92 7.28 2.43 - - 69.5 6.5 11.4 12.6 heterozygous c.20A>T, 
heterozygous c.93-21G>A Hb S/+

Note:*RBC, red blood cell; Hb, hemoglobin concentration; MCV, mean cell volume; MCH, mean corpuscular hemoglobin



gous. We discovered that although two of three muta-
tions, which are c.315+16G>C and c.316-185C>T,
are previously reported as benign, at least one of the
two mentioned mutations, when combined with HbS,
causes HbS/ status. This patient is transfusion-
dependent and has pain crises (15). This patient’s
MCV value indicates microcytosis which is compatible
with HbS/. Especially in heterozygote individuals,
the relationship between genotype and phenotype is
important since it significantly affects the clinical
severity. Some mutation differences are associated

with milder phenotype, while some are associated
with severe and progressive organ damages and pre-
dictable complications (24).

When examining the congruence between
HPLC and DNA sequence analysis, patients in the
study received transfusion regularly and used hydrox-
yurea. Therefore, hemoglobin A0, A2, F and S values
may be misleading. However, the DNA sequence
analysis results are the final diagnostic for HbS/. On
the other hand, a HbA2>3.5 is interpreted in favour
of HbS/, while a HbA2<3.5 is interpreted in favour
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Table III Case histories.

Pt. Diagnosis
Age at first 

diagnosis and first
complaint

DNA 
sequencing 

at first 
diagnosis

Investigation of carrier 
status in parents at 

first diagnosis

Transfusion 
frequency Splenectomy

1 BT Major
At age 4: Hb S/

Infancy. 
Unknown 
complaint

No Yes. 
Unknown by the patient Every 3 weeks No

2
SCA and BTI
At age 36: 
Hb S/

5 years. 
Unknown 
complaint

No No. 
Done at age 36

Every few months
from five years 
of age

Yes

3
SCA and BTI
At a later age: 
Hb S/

Between 6–12
months. 
Jaundice

No No. 
Done at a later age Every 4–5 months Yes

4
BT Major
At age 17: 
Hb S/

1.5 years. 
Unknown 
complaint

Yes Yes. 
Carrier sibling Every 2–4 months Yes

5

At age 5: SCA
At age 35: BTI
At a later age: 
Hb S/

5 years. 
Abdominal 
bloating and 
bone pain

Yes No. 
Carrier sibling Once a year No

6 SCA
4–5 years. 
Fever and severe
abdominal pain

No No. 
Carrier sibling Just once No

7 Hb S/ 2 years. 
Crisis No Yes. 

Carrier sibling
Once or twice a
year No

8 At age 1.5: SCA
At age 14: Hb S/

1.5 years. 
Flu No Yes. 

Carrier sibling Monthly No

9 Hb S/ 5 years. 
Joint pain No Yes. 

Carrier sibling Ten times a year No

10 SCA
12 years. 
Never-ending 
pain crisis

No No. 
Unknown by the patient Twice a year Yes

11 Hb S/ 6 years. 
Pains No Yes. 

Carrier sibling

Just once
exchange 
transfusion

No

12 N/A N/A N/A N/A N/A N/A

13 SCA
6 months. 
Unknown 
complaint

No No. 
Affected sibling 3–4 times a year No

14 SCA
2 years. 
Pain in joints, 
arms and feet

No Yes. 
Three siblings with SCA

Once a year 
(First one this
year)

Yes
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of SCA, in the literature. In the commonly used
hemoglobin electrophoresis, since electrophoretic
migrations and elution patterns of HbS and HbA2 are
the same, they migrate together, and many abnormal
hemoglobin values coincide at small values.
Therefore, due to a methodological error in elec-
trophoresis, the HbS band sometimes erroneously
moves the HbA2 band over itself so that it seems to
be high, or a part of the HbS band overlaps with the
HbA2 band so that the HbA2 band seems to be high-
er than as is, eventually leading to diagnostic errors.
Due to these errors, the normal HbA2 seems to be
lowered so that accompanying alpha thalassemia can
be assumed mistakenly, or the normal HbA2 seems to
be elevated so that it can be classified as HbS/.
Similarly, the presence of paraprotein or a high con-
centration of polyclonal immunoglobulin may cause
different hemoglobin band errors (5, 25, 26). 

Although HPLC has more advantages, it should
be noted that lowered HbA2 values may be measured
due to errors caused by the co-elution of HbS and
HbA2, analytic references, alpha thalassemia, iron
deficiency or delta gene mutations (5). Electro -
phoresis has been commonly performed, but HPLC
and DNA mutation analyses could not be performed
in the past. However, today opportunities increase
with advancing technology. Parenteral screening,
molecular diagnosis methods and genetic consulta-
tion are recommended to make the final diagnosis,
clarify the genotype-phenotype correlation and
improve the predictability of complications.

The survey with patients in our study revealed
that although the majority of patients are young, they
do not know the nature of the disease and that par-
enteral screening was not performed for most
patients in the diagnosis period. However, it is
remarkable that the patients stated that they had
known the two diseases. As is seen in the patients’
statements in Table III, some patients were misdiag-
nosed and received the wrong treatment until very
old age. It was found that the majority of the patients
were diagnosed with SCA, but they had S/Beta. In
our study, a patient had a major diagnosis of Beta-
thalassemia since infancy, but it was found that
she/he really had HbS/ when she/he was 36 years
old. Similarly, the study by Eröz et al. (27) found that
the patient aged 36 who was diagnosed with sickle
cell anemia had beta-thalassemia based on the par-
enteral screening and mutation analysis results.

One of the important points is that SCA mani-
fests itself in the second 6-month postpartum period,
while HbS/ may not manifest until puberty (7).
Given that SCD is a multi-systematic disease that may
damage every organ and tissue in the body and has a
complex pathophysiology, it may present with a wide
range of clinical complications and organ damages. It
may cause serious and life-threatening complications
(13, 14). Patients who were admitted to a hospital
with complaints of stroke and sequestration were

reported (22, 28). Sequestration crisis is seen in
HbSS or HbS0 cases before the age of 5, while, in
HbS/ cases, it may delay until puberty and early
adulthood and progress rapidly, resulting in death as
a result of hypovolemic shock (22). 

Consequently, it was found that hematologic and
electrophoretic studies cannot sufficiently distinguish
between the two conditions, causing wrong diagnoses.
Although epidemiological and laboratory data are well
known, and molecular analyses are more accessible
today, it should be noted that data may be overlooked
and mistaken. For pediatric patients, it may be live-sav-
ing to identify children with HbSS and HbS/ tha-
lassemia, to have information about the genotype, to
estimate progressive organ damages and complica-
tions in patients with a more severe phenotype, to
organize parent training to recognize the symptoms
and to plan specific supervision, care and monitoring
(29). The need for transfusion may be high due to
severe splenomegaly, which is more commonly seen,
especially in HbS/ patients. This transfusion need may
be reduced after splenectomy (30, 31).

Also, if a patient with HbS/ is misdiagnosed as
SCA, this would have significant effects for the next
generation; hence an accurate diagnosis is a critical
initial step to prevent future diseases for the next gen-
erations (25).

Conclusion 

Briefly, HbSS and HbS/ thalassemia genotypes
cannot be definitely characterized by electrophoretic
and hematologic data, resulting in misdiagnosis. In
undeveloped or some developing countries, molecu-
lar diagnosis methods and genetic analyses cannot be
used. If mutation analyses could be performed, then
such differential diagnosis errors would reduce.
However, if mutation analysis cannot be performed,
other methods such as HPLC, capillary electrophore-
sis should be sought to have insight into the parental
carriage status.

Limitations of the study

The main limitation of this study was the small
number of patients in our study population. The
patients have received transfusion regularly, and we
could not reach the DNA results of two patients.
However, it provides an insight into HbSS – HbS/ in
Turkey. To clarify this situation, the number of patients
may be increased, and sex differences may be exam-
ined and analysed, which may fill a gap in the general
population and affect the control of the disease.
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Summary 
Background: Hyponatremia can lead to a prolonged hospi-
tal stay and increased morbidity and mortality rates in geri-
atric patients. This study aimed to evaluate the effects of
hyponatremia etiology and serum sodium (Na) levels on
hospitalisation time in geriatric patients hospitalised due to
hyponatremia.
Methods: The demographic characteristics, laboratory
data, etiology of hyponatremia, and length of hospital stay
were retrospectively recorded for 132 patients over 65
years of age who were hospitalised for hyponatremia.
Results: Of the 132 patients, 90 were female (68.2%), and
42 were male (31.8%). The serum Na levels of 66 (50%)
patients were <120 mmol/L, those of 64 (48.5%) patients
were 120–129 mmol/L, and those of two (1.5%) patients
were >130 mmol/L. One hundred nine (82.6%) patients
had hypoosmolar hyponatremia, 14 (10.6%) patients had
isoosmolar hyponatremia, and nine (6.8%) patients had
hyperosmolar hyponatremia. Also, 19.7% of the patients
were hypovolemic, 37.9% were euvolemic, and 42.4%
were hypervolemic. Hyponatremia etiology was congestive
heart failure in 38 (28.8%) patients, syndrome of inappro-
priate antidiuretic hormone in 29 (22.0%) patients, gas-
trointestinal fluid loss in 24 (18.2%) patients, renal
pathologies in 20 (15.2%) patients, the presence of drugs
in 20 (15.2%) patients, and hypocortisolemia in one
(0.8%) patient. The mean length of hospital stay for the
patients was five (1–60) days. There was no statistically sig-
nificant difference between the lengths of hospital stay

Kratak sadr`aj
Uvod: Hiponatremija mo`e dovesti do produ`enog boravka
u bolnici i pove}ane stope morbiditeta i mortaliteta kod
gerijatrijskih pacijenata. Cilj ove studije bio je da se procene
efekti etiologije hiponatremije i nivoa natrijuma (Na) u
serumu na vreme hospitalizacije kod gerijatrijskih pacije -
nata hospitalizovanih zbog hiponatremije.
Metode: Retrospektivno su zabele`ene demografske karak-
teristike, laboratorijski podaci, etiologija hiponatremije i
du`ina boravka u bolnici za 132 pacijenta starijih od 65
godina koji su hospitalizovani zbog hiponatremije.
Rezultati: Od 132 pacijenta, 90 su bile `ene (68,2%), a 42
mu{karci (31,8%). Nivoi Na u serumu 66 (50%) pacijenata
su bili < 120 mmol/L, kod 64 (48,5%) pacijenata su bili
120–129 mmol/L, a kod dvoje (1,5%) pacijenta > 130
mmol/L. Sto devet (82,6%) pacijenata je imalo hipoosmo-
larnu hiponatremiju, 14 (10,6%) bolesnika je imalo izo -
osmolarnu hiponatremiju, a devetoro (6,8%) pacijenata je
imalo hiperosmolarnu hiponatremiju. Tako|e, 19,7% paci-
jenata bilo je hipovolemi~no, 37,9% euvolemi~no, a 42,4%
hipervolemi~no. Kod 38 (28,8%) pacijenata etiologija
hiponatremije je bila kongestivna sr~ana insuficijencija, kod
29 (22,0%) pacijenata sindrom neodgovaraju}eg anti -
diuretskog hormona, gubitak gastrointestinalne te~nosti
kod 24 (18,2%) pacijenata, bubre`ne patologije kod 20
(15,2%) pacijenata, prisustvo lekova kod 20 (15,2%) paci-
jenata, a kod jednog (0,8%) pacijenta hipokortizolemija.
Prose~na du`ina boravka u bolnici za pacijente bila je pet
(1–60) dana. Nije bilo statisti~ki zna~ajne razlike izme|u
du`ine boravka u bolnici na osnovu etiologije hiponatremije
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Introduction 

Hyponatremia is the most common electrolyte
abnormality observed in clinical practice. It can be
seen in about 30% of hospitalised patients and can
lead to a wide range of clinical symptoms, from
asymptomatic to severe and even life-threatening (1,
2).

In order to determine the diagnosis and treat-
ment in patients presenting with hyponatremia,
grouping is performed according to patients’ serum
osmolality and volume status. Serum osmolality is
grouped as hypoosmolar at <280 mmol/kg, isoos-
molar at 280–295 mmol/kg, and hyperosmolar at
>295 mmol/kg, with a further categorisation of
hypovolemic, euvolemic, or hypervolemic hypona-
tremia according to volume status. Symptoms depend
on the severity and duration of the hyponatremia.
Acute hyponatremia is defined by the onset of symp-
toms within 48 h. Patients with acute hyponatremia
develop neurologic symptoms caused by cerebral
edema due to water movement into the brain. These
may include seizures, impaired mental status, or
coma and death. Hyponatremia developing over
longer than 48 h is considered chronic hyponatremia.
Treatment depends on the acute or chronic onset, the
patient’s volume status, and the severity and nature of
the symptoms.

Age is a strong independent risk factor for
hyponatremia, and older patients constitute a high-
risk group for its occurrence (2–5). Symptoms such as
nausea, vomiting, headache, stupor, coma, and
seizures are associated with acute hyponatremia and
fatigue, cognitive impairment, and gait defects are
associated with chronic hyponatremia; also, falls,
poor bone quality (e.g., osteoporosis), and negative
effects of fractures are more frequent and severe in
geriatric patients (6–10). Hyponatremia also prolongs
the hospitalisation time remarkably and increases the
cost of medical care substantially (11). It is unknown
whether there is a relationship between the etiology
of hyponatremia or initial serum sodium (Na) levels
and the length of hospital stay. This study intended to
evaluate the clinical features, hyponatremia etiolo-
gies, and hospitalisation durations of hyponatremic
patients over 65 years of age and determine whether

there is a relationship between hyponatremia etiology
and the length of hospital stay. 

Materials and Methods

Study Population

In this study, 132 patients aged 65 years who
were hospitalised in our clinic due to hyponatremia
were evaluated retrospectively. Patients with complete
data were included in the study. Patients aged <65
years and those with hyperglycemia, hyperlipidemia,
or paraproteinemia that could cause pseudohypo -
natremia were excluded from the study. The approval
of the local ethics committee was obtained
(18.09.2019/94).

The demographic characteristics of the patients
(age, gender) and their places of presentation (emer-
gency room, other clinics), presenting complaints
(nausea, vomiting, confusion, seizure, fever, dyspnea,
edema, general condition disorder, fatigue, anorexia),
physical examination findings, volume statuses (hypo-
volemic, euvolemic, hypervolemic), hyponatremia
etiologies, treatments (hypertonic saline, isotonic
saline, water restriction, diuretics, ultrafiltration), and
laboratory data (glucose, urea, creatinine, serum
osmolality, Na, potassium (K), urine Na, urine osmo-
lality, hemoglobin, thyrotropin (TSH), and serum
cortisol levels) were recorded. The normal serum Na
range is 135–145 mmol/L, serum osmolality is 275–
293 mmol/kg serum water, and urine osmolality is
500–850 mmol/kg water. Hyponatremia is defined as
an Na of <135 mmol/L, and severe hyponatremia is
defined as serum Na of <120 mmol/L.

Statistical Analysis

The IBM SPSS 21.0 statistical software package
for Windows was used for the statistical analysis of the
data. For all data, the normality assumption was eval-
uated via the Shapiro-Wilk test. Numerical data are
indicated by median (minimum-maximum), and cate-
gorical data are indicated by numbers (percentage).
The Mann-Whitney U test was used to compare
numerical data between two groups, and the Kruskal-

based on hyponatremia etiology and serum Na levels
(p=0.861 and p=0.076). It was observed that the lengths
of stay for patients who developed hyponatremia during
their hospitalisation in various clinics were longer than
those for patients who presented to the emergency depart-
ment (p<0.001).
Conclusions: In this study, it was determined that the length
of hospital stay did not change with the etiology of hypona-
tremia and serum Na level at the time of admission, but
patients who developed hyponatremia during their hospi-
talisation had longer hospitalisation times. 

Keywords: hyponatremia, geriatrics, length of stay

i nivoa Na u serumu (p = 0,861 i p = 0,076). Uo~eno je
da su du`ine boravka kod pacijenata koji su razvili hipona-
tremiju tokom hospitalizacije u raznim klinikama bile du`e
nego kod pacijenata koji su do{li na odeljenje hitne pomo}i
(p < 0,001).
Zaklju~ak: U ovoj studiji je utvr|eno da se du`ina boravka
u bolnici nije menjala sa etiologijom hiponatremije i nivoa
Na u serumu u trenutku prijema, ali su pacijenti koji su
razvili hiponatremiju tokom hospitalizacije imali du`e vreme
hospitalizacije.

Klju~ne re~i: hiponatremija, gerijatrija, du`ina boravka



42 Baser et al.:

Wallis test was used to compare more than two
groups. Values of p<0.05 were considered statistical-
ly significant.

Results

Of the 132 patients, 90 were female (68.2%),
42 were male (31.8%), and the mean age was
74.97±7.14 years. Severe hyponatremia (Na of
<120 mmol/L) was detected in 66 (50%) patients.

While 97 (73.5%) patients presented to the
emergency department with complaints related to
hyponatremia, 35 (26.5%) patients were found to
have developed hyponatremia during their hospitali-
sation in various clinics. Dyspnea and edema were
observed in 28 (21.2%) patients, nausea/vomiting in
26 (19.7%) patients, confusion in 26 (19.7%)
patients, fatigue and anorexia in 15 (11.4%) patients,
seizures in eight (6.1%) patients, fever in eight (6.1%)
patients, and general condition disorder in five (3.8%)
patients, whereas 16 (12.1%) patients were asymp-
tomatic. The median systolic blood pressure of the
patients was 120 (68–250) mmHg, and the mean
diastolic blood pressure was 70 (39–130) mmHg.
The physical examination findings of the patients at
the time of admission are presented in Table I.
Hypovolemic hyponatremia was detected in 26
(19.7%) patients, euvolemic hyponatremia in 50
(37.9%) patients, and hypervolemic hyponatremia in
56 (42.4%) patients.

Serum Na level was 119.50 (99–131) mmol/L
at the time of admission, 125 (105–139) mmol/L at
the 24th hour of treatment, and 128.50 (108–144)
mmol/L at the 48th hour of treatment (p<0.001).
The serum Na levels of 66 (50%) patients were <120
mmol/L, those of 64 (48.5%) patients were 120–129
mmol/L, and those of two (1.5%) patients were
>130 mmol/L. One hundred nine (82.6%) patients
had hypoosmolar hyponatremia, 14 (10.6%) patients
had isoosmolar hyponatremia, and nine (6.8%)
patients had hyperosmolar hyponatremia (Table II).

The etiology of hyponatremia was congestive
heart failure in 38 (28.8%) patients, syndrome of
inappropriate antidiuretic hormone (ADH) secretion
(SIADH) in 29 (22.0%) patients, gastrointestinal fluid
loss in 24 (18.2%) patients, renal pathologies in 20
(15.2%) patients, the presence of drugs in 20
(15.2%) patients, and hypocortisolemia in one (0.8%)
patient. In 51.7% of patients with SIADH, the cause
was an infection, with the most common (66.7%) rea-
son being pneumonia.  

Sixty-eight (51.5%) patients were treated with
hypertonic saline, 20 (15.2%) with isotonic saline, 24
(18.2%) with water restriction and diuretics, and 20
(15.2%) with only water restriction. It was observed
that seven (5.3%) patients required ultrafiltration.

The mean length of hospital stay for the
patients was 5 (1–60) days. There was no statistically

significant difference between the lengths of hospital
stay in terms of hyponatremia etiologies (p=0.861).
In addition, serum Na levels at the time of presenta-
tion did not show a statistically significant difference
in terms of hyponatremia etiologies (p=0.065). It was
observed that the lengths of hospital stay and serum
Na levels at the time of presentation were similar in
female and male patients (p=0.440 and p=0.230).

Table I Demographic features, complaints, and physical
examination findings of the patients.

n (%)

Gender

Female 90 (68.2)

Male 42 (31.8)

Place of application 

Emergency department 97 (73.5)

Different clinics 35 (26.5)

Complaints

Dyspnea/edema 28 (21.2)

Nausea/vomiting 26 (19.7)

Confusion 26 (19.7)

Asymptomatic 16 (12.1)

Fatigue/anorexia 15 (11.4)

Seizures 8 (6.1)

Fever 8 (6.1)

General condition disorder 5 (3.8)

Physical examination

Rales in the lung

Present 42 (31.8)

Absent 90 (68.2)

Ascites

Present 5 (3.8)

Absent 127 (96.2)

Pretibial edema

Present 36 (28.3)

Absent 91 (71.7)

Volume

Hypovolemic 26 (19.7)

Euvolemic 50 (37.9)

Hypervolemic 56 (42.4)



In addition, there was no statistically significant differ-
ence between the duration of hospital stay in patients
with serum Na levels of <120 mmol/L and 120–129
mmol/L at the time of admission (p=0.076). It was
observed that the lengths of hospital stay for patients
who developed hyponatremia during their hospitalisa-
tion in various clinics was longer than those of
patients who presented to the emergency department
(p<0.001), but serum Na levels were higher in
patients who developed hyponatremia during hospi-
talisation (p<0.001) (Table III). 

Discussion

Hyponatremia is the most common electrolyte
disorder in hospitalised patients and society.
Hyponatremia prevalence in society is 8%, and this
prevalence increases significantly with age (3, 4).
Hyponatremia is reported to be associated with an
increased risk of mortality and poor prognosis in older
individuals (3, 12).

The higher rate of hyponatremia in the elderly is
related to the deterioration of the water excretion
capacity associated with aging and the more frequent
exposure of this group to drugs and diseases associ-
ated with hyponatremia (2, 13). The decrease in the
glomerular filtration rate due to aging causes
impaired water excretion capacity. In addition, the
decrease in intrarenal prostaglandin production seen
at older ages may cause impaired water excretion
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Median (min–max)

Glucose (mmol/L) 5.44 (3.77–6.72)

Urea nitrogen (mmol/L) 7.32 (0.51–36.03)

Creatinine (mol/L) 79.56 (13.26–739.9)

Potassium (mmol/L) 4.40 (2.30–6.70)

TSH (mIU/L) 1.1 (0.92–5.2)

Serum cortisol (nmol/L) 317.2 (110.3–717.2)

Hemoglobin (g/L) 112 (62–179)

Serum Na level at the time of
admission (mmol/L) 119.50 (99–131)

Serum Na level at the 24th hour
of treatment (mmol/L) 125 (105–139)

Serum Na level at the 48th hour
of treatment (mmol/L) 128.50 (108–144)

Serum osmolality (mmol/kg) 259 (212–309)

Urine osmolality (mmol/kg) 224 (36–782)

Urine Na (mmol/L) 45.5 (4–321)

Na groups n (%)

<120 mmol/L
120–129 mmol/L
130–135 mmol/L

66 (50)
64 (48.5) 

2 (1.5)

Osmolality groups n (%)

Hypoosmolar
Isoosmolar
Hyperosmolar

109 (82.6)
14 (10.6)

9 (6.8)

Table II Laboratory values of the patients. Table III Duration of hospitalisation and sodium levels at
the time of patients’ admission according to gender, etiolo-
gy, place of application, and patients’ duration of hospitali-
sation according to sodium groups.

TSH: Thyrotropin, Na: sodium

Na: Sodium, SIADH: syndrome of inappropriate antidiuretic
hormone secretion

Duration 
of hospi -
talisation

p
Na levels 

at the time 
of admission 

p

Gender 

Female 4 (1–60)
0.440

119 
(101–131)

0.230
Male 7 (1–43) 121 

(99–129)

Etiology

Congestive 
heart failure 4 (1–30)

0.861

119 
(99–128)

0.065

SIADH 6 (1–59) 121 
(109–129)

Gastrointestinal
fluid loss 4 (1–36) 119 

(101–126)

Renal 
pathologies 7 (1–60) 122.5 

(105–129)

Drugs 4 (1–43) 120.5 
(108–131)

Place of application 

Emergency 
department 3 (1–59)

<0.001

118 
(99–130)

<0.001

Different clinics 10 (2–60) 124 
(111–131)

Na groups

<120 mmol/L 4 (1–59)
0.076 - -

120–129 6 (1–60)



capacity (14). Another factor contributing to hypona-
tremia in this group is the fact that the age-related
decrease in total body water percentage causes fur-
ther fluctuations in serum Na concentration. Higher
sensitivity to osmotic stimuli can be seen in the geriatric
population (15, 16). Elderly individuals frequ ently use
drugs known to cause hyponatremia (such as thiazide
diuretics, selective serotonin reuptake inhibitors, and
nonsteroidal anti-inflammatory drugs), and they often
suffer from diseases that may be associated with
hyponatremia (for example, diabetes mellitus, infec-
tions, heart failure, liver diseases, malignancies, and
endocrinopathies) (17, 18). Many elderly patients
with hypertension or heart failure maintain a low-salt
diet, which can cause a low serum Na concentration.
In this population, a decrease in protein intake due to
overlapping diseases may play a role in the develop-
ment of hyponatremia by impairing water excretion
(19, 20).

Diuretics and SIADH are among the most com-
mon causes of hyponatremia in the elderly (20, 21).
In one prospective study that included only elderly
hospitalised patients, the most common causes of
hyponatremia were SIADH and diuretics. In the same
study, the two most common causes of SIADH were
lower respiratory tract infection and stroke (22). In
the study of Chatterjee et al. (23), gastrointestinal
fluid loss, cerebrovascular accident, and pulmonary
sepsis were found to be the most frequent causes of
hyponatremia. In the work of Babaliche et al. (24),
SIADH was also the most common cause of hypona-
tremia in 46% of patients, followed by renal
pathologies in 13%, gastrointestinal compromise in
11%, cardiac causes in 10%, cirrhosis in 10%, and
drugs in 10%. In addition, Ishikawa et al. (25) report-
ed that 40% of patients presenting with hyponatremia
aged 65 and above had hypothalamic-pituitary-
adrenal dysfunction. Although congestive heart
failure was reported in other studies as a less com-
mon cause of hyponatremia than diuretics and
SIADH, the most common cause of hyponatremia in
our study was congestive heart failure, the second
most common cause was SIADH (23, 24). Contrary
to the study of Ishikawa et al. (25), hyponatremia due
to hypopituitarism was very rare in our study group.
This may be because patients with hypopituitarism
are asymptomatic for long periods, and their need for
hospitalisation is less than those of other patients.
Because only hospitalised patients were included in
our study, the rate of hypopituitarism may be lower
than expected.

The importance of early recognition of hypona-
tremia and prompt intervention is critical (26). In a
large multicenter trial with 151,486 patients, it was
shown that all types and grades of dysnatremias were
related to increased risk-adjusted and raw hospital
mortality rates. The odds ratios for mild, moderate,
and severe hyponatremia were 1.32, 1.89, and 1.81,
respectively (27). Moreover, in addition to mortality,

hyponatremia prolongs the hospitalisation time
remarkably and increases medical care costs (11). In
our study, the length of hospital stay due to hypona-
tremia was observed to be 5 (1–60) days, and this
duration did not change according to the etiology of
hyponatremia or the patient’s gender or initial serum
Na levels. It was observed that patients who applied
to the emergency department had lower Na levels but
shorter hospital stays than patients who developed
hyponatremia during their hospitalisation in other
clinics.

In their study, including 100 patients with mod-
erate to severe hyponatremia who were monitored in
the intensive care unit, Babaliche et al. (24) reported
that 59% of the patients were male and 41% were
female, with a slight dominance of the male gender.
In the work of Sood et al. (28), the male-to-female
ratio was 1.25:1. In other studies in the literature,
male gender dominance is observed in patients with
hyponatremia (23, 29). Contrary to these studies, in
our study, 68.2% of patients with hyponatremia were
female. Since our study consists of randomly recruited
patients for a certain period of time, the gender result
may be due to this.

In the study of Sood et al. (28), including 106
hyponatremic patients, 90% were hypoosmolar, 9%
hyperosmolar, and 1% were isoosmolar, while 40%
were euvolemic, 31% were hypervolemic, and 29%
were hypovolemic. In the study of Chatterjee et al.
(23), 50.74% of the patients were euvolemic,
26.86% were hypervolemic, and 22.4% were hypov-
olemic, while in the study of Babaliche et al. (24),
50% were euvol emic, 33% were hypervolemic, and
17% were hypovolemic. In our study, 42.4% of the
patients were hypervolemic, 37.9% were euvolemic,
and 19.7% were hypovolemic while 82.6% had hypo -
osmolar hyponatremia, 10.6% had isoosmolar
hyponatremia, and 6.8% had hyperosmolar hypona-
tremia.

In their study, Sood et al. (28) reported that 42%
of patients had severe hyponatremia, 48% had mod-
erate hyponatremia, and 10% mild hyponatremia.
Similarly, in our study, severe hyponatremia was
detected in 50% of the hospitalised geriatric patients.
It was observed that Na levels were 120–129 mmol/L
in 48.5% and 130–135 mmol/L in 1.5% of the
patients.

Pillai et al. (30) observed that among intensive
care unit admissions, the symptoms attributed to
hyponatremia included nausea (69.3%), malaise (80%),
drowsiness (61.3%), confusion (41.3%), lethargy
(24%), frequent falls (1.3%), convulsions (2.7%),
altered sensorium (41.3%), and delirium (9.3%).
Krishnamurthy and Srinivas (31) reported that the
symptoms found in hyponatremia patients were vom-
iting (29.6%), giddiness (2.4%), altered sensorium
(8.5%), headache (9.2%), chest pain (6.4%), general-
ized weakness (8.4%), fever (12.3%), cough (15.2%),
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loss of consciousness (0.7%), nausea (22.5%), loose
stools (5%), increased fatigability (10.4%), breathless-
ness (17.8%), abdominal pain (8.8%), difficulty in
micturition (0.9%), lower limb swelling (3.6%), and
seizures (6.4%) (31). In our study, dyspnea and
edema were observed in 28 (21.2%) patients, nau-
sea/vomiting in 26 (19.7%) patients, confusion in 26
(19.7%) patients, fatigue and anorexia in 15 (11.4%)
patients, seizures in eight (6.1%) patients, fever in
eight (6.1%) patients, and general condition disorder
in five (3.8%) patients, whereas 16 (12.1%) patients
were asymptomatic.

In acute symptomatic hyponatremia, hypertonic
saline solution is commonly used to acutely increase
serum Na levels and prevent serious neurological
symptoms. Hypovolemic hyponatremia is treated with
adequate fluid resuscitation to reduce ADH secretion
stimulation. Normal saline is often used to suppress
the hypovolemic stimulus that causes ADH release
(32, 33). In patients with SIADH, careful administra-
tion of hypertonic fluids may be required, along with
discontinuation of suspicious drugs and reduced
water consumption. In these cases, furosemide can
also be administered to prevent circulatory overload,
especially if elderly patients have concomitant cardiac
dysfunction. Furosemide increases free water excre-
tion and leads to higher serum Na. Our study
observed that 51.5% of the patients were treated with

hypertonic saline, 15.2% with isotonic saline, 18.2%
with water restriction and diuretics, and 15.2% with
only water restriction. It was also observed that 5.3%
of the patients required ultrafiltration.

In conclusion, there is an increasing tendency
for hyponatremia to occur with increased age, co-
morbidities, and the use of drugs. In our study,
congestive heart failure and SIADH were determined
to be the most common causes of hyponatremia in
geriatric patients. Nausea, vomiting, and dyspnea
were the most common symptoms. It was determined
that the length of hospital stay did not change with
the etiology of hyponatremia, gender, or serum Na
level at the time of admission. However, patients who
developed hyponatremia during their hospitalisation
had longer hospitalisation times. 
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Summary 
Background: COVID-19 is caused by a novel coronavirus,
named severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). The foremost predominant complication of
SARS-CoV-2 is arterial hypoxemia thereby disturbing lung
compliance, requiring mechanical ventilation.
The aim of the current research study is to analyze role of
ABG as a valuable assessment tool of disease severity in
SARS-CoV-2 patients.
Methods: 170 arterial blood samples were collected from
patients admitted in Intensive Care Unit (ICU) of Sri Guru
Ram Das Charitable Hospital, Amritsar. They were analyzed
for arterial blood gas using ABG analyzer. Parameters of
ABG such as pH, pCO2, HCO3, O2 saturation, ionized cal-
cium (iCa) and calculated ionized calcium (at pH 7.4) was
calculated for all the samples.
Results: Continuous variables were described as medians
with interquartile ranges (IQRs) and categorical variables as
percentages and frequencies. Spearman correlation test was
done for calculation of correlation between pH and other
ABG parameters. Analysis of arterial blood gas revealed sig-
nificant negative correlation (p<0.05) between pH and
pCO2 and significant positive correlation (p<0.05) between
pH and HCO3 and between pH and delta ionized calcium.
Low levels (98.2%) of ionized calcium were observed while
monitoring the ABG findings though weak negative correla-
tion (p<0.05) was observed between pH and iCa.
Conclusions: Our study suggests that ABG analysis acts as
a momentous indicator for critically ill patients admitted in
Intensive Care Unit (ICU). Estimation of iCa in this critical

Kratak sadr`aj
Uvod: COVID-19 je izazvan novim koronavirusom koji izazi-
va te`ak respiratorni sindrom koronavirus 2 (SARS-CoV-2).
Predominantna komplikacija SARS-CoV-2 je arterijska hipo -
 ksemija koja dovodi do o{te}enja plu}a i zahteva me -
hani~ku ventilaciju. Svrha ovog izu~avanja je da analizira
ulogu AGK kao vrednog parametra za procenu te`ine obo -
ljenja kod SARS-CoV-2 pacijenata.
Metode: Uzeto je 170 arterijskih uzoraka krvi od pacijenata
koji su bili primljeni u Intenzivnu jedinicu (ICU) u Sri Guru
Ram Das Charitable Hospital, Amristar. Analizirani su arter-
ijski gasovi krvi primenom ABG analizatora. Parametri ABG
(AGK) bili su pH, pCO2, HCO3, O2 saturacija, jonizovani
kalcijum (iCA) i izra~unati jonizovani kalcijum (na pH 7,4)
za sve analizirane uzorke.
Rezultati: Za sve promenljive parametre izra~unata je
medijana i interkvartilne oblasti (IQRs) i varijable kako {to
su procenti i frekvencije. Kori{}en je Spearman korelacioni
test za izra~unavanje korelacije izme|u pH i i drigih ABG
parametara. Analizom arterijskih gasova krvi dobijena je
zna~ajna negativna korelacija (p <0,05) izme|u pH i pCO2
i zna~ajna pozitivna korelacija (p<0,05) izme|u pH i HCO3
i izme|u pH i delta jonizovanog kalcijuma. Niski nivoi
(98,2%) jonizovanog kalcijuma su na|eni pri pra}enju ABG
nalaza u toku nedeljne negativne korelacije (p<0,05) kad
je pra}ena izme|u pH i iCa.
Zaklju~ak: Na{e izu~avanje ukazuje da ABG analiza ima
ulogu trenutnog indikatora za kriti~no bolesne pacijente
primljene u Intenzivnu Jedinicu (ICU). Odre|ivanje iCa u
ovom kriti~nom momentui ima veoma zna~ajnu ulogu u
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Introduction 

The outbreak of Novel coronavirus disease
(COVID-19) was initially noticed in a seafood market
in Wuhan city in Hubei Province in Mid-December,
2019 and subsequently speeded to 214 countries
worldwide (1). World Health Organization (WHO)
declared this outbreak as a »Public Health Emergency
of International Concern (PHEIC) on 30th January,
2020 and later declared COVID-19 as pandemic on
11th March, 2020 (2). 

The novel coronavirus belongs to lineage B of
the genus beta – coronavirus of the coronavirus
family which includes SARS-CoV (Severe Acute
Respiratory syndrome) and MERS – CoV (Middle East
Respiratory Syndrome) (3).The seventh member of
the corona virus family to infect humans is 2019
novel coronavirus (2019-nCoV) (4). Coronaviruses
(CoVs) are positive sense single stranded RNA viruses
of the family coronaviridae that infect a wide host
range to produce disease ranging from common cold
to severe illness (5). 

SARS-CoV2 affects different people in various
ways. Most infected people develop mild to moderate
illness and may recover without hospitalization.
Primarily transmitted through the respiratory tract, the
most common clinical presentations of symptomatic
individuals infected with SARS-CoV-2 include fever,
dyspnea, cough, fatigue, and sore throat. In
advanced cases, patients may rapidly develop respira-
tory failure with acute respiratory distress syndrome,
and even progress to death (6). 

The foremost predominant complication of
SARS-CoV-2 is arterial hypoxemia thereby disturbing
lung compliance requiring mechanical ventilation.
Arterial blood gas (ABG) analysis provides informa-
tion regarding patient oxygenation, ventilation ade-
quacy and acid base levels.

Or in other words we can say, it tells the activity
in both respiratory system and metabolic system.
Both the systems work together in order to maintain
the pH in normal range. If one system is disturbed the
other will try to compensate. Thus, the current
research was aimed to analyze the role of ABG as a
valuable assessment tool of disease severity in SARS-
CoV2 patients. We also hypothesized that which
parameter among ABG analysis can play a significant
role and to what extent as regards to disease severity. 

Material and Methods

Participants

In the present observational study 170 samples
of ABG were collected from 17 critically ill patients
severely affected with the disease and admitted in
Intensive Care Unit (ICU) of Sri Guru Ram Das
Charitable Hospital, Amritsar, Punjab (India) during
the period from October 2020 to December 2020.
They were laboratory confirmed tested positive cases
for corona virus. The diagnosis was established by
reverse-transcriptase polymerase chain reaction (RT-
PCR) method by testing nasal and pharyngeal swab
specimens according to World Health Organization
(WHO) interim guidance criteria. Hematology testing
was conducted on H560 Hematology analyzer (Erba
Mannheim). Analysis of ABG was done on ABG
analyzer (Siemens make) in clinical laboratory of the
hospital for arterial samples of all admitted patients
whose stay was more than 5 days. The clinical out-
come was monitored until the discharge of the
patient. No written informed consent of patient was
required as the study included only undisclosed infor-
mation. The study was approved by the institutional
ethics committee.

Before proceeding with the analysis, the pre-
analytical errors were taken into consideration to
avoid false results for pH and ionized calcium (iCa).
To achieve correct heparin and blood concentration
correct blood volume of sample was collected with
immediate mixing after sampling to avoid false low
levels of iCa. After collection of the sample the blood
was immediately analyzed in the clinical laboratory for
ABG (within 20 minutes) to avoid any discrepancy in
the results because loss of pCO2 from the collected
sample may increase pH as alkaline pH increases
protein bound calcium and decreases iCa levels. On
the other hand acidic pH decreases protein bound
calcium and increases iCa levels. Even haemolysis
results in false levels of low ionized calcium.

Among the ABG parameters pH, pCO2, HCO3
and ionized calcium (iCa) were mainly taken into con-
sideration. Ionized calcium levels were calculated
both as actually measured levels and corrected math-
ematically at pH 7.4 to avoid influence of sample
handling. Delta ionized calcium was also calculated
to move towards more accuracy. 

care setting acts as a distinctive biochemical feature of
SARS-CoV-2 disease, as an initial assessment tool, for
hypocalcemia.

Keywords: arterial blood gas, SARS-CoV-2, ionized cal-
cium, hypocalcemia

pra}enju SARS CoV-2 oboljenja kao inicijalno sredstvo ispi-
tivanja hipokalcijemije.

Klju~ne re~i: arterijski gasovi krvi, SARS-CoV-2, jonizo-
vani kalcijum, hipokalcijemija
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Calculation of corrected ionized calcium (at pH
7.4) and delta ionized calcium

Following formula was used to calculate correct-
ed ionized calcium (7).

Corrected ionized calcium = Measured ionized
calcium × 1 – 0.53 × (7.4 – actual pH)

Delta ionized calcium is the difference between
ionized calcium and calculated ionized calcium at pH
7.4

Statistical analysis 

The statistical analysis was performed using
Statistical Package for Social Science program (ver-
sion 16.0; SPSS Inc., Chicago, IL). In the present
observational study 6 to 15 (Average 10) successive
readings of ABG were noted for each patient. For the
descriptive analysis, continuous variables were
described as medians with interquartile ranges (IQRs)
and categorical variables as percentages and frequen-
cies. Spearman correlation test was done for calcula-
tion of correlation between pH and other ABG param-
eters. The test with p value < 0.05 was considered
statistically significant.

Results

Demographic and clinical characteristics of
SARS-CoV-2 patients are summarized in Table I. On
initial hospital evaluation, median levels of total calci-
um, total proteins, albumin and NLR ratio was 1.98
mmol/L (1.64–2.34), 67 g/L (58–74), 26 g/L
(15.50–35.50) and 8.7 (6.5–29.5) respectively. With
median value of 1.98 mmol/L all the patients were
found to be hypocalcemic. Normal levels of serum
proteins though on lower side were observed with
median value 67 g/L.

All the patients also showed Hypoalbuminemia
with median value of 26 g/L. Whereas, NLR the ratio
of absolute count of neutrophil to lymphocyte with
median level 8.7 was also calculated as a stress factor
in clinical ICU practice.

Among the total critically ill patients 65% were
males. Fourteen (82%) out of seventeen patients were
having comorbidities i.e. 41% were diabetic, 6% were
hypertensive whereas 35% were found to be both dia-
betic and hypertensive. 18% were found to be having
no comorbidity. Out of seventeen patients, seven
(41%) could not survive. In non-survivors T2DM
(86%) was the most common comorbidity followed by
HTN (14%). Initially, for the observations of acid-base
imbalance 53% were suffering with mixed disorder of
acid-base balance (respiratory alkalosis and metabol-
ic acidosis), 41% with respiratory alkalosis and 6%
with respiratory acidosis. After monitoring 6 to 15
successive readings of the ABG samples for each
patient we analyzed a total of 170 samples for which
median (IQR) was calculated. For pH it was 7.43

(7.29–7.56), for pCO2 33.6 mm/Hg (14.05–53.97),
for HCO3 and iCa 23.1 mmol/L (13–32.79) and
0.86 mmol/L (0.05–1.57) respectively and for O2
saturation 95.3% (85.2–105.2).

Table II revealed percentage occurrence of
abnormal levels of ABG parameters of SARS-CoV-2
patients in which low levels of ionized calcium was
98% as compared to abnormal levels of pH being
40%, pCO2 being 52%, HCO3 being 58% and low
saturation of oxygen being 46%.

Table I Demographic and clinical characteristics of SARS-
CoV-2 patients.

Table II Percentage occurrence of abnormal levels of ABG
parameters in SARS-CoV-2 patients.

HTN – hypertension; DMT2 – diabetes mellitus type 2; NLR –
neutrophil-to-lymphocyte ratio; pCO2 – partial pressure of car-
bon dioxide; HCO3 – bicarbonate ion; O2sat – oxygen saturation

Parameter Median (IQR) or N (%)

Age, years (n=17) 62 (31.5–83.5)

Male (n=17) 11 (65%)

Female (n=17) 6 (35%)

With Comorbidities 
(HTN, T2DM) 
(T2DM) 
(HTN) 
No comorbidity

14 (82%)
6 (35%)
7 (41%)
1 (6%)
3 (18%)

Acid Base Imbalance
Respiratory Alkalosis
Respiratory Acidosis
Mixed disorder

7 (41%)
1 (6%)
9 (53%)

Non survivors
(T2DM)
(HTN)

7 (41%)
6 (86%)
1 (14%)

Total Calcium, mmol/L (n=17) 1.98 (1.64–2.34)

Total Protein, g/L (n=17) 67 (58–74)

Serum Albumin, g/L (n=17) 26 (15.50–35.50)

NLR (n=17) 8.7 (6.5–29.5)

pH (n=170) 7.43 (7.29–7.56)

pCO2, mmHg (n=170) 33.6 (14.05–53.97)

HCO3, mmol/L (n=170) 23.1(13–32.79)

O2, sat % (n=170) 95.3 (85.2–105.2)

Ionized Calcium, mmol/L
(n=170)

0.86 (0.05–1.57) 

Parameter Readings n=170 (%)

pH 68 (40)

pCO2 88 (51.8)

HCO3 99 (58.2)

O2 saturation 78 (45.9)

Ionized Calcium 167 (98.2) 



Table III depicts Spearman correlation to see the
association of pH with other parameters of ABG. A
strong negative correlation was observed between pH
and pCO2 (Figure 1) and a marginal negative corre-
lation were observed between pH and ionized calci-
um (Figure 2). No association was found between pH
and O2 saturation (Figure 3). Whereas, a strong pos-
itive correlation was observed between pH and HCO3
(Figure 4) and between pH and delta ionized calcium
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Table III Spearman correlation of pH with pCO2, HCO3,
ionized calcium and O2 sat in SARS-CoV-2 patients.

*p<0.05 considered statistically significant. rs – Spearman
correlation 

Parameter Patients with SARS-CoV-2 pH

rs p value

pCO2 -0.335 < 0.001*

HCO3 0.399 <0.001*

Ionized Calcium -0.151 0.048*

O2 saturation 0.015 0.847

Delta ionized calcium 0.213 0.005*

Figure 1 pH vs pCO2.

Figure 2 pH vs ionized calcium (iCa).

Figure 4 pH vs HCO3.

Figure 5 pH vs delta ionized calcium ( iCa).

Figure 3 pH vs O2 saturation.



(Figure 5). Delta ionized calcium is the difference
between ionized calcium and calculated ionized calci-
um at pH 7.4. Figure 5 shows both positive (for
acidic) and negative (for alkalosis) correlation for pH
and delta ionized calcium. Since, our number of cases
was mostly of alkalosis (41%) and mixed disorder
(53%) as compared to acidosis (6%) the graph
depicts more of negative correlation.

Discussion

A low level of calcium is a common laboratory
abnormality in viral infection and pneumonia (8).
Previous studies reported that calcium played a vital
role in viral infections and replicative mechanisms of
SARS-CoV, MERS-CoV and Ebola virus. Calcium ions
directly interacted with fusion peptides of these virus-
es promoting their replication (9, 10). Hypocalcemia
is a common phenomenon among critically ill
patients, its prevalence ranges from 15% to 88% in
adults (11). Similar to recent study by Zhou et al. (12)
our study revealed hypocalcemia in all cases regard-
less of severity of their condition in the early stage of
viral infection. Recently, Filippo et al. (13) observed
80% hypocalcemic patients in their study. 

Considering age factor 59% of our patients
were older than 60 years. Median age of the studied
patients was 62 years old which suggested that aged
people were more susceptible to severe COVID-19.
In another study by Liu et al. (14) 63.6% of their
COVID-19 patients were also of older age (>65
years). Age factor does affect the recovery capacity of
a person at the later stages of infection because the
liver and kidney function of an individual declines as
age advances leading to decrease in intestinal calci-
um absorption due to low levels of 25- hydroxy chole-
calciferol. Similarly, we observed in our study, that the
severe critically ill patients who could not survive were
older (>60 years) in age. 

In our present study among the non-survivors
T2DM (86%) was the most common comorbidity. In
Diabetes Mellitus secretion of Parathyroid Hormone
(PTH) declines, resulting in decrease disrupted calci-
um homeostasis that is cellular calcium depletion
occurs. PTH stimulates calcitriol (1,25 dihydroxy
cholecalciferol), which regulates calcium homeostasis
in the body. Calcitriol induced Ca2+ signals (oscilla-
tions) regulate insulin secretion from the pancreatic 
cells (15, 16). Thus, the rapid increase in intracellular
Ca2+ triggers insulin release.

The perception that acid base imbalance in dia-
betes is confined to metabolic acidosis is also chal-
lenged by our results. The most common disturbance
observed was mixed disorder of acid-base balance pres-
ent in 9 patients. Respiratory disturbance predominant-
ly respiratory alkalosis was present in 7 patients where-
as, only 1 patient suffered with respiratory acidosis.

Calcium is predominantly bound to albumin.
Almost 30–55% in the plasma and a decrease in

serum albumin will also cause hypocalcemia. Ionized
calcium binds to negatively charged sites on protein
molecules. Therefore, Hypoalbuminemia is associat-
ed with Pseudohypocalcemia which is reduction in
total calcium concentration even though there are
normal iCa levels (17).

To sustain normal organ function calcium home-
ostasis has to be maintained. Changes in intracellular
calcium homeostasis can also promote the activation of
inflammatory pathways leading to increase in tumor
necrosis factor (TNF) and IL-6 (18, 19). In addition,
hypoxia of tissue and organ induces cell membrane
damage resulting in calcium influx (14).

Chernow et al. (20) in their study demonstrated
that hypocalcemia was associated with prolonged stay
in ICU and increased mortality, similar to our study, in
which 41% were non-survivors, with stay in ICU more
than 5 days. Moreover, poor prognosis observed in
hypocalcemic patients with severe SARS-CoV-2 was
similar to many recent studies (14). Similar to our
observations, some authors also identified hypocal-
cemia as a relevant and independent risk factor for
worse clinical outcome, associated with higher mor-
tality in hospitalized and critically ill patients admitted
in ICU (14, 21–23). Though our results showed mar-
ginal significant correlation of pH and iCa as such but
strong correlation between pH and delta iCa cannot
be ignored too. Moreover, 98% prevalence of low
levels of iCa as compared to other parameters of ABG
is also worth mentioning.

Limitation

The main limitation of our study is that the sam-
ple size was relatively small. We could only proceed
with the samples from patients admitted from October
to December. Larger studies are needed to confirm our
findings. Possibility of bacterial-infection also could not
be ruled out because of high NLR ratio in these studied
SARS-CoV-2 patients. We consider that additional stud-
ies are required to support these findings.

Conclusion

Our study suggests that ABG analysis acts as a
momentous indicator for critically ill patients admitted
in Intensive Care Unit (ICU). Estimation of iCa in this
critical care setting acts as a distinctive biochemical
feature of SARS-CoV-2 disease, as an initial assess-
ment tool, for hypocalcemia, has a potential impact
on its severity. It is also suggested that ionized calci-
um- the physiologically active component of total cal-
cium should be preferred as routine method for deter-
mining the level of calcium in all patients. Moreover,
iCa is also easy to measure (within 15 to 20 minutes)
making clinicians in identifying severe patients at ini-
tial hospital valuation. Hypocalcemia represents a
novel prospective treatment goal worth to be treated
at the earliest for improvements in patient care.

J Med Biochem 2022; 41 (1) 51



References

1. Clinical Management Protocol: COVID-19. https://www.
mohfw.gov.in/pdf//2020 version 5.

2. Clinical Management COVID-19Interim guidance
WHO/2019-nCoV/clinical/2020.5.

3. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, et al. A
Novel Coronavirus from Patients with Pneumonia in
China, 2019. N Engl J Med 2020; 382: 727–33. 

4. Chan JFW, Yuan S, Kok KH, To KKW, Chu H, Yang J, et
al. A familial cluster of pneumonia associated with the
2019 novel coronavirus indicating person-to-person
trans mission: a study of a family cluster. Lancet 2020;
395: 514–23. https://doi.org/10.1016/S0140-
6736(20)30154-9.

5. Lingeswaran M, Goyal T, Ghosh R, et al. Inflammation,
immunity and immunogenetics in COVID-19: a narrative
review. Ind J Clin Biochem 2020; 35: 260–73.
https://doi.org/10.1007/s12291- 020-00897-3.

6. Johnson KD, Harris C, Cain JK, Hummer C, Goyal H,
Perisetti A. Pulmonary and Extra-Pulmonary Clinical
Manifestations of COVID-19. Front Med 2020; 7: 526.
https://doi.org/10.3389/fmed.2020.00526.

7. Thode J, Holmegaard SN, Transbøl I, Fogh-Andersen N,
Siggaard-Andersen O. Adjusted ionized calcium (at pH 7.4)
and actual ionized calcium (at actual pH) in capillary blood
compared for clinical evaluation of patients with disorders of
calcium metabolism. Clin Chem 1990; 36: 541–4.

8. Sankaran RT, Mattana J, Pollack S, Bhat P, Ahuja T, Patel
A et al. Laboratory abnormalities in patients with bacter-
ial pneumonia. Chest 1997; 111: 595–600.

9. Letelier P, Encina N, Morales P, Riffo A, Silva H, Riquelme
I, Guzmán N. Role of biochemical markers in the moni-
toring of COVID-19 patients. J Med Biochem 2021;
40(2): 115–28.

10. Nathan L, Lai AL, Millet JK, Straus MR, Freed JH,
Whittaker GR, et al. Calcium ions directly interact with
the Ebola virus fusion peptide to promote structure func-
tion changes that enhance infection. ACS Infect Dis
2020; 6: 250–60.

11. Zivin JR, Gooley T, Zager RA, Ryan MJ. Hypocalcemia: A
pervasive metabolic abnormality in the critically ill. Am J
Kidney Dis 2001; 37: 689–98.

12. Zhou X, Chen D, Wang L, Zhao Y, Wei L, Chen Z,, et al.
Low serum calcium: a new important indicator of
COVID-19 patients from mild/moderate to severe/criti-
cal. Bioscience Reports 2020; 40: BSR20202690.
https://doi.org/10.1042/BSR20202690

13. Filippo LD, Formenti AM, Doga M, Frara S, Rovere-
Querini P, Bosi E, et al. Hypocalcemia is a distinctive bio-

chemical feature of hospitalized COVID-19 patients.
Endocrine 2020 doi:  10.1007/s12020-020-02541-
9 Epub ahead of print

14. Liu J, Han P, Wu J, Gong J, Tian D. Prevalence and pre-
dictive value of hypocalcemia in severe COVID-19
patients. J Infect Public Health 2020; 13: 1224–8.
https://doi.org/10.1016/j. jiph.2020.05.029

15. Seida JC, Mitri J, Colmers IN, Majumdar SR, Davidson
MB, Edwards AL, et al. Clinical review: Effect of vitamin
D3 supplementation on improving glucose homeostasis
and preventing diabetes: a systematic review and meta-
analysis. J Clin Endocrinol Metab 2014; 99: 3551–60.

16. Sergeev IN, Rhoten WB. 1, 25-Dihydroxyvitamin D3
evokes oscillations of intracellular calcium in a pancreatic
beta-cell line. Endocrinology 1995; 136: 2852–61.

17. Liamis G, Liberopoulos E, Barkas F, Elisaf M. Diabetes
mellitus and electrolyte disorders. World J Clin Cases
2014; 2: 488–96.

18. Nieto-Torres JL, DeDiego ML, Verdia-Baguena C,
Jimenez-Guardeño  JM,  Regla-Nava JA,  Fernandez-
Delgado R, et al. Severe acute respiratory syndrome
coronavirus envelope protein ion channel activity  pro-
motes virus fitness and pathogenesis. PLoS Pathog
2014; 10: e1004077, https://doi.org/10.1371/jour-
nal.ppat.1004077. 

19. Nieto-Torres JL, Verdia-Baguena C, Jimenez-Guardeno
JM, Regla-Nava  JA, Castaño-Rodriguez  C, Fernandez-
Delgado R, et al. Severe acute respiratory syndrome
coronavirus E protein transports calcium ions and acti-
vates the NLRP3 inflammasome. Virology 2015; 485:
330–9. https://doi.org/10.1016/j.virol.2015.08.010.

20. Chernow B, Zaloga G, McFadden E, Clapper H, Kotler
M, et al. Hypocalcemia in critically ill patients. Crit Care
Med 1982; 10: 848–51.

21. Filippo LD, Formenti AM, Rovere-Querini P, Cariucci M,
Conte C, Ciceri F, et al. Hypocalcemia is highly prevalent
and predicts hospitalization in patients with COVID-19.
Endocrine 2020; 68: 475–8.

22. Sun JK, Zhang WH, Zou L, Liu Y, Lie JJ, Kan XH, et al.
Serum calcium as a biomarker of clinical severity and
prognosis in patients with coronavirus disease 2019.
Aging 2020; 12: 11287–95. https://doi.org/ 10.18632/
aging.103526

23. Akirov A, Gorshtein A, Shraga-Slutzky I, Shimon I.
Calcium levels on admission and before discharge are
associated with mortality risk in hospitalized patients.
Endocrine 2017; 57: 344–51.

Acknowledgments. The authors are grateful to
Professor Malkinder Singh, Department of English of
Khalsa College Amritsar for vetting the paper with
respect to grammatical mistakes

Conflict of interest statement

All the authors declare that they have no conflict
of interest in this work.

52 Amrita, Singh: Role of ABG in SARS-CoV-2 patients

   Received: February 18, 2021
     Accepted: June 10, 2021



J Med Biochem 2022; 41 (1)   DOI: 10.5937/jomb0-31250

UDK 577.1 : 61   ISSN 1452-8258

J Med Biochem 41: 53 –61, 2022 Original paper
Originalni nau~ni rad

INTERFEROGRAMS PLOTTED WITH REFERENCE CHANGE VALUE (RCV) 
MAY FACILITATE THE MANAGEMENT OF HEMOLYZED SAMPLES

INTERFEROGRAMI PREDSTAVLJENI SA PROMENOM REFERENTNE VREDNOSTI (RCV)
MOGU POTPOMO]I ORGANIZACIJI HEMOLIZOVANIH UZORAKA

Kamil Taha Uçar1, Abdulkadir Çat2, Alper Gümüş3, Nilhan Nurlu2
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Summary 
Background: The European Federation of Clinical
Chemistry and Laboratory Medicine (EFLM) Working
Group for Preanalytical Phase (WG-PRE) have recom-
mended an algorithm based on the reference change value
(RCV) to evaluate hemolysis. We utilized this algorithm to
analyze hemolysis-sensitive parameters.
Methods: Two tubes of blood were collected from each of
the 10 participants, one of which was subjected to
mechanical trauma while the other was centrifuged direct-
ly. Subsequently, the samples were diluted with the partici-
pant’s hemolyzed sample to obtain the desired hemoglobin
concentrations (0, 1, 2, 4, 6, 8, and 10 g/L). ALT, AST, K,
LDH, T. Bil tests were performed using Beckman Coulter
AU680 analyzer. The analytical and clinical cut-offs were
based on the biological variation for the allowable impreci-
sion and RCV. The algorithms could report the values
directly below the analytical cut-off or those between the
analytical and clinical cut-offs with comments. If the
change was above the clinical cut-off, the test was rejected.
The linear regression was used for interferograms, and the
hemoglobin concentrations corresponding to cut-offs were
calculated via the interferograms.
Results: The RCV was calculated as 29.6% for ALT.
Therefore, ALT should be rejected in samples containing
>5.9 g/L hemoglobin. The RCVs for AST, K, LDH, and T.
Bil were calculated as 27.9%, 12.1%, 19.2%, and 61.2%,
while the samples’ hemoglobin concentrations for test
rejection were 0.8, 1.6, 0.5, and 2.2 g/L, respectively.

Kratak sadr`aj
Uvod: Radna grupa za preanaliti~ku fazu (WG-PRE)
Evropske Federacije za klini~ku hemiju i laboratorijsku
medicinu (EFLM) preporu~ila je algoritam koji se zasniva
na promeni referentne vrednosti (RCV) za procenu
hemolize. Mi smo koristili ovaj algoritam za analiziranje
osetljivih hemolizovanih parametara.
Metode: Uzete su dve epruvete krvi od svakog od 10
u~esnika, jedna koja je bila predmet mehani~ke traume a
druga je direktno centrifugirana. Istovremeno uzorci su bili
razbla`eni sa hemolizovanim uzorcima u~esnika da bi se
dobile `eljene koncentracije hemoglobina (0, 1, 2, 4, 6, 8
i 190 g/L). Analiziranje ALT, AST, K, LDH, T. Bil je izve deno
primenom Beckman Coulter AU680 analizatora. Analiti~ke
i klini~ke cut-off vrednosti bile su zasnovane na biolo{koj
varijaciji za dozvoljivu nepreciznost i RCV. Algo ritmi su
odgovarali direktno vrednostima ispod klini~ke cut-off ili
one izme|u analiti~ke i klini~ke cut-off. Ako je pro mena
bila iznad klini~ke cut-off test je odba~en. Linearna
regresija je kori{}ena na interferograme i koncentracije
hemo globina koje su odgovarale cut-off vednostima
izra~unatih preko interferograma.
Rezultati: RCV je izra~unat kao 29,6% za ALT. Prema tome
potrebno je odbaciti uzorke za ALT koji su imali >5,9 g/L
hemoglobina. RCV za AST, K, LDH i T. Bil izra~unati su kao
27,9%, 12,1%, 19,2% i 61,2%, dok su uzorci sa kon -
centracijom hemoglobina za odbacivanje testa bili 0,8, 1,6,
0,5 i 2,2 g/L.
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Introduction 

The International Organization for Standardization
(ISO) has established that laboratory errors may arise at
every point related to the laboratory in the process, from
the test request to diagnosis and treatments interrelated to
test results (1). This comprehensive definition showed that
the laboratory’s responsibilities are not only restricted to
analyze the test and report its results. Nowadays, when lab-
oratory results are considered crucial in clinical decisions,
laboratories have a significant role, directly or indirectly, in
the diagnosis and treatment of patients in many aspects (2).
Thus, laboratory errors should be handled with a holistic
approach, evaluated, and fixed (3).

Most of the errors evident in laboratories arise from
the preanalytical process (4). Notably, the most common
problem in this process is that of inappropriate samples (5).
Among inappropriate samples, hemolyzed samples are the
most common. Evaluation of all samples sent to the labora-
tory in a previous study, revealed that 2.2% of them were
hemolyzed samples (6). Among samples accepted from
emergency departments, up to 30% have been reported to
be hemolyzed (7). Hemolysis can be in vivo and in vitro. In
vivo hemolysis occurs during various diseases or treatments
and constitutes only 2% of all hemolyzed samples accepted
to the laboratory (8). In vitro hemolysis is almost the sole
cause of hemolyzed samples encountered in laboratories
and is caused by the following: blood collection process,
sample handling process, sample processing process, and
individual differences (9).

Hemolysis can be evaluated using two methods. The
first is the classical method based on the technician’s visual
assessment. The visual evaluation method is discouraged
because of its subjectivity and low reproducibility. Even if
the color indicator charts with varying degrees of hemolysis,
sample photographs are used for evaluation; this method’s
reliability and sensitivity are relatively low (10, 11). The sec-
ond method uses hemolysis index (H-index), a tool that
enables estimating the sample free hemoglobin (Hb) con-
centration using automated systems. The H-index can
report the degree of hemolysis to both the laboratory spe-
cialist and physician. Therefore, it can enable the evaluation
of the test results affected by hemolysis in the analyzed
sample. Automated systems are reportedly more reliable
than visual evaluation in determining hemolysis, and there-
fore, it is recommended for use instead of the visual
method (12). Currently, the management of hemolyzed
samples involves applying four options according to the
hemolysis level, as follows: analysis of the sample followed
by reporting the result; reporting the result and its interpre-
tation; rejection based on the test; thorough sample rejec-
tion (13). For correct implementation, the serum index
should be determined based on the test for the manage-
ment of hemolysis.

The C56-A guideline of the Clinical and Laboratory
Standards Institute (CLSI) recommends that interference

studies should first be carried out by in vitro diagnostic
(IVD) manufacturers and that the laboratories should
design, as well as use, their algorithms. It also states that
the reference change value (RCV) can be used as the allow-
able total error criterion for interference studies (14). Fraser
stated that when the interfering effect of the substance on
the test result exceeds the RCV, it could change the actual
level of the measured analytes, with a clinically significant
difference (15). The entire procedure was presented in an
opinion letter that was recommended for clinical biochem-
istry tests published by the European Federation of Clinical
Chemistry and Laboratory Medicine (EFLM) Working Group
for Preanalytical Phase (WG-PRE) in 2018 (16). The EFLM
WG-PRE has proposed an algorithm in line with this data to
evaluate hemolysis interference for clinical chemistry tests.
Interferograms were created by adding the allowable ana-
lytical coefficient of variation (CV) values and RCV as eval-
uation criteria after graphs were drawn by calculating the
percentage change according to the Hb concentration for
each test. Recent studies recommend a new algorithm that
allows the interpretation of the test result through interfer-
ograms (12).

In this study, we aimed to develop algorithms to be
used in the alanine aminotransferase (ALT), aspartate
aminotransferase (AST), lactate dehydrogenase (LDH),
potassium (K), and total bilirubin (T. Bil) tests for our labo-
ratory, with respect to these suggestions, and to compare
the data obtained with the manufacturer’s statements.

Materials and Methods

This study was performed at the Medical Bio -
chemistry Laboratory of the Gaziosmanpasa Training and
Research Hospital, with the approval of the local ethics
committee (decision date & number: April 10, 2019-56), in
accordance with the Declaration of Helsinki. The study was
explained to all volunteers and then informed consent was
obtained.

Study design and sample preparation procedure

The sample size was determined to be 10 people, as
per the CLSI EP 07A2 guideline. Acute or chronic disease,
regular medication use, bleeding disorder, and pregnancy
were selected as the exclusion criteria. Two tubes of blood
were collected from 10 apparently healthy volunteers aged
between 18 and 50 years. A single experienced phle-
botomist was appointed to perform blood collection, to
avoid hemolysis caused by phlebotomy. The samples were
collected in the collection tubes (BD Barricor 5.0 mL,
13x100 mm, Becton, Dickenson and Company, NJ, USA)
using the blood collection device (BD Vacutainer Holder,
Becton, Dickenson and Company, NJ, USA) equipped with
a needle (BD Vacutainer Eclipse 21G, BD-Belliver Industrial
Estate, Plymouth PL6 7BP, UK).

Conclusions: Algorithms prepared with RCV could provide
evidence-based results and objectively manage hemolyzed
samples.

Keywords: hemolysis, interference, preanalytical phase,
laboratory errors, reference change value

Zaklju~ak: Algoritimi pripremljeni sa RCV mogu da obezbe
rezultate zasnovane na dokazima i objektivno procene
hemolizovane uzorke.

Klju~ne re~i: hemoliza, interferencija, preanaliti~ka faza,
laboratorijske gre{ke, promene referntnih vrednosti
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One of the paired tubes was centrifuged without any
intervention to obtain the hemolysis-free samples. The
blood from the other tube was passed through the needle
10 times using an injector to achieve mechanical hemolysis
(12). The mechanical trauma method was preferred to
obtain samples similar to hemolyzed samples sent to the
laboratory. This method ensured that the hemolyzed sam-
ple contains leukocytes and thrombocytes (13). Sub -
sequently, the tubes were centrifuged at 2000 × g for 10
min following the manufacturer’s recommendation. 

Free Hb concentrations were measured in the sepa-
rated plasma samples by the spectrophotometric method
using the auto hematology analyzer (Mindray BC 6800,

Shenzhen Mindray Bio-Medical Electronics Co., China;
imprecision of Hb: 1.0%). It was confirmed that one of the
samples had an Hb concentration of 0 g/L, while the other
had a Hb concentration >10 g/L. To obtain samples with
the desired free Hb concentrations (1, 2, 4, 6, 8, and 10
g/L), the hemolyzed samples were diluted with the hemol-
ysis-free sample of the same volunteer. The samples were
prepared individually for each volunteer, thus preventing
dilution bias and inter-individual differences from affecting
the values obtained. After obtaining the diluted samples,
each sample was analyzed duplicate on the Mindray BC
6800 analyzer to confirm the desired Hb concentration.
The process for sample preparation is shown in Figure 1.

Figure 1 Preparation of hemolyzed samples. The samples were prepared individually for each volunteer (n=10). As a
result, samples with the desired Hb concentrations (0, 1, 2, 4, 6, 8, and 10 g/L) were procured. Hb was expressed as g/L.

Two tubes of blood were collected from each volunteer. 

One of the tubes was centrifuged 
without any intervention. 

The blood in the other tube was 
passed through needles (13 mm, 26 

G) 10 times, and centrifuged. 

0  
Hb 

Sample without hemolysis was 
obtained. (Hb = 0) 

The grossly hemolyzed sample was 
obtained (Hb > 10). 

A specimen with 10 g/L free Hb concentrations was 
obtained by diluting these samples with each other in 

various proportions for each volunteer.  

50" 8 Hb 
50" 4 Hb 
= 6 Hb 

20% 0 Hb 
80% 10 Hb 

= 8 Hb 

10 
Hb 

As a result of these processes, two samples 
containing 0 Hb and 10 Hb were obtained. 

50% 0 Hb 
50% 8 Hb 
= 4 Hb 

50% 0 Hb 
50% 4 Hb
= 2 Hb 

50% 0 Hb 
50% 2 Hb 
= 1 Hb 



Evaluated tests and reagents

ALT, AST, LDH, K, and T. Bil tests were performed on
a Beckman Coulter clinical chemistry analyzer AU680
(Beckman Coulter, Brea, CA). Tests were analyzed in dupli-
cate for each sample. The manufacturer’s original reagents
were used in this study. The principles of the tests have
been elaborated in the subsequent text.

• ALT: IFCC (without pyridoxal phosphate activa-
tion)

• AST: IFCC (without pyridoxal phosphate activa-
tion)

• LDH: Lactate to pyruvate, IFCC

• K: Ion-selective electrodes, indirect

• T. Bil: 3,5-dichlorophenyl-diazonium tetrafluoro -
borate (DPD) with caffeine, and a surfactant

In the technical sheets of reagents, it has been report-
ed that hemolyzed samples should not be used for AST, K,
and LDH tests. No Hb concentration, H-index limit, or bias
of interference has been specified. It has been reported that
the interference could be up to 10% in samples with 5 g/L
free Hb for ALT and 0.45 g/L free Hb for T. Bil. H-index
values are expressed qualitatively on the Beckmann AU680
analyzer. The cut-off degrees and the corresponding approx-
imate Hb concentration ranges are presented in Table I.

Statistical analysis

The percentage difference was calculated for the sam-
ples from each patient. Next, the mean percentage differ-
ences were calculated for each Hb concentration using the
percentage differences for 10 different volunteers. The

Shapiro–Wilk test was used to evaluate whether the values
were normally distributed. All values in our study were dis-
tributed normally, and the results are presented as the mean
± SD. Subsequently, interferograms were plotted for the
evaluated tests. The scatter plots and linear regression
method were used when creating interferograms, and the
Hb concentrations corresponding to analytical and clinical
cut-offs were calculated using the regression equation of the
graphs. Analytical cut-offs were determined according to the
desirable allowable CV (analytically acceptable imprecision (I
%)) values of the biological variation (BV) databases. Clinical
cut-offs were determined according to the RCV. Intra-individ-
ual CV (CVI) for tests was obtained from the EFLM BV data-
base and Westgard Desirable BV database (17, 18). The Hb
concentration for sample rejection was determined to be
10 g/L following the recommendation of EFLM (16). The
formulas for the calculation are as follows:

I: Analytically acceptable imprecision

CVA: Laboratory analytical CV

CVI: Within-subject BV

For laboratory analytical CV (CVA) calculation, two
levels of internal quality controls (Beckman Coulter Control
Serum 1–2, Inc., USA), which were run on 20 different
days, were used. The following formula was used for calcu-
lation (16):

The calculations were performed, and interferograms
were plotted, using MedCalc® Statistical Software version
19.6.4 (MedCalc Software Ltd, Ostend, Belgium) and
Micro soft Office 365 (Microsoft Excel Software, Microsoft
Corporation, US).

Results

According to the specified tests using samples with
determined Hb concentrations, mean percentage differ-
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Table II Mean percentage differences (%) between samples from each subject (n=10) for determined hemoglobin (Hb) values,
according to the specified tests.

All values are presented as mean ± SD (%). Normal distribution of values was proved by Shapiro-Wilk test (p> 0.05).

Tests Hb=1 g/L Hb=2 g/L Hb=4 g/L Hb=6 g/L Hb=8 g/L Hb=10 g/L

Alanine 
aminotransferase, U/L 6.7 ± 3.5 11.4 ± 4.2 19.6 ± 7.6 31.0 ± 12.3 39.6 ± 15.6 48.2 ± 15.3

Aspartate 
aminotransferase, U/L 46.1 ± 11.3 83.2 ± 17.9 162.9 ± 37.2 253.8 ± 58.3 354.8 ± 86.4 458.3 ± 92.6

Lactate 
dehydrogenase, U/L 50.7 ± 24.9 126.9 ± 45.3 287.7 ± 83.3 517.1 ± 102.0 659.6 ± 152.7 794.3 ± 163.1

Potassium, mmol/L 8.0 ± 4.7 15.3 ± 5.1 29.3 ± 7.8 47.3 ± 7.5 61.0 ± 10.8 74.3 ± 12.5

Total Bilirubin, mmol/L -20.3 ± 12.6 -51.9 ± 22.5 -115.4 ± 45.5 -181.3 ± 78.6 -247.1 ± 101.2 -295.2 ± 110.5

Table I The cut-off degrees and the corresponding approx-
imate hemoglobin (Hb) concentration ranges in Beckmann
Coulter AU680 analyzer.

QC Level 1 CVA+ QC Level 2 CVA

2
CVA= 

Cut-offs specified by 
the manufacturer

Approximate free Hb 
concentration ranges (g/L)

0 Hb≤0.5
+ 0.5<Hb≤1

++ 1<Hb≤2
+++ 2<Hb≤3

++++ 3<Hb≤5
+++++ 5<Hb

Percent difference (%) 
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Figure 2 Interferograms of the evaluated tests. Analytical cut-off: desirable allowable imprecision from the biological variation
databases, clinical cut-off: reference change value (RCV). Regression equations and coefficient of determinations (R2) are pre-
sented in the corners of the figures. The regression line represents the 95% CI. Hb: Hemoglobin, ALT: Alanine aminotransferase,
AST: Aspartate aminotransferase, K: Potassium, LDH: Lactate dehydrogenase, T. Bil: Total bilirubin.
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Table III Regression equations (95% CI), R2, CVA and CVI values (%) of the evaluated tests. Analytical and clinical cut-off values
(%) with corresponding free hemoglobin (Hb) concentrations calculated via regression equations.

a Corresponding to analytical cut-off bCorresponding to clinical cut-off. CI: Confidence interval, R2: Coefficient of determination, CVA:
Analytical CV of the laboratory, CVI: Within – subject Biological Variation, Analytical cut-off: Desirable allowable imprecision values from
Biological Variation databases, Clinical cut-off: RCV (Reference change value). ALT: Alanine aminotransferase, AST: Aspartate aminotrans-
ferase, K: Potassium, LDH: Lactate dehydrogenase, T.Bil: Total bilirubin.

Tests Regression equation 
(95% CI) R2 CVA

(%)
CVI
(%)

Desirable 
imprecision 

(Analytical cut-off - %)

Hba

(g/L)
RCV (Clinical
cut-off - %)

Hbb

(g/L)

ALT y = 1.22 (-0.33 – 2.76) + 4.77
(4.50 – 5.05) x 0.99 3.5 10.1 5.0 0.8 29.6 5.9

AST y = -6.31 (-22.25 – 9.63) + 45.27
(42.43 – 48.11) x 0.99 3.0 9.6 4.8 0.2 27.9 0.8

K y = 0.30 (-1.51 – 2.11) + 7.51
(7.19 – 7.84) x 0.99 1.5 4.1 2.0 0.2 12.1 1.6

LDH y = -21.63 (-63.39 – 20.13) +
83.48 (76.05 – 90.91) x 0.99 4.6 5.2 2.6 0.3 19.2 0.5

T. BIL y = -5.63 (-14.83 – 3.57) + 30.66
(29.03 – 32.30) x 0.99 3.4 21.8 10.9 0.5 61.2 2.2

Figure 3 Basic presentation of the composed algorithms. Hb concentrations corresponding to cut-offs were calculated via the
regression equation. H-index degrees were adapted to the results in line with the cut-offs of the manufacturer. Hb: Hemoglobin,
ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, K: Potassium, LDH: Lactate dehydrogenase, T. Bil: Total bili -
rubin.

 

Tests Free Hb concentrations (g/L) for cut-offs with corresponding H-Index degrees 
ALT <0.8 (+) 0.8–5.9 >5.9 (+++++) ≥10  
AST <0.2 (0) 0.2–0.8 >0.8 (+) ≥10  

K <0.2 (0) 0.2–1.6 >1.6 (++) ≥10  
LDH <0.3 (0) 0.3–0.5 >0.5 (+) ≥10  
T. Bil <0.5 (0) 0.5–2.2 >2.2 (+++) ≥10  

Measurement of analyte and free Hb concentration 

Hb concentration 
below the 

analytical cut-off 

 

Reportable 
result 

Hb concentration 
between 

analytical cut-off 
and clinical cut-off

Hb concentration 
above the 

clinical cut-off 

 

Hb ≥10 g/L 
 

Reject the test 
result, and report 

with the note 
»Rejected due to 
hemolysis«. Ask 

for a new 
sample. 

Report the test 
result with the 
note »Possible 

affected by 
hemolysis«. Ask 

for a new 
sample. 

Reject the 
sample due to 
hemolysis and 
ask for a new 

sample. 



ences (%) between the samples are presented in Table II.
The interferograms of the tests are shown in Figure 2. The
desirable allowable impression (I %) – analytical cut-off for
ALT was obtained as 5.0%. The RCV – clinical cut-off was
calculated as 29.6% (Table III). Hb concentrations corre-
sponding to these values were calculated as 0.8 and 5.9
g/L based on the regression equation (Table III).
Accordingly, for samples with Hb concentration <0.8 g/L,
ALT results could be reported directly; with 0.8–5.9 g/L,
ALT results could be reported with interpretation (Table III).
Since the percentage change values of ALT in samples with
Hb >5.9 g/L were greater than the RCV, it was deemed
appropriate for rejection (Table III). For AST, LDH, K, and
T.Bil, I % values and RCVs were found to be 4.8%, 27.9%;
2%, 12.1%; 2.6%, 19.2%; and 10.9%, 61.2%, respectively
(Table III). The Hb concentration cut-offs obtained from the
regression equation for the four tests were found to be 0.2,
0.8 g/L; 0.2, 1.6 g/L; 0.3, 0.5 g/L, and 0.5, 2.2 g/L;
respectively (Table III). The H-index measurement results in
each hemolyzed sample were observed in agreement with
the manufacturer’s H-index cut-offs. However, it was
observed that the ratio of change in analyte results due to
hemolysis did not fully comply with the manufacturer’s
statements.

The CVA, CVI, analytical cut-off (I) and clinical cut-off
values (RCV), regression equations (95% CI), coefficient of
determinations (R2), and the corresponding Hb levels to
cut-off values are presented in Table III. A simple presenta-
tion of the algorithms is shown in Figure 3.

Discussion

In our study, the hemolysis interference was evaluated
for five clinical biochemistry parameters, based on the BV
desirable I% (analytical cut-off) and RCV% (clinical cut-off).
Accordingly, to determine the extent to which the tests were
affected by hemolysis, LDH, AST, K, T. Bil, and ALT tests
were performed, with respect to Hb concentration ranging
from low to high.

For LDH, if the Hb concentration of the sample was
<0.3 g/L, the test result could be reported directly; more-
over, it could be reported with comment for 0.3–0.5 g/L
Hb, and the test had to be rejected for >0.5 g/L Hb. For
AST and K, the corresponding Hb values (in g/L) were
found to be <0.2, 0.2–0.8, and >0.8, and <0.2, 0.2–1.6,
and >1.6, respectively (Figure 3). As per the manufactur-
er’s recommendation, these three tests should be rejected
on the hemolyzed samples. As the initial cut-off value deter-
mined by the manufacturer for the H-index is 0.5 g/L, it can
be assumed that the hemolyzed sample was meant for sam-
ples containing 0.5 g/L Hb. In another study, the upper
limit of Hb reference value for hemolysis-free plasma sam-
ples was found to be 0.13 and 0.10 g/L in two different
biochemistry analyzers (19). Although no information is
available in the literature for our device, these values may
be considered valid for our study, since it involved working
with plasma samples containing lithium heparin. In fact, the
Hb concentrations corresponding to the analytical cut-offs
we calculated in our study for LDH, AST, and K seem close
to these values. Besides, the tests most affected by hemol-
ysis were those of LDH, AST, and K. However, our findings
– particularly those associated with K – do not seem entirely
consistent with the manufacturer's statement. It has been
observed that K can be analyzed on samples containing up
to 1.6 g/L Hb.

When the Hb concentration of the sample for T. Bil
was <0.5 g/L, the result could be reported directly. It was
observed that for 0.5–2.2. g/L Hb, the result could be
reported with comment and that it should be rejected for
>2.2 g/L Hb. For ALT, these Hb values were found to be
<0.8, 0.9–5.9, and >5.9, respectively (Figure 3). The
manufacturer stated that the hemolysis interference could
be less than 10% in samples containing Hb up to 0.45 g/L
for T. Bil and 5 g/L for ALT. Although this information is
consistent with our findings, it is insufficient to manage
samples containing 0.45 and 5 g/L in the T. Bil and ALT,
respectively. According to our findings, samples containing
up to 2.2 g/L and 5.9 g/L could be analyzed for T. Bil and
ALT, respectively, and the result could be reported with the
interpretation.

Perovic and Dolvic (20) evaluated the hemolysis levels
of 25 clinical biochemistry parameters using RCV and com-
pared the results with the manufacturer’s statements.
Similar to our study, the Beckman Coulter AU480 clinical
chemistry analyzer and reagents from the same manufac-
turer were used in this study. It was observed that the find-
ings within the reference range obtained in this study were
consistent with our findings, and in the same study, it was
stated that the manufacturer’s statements were insufficient
for ALT tests, among the tests evaluated. Studies on other
devices and reagents have also obtained results that do not
comply with the manufacturer’s declarations (21–24). On
the other hand, the general approach assumes the signifi-
cant change affecting the result as ± 10% and presents the
cut-off values accordingly. However, this ratio is far from
being a proper criterion for every test (24). Using RCV or
other criteria instead of ± 10% change value as a standard
for each test can also support their flexibility (24, 25).
Additionally, rejection rates may decrease by accepting RCV
as a cut-off for test rejection (23). Based on these data, the
use of RCV and these algorithms by manufacturers while
performing interference studies will make the H-Index
more beneficial.

Moreover, several problems have been observed with
the routine use of the H-index. EFLM WG-PRE had a call
for IVD manufacturers to provide more clarity, with respect
to serum indexes, in 2018 (26). One problem is that the H-
index is reported as degrees in some devices and free Hb
concentrations in other devices. EFLM WG-PRE recom-
mended a harmonization in reporting results via the use of
a common unit, free Hb (g/L). Another problem is that
manufacturers do not adequately report the interference
specifications of the kits according to their H-index. For lab-
oratories, inadequate information could be a significant
problem in the management of hemolyzed samples. This
situation was also evaluated in a large survey study conduct-
ed by EFLM WG-PRE, with the participation of 1405 labo-
ratories in 37 European countries. It has been reported that
many laboratories indicate heterogeneity of data on inter-
ference as the reason for avoiding serum indexes, and 67%
of laboratories using serum indexes use the cut-off values
recommended by the manufacturer without verification
(27, 28). On the other hand, EFLM WG-PRE assumes that
IVD producers did not fully comply with CLSI guidelines
while performing interference studies; therefore, verifica-
tion studies should be carried out by the laboratories (28).
Furthermore, internal, and external quality control evalua-
tions for H-index are recommended, given the critical
importance of H-index results in the evaluation of other test
results (26). It is thought that the approaches in which pre-
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Our findings support this point of view. As seen in our
study, it is thought that presenting the hemolysis interfer-
ence with the qualitative cut-offs given based on approxi-
mate concentrations recommended by the manufacturer
instead of the free Hb concentrations may be unsatisfactory
for the evaluation and interpretation of hemolysis.
Moreover, it would be more beneficial to use interfero-
grams, instead of a single cut-off value, for managing
hemolyzed samples. Interferograms provide more precise
information for testing or sample rejection; hence, they
allow laboratories the flexibility to accept the sample, and
analyze or reject the tests. It is necessary to be careful when
deciding to reject the samples that have been submitted to
the laboratory. The decision on which sample is inappropri-
ate, decision on tests that cannot be carried out in these
samples, or decision to reject the sample should be based
on evidence-based information. The blood sample is sub-
mitted to laboratories with the intent to elucidate crucial
information about the patient being examined. The impor-
tance of correct interpretation of the test results, and their
subsequent reporting, by a laboratory professional is analo-
gous to that of accurate interpretation of a physical exami-
nation by a physician (29). The laboratory specialist’s
process for extensive assessment of the sample also
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prolonged diagnostic process, additional cost, and other
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evaluate these findings and opinions, the use of H-index

and other serum indexes with interferograms appears to be
beneficial for laboratories.

There are some limitations to this study. First, only five
parameters affected by hemolysis were selected. A study
including all clinical biochemistry tests would yield a more
comprehensive result. Second, the reference method for
Hb measurement is the hemoglobin cyanide method meas-
ured spectrophotometrically (30). However, the Mindray BC
6800 auto hematology analyzer used in our routine labora-
tory was used in our study to measure the Hb value. It is
reported in the literature that the device we use is satisfac-
tory in terms of analytical performance for Hb measure-
ment (31). Nevertheless, using the reference method could
provide more accurate results. Finally, the test results we
evaluated in our study are within the reference ranges valid
for the relevant test. Conducting evaluations in concentra-
tions exceeding the reference range may help use the H-
index more effectively.

Therefore, using the H-index with RCV and adapting
the information to interferograms could be advantageous
for laboratories to identify and manage hemolyzed samples.
Single cut-off values are not suitable for use in interfero-
grams alone. As observed in our study, it seems more
appropriate to perform local studies to verify these values
and determine the analytical and clinical cut-offs.
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Summary 
Background: Acute kidney injury (AKI) is a common dis-
ease that can develop into end-stage kidney disease. Sepsis
is one of the main causes of AKI. Currently, there is no sat-
isfactory way to treat septic AKI. Therefore, we have shown
the protective function of Cul4a in septic AKI and its
molecular mechanism.
Methods: The cellular and animal models of septic AKI
were established by using lipopolysaccharide (LPS).
Western blot (WB) was employed to analyze Cul4a expres-
sion. RT-qPCR was employed to test the expression of
Cul4a, SOD1, SOD2, GPX1, CAT, IL-6, TNF-a, Bcl-2, IL-
1b, Bax and KIM-1 mRNA. ELISA was performed to detect
the contents of inflammatory factors and LDH. CCK-8 was
utilized to detect cell viability. Flow cytometry was utilized
to analyze the apoptosis. DHE-ROS kit was used to detect
the content of ROS.
Results: Cul4a was down-regulated in cellular and animal
models of septic AKI. Oxidative stress is obviously induced
by LPS, as well as apoptosis and inflammation. However,
these can be significantly inhibited by up-regulating Cul4a.
Moreover, LPS induced the activation of the NF-kB path-
way, which could also be inhibited by overexpression of
Cul4a.
Conclusions: Cul4awas found to be a protective factor in
septic AKI, which could inhibit LPS-induced oxidative
stress, apoptosis and inflammation of HK-2 cells by inhibit-
ing the NF-kB pathway.

Keywords: sepsis, AKI, Cul4a, oxidative stress, inflam-
mation, apoptosis

Kratak sadr`aj
Uvod: Akutna insuficijencija bubrega (AKI) je ~esta bolest
koja mo`e prerasti u kriti~nu fazu o{te}enja bubrega. Sepsa
je jedan od glavnih uzroka AKI. Trenutno ne postoji
zadovo ljavaju}i na~in le~enja septi~ke akutne insficijencije
bubrega. Stoga smo pokazali za{titnu funkciju Cul4a kod
septi~ke insuficijencije bubrega i njegov molekularni me -
hanizam.
Metode: ]elijski i `ivotinjski modeli septi~ke akutne insufi-
cijencije bubrega su izazvani upotrebom lipopolisaharida
(LPS). Za analizu ekspresije Cul4a kori{}en je Vestern blot
(WB). RT-qPCR je kori{}en za ispitivanje ekspresije mRNA
Cul4a, SOD1, SOD2, GPKS1, CAT, IL-6, TNF-a, Bcl-2, IL-
1b, Bax-a i KIM-1 mRNA. Izvr{ena je ELISA analiza za
otkrivanje sadr`aja upalnih faktora i LDH. Za utvr|ivanje
odr`ivosti }elija kori{}en je CCK-8. Za analizu apoptoze
kori{}ena je proto~na citometrija. Za otkrivanje sadr`aja
ROS-a kori{}en je DHE-ROS komplet.
Rezultati: Cul4a je sni`en u }elijskim i `ivotinjskim modeli-
ma septi~kog AKI. Oksidativni stres je o~igledno izazivan
LPS-om, kao i apoptoza i upala. Me|utim, oni se mogu
zna~ajno inhibirati regulacijom Cul4a. [tavi{e, LPS je indu -
kovao aktivaciju NF-kB signalnog puta, {to bi tako|e moglo
biti inhibirano prekomernom ekspresijom Cul4a.
Zaklju~ak: Utvr|eno je da je Cul4a za{titni faktor u slu~a -
jevima akutne septi~ke insuficijencije bubrega, {to, inhi -
biraju }i NF-kB signalni put, mo`e spre~iti oksidativni stres
izazvan LPS-om, apoptozu i upalu }elija HK-2.

Klju~ne re~i: sepsa, AKI, Cul4a, oksidativni stres, zapa -
ljenje, apoptoza
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Introduction 

AKI refers to a syndrome in which a patient’s
renal function is significantly declined rapidly due to
various causes, and a series of clinical symptoms
occur, including increased serum creatinine (Cr),
decreased urine output, electrolyte disturbance, acid-
base imbalance, etc. In severe cases, acute brain
edema, acute heart failure, or even life-threatening
may occur. Suffering from AKI can lead to increased
demand for renal replacement therapy, increased risk
of death, and more treatment costs, which will bring
a heavy burden to patients and society (1–3). AKI
could be induced by many factors, including sepsis,
ischemia-reperfusion injury, and nephrotoxic drugs. A
large clinical study showed that in critically ill patients,
septic shock is the main factor in the onset of AKI,
accounting for 47.5% of the total population (4)

Sepsis is a continuous and excessive inflamma-
tory response and immunosuppression caused by
pathogen invasion. It is an important factor for organ
failure of the body and can lead to shock and even
death of patients (5). Sepsis is a common clinical sys-
temic critical illness. In critically ill patients, the fatality
rate reaches 35% (6), which seriously threatens the
life and health of patients (7). Studies found that sep-
sis patients had a 50% risk of developing AKI, and
such patients have a poor prognosis and high mortal-
ity (8, 9). In clinical practice, the treatment of septic
AKI is often implemented through strategies such as
fluid replacement, diuretics and antibiotics. However,
the fatality rate of septic AKI has not been significant-
ly reduced (10). Therefore, exploring new sepsis AKI
treatment drugs is of great significance for alleviating
kidney damage and saving patients’ lives and health.

Cullin4A (Cul4a) belongs to the E3 ligase ubiq-
uitin family in the ubiquitin-proteasome system (UPS)
and determines the substrate specificity of ubiquitina-
tion modification (11–13). Cul4a ubiquitin ligase has
a wide range of substrates and acts a pivotal part in a
series of biological processes such as signal trans -
duction, transcription regulation, cell cycle regulation,
maintenance of genome stability, and embryo devel-
opment (14, 15). At present, Cul4a has been
extensively studied in various cancers (16, 17), but its
function in kidney disease such as septic AKI is still
unclear.

Here, we describe a new role of Cul4a, which is
to inhibit inflammation and apoptosis mediated by
oxidative stress in septic AKI. This will provide a
potential new treatment for septic AKI.

Materials and Methods

Rat septic AKI model

Ten male Sprague-Dawley (SD) rats (Shanghai
Experimental Animal Center of Chinese Academy of

Sciences) were raised in an SPF environment. The
breeding room has a temperature of 22–25 °C and a
humidity of about 50%. LPS (5 mg/kg) was injected
intraperitoneally to establish a septic AKI model. 

Cell treatment

HK-2 cells, human renal cortex proximal convo-
luted tubule epithelial cell line, were purchased from
Yaji Biotechnology Co., Ltd (Shanghai, China). The
cells were cultured in a culture medium composed of
DMEM/F-12 (Gibco, Rockville, MD, USA) and 10%
FBS (Gibco, Rockville, USA) at 37 °C with 5% CO2.
The medium needs to be changed every 24 hours.
500 ng/mL LPS was used to induce cell damage.

The Cul4a overexpression plasmids (Sangon
Biotech, Shanghai, China) was transfected into HK-2
cells using Lipofectamine™ 3000 in accordance with
the instructions.

Western blot

Radioimmunoprecipitation assay lysis buffer
(Beyotime, Shanghai, China) was used to extract the
total protein in HK-2 cells. The concentration was
examined by the BCA method. After incubation with
the loading buffer, the same amount of protein (30
mg) from each group was added into SDS-PAGE. The
voltage was set to 120 volts. When the protein is suf-
ficiently separated, it is transferred to the PVDF
membrane. The current was set to 300 mA. After the
membranes were blocked by QuickBlock™ Blocking
Buffer (Beyotime, Shanghai, China), primary antibod-
ies (Cul4a, Abcam, Cambridge, MA, USA, Rabbit,
1:1000; IkKa, Abcam, Cambridge, MA, USA,
Rabbit, 1:1000; IkBa, Abcam, Cambridge, MA, USA,
Rabbit, 1:1000; GAPDH, Abcam, Cambridge, MA,
USA, Rabbit, 1:1000) were added and incubated at
4 °C. The next day, the secondary antibody was used
to incubate the membranes. The electrochemilumi-
nescence (ECL) developer was added dropwise to
develop imaging, and the grey value was semi-quan-
titatively analyzed according to Image J software.

RT-qPCR analysis

The TRIzol reagent (Invitrogen, Carlsbad, CA,
USA) was used to extract total RNA in HK-2 cells
following the protocols. The complementary deoxy -
ribose nucleic acid (cDNA)was synthesized using Real
Master Mix (Bio-Rad, Hercules, CA, USA). RT-qPCR
was performed using the Prism 7900 System.
GAPDH was utilized to normalize the expression of
mRNAs. All the primers were listed in Table I.
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Determination of malondialdehyde (MDA)

The level of MDA in the supernatant of HK-2
cells was examined by Lipid Peroxidation (MDA)
Assay Kit (Abcam, Cambridge, MA, USA) according
to the instructions.

Determination of ROS production

The contents of ROS in HK-2 cells was tested
using DCFH-DA (MCE, Nanjing, China). The cells
were incubated with DCFH-DA (5 mmol/L) for 30 min
in the dark. Then the cells were collected by 0.05%
trypsin-EDTA solution. After that, the cells were sus-
pended in a fresh medium. Finally, the level of ROS
was tested by a flow cytometer.

Enzyme-linked immunosorbent assay (ELISA)

The supernatant of HK-2 cells was collected.
The contents of inflammatory cytokines (IL-6, IL-1b,
TNF-a) and LDH were detected by commercial ELISA
kits (Elabscience, Wuhan, China) following the proto-
cols.

Flow Cytometry

The HK-2 cells were collected by trypsin and
centrifugation. Then the cells were resuspended in a
200 mL binding buffer. After that, 5 mL Annexin V-FITc
and 5 mL PI were added into the binding buffer.
Finally, 10 min later, the apoptosis rate was measured
by a flow cytometer.

TUNEL staining

The apoptosis was examined by TUNEL staining
with a TUNEL kit (Roche, USA) following the manu-
facturers’ instructions. The nucleus was stained by
DAPI. The images were observed by the inverted flu-
orescence microscope.

Statistical analysis

The measurement data were described as the
mean±standard deviation (SD). All statistical analyses
were performed by GraphPad Prism 8.0. One-way
analysis of variance (ANOVA) or Student’s t-test was
used for comparison. Significance was accepted at
P<0.05.

Results

Cul4a was down-regulated in LPS-treated HK-2
cells

First, the expression of Cul4a in the LPS-treated
HK-2 cells was detected through WB. Compared with
the control group, Cul4a expression in HK-2 cells of
the LPS group was significantly reduced (Figure 1A).
At the same time, the level of Cul4a mRNA was also
examined, and the result was consistent with the pro-
tein level (Figure 1B). In addition, we constructed the
rat model of septic AKI and also detected Cul4a
expression in the kidney. Cul4a expression in the LPS
group was less than that in the sham group (Figure
1C and D). To further study the function of Cul4a, we
transfected the Cul4a overexpression plasmid into
cells and verified the transfection efficiency of the
plasmid from the protein and mRNA levels (Figure 1E
and F).

Gene name Forward (5’>3’) Reverse (5’>3’)

Cul4a
TNF-a
IL-1b
IL-6
SOD1
SOD2
GPX1
CAT
Bcl-2
Bax
IκKa
IκBa
GAPDH

CAAGACAGGGAGGTTCCA
AGGCACTCCCCCAAAAGATG

ATGCCACCTTTTGACAGTGATG
GCCTTCTTGGGACTGATGCT

CAATGTGGCTGCTGGAA
GCCGTGTTCTGAGGAGAG

TTGAGAAGTGCGAGGTGAA
TGGTTTTCACCGACGAG

GACTGAGTACCTGAACCGGCATC
CAGTTGAAGTTGCCATCAGC

AAACCAGAAAATTGTTGTGGACT
TAAGCAAAATCCTGACCTGGTGT
ACAACTTTGGTATCGTGGAAGG

TCTCCACACAGGCAATCA
CCACTTGGTGGTTTGTGAGTG
GAAGGTCCACGGGAAAGACA
CTGCAAGTGCATCATCGTTGT

TGATGGAATGCTCTCCTGA
GTCGTAAGGCAGGTCAGG

TCCGCAGGAAGGTAAAGAG
TTTGCCTTGGAGTATCTGG

CTGAGCAGCGTCTTCAGAGACA
CAGTTGAAGTTACCATCAGC

ATCGAATCCCAGACCCTATATCAC
GCTCGTCCTCTGTGAACTCC
GCCATCACGCCACAGTTTC

RT-PCR, quantitative reverse-transcription polymerase chain reaction

Table I Real-time PCR primers.



Overexpression of Cul4a inhibited LPS-induced
oxidative stress

Through RT-qPCR, we detected the levels of
SOD1, SOD2, GPX1, and CAT mRNA. Compared
with the control group, the levels of those mRNA in
the LPS group were remarkably reduced, suggesting
that oxidative stress exists in septic AKI. However,
compared with the LPS+vector group, the levels of
those mRNA in the LPS+Cul4a group were signifi-
cantly increased (Figure 2A2D). The content of
MDA in the cell supernatant was also detected.
Overexpression of Cu14a notably inhibited the con-
tent of MDA induced by LPS (Figure 2E). In addition,
Cul4a also markedly decreased the production of
ROS induced by LPS (Figure 2F).

Overexpression of Cul4a inhibited LPS-induced
inflammation

We also tested the inflammatory response in
HK-2 cells. LPS obviously induced the production of
inflammatory cytokines (IL-6, IL-1b, TNF-a) mRNA in
HK-2 cells. While up-regulating Cul4a suppressed
their expression (Figure 3A3C). We also tested the
contents of inflammatory cytokines in the cell super-

natant. The content of inflammatory cytokines in the
LPS+Cul4a group was markedly lower than those in
the LPS+vector group (Figure 3D3F).

Overexpression of Cul4a inhibited LPS-induced
apoptosis

Through the CCK-8 assay, the cell viability was
detected. The treatment of LPS significantly reduced
the viability of HK-2 cells, but overexpression of Cul4a
could reverse this (Figure 4A). Furthermore, overex-
pression of Cu14a can also reduce the release of
LDH (Figure 4B). We also tested the expression of
KIM-1 mRNA and found that LPS can significantly
induce the expression of KIM-1, while Cul4a can
reduce this (Figure 4C). The expression of apoptosis-
related genes was also detected. The level of Bcl-2
mRNA in the LPS treatment group was significantly
reduced, while the level of Bax was significantly
increased. Overexpression of Cu4a can reverse the
above results (Figure 4D and 4E). In addition, the rate
of apoptosis was tested through flow cytometry and
TUNEL staining. The results suggested that overex-
pression of Cul4a can inhibit LPS-induced apoptosis
of HK-2 cells (Figure 4F and 4G).
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Figure 1 Cul4a was down-regulated in LPS-treated HK-2 cells. (A) Western blot showed the expression of Cul4a in HK-2 cells
(“****” p<0.0001 vs. control, n=3). (B) Cul4a mRNA expression in HK-2 cells was detected by RT-PCR (“**” p<0.01 vs. control,
n=3). (C) Western blot showed the expression of Cul4a in kidney tissues of rats (“***” p<0.001 vs. sham, n=3). (D) Cul4a mRNA
expression in kidney tissues of rats was detected by RT-PCR (“**” p<0.01 vs. sham, n=3). (E) The expression of Cul4a in HK-2
cells transfected with plasmids (“***” p<0.001 vs. control, n=3). (F) Cul4a mRNA expression in HK-2 cells transfected with plas-
mids was detected (“**” p<0.01 vs. control, n=3).
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Figure 3 Overexpression of Cul4a inhibited LPS-induced inflammation of HK-2 cells. (AC) The levels of TNF-a, IL-1b, IL-6 mRNA
were detected through RT-qPCR (“****” p<0.0001 vs. control, “####” p<0.0001 vs. LPS+vector, n=3). (DF) The contents of
TNF-a, IL-1b, IL-6 in the supernatant were detected (“****” p<0.0001 vs. control, “####” p<0.0001 vs. LPS+vector, n=3).

Figure 2 Overexpression of Cul4a inhibited LPS-induced oxidative stress of HK-2 cells. (AD) The levels of SOD1, SOD2, GPX1,
CAT mRNA were detected through RT-qPCR(“***” p<0.001 vs. control, “****” p<0.0001 vs. control, “##” p<0.01 vs. LPS+vec-
tor, n=3). (E) The contents of MDA were detected (“****” p<0.0001 vs. control, “####” p<0.0001 vs. LPS+vector, n=3). (F)
The production of ROS in HK-2 cells was detected (“****” p<0.0001 vs. control, “###” p<0.001 vs. LPS+vector, n=3).
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Cul4a inhibited the NF-kB pathway

Since the NF-kB pathway plays an important
role in oxidative stress, inflammation, and apoptosis,
we tested the marker proteins of this signalling path-
way. The treatment of LPS significantly increased the
expression of IkKa but decreased the expression of

IkBa. However, overexpression of Cul4a significantly
reversed their expression (Figure 5A). The expression
of IkKa mRNA and IkBa mRNA was also detected,
and the results were consistent with the previous
results (Figure 5B and 5C).

Figure 4 Overexpression of Cul4a inhibited LPS-induced apoptosis of HK-2 cells. (A) The viability of HK-2 cells was detected (“***”
p<0.001 vs. control, “##” p<0.01 vs. LPS+vector, n=3). (B) The contents of LDH in the supernatant were detected (“****”
p<0.0001 vs. control, “##” p<0.01 vs. LPS+vector, n=3). (CDE) The levels of KIM-1, Bcl-2, Bax mRNA were detected (“****”
p<0.0001 vs. control, “##” p<0.01 vs. LPS+vector, “####” p<0.0001 vs. LPS+vector, n=3). (F) The rate of apoptosis was
detected by flow cytometry (“****” p<0.0001 vs. control, “##” p<0.01 vs. LPS+vector, n=3). (G) Results of TUNEL staining in
each group (200×) (“****” p<0.0001 vs. control, “###” p<0.001 vs. LPS+vector, n=3).
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Discussion

In this present study, we revealed the protective
role of Cul4a in septic AKI. We have revealed for the
first time that Cul4a is down-regulated in septic AKI.
Overexpression of Cul4a can significantly inhibit
oxidative stress, inflammation and apoptosis, thereby
reducing septic AKI. This protective effect was
achieved at least in part by inhibiting the NF-kB sig-
nalling pathway.

The pathogenesis of AKI caused by sepsis is very
complicated, which may be related to the increase of
inflammatory factors, oxidative stress, and apoptosis
(18, 19). Some scholars have suggested that inhibit-
ing apoptosis, improving immune inflammation, and
oxidative stress damage can help prevent AKI caused
by sepsis (20). Apoptosis, especially renal tubular
epithelial cell apoptosis, plays a key role in septic AKI.
Sepsis may cause kidney cell apoptosis through endo-
plasmic reticulum stress, death receptor pathway, and
mitochondrial pathway (21). In addition, sepsis can
cause the body’s systemic immune-inflammatory
response and oxidative stress damage. Inflammation
and oxidative stress can damage the glomeruli and
renal tubules, leading to kidney damage, and, ulti-
mately, renal insufficiency (22). Inflammatory factors
such as IL-6 and TNF-a and oxidative stress indicators
such as SOD can be used as early diagnostic markers
for AKI caused by sepsis, and these markers have

important values for judging the prognosis of the dis-
ease. Many studies have shown that inhibiting
inflammatory factors and oxidative stress can help
improve septic AKI. Chen et al. (23) proved that
hydrogen sulfide could reduce septic AKI by inhibiting
inflammation and oxidative stress. Rutin has also
been shown to alleviate septic AKI in mice by inhibit-
ing oxidative stress, inflammation, and apoptosis in
the kidney (24).

NF-kB is a nuclear transcription factor involved
in inflammation, oxidative stress and apoptosis (25,
26). Studies have found that the expression of NF-kB
in the kidney tissue of septic AKI rats increases. When
NF-kB translocates to the nucleus, it can activate the
downstream inflammatory factors and oxidative stress
indicators such as SOD, etc., thereby promoting the
aggravation of inflammatory response and oxidative
stress damage and aggravating kidney damage. And
inhibition of the NF-kB signalling pathway could
reduce renal inflammation, oxidative stress, and
apoptosis, thereby reducing renal injury.

Our study demonstrates the regulatory role of
Cul4a in septic AKI. Overexpression of Cul4a can
remarkably inhibit LPS-induced oxidative stress and
inhibit the production of inflammatory factors and
apoptosis of HK-2 cells. The protective effect of
Cul4a is at least partially achieved by inhibiting the
NF-kB pathway.

Figure 5 Cul4a inhibited the NF-κB signalling pathway. (A) The expression of IκKα and IkBa was detected (“****” p<0.0001 vs.
control, “###” p<0.001 vs. LPS+vector, “####” p<0.0001 vs. LPS+vector, n=3). (B and C) The levels of IκKa and IkBamRNA
were detected (“****” p<0.0001 vs. control, “##” p<0.01 vs. LPS+vector, “###” p<0.001 vs. LPS+vector, n=3).



J Med Biochem 2022; 41 (1) 69

Conclusion

To sum up, Cul4a was found to be a protective
factor in septic AKI, and overexpression of Cul4a
could inhibit LPS-induced oxidative stress, inflamma-
tion, and apoptosis of HK-2 cells by inhibiting the
NF-kB pathway.
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Summary   
Background: To investigate the effects of adiponectin
(ADPN), plasma D-dimer (D-D), inflammation, and tumour
markers on clinical characteristics and prognosis of patients
with ovarian cancer. 
Methods: A total of 80 patients with ovarian cancer treated
in our hospital from April 2017 to November 2019 were
enrolled as study subjects and evenly divided into an obser-
vation group (patients with ovarian cancer) and a control
group (patients with the benign ovarian tumour) based on
the results of the postoperative pathological biopsy. The
levels of ADPN, plasma D-D, inflammatory factors, and
serum tumour markers carbohydrate antigen 125
(CA125), human epididymis protein 4 (HE4), and risk of
ovarian malignancy algorithm (ROMA) were compared
between the two groups. The diagnostic value of serum
tumour markers CA125, HE4, and ROMA in ovarian can-
cer was explored. The correlations of ROMA changes with
the changes in the levels of ADPN, plasma D-D, high-sen-
sitivity C-reactive protein (hs-CRP), CA125, and HE4 were
analysed. Additionally, the related risk factors affecting the
development of ovarian cancer were subjected to univari-
ate and multivariate logistic regression analyses. 
Results: In comparison with the control group, the observa-
tion group exhibited a lowered ADPN level (p<0.05),
notably raised levels of plasma D-D, inflammatory factors
hs-CRP and interleukin-6 (IL-6) and serum tumour markers

Kratak sadr`aj
Uvod: Cilj ove studije bio je da ispita efekte adiponektina
(ADPN), D-dimera u plazmi (D-D), upala i tumorskih mar -
kera na klini~ke karakteristike i prognozu kod pacijentkinja
sa rakom jajnika.
Metode: U studiju je uklju~eno ukupno 80 pacijentkinja sa
rakom jajnika le~enih u na{oj bolnici od aprila 2017. do
novembra 2019. godine. Pacijentkinje su ravnomerno
podeljene u grupu za posmatranje (pacijentkinje sa rakom
jajnika) i kontrolnu grupu (pacijentkinje sa benignim
tumorom jajnika) na osnovu rezultata postoperativne biop-
sije. Izme|u dve grupe upore|ivani su nivoi ADPN, D-D u
plazmi, inflamatorni faktori i serumski tumorski markeri
ugljenohidratni antigen 125 (CA125), humani protein
epididimisa 4 (HE4) i algoritam rizika za malignitet jajnika
(ROMA). Istra`ena je dijagnosti~ka vrednost tumorskih
markera u serumu CA125, HE4 i ROMA kod karcinoma
jajnika. Analizirane su korelacije promena ROMA sa pro -
me nama nivoa ADPN, D-D u plazmi, C-reaktivnog pro-
teina visoke osetljivosti (hs-CRP), CA125 i HE4. Pored
toga, povezani faktori rizika koji uti~u na razvoj raka jajnika
podvrgnuti su univarijantnim i multivarijantnim logisti~kim
regresionim analizama.
Rezultati: U pore|enju sa kontrolnom grupom, posmatrana
grupa je imala sni`eni nivo ADPN (p < 0,05), zna~ajno po -
vi{ene nivoe D-D u plazmi, inflamatornog faktora hs-CRP i
interleukina-6 (IL-6) i serumskih tumorskih markera CA125
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Introduction 

Patients with ovarian cancer tend to be at the
middle or advanced stage when definitely diagnosed,
and some of them even lost the opportunities for
surgery (1). Ovarian cancer, the most common
gynaecological malignancy, is characterized by an
insidious onset, inconspicuous early symptoms, chal-
lenging diagnosis, and a poor prognosis, so it has a
high fatality rate (2). The knowledge, as well as diag-
nosis and treatment methods for ovarian tumours,
have been significantly improved as the living stan-
dards of people and economic level elevate, and
medical technology has developed rapidly in China.
However, the fatality and disability rates of ovarian
cancer remain high (3).

Studies have manifested that the 5-year survival
rate of patients with early ovarian cancer is more than
90% after regular treatment (4), and that of those
with middle or advanced ovarian cancer, especially
those who have lost opportunities for surgical treat-
ment, is less than 20% (5). For this reason, improving
the survival rate and quality of life of patients with
ovarian cancer is the focus and hotspot in current
studies. Early diagnosis and early treatment of ovarian
cancer are particularly important. However, most
patients seek medical advice only after complications
occur since they have no specific symptoms and signs
in the early stage (6). In addition, the specificity and
sensitivity of tumour markers applied in the diagnosis
of ovarian cancer in clinical practice need to be
improved (7). A study denoted that patients with
malignant tumours, including those with ovarian can-
cer, have significant changes in the levels of
adiponectin (ADPN), plasma D-dimer (D-D), and
related inflammatory factors (8). In this study, there-

fore, the effects of ADPN, plasma D-D, inflammation,
and tumour markers on the prognosis of ovarian can-
cer were explored. It is now reported as follows.

Materials and Methods

General data

A total of 80 patients with ovarian cancer treat-
ed with surgery in our hospital from April 2017 to
November 2019 were enrolled as study subjects.
After surgery, these patients were definitely diag-
nosed based on the results of the pathological biopsy.
All subjects signed enrolment consent. This study was
approved by the Ethics Committee of our hospital.
The diagnosis and treatment were conducted as per
the fourth edition of the Guidelines for the Diagnosis
and Treatment of Ovarian Malignancies (2015).
Before surgery, a tentative diagnosis was made com-
bined with the patient’s clinical symptoms, imaging
examination findings, and relevant biochemical auxil-
iary examinations. Then, surgical treatment was car-
ried out. After the surgery, patients underwent regular
chemoradiotherapy and biologic therapy. All patients
enrolled had complete clinical data and were followed
up regularly. Exclusion criteria were: patients with
mental illness, those undergoing neoadjuvant
chemotherapy before enrolment, those with unclear
diagnosis, those lost to follow-up, those with respira-
tory failure, long-term administration of glucocorti-
coids, those with systemic immune system diseases or
severe liver and kidney dysfunction, those who had
not signed the enrolment consent, those with malig-
nant tumours in other parts, those with a KPS score
less than 60, or those with tumour cachexia. The
enrolled patients were evenly divided into an observa-

CA125 and HE4 and an evidently increased ROMA
(p<0.05). Besides, the detection of serum ROMA showed
the highest specificity and sensitivity and low false-positive
rate and false-negative rate. The changes of ROMA were
positively correlated with the changes in the levels of plas-
ma D-D, hs-CRP, CA125, and HE4 (p<0.05) and nega-
tively associated with the changes in ADPN level (p<0.05).
The results of the univariate analysis showed that abnormal
ADPN, D-D, hs-CRP, IL-6, CA125, and HE4 levels were
related to risk factors affecting the development of ovarian
cancer. It was found through multivariate logistic regression
analysis that decreased ADPN level and increased D-D, hs-
CRP, IL-6, CA125, and HE4 levels were independent risk
factors affecting the development of ovarian cancer. 
Conclusions: In the case of ovarian cancer, the ADPN level
declines, while the levels of plasma D-D, inflammatory fac-
tors, and serum tumour markers CA125, HE4, and ROMA
rise obviously. Besides, the ROMA level displays a positive
relation to the content of CA125, HE4, plasma D-D, and
inflammatory factors and a negative association with the
ADPN level.

Keywords: adiponectin, plasma D-dimer, inflammatory
factors, tumour markers, ovarian cancer

i HE4 i jasno uve}an ROMA (p < 0,05). Pored toga, otkri-
vanje serumskog ROMA pokazalo je najve}u specifi~nost i
osetljivost i nisku stopu la`no pozitivnih i la`no negativnih
rezultata. Promene ROMA su u pozitivnoj korelaciji sa
promenama nivoa D-D u plazmi, hs-CRP, CA125 i HE4 (p
< 0,05), a negativno su povezane sa promenama u nivou
ADPN (p <0,05). Rezultati univarijantne analize pokazali
su da su abnormalni nivoi ADPN, D-D, hs-CRP, IL-6,
CA125 i HE4 povezani sa faktorima rizika koji uti~u na
razvoj karcinoma jajnika. Kroz multivarijantnu logisti~ku
regresionu analizu utvr|eno je da su smanjeni nivo ADPN-
a i pove}ani nivoi D-D, hs-CRP, IL-6, CA125 i HE4 bili
nezavisni faktori rizika koji uti~u na razvoj karcinoma jaj -
nika.
Zaklju~ak: U slu~aju karcinoma jajnika, nivo ADPN opada,
dok nivoi D-D u plazmi, inflamatorni faktori i tumorski
markeri u serumu CA125, HE4 i ROMA o~igledno rastu.
Pored toga, nivo ROMA pokazuje pozitivnu vezu sa
sadr`ajem CA125, HE4, D-D u plazmi i inflamatornim fak-
torima, a negativnu povezanost sa nivoom ADPN.

Klju~ne re~i: adiponektin, D-dimer u plazmi, inflama-
torni faktori, tumorski markeri, rak jajnika
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tion group (patients with ovarian cancer) and a con-
trol group (patients with the benign ovarian tumour)
based on the results of the postoperative pathological
biopsy. In the observation group, patients were aged
19–60 years old with (49.9±2.7) on average, the
duration of gynaecological symptoms was 1–6 month
with a mean of (2.8±0.5) months, the tumour diam-
eter was 1–15 cm with an average of (8.1±2.1) cm,
and 21 had ascites. In the control group, the age was
18–60 years old with (50.0±2.6) on average, the
duration of gynaecological symptoms was 1–6 month
with a mean of (2.9±0.6) months, the tumour diam-
eter was 1–15 cm with an average of (8.0±2.0) cm,
and 20 had ascites. There were no statistically signif-
icant differences in the age, duration of gynaecologi-
cal symptoms, tumour diameter, and the ratio of
ascites, as well as the levels of ADPN, plasma D-D,
inflammation, and tumour markers at the time of
enrolment, between the two groups (p>0.05).

Methods

All patients enrolled were treated with surgery
and diagnosed by postoperative pathological biopsy.
Before surgery, fasting elbow venous blood was collect-
ed from patients in the morning for examinations of
ADPN, plasma D-D, inflammatory factors high-sensi-
tivity C-reactive protein (hs-CRP) and interleukin-6 (IL-
6) and tumor markers carbohydrate antigen 125
(CA125), human epididymis protein 4 (HE4) and risk
of ovarian malignancy algorithm (ROMA). Besides,
the above-related factors affecting the incidence of
ovarian cancer were analysed in all patients enrolled to
determine the correlations of serum biochemical indi-
cators with the changes in the ROMA level.

Observation indexes

The levels of ADPN, plasma D-D, inflammatory
factors, and serum tumour markers CA125, HE4,
and ROMA were compared between the two groups.
The diagnostic value of serum tumour markers
CA125, HE4, and ROMA in ovarian cancer was
explored. The correlations of the changes of ROMA
with the changes in the levels of ADPN, plasma D-D,
hs-CRP, CA125, and HE4 were analysed. Additio -
nally, the related risk factors affecting the develop-
ment of ovarian cancer were subjected to univariate
and multivariate logistic regression analyses.

Assessment criteria

Hs-CRP (normal value: 10 mg/L) was detected
via immunoturbidimetry, and IL-6 (normal value:
0.37–0.46 ng/L), D-D (normal value: <200 mg/L),
ADPN (normal value: 3.62–13.06 mg/mL), CA125
(normal value: 40 mg/L), HE4 (normal value: 70
pmol/L) and ROMA (normal value: 0–11.4%) were

examined through enzyme-linked immunosorbent
assay (ELISA).

Statistical processing 

SPSS 20.0 was used for statistical processing.
Measurement data were expressed as mean ± stan-
dard deviation (x⎯ ±s). The t-test was used to compare
the mean between two groups, and the c2 test was
adopted for comparison of the ratio between two
groups. The correlations of ROMA level with the lev-
els of ADPN, plasma D-D, hs-CRP, CA125, and HE4
were analysed through the Pearson method, and uni-
variate and multivariate logistic regression analyses
were performed on the related risk factors affecting
the development of ovarian cancer. P <0.05 suggest-
ed that the difference was statistically significant.

Results

Comparisons of the levels of ADPN, plasma D-
D, and inflammatory factors between the two groups

Compared with those in the control group, the
level of ADPN declined (p<0.05), while the levels of
plasma D-D and inflammatory factors his-CRP and
IL-6 rose significantly in the observation group
(p<0.05) (Table I).

Comparisons of serum tumour marker levels
between the two groups

The levels of CA125, HE4, and ROMA were
remarkably higher in the observation group than
those in the control group (p<0.05) (Table II).

Table II Comparisons of CA125, HE4 and ROMA levels
between the two groups (x⎯ ±s).

Table I Comparisons of ADPN, plasma D-D and inflamma-
tory factor levels between the two groups (x⎯ ±s).

ADPN
(mg/mL)

D-D 
(mg/L)

Hs-CRP
(mL/L)

IL-6 
(ng/L)

Observation 1.1±0.2 362.3±21.4 16.3±2.8 0.68±0.05

Control 8.6±1.1 158.6±8.3 8.3±0.6 0.41±0.02

t 42.426 56.128 17.669 31.710

p 0.000 0.000 0.000 0.000

CA125 
(40 mg/L)

HE4 
(pmol/L)

ROMA 
(%)

Observation 85.6±10.5 106.8±2.5 23.6±1.5

Normal group 18.9±2.3 45.6±1.2 8.9±0.6

t 39.245 139.578 57.547

p 0.000 0.000 0.000 
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Diagnostic value of serum CA125, HE4, and
ROMA in ovarian cancer

The detection of serum ROMA showed the
highest specificity and sensitivity and low false-posi-
tive rate and false-negative rate. 

Correlation analysis of ROMA level with ADPN,
plasma D-D, hs-CRP and serum CA125 and
HE4 levels

The ROMA level was positively associated with
plasma D-D, hs-CRP, and serum CA125 and HE4 lev-
els (p<0.05) and negatively related to the ADPN
level (p<0.05) (Figure 1–5).

Univariate analysis of related risk factors affect-
ing the incidence of ovarian cancer

It was revealed through univariate analysis that
abnormal ADPN, D-D, hs-CRP, IL-6, CA125, and
HE4 levels were related risk factors affecting the inci-
dence of ovarian cancer (Table V).

Multivariate logistic regression analysis of related
risk factors affecting the incidence of ovarian
cancer

The multivariate logistic regression analysis
results showed that lowered ADPN level and raised

Table III Diagnostic value of serum CA125, HE4, and
ROMA in ovarian cancer.

Table IV Correlation analysis of ROMA level with ADPN,
plasma D-D, hs-CRP and serum CA125 and HE4 levels.

Table VI Multivariate logistic regression analysis of related risk factors affecting the incidence of ovarian cancer.

Specificity Sensitivity
False-

positive
rate

False-
negative

rate

CA125 69.8 67.3 15.6 30.8

HE4 67.8 57.8 32.1 42.1

ROMA 81.2 83.3 18.9 32.8 

r p

ADPN -0.8921 0.000

Plasma D-D 0.9781 0.000

Hs-CRP level 0.9196 0.000

CA125 0.9792 0.000

HE4 0.9570 0.000 

Table V Univariate analysis of related risk factors affecting
the incidence of ovarian cancer.

Item Ovarian
cancer

Benign
ovarian c2 p

ADPN level Normal 9 27 19.090 0.000

Abnormal 31 13

D-D level Normal 7 31 26.125 0.000

Abnormal 33 11

Hs-CRP
level Normal 7 26 18.620 0.000

Abnormal 33 14

IL-6 level Normal 13 29 12.832 0.000

Abnormal 27 11

CA125 level Normal 8 25 6.994 0.008

Abnormal 32 15

HE4 level Normal 11 25 9.899 0.002

Abnormal 29 15

Item b SE W OR p 95% CI

Decreased ADPN level 1.145 0.390 11.139 5.211 0.009 0.539–2.478

Increased D-D level 1.923 0.542 4.464 2.361 0.021 1.593–9.242

Increased hs-CRP level 1.714 0.603 17.11 5.526 0.008 3.106–9.834

Increased IL-6 level 1.966 0.454 18.781 7.135 0.000 2.933–17.358

Increased CA125 level 1.605 0.382 17.717 4.972 0.000 2.354–10.490

Increased HE4 level 1.049 0.440 5.646 2.853 0.017 1.201–6.773



D-D, hs-CRP, IL-6, CA125, and HE4 levels were inde-
pendent risk factors affecting the incidence of ovarian
cancer (Table VI).
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Figure 1 Correlation between ROMA level and ADPN
level. Figure 3 Relationship between ROMA level and hs-CRP

level.

Figure 2 Association between ROMA level and plasma D-
D level.

Figure 4 Correlation between ROMA level and serum
CA125 level.

Table VI Multivariate logistic regression analysis of related risk factors affecting the incidence of ovarian cancer.

Item b SE W OR p 95% CI

Decreased ADPN level 1.145 0.390 11.139 5.211 0.009 0.539–2.478

Increased D-D level 1.923 0.542 4.464 2.361 0.021 1.593–9.242

Increased hs-CRP level 1.714 0.603 17.11 5.526 0.008 3.106–9.834

Increased IL-6 level 1.966 0.454 18.781 7.135 0.000 2.933–17.358

Increased CA125 level 1.605 0.382 17.717 4.972 0.000 2.354–10.490

Increased HE4 level 1.049 0.440 5.646 2.853 0.017 1.201–6.773
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Discussion

As the most common gynaecological malignant
tumour in the clinic, ovarian cancer ranks first in
terms of mortality rate among various gynaecological
tumours (9). As to its treatment, surgical treatment
combined with postoperative adjuvant chemoradio-
therapy and biological therapy is the main approach.
For patients at the early stage receiving early interven-
tion, the 5-year survival rate is over 90%, while with
the progression of the disease, the 5-year survival rate
is less than 20% in patients at the middle or advance
stage loss the opportunities for surgery. Besides, it is
prone to relapse after treatment, leading to a poor
prognosis. Therefore, the early diagnosis of ovarian
cancer is very important (10). Currently, most schol-
ars believe that many factors cause ovarian cancer,
and the major ones are environmental factors, genet-
ic factors, and lifestyle habits (11). Besides, the prog-
nosis of patients is affected by such factors as the clin-
ical stage after onset, tumour histopathological type,
and differentiation degree, surgical treatment, and
postoperative psychological status (12). Hence,
strength ening the monitoring of patients with ovarian
cancer and making early diagnosis and early treat-
ment is of great significance for improving patients’
prognosis and quality of life.

As medical technology continuously advances,
the prognosis of patients with ovarian cancer has
been improved significantly, especially for those with
early diagnosis and treatment. However, the progno-
sis of patients in the middle or advanced stage
remains poor. As a result, effective early diagnosis is
very important for ameliorating the prognosis and
quality of life and prolonging patients’ survival time
with ovarian cancer. The detection of tumour markers
has been widely adopted in the prediction of various
tumour-related diseases. The malignant tumour cells
in patients with ovarian cancer will secrete and

release related protein antigens during proliferation,
increasing the level of responsive tumour markers.
However, tumour markers with high specificity and
sensitivity have not been detected yet.

In this study, the correlations of ADPN, plasma
D-D, inflammatory factors, and tumour markers with
the prognosis of patients were analysed. The results
uncovered that compared with those in the control
group, the level of ADPN declined, while the levels of
plasma D-D and inflammatory factors hs-CRP and IL-
6 rose significantly in the observation group, suggest-
ing that patients with malignant ovarian tumour have
a lowered ADPN level and increased levels of D-D
and inflammatory factor levels. Also, the levels of
serum tumour markers CA125, HE4, and ROMA
were compared between the two groups. It was found
that the levels of CA125, HE4, and ROMA were
remarkably higher in the observation group than
those in the control group, implying that patients with
ovarian cancer exhibit obviously raised levels of serum
CA125 and HE4 levels and an abnormal ROMA
level. Moreover, the diagnostic value of serum
CA125, HE4, and ROMA in ovarian cancer was
explored, and it was discovered that the detection of
serum ROMA showed the highest specificity and sen-
sitivity and low false-positive rate and false-negative
rate. This indicates that ROMA detection is an effec-
tive way for early comprehensive diagnosis of ovarian
cancer. Furthermore, the ROMA level correlations
with ADPN, plasma D-D, his-CRP, and serum CA125
and HE4 levels were analysed. The results revealed
that the ROMA level was positively associated with
plasma D-D, hs-CRP, and serum CA125 and HE4 lev-
els and negatively related to ADPN level, suggesting
that with the increase in ROMA, ADPN, plasma D-D,
hs-CRP and serum CA125 and HE4 levels are raised,
whereas ADPN level is lowered. Lastly, the results of
univariate and multivariate logistic regression analy-
ses showed that abnormal ADPN, D-D, hs-CRP, IL-6,
CA125, and HE4 levels were related risk factors
affecting the development of ovarian cancer, and low-
ered ADPN level and raised D-D, hs-CRP, IL-6,
CA125, and HE4 levels were independent risk factors
affecting the development of ovarian cancer.

A study demonstrated that ROMA is an ideal pre-
dictor for the risk of ovarian cancer in patients with
ovarian cancer (13). Compared with single detection
and combined detection of CA125, HE4, CA724, and
CEA levels, ROMA detection is more ideal and more
valuable in the identification of benign and malignant
gynaecological mass-related diseases in the pelvic cav-
ity. It may be related to a larger AUC of ROMA predic-
tion, which effectively avoids the subjective interpreta-
tion of different detection methods and different testers
on the results to observably improve the diagnostic spe -
cificity and sensitivity to ovarian cancer (14). Another
study reported that the inflammatory response in vivo is
negatively associated with anti-tumour immune func-
tion in patients with malignant tumours (15). In the
case of malignant tumours, the inflammatory response
in vivo is significantly enhanced, leading to disordered

Figure 5 Relation between ROMA level and serum HE4
level.



proliferation of tumour cells and evasion from immune
surveillance, and the self-renewal, migration, metasta-
sis, and normal apoptosis of normal cells are sup-
pressed in the body, changing the microenvironment of
tissue blood vessels and cell matrix, thereby inducing
the growth of tumour cells (16).

Fat metabolism disorders and adipocyte dys-
function in tumour tissues will lead to overtly
decreased ADPN level (17), and at the same time,
activate the AMP-activated protein kinase (AMPK)
pathway, further resulting in abnormal transduction of
ADPN production signals (18). Moreover, in malig-
nant tumours, significant insulin resistance may occur
in the body, leading to abnormal transduction of plas-
ma insulin signals related to the occurrence of malig-
nant tumours and abnormal energy metabolism of
central sensors and cells, thus inducing malignant
tumours. Finally, the research on the tumour marker
CA125 revealed that CA125, which is regarded as a
tumour marker related to ovarian cancer by some
scholars, is generally expressed on the surface of
mesothelial tissues such as the endometrium and the
epithelium of the reproductive tract (19). In the case
of carcinomatosis of ovarian cells, serum CA125 is

significantly increased, which can be detected in
patients with malignant tumours like pancreatic can-
cer and breast cancer, so it only acts as a non-specific
tumour marker for ovarian cancer in clinical applica-
tion. HE4 is mainly secreted by ovarian cancer cells
and serve as an indicator for the diagnosis of early
ovarian cancer in some studies. Besides, HE4 is only
secreted in early ovarian cancer cells, so the specifici-
ty and sensitivity of HE4 detection to ovarian cancer
in various stages need to be improved (20).

In conclusion, patients with ovarian cancer have
a reduced ADPN level and distinctly elevated levels of
plasma D-D, inflammatory factors, and serum tumour
markers CA125, HE4 and ROMA. Besides, the
ROMA level has a positive relation to the content of
CA125, HE4, plasma D-D and inflammatory factors,
and a negative association with ADPN level.
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Summary 
Background: Patients with colorectal cancer (CRC) have
anemia often present as a consequence of chronic bleed-
ing from tumor. The exact role of lL-33, Galectin-l and IL-l
in the pathological genesis of anemia in colorectal cancer
patients has not been elucidated yet. The main goal of this
research was to analyze Gal-l, IL-l and lL-33 systemic val-
ues in anemic and non-anemic CRC patients. 
Methods: Concentrations of IL-33, Galectin-1 and IL-1
have been studied in blood samples of 55 CRC patients
(27 without anemia and 28 with anemia). 
Results: CRC patients with anemia had more severe and
local advanced disease compared to CRC non-anemic
patients. Anemia positively correlated with higher nuclear
grade, lymph and blood vessel invasion, as well as with
higher TNM stage, detectable metastatic lesions in lung
and liver and peritoneal carcinomatosis. Significantly high-
er IL-33, Gal-1 and IL-1 concentration have been found in
sera of patients with CRC and detected anemia. CRC
patients mostly had microcytic anemia, while ferritin values
were in normal range. Analysis revealed positive mutual
correlation between serum values of galectin-1, IL-1 and
IL-33 in CRC patients. Level of hemoglobin negatively cor-

Kratak sadr`aj
Uvod: Pacijenti sa kolorektalnim karcinomom (CRC) imaju
anemiju koja je ~esto prisutna kao posledica hroni~nog
krvarenja iz tumora. Ta~na uloga IL-33, galektin-1 i IL-1 u
patolo{koj genezi anemije kod pacijenata sa kolorektalnim
karcinomom jo{ nije razja{njena. Glavni cilj ovog istra`ivanja
bio je analiza sistemskih vrednosti Gal-1, IL-1 i lL-33 kod
anemi~nih i neanemi~nih CRC pacijenata. 
Metode: Koncentracije IL-33, galektin-1 i IL-1 ispitivane su u
uzorcima krvi 55 pacijenata sa CRC (27 bez anemije i 28 sa
anemijom). 
Rezultati: CRC pacijenti sa anemijom imali su te`u i lokalno
uznapredovalu bolest u pore|enju sa CRC neanemi~nim
pacijentima. Anemija je pozitivno korelirala sa vi{om nuk-
learnom invazijom, invazijom limfe i krvnih sudova, kao i sa
vi{im TNM stadijumom, uo~ljivim metastatskim lezijama u
plu}ima i jetri i peritonealnoj karcinomatozi. Zna~ajno ve}e
koncentracije IL-33, Gal-1 i IL-1 prona|ene su u serumima
pacijenata sa CRC i otkrivenom anemijom. CRC pacijenti su
uglavnom imali mikrocitnu anemiju, dok su vrednosti feritina
bile u normalnom opsegu. Analiza je otkrila pozitivnu me|u -
sobnu korelaciju izme|u serumskih vrednosti galektina-1, IL-1
i IL-33 kod pacijenata sa CRC. Nivo hemoglobina u nega-
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Introduction 

CRC is the second most often cause of death
from malignancy in the world. Regarding women
population, CRC is the second most frequent cancer
and the third regarding men. There is a significant
increase of the colorectal cancer incidence due to
unhealthy lifestyles and ageing of world population
(1). The revised World Cancer Research Fund and
American Institute for Cancer Research report that
the high consumption of red meat and meat prod-
ucts, obesity and alcohol raise the possibility of CRC
development, while on the other hand activity and
exercising are protective factors (2). 

Anemia is common in patients with CRC and
can be one of the most often extraintestinal signs of
CRC, which is present in 30%–75% of patients (3, 4).
Several studies have reported an association between
anemia, both microcytic or normocytic, and poorer
cancer specific survival of patients due to systemic
inflammation and nutritional status (5, 6). Anemia in
CRC patients is often the consequence of chronic
bleeding from the tumor; which can be occult from a
right colon tumor or visible presence of blood in feces
from left colon or rectal cancers (4). However, anemia
can also be caused during systemic inflammatory
response to the tumor with higher concentrations of
inflammatory cytokines such as interferon gamma
(IFN-g), different sorts of interleukins (IL-1, IL-6, IL-8
and IL-10) and tumor necrosis factor alpha (TNF-a)
that directly or indirectly stimulate progression of ane-
mia (3, 7). 

IL-33, by biding to its receptor ST2, stimulates
in vivo growth of CRC cells both in human and murine
and their sphere formation and inhibits tumor apop-
tosis induced by chemotherapy (8). Galectin-1
(Gal-1) is Galactoside-binding lectin with many func-
tions, which is involved in different phases of
tumorigenesis: stimulation of cell growth and migra-
tion, cells interactions, angiogenesis, tumor–immune
escape (9). IL-1 is produced by various cells, such as
myeloid cells types, mostly after inflammatory or
stress conditions (10). Previous studies confirmed
importance of IL-1 in different processes, for example
genesis of tumor cells, their development and inva-
siveness, stimulation or inhibition of immune
response against tumor (10). The exact contribution
of these mediators in pathological genesis of anemia
in CRC patients has not been elucidated yet. 

The main goal of this research has been to ana-
lyze Gal-1, IL-1 and IL-33 values both in anemic and
non-anemic CRC patients. 

Methods

Ethical statement

This study was performed in Clinical Center of
Kragujevac (Gastroenterology Center) and Faculty of
Medical Sciences (Center for Molecular Medicine and
Stem Cell Research), University of Kragujevac, Serbia.
All examined subjects gave informed consent. Ethics
Committees of the Clinical Center of Kragujevac,
Serbia (Approval Number 01/1627) and Faculty of
Medical Sciences, University of Kragujevac, Serbia
(Approval Number 01-311/6) have given ethical
approvals. All research procedures were carried out in
accordance with the Declaration of Helsinki and the
Principle of Good Clinical Practice.

Patients

For the purpose of this research, 55 CRC
patients were involved and examined. CRC was con-
firmed after endoscopic and histopathological
examination. Patients with previous treatments
(chemotherapy, radiation, antibiotics, immunosup-
pressive agents, salicylates, corticosteroids and
biological therapy) or without adequate clinical docu-
mentation available were not included. Excluding
criteria also were comorbidity with other gastroen-
terological diseases (esophageal reflux disease, ulcer
disease, helicobacter pylori infection, malabsorptive
syndrome, diverticulous bowel disease), autoimmune,
inflammatory, malignant and infectious diseases or
active bleeding. We collected and investigated clinical
data about age, sex (determined with physical exam-
ination), cancer size, localization, presence of
metastasis, invasion of vascular and lymphatic vessels,
TNM clinical stage, histological differentiation rate
and nuclear grade (using American Joint Committee
on Cancer – AJCC classification from 7th edition in
2010). 

related with serum IL-33, Gal-1 and IL-1. We have ana-
lyzed the Receiver Operating Characteristic (ROC) curves
of serum IL-33, Gal-1 and IL-1 showed that these cytokines
can be treated as additional markers for anemia of inflam-
mation in CRC patients. 
Conclusions: Predomination of Galectin-1, IL-1 and IL-33
in anemic CRC patients implicates on their potential role in
anemia genesis and further development.

Keywords: Anemia, Colorectal carcinoma, Gal-1, IL-1,
IL-33

tivnoj korelaciji sa serumskim IL-33, Gal-1 i IL-1. Analizirali
smo ROC krive seruma IL-33, Gal-1 i IL-1 {to je ukazalo da
se ovi citokini mogu tretirati kao dodatni markeri za anemiju
upale kod pacijenata sa CRC. 
Zaklju~ak: Predominacija galektin-1, IL-1 i IL-33 kod ane -
mi~nih CRC pacijenata implicira na njihovu potencijalnu
ulogu u nastanku anemije i daljem razvoju.

Klju~ne re~i: anemija, koloreklatni karcinom, GAL-1, IL-1,
IL-33
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Measurement of serum Galectin-1, IL-33 and IL-1  

Serum levels of cytokines of interest were meas-
ured, as previously described (11). Shortly, 10 mL of
blood were taken from each examined subject at 8am
before any therapy. Collected samples have been
stored at -80 °C, until ELISA testing, which was per-
formed according to the instructions of manufacturer
(Systems R&D, Minneapolis, USA). 

Tumor markers measurement

Levels of tumor markers, such as carcino-
embryonic antigen       -CEA, alpha-fetoprotein-AFP and
cancer antigen CA 19-9, in sera of each patient were
evaluated in the laboratory of Clinical Center
Kragujevac by CLIA methods (chemiluminescence
enzyme immunoassay).

Statistical analysis

With SPSS software (20.0) we have performed
all data analyses. Our results were presented as
(mean ± standard error). To determine statistical sig-
nificance between the means of two groups we used
Mann-Whitney U-test or Student’s t-test, where ade-
quate and for the correlation between the markers of
interest with anemia in CRC patients, we used
Pearson’s or Spearman’s correlation, also where ade-
quate. We used the Chi Square Test to evaluate the
statistical significance of data presented in tables.
Statistically significant p-values were for p ≤0.05. 

Results

All 55 adult patients diagnosed with CRC have
been included in this research (27 without anemia,
28 with anemia). Clinico-pathological features of all
patients are shown in Table I. The analysis of the data
also did not show any significant difference regarding
the distribution of age and gender. 

CRC patients with anemia have severe and local
advanced disease

We have formed two groups according to the
hemoglobin concentration (with and without ane-
mia). This classification was based on the presence of
anemia, which is diagnosed when hemoglobin con-
centration is less than 130 g/L in male patients and
less than 120 g/L in female patients. Evaluation of
nuclear grade of colorectal cancer was made in
patients with the presence or absence of anemia,
using AJCC classification (12). According to nuclear
grade all CRC patients have been split into groups I,
II and III. Results have shown that anemic patients
had significantly higher nuclear grade of colorectal
cancer in comparison to non-anemic patients (p =

0.003; Figure 1A). Moreover, according to the evi-
dence of detectable invasion of blood or lymph
vessels we have split all CRC patients into groups (+
or -). Significantly higher percentage of CRC patients
with diagnosed anemia had detectable invasion of
blood and lymph vessels in comparison to CRC
patients without anemia, respectively (p = 0.009; p
= 0.008; Figure 1B, 1C). Further, anemia positively
correlated with higher nuclear grade (r = 0.489; p =
0.002), lymph (r = 0.444; p = 0.006) and blood
vessel invasion (r = 0.439; p = 0.007). 

Anemia correlates with more progressive form of
CRC

According to TNM clinical stage, we have split
all CRC patients into two groups (I+II or III+IV). CRC
patients with anemia had significantly advanced TNM
stage (or had TNM score III or IV), while CRC patients
without anemia (or with normal level of hemoglobin)
mostly had TNM stage I or II (p = 0.011; Figure 2A).
According to the evidence of liver metastasis, lung
metastasis or peritoneal carcinomatosis, we have split
all CRC patients into groups (+ or -). Higher percent-
age of CRC patients with anemia had detectable
metastatic lesions in liver and lung as well as peri-
toneal carcinomatosis, respectively, compared to
CRC patients without anemia (p = 0.003; p =
0.031; p = 0.004; Figure 2B, 2C, 2D). Additionally,
anemia positively correlated with higher TNM stage
(r = 0.431; p = 0.009), detectable metastatic lesions
in lung (r = 0.422; p = 0.019) and liver (r = 0.428;
p = 0.002) and peritoneal carcinomatosis (r = 0.417;
p = 0.003), respectively. Further, tumor markers,
such as CEA, AFP and CA 19-9 have been signifi-

Table I Clinico-pathological characteristics of examined
patients.

Characteristics
Colorectal carcinoma (CRC) patients

Without anemia With anemia

Sex (male/female) 17/10 16/12

Age (mean (range)) 63.4 (50–75) 66.5 (53–82)

Hemoglobin, g/L 138.04±9.33 96.77±4.34

MCV 89.36±11.09 70.77±6.63

Platelets (x109/L) 314.23±12.46 408.63±29.55

Histological 
differentiation rate
(well/moderate)

6/21 7/21

AFP 3.26±1.64 238.84±128.30

CEA 33.79±22.25 223.14±109.11

CA 19-9 81.57±70.51 931.07±190.05



cantly higher in patients with CRC and anemia in
comparison to patients with CRC without anemia
(Table I). Moreover, results have shown that hemo -
globin negatively correlates with tumor markers CEA
(r = -0.475; p = 0.001), AFP (r = -0.383; p = 0.007)

and CA 19-9 (r = -0.610; p = 0.001), respectively.
Negative correlations were also detected between
MCV and CEA (r = -0.343; p = 0.020), AFP (r = -0.277;
p = 0.049) and CA 19-9 (r = -0.369; p = 0.014),
respectively. 
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Figure 1 CRC patients with anemia have severe and local advanced disease: A. Patients with CRC and anemia had higher nuclear
grade of colorectal cancer. B. Higher percentage of blood vessels invasion or C. lymph vessels invasion in comparison to CRC
patients without anemia. Chi-Square test was used (* p< 0.05; ** p< 0.01).
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Figure 2 Anemia correlates with more progressive form of CRC: A. Patients with CRC and anemia had significantly advanced
TNM stage, B. higher percentage of detectable metastatic lesions in liver, C. lung or D. peritoneal carcinomatosis compared to
CRC patients without anemia. Chi-Square test was used (* p< 0.05; ** p< 0.01). 
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Patients with CRC and anemia had increased
IL-33, Gal-1 and IL-1 values in serum

Serum values of cytokines of interest were ana-
lyzed in serum of CRC patients with/without
diagnosed anemia. Significantly higher concentration
of IL-33 (p = 0.003), Gal-1 (p = 0.009) and IL-1 (p
= 0.005) have been found in serum of CRC patients
with detected anemia (Figure 3A, 3B, 3C). Positive
correlation was detected between CA 19-9 and IL-1
(r = 0.321; p = 0.029) and IL-33 (r = 0.438; p =
0.002), respectively. Moreover, analysis revealed pos-
itive relation between serum values of galectin-1 and
IL-33 (r = 0.772; p = 0.001), galectin-1 and IL-1 (r
= 0.828; p = 0.001) and IL-33 and IL-1 (r = 0.879;
p = 0.001) in CRC patients (Figure 3D).

CRC patients mostly had microcytic anemia

Further, analysis of the volume of red blood cells
(mean corpuscular volume – MCV) was made in CRC
patients with and without anemia. MCV has been sig-
nificantly lower in patients with CRC and detected

anemia in comparison to patients CRC with normal
hemoglobin level (p = 0.001; Figure 4A). In order to
confirm previous results, we have formed two groups
of CRC patients according to the MCV values and
analyzed IL-33, Gal-1 and IL-1 values in serum. CRC
patients with microcytic anemia (MCV<83fL) had
significantly higher IL-33 (p = 0.009), Gal-1 (p =
0.002) and IL-1 (p = 0.013) in sera in comparison to
CRC patients with normocytic anemia or without ane-
mia (Figure 4B, 4C, 4D). Additionally, strong positive
relation has been detected in comparison of galectin-
1 and IL-33 (r = 0.870; p = 0.001), galectin-1 and
IL-1 (r = 0.795; p = 0.001) and IL-33 and IL-1 (r =
0.826; p = 0.001) values in serum of CRC patients
with diagnosed microcytic anemia (Figure 4E, 4F,
4G). Further, we measured ferritin in all patients.
Ferritin values were in normal range and without any
significant difference in ferritin levels when compar-
ing anemic CRC patients to non-anemic CRC patients
(data not shown).

Figure 3 A, B, C Anemic CRC patients had higher concentration of IL-33, Gal-1 and IL-1 b in serum compared to non-anemic
CRC patients. D. Positive correlation between galectin-1 and IL-33, galectin-1 and IL-1  and IL-33 and IL-1 values in serum of
CRC patients. Correlation was determined using Spearman’s test (* p< 0.05; ** p< 0.01).



Thrombocytosis correlates with anemia

Additional blood analysis revealed significantly
higher number of platelets in CRC patients with
detected anemia compared with non-anemic CRC
patients (p = 0.03; Figure 5). Thrombocytosis has
positive correlation with IL-33 (r = 0.404; p =
0.004), Gal-1 (r = 0.333; p = 0.024), IL-1 (r =
0.335; p = 0.020) values in serum, respectively
(Figure 5). 

IL-33, Gal-1 and IL-1 concentrations negatively
correlate with hemoglobin

Finally, we have tested correlation of serum level
of hemoglobin with IL-33, Gal-1 and IL-1 values in
serum. The results have shown moderate negative
cor relation between hemoglobin and serum IL-33 (r
= -0.595; p = 0.001), Gal-1 (r = -0.629; p =
0.001) and IL-1 (r = -0.572; p = 0.001), respectively
(Figure 6). Examination of ROC curves of IL-33, Gal-
1 and IL-1 values in serum showed that these
cytokines could predict anemia in CRC patients
(Figure 6). Our data demonstrate that IL-33 (sensi -
tivity 95.8%, specificity 45.8%) Gal-1 (sensitivity
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Figure 4 A Significantly lower MCV of red blood cells in anemic CRC patient. B, C, D. Significantly higher IL-1, Gal-1 and IL-1
β in serum of CRC patients with microcytic anemia in comparison to CRC patients with normocytic anemia or without anemia. E,
F, G. Strong positive correlation was detected between galectin-1 and IL-33, galectin-1 and IL-1 β and IL-33 and IL-1 β, values
in serum of CRC patients with diagnosed microcytic anemia. Correlation was determined using Spearman’s test (* p< 0.05; **
p< 0.01).



59.1%, specificity 66.7%) and IL-1 (sensitivity 75%,
specificity 75%) can be potential markers for parane-
oplastic anemia in CRC patients. The optimal cut off
levels of cytokines estimated for confirmation of ane-
mia in CRC patients was 31.58 pg in mL (IL-33),
7257.07 pg in mL (Gal-1), 8.9624 pg in mL (IL-1).

Discussion

In this present research, we have shown that
CRC patients with anemia had significantly higher
nuclear grade in comparison to CRC non-anemic
patients (Figure 1). CRC patients with diagnosed ane-
mia had significantly higher TNM stage as well as
invasion of lymph and blood vessels and detectable
metastatic lesions in lung and liver and peritoneal car-
cinomatosis compared to CRC non-anemic patients
(Figure 2). Higher concentrations of CEA, AFP, CA
19-9 were detected in patients with CRC and
detectable anemia (Table I). Tumor markers negative-
ly correlated with hemoglobin and MCV. As previous
study confirmed positive correlation between tumor
markers and CRC progression, our data implicate on
more severe form of disease in anemic patients (13).
Our finding of severe and more progressive disease in
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Figure 5 A Patients with CRC and anemia had significantly
higher number of platelets compared to non-anemic patients
with CRC. B. Positive correlation between thrombocytosis
and IL-33, Gal-1 and IL-1 b, respectively. Correlation was
determined using Spearman’s test (* p< 0.05; ** p< 0.01).

Figure 6 A Moderate negative correlation between serum hemoglobin level and IL-33, Gal-1 and IL-1 b, respectively.
B. Specificity and sensitivity of IL-33, Gal-1 and IL-1  in serum. Correlation was determined using Spearman’s test (* p< 0.05;
** p< 0.01). 



anemic CRC patients are in line with many previous
studies (14). As anemia is common in patients with
CRC and can be one of the most often extraintestinal
signs of CRC, we have measured MCV in these
patients to confirm the type of anemia (3). Analyses
have confirmed significantly lower levels of MCV in
anemic patients with CRC in comparison to non-ane-
mic patients with CRC. According to these results, it
is possible that predomination of microcytic anemia in
CRC patients suggests on possible gastrointestinal
bleeding. However, normal range of ferritin values in
CRC patients with anemia implicate on other causes
of detected anemia, but bleeding. According to
Moreno et al. (15) decreased MCV with normal fer-
ritin values implicate on chronic disease anemia.
Anemia can also be a consequence of systemic
inflammatory response in presence of tumor (3).
Cancer related anemia occurs without bleeding and
results from chronic inflammation and synthesis of
pro-inflammatory cytokines simultaneously by differ-
ent kinds of cells, both immune and cancer cells (16).
The synthesized pro-inflammatory cytokines can
cause anemia by different pathological mechanisms
(7). They stimulate hepatic production of hepcidin.
Hepcidin is known as an inhibitor of iron absorption
in the duodenum. Further, cytokines can facilitate iron
storage in macrophages. This retention of iron in
macrophages causes limited availability of iron for
erythroid cells. Moreover, previous studies showed
that cytokines with proinflammatory activities can
have a direct inhibitory influence on erythroid pro-
genitors’ proliferation and differentiation or they can
activate macrophages and thus increasing the
process of erythrophagocytosis (3, 7). 

As previous studies clearly confirmed the impor-
tance of proinflammatory cytokines in biology of
colorectal cancer (3, 7), our research was further
based on the investigation of the systemic concentra-
tions of proinflammatory cytokines. IL-1 is a
pleiotropic cytokine involved in the few processes in
tumorigenesis such as tumor growth, metastasis, and
angiogenesis (10). IL-1 can also act indirectly via
stimulation of production of matrix metalloproteinas-
es and different kinds of cytokines, for example IL-6,
IL-8, TNFa, TGF and VEGF (17). Our study showed
significantly higher IL-1 concentration in patients with
CRC and detected anemia compared to non-anemic
CRC patients as well as positive association between
CA 19-9 and IL-1 and negative association between
hemoglobin and IL-1 (Figure 3, Figure 6). Previous
studies are in line with our results suggesting a signif-
icant role of IL-1 in the development and pathological
genesis of anemia. IL-1 affects iron metabolism, thus
disabling utilization of iron for synthesis of hemoglo-
bin (17). IL-1 decreases level of erythropoietin in
vitro, modulates erythropoietin receptors and also
inhibits production of erythroid progenitors (18). 

Interleukin-33 (IL-33) is a member of IL-1
cytokine family. Its role in immune response regula-

tion after cellular stress or damage is crucial (19) and
also is involved in pathogenesis of CRC development.
IL-33 has many functions, for example in host immu-
nity against tumor as an inhibitor, in angiogenesis as
a promoter and can also induce tumor stroma remod-
eling. It can also affect the activation of NF-kB
trans criptional factor; stimulate production of proin-
flammatory cytokines thereby promoting inflammation
(20). Our result revealed significantly higher systemic
IL-33 concentration in anemic CRC patients, positive
association between CA 19-9 and IL-33 and negative
association between hemoglobin and IL-33 (Figure 3,
Figure 6), suggesting on possible role of this proin-
flammatory cytokine in pathogenesis of anemia in
CRC patients. Other study showed that IL-33 is highly
expressed in endothelial cells thus promoting the
expansion of different kind of hematopoietic precur-
sors and regulating myelopoiesis in vitro and in vivo,
implicating its role in hematopoiesis (21, 22).
Stankovic et al. (23) revealed that during acute
inflammation IL-33/ST2 axis plays an essential role in
metabolism of Fe, mainly by increasing concentration
of iron at the place of inflammation and thus decreas-
ing blood mean corpuscular hemoglobin. The most
often cause for development of microcytic anemia is
iron deficiency, while on the other hand iron seques-
tration facilitated by IL-1 and IL-33 might be an
alternative cause of anemia in CRC patients. 

Galectin-1 in CRC exhibits different aspects of
tumor progression, such as cell adhesion, tumor cell
transformation and growth. Also, it enhances migra-
tion of cancer cells, their proliferation and metastasis,
inhibition of apoptosis and stimulation of angio -
genesis (24, 25). During the progression of CRC,
galectin-1 is often significantly changed, meaning
that overexpression of galectin-1 (24) correlates with
poorly differentiated, invasive form of CRC with lymph
node metastasis and shorter patient survival (25). Our
previous study has also shown importance of
Galectin-1 in the pathology of CRC. We noticed fecal
Gal-1 in feces samples of patients with more
advanced form of CRC (11). Moreover, Gal-1 posi-
tively correlates tumor markers, such as AFP and CA
19-9 and with tumor histological differentiation stage
(11). According to available information, this is the
first research, which investigates connection between
systemic Gal-1 and anemia in CRC patients. In our
study, we showed that patients with CRC and detect-
ed anemia had significantly higher level of systemic
Galectin-1 compared to the group of CRC patients
without anemia (Figure 3). Moreover, Galectin-1 neg-
atively correlated with hemoglobin (Figure 6). IL-1
and IL-33 are members of the same IL-1 family of
cytokines and thus share many effector functions (10,
19). Galectin-1 and IL-33 share the same tumor pro-
moting effect in CRC, by helping tumor cells in
bypassing of apoptosis (8, 26, 27). It is possible that
Gal-1 through NK- B signaling pathway promotes
proinflammatory cytokines production, such as IL-1
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production and subsequently attenuates hemato -
poiesis. 

Revelation of positive correlation between sys-
temic IL-1, IL-33 and galectin-1 levels in serum of
anemic CRC patients suggested on synergistic effect
of these cytokines in pathogenesis of anemia in CRC
patients. Based on previous data, it is believed that IL-
1 and IL-33 directly disable synthesis of hemoglobin
via suppression of iron utilization, while indirectly Gal-
1 and IL-33 activate NF-kB transcriptional factor and
stimulate proinflammatory cytokines production, such
as IL-1 production that in turn inhibits erythropoiesis,
as described in Figure 7. Further, examination of ROC
curves of Gal-1, IL-33 and IL-1 revealed that these
cytokines could predict anemia of inflammation in
CRC patients (Figure 6).

Reactive thrombocytosis, an elevated platelet,
can be caused due to deficiency of iron, infection
(acute or chronic) and different inflammatory diseases.
Nowadays, cancers are frequently connected with
paraneoplastic thrombocytosis. Thrombocytosis often
accompanies cancer growth and metastatic dissemina-
tion (28). Recent studies revealed possible association

between thrombocytosis and poor prognosis for
patients with CRC (29). Paraneoplastic elevation of
platelet count is associated with worse overall survival,
as well as cancer-specific and disease-free survival in
CRC patients. Moreover, there are strong evidence
regarding significant correlation between tumor loca-
tion, higher TNM clinical stage (T3-4), presence of
metastasis or lymph node and vessels invasion, and
also poor histological differentiation with thrombocyto-
sis in CRC patients (30, 31). In our study, we noticed
significantly higher number of platelets in the group of
CRC patients with anemia in comparison to the group
of non-anemic CRC patients (Figure 5). Systemic val-
ues of cytokines Gal-1, IL-1 and IL-33 positively
correlated with higher platelets number (Figure 5).
Previous study claimed that IL-1 stimulates megakary-
opoesis thus increasing the number of platelets (32).
The other study showed that mice with over expression
of IL-33 had detectable anemia and thrombocytosis
(22). Possible explanation for thrombocytosis and pos-
itive correlation between higher number of platelets
and mediators of interest is that enhanced levels of IL-
1 and IL-33 could directly induce megakaryopoiesis
and subsequently thrombocytosis. 
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Figure 7 Potential synergistic effect of IL-1 and IL-33 in pathogenesis of anemia of inflammation in CRC patients: 1. IL-1 and IL-
33 directly inhibit erythropoiesis and  disable synthesis of hemoglobin via suppression of iron utilization; 2. Gal-1 and IL-33 activate
NF-kB transcriptional factor and indirectly stimulate proinflammatory cytokines production, such as IL-1 production, which then
inhibits erythropoiesis. In turn subsequent anemia correlates with severe and more progressive CRC. (*Created by the authors with
BioRender.com)



Conclusion

Presented data revealed higher Galectin-1, IL-1
and IL-33 values in serum of CRC patients with ane-
mia, establishing them as new players in genesis and
progression of anemia of inflammation (Figure 7).
These findings point on mechanism of anemia gene-
sis in CRC patients, besides occult bleeding, that
deserves further clarification.
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Summary 
Background: Urinalysis has an important place in evaluating
kidney and urinary tract infections. Automated urine analyz-
ers enhance productivity and turnover in laboratories and
economize time and labor required for analysis. In the pres-
ent study, we evaluated and compared analytic and diagnos-
tic performance of UriSed2 with LX-8000R, which is a novel
image-based automated urine sediment analyzer.
Methods: A total of 178 urine samples sent to our labora-
tory were evaluated by the two urine analyzers and stan-
dard manual microscopy. Precision and comparison studies
were done in accordance with CLSI guidelines.
Results: Sensitivity assessment revealed similar outcomes
with both UriSed2 and LX-8000R devices for erythrocyte
count (RBC), whereas UriSed2 device yielded higher out-
comes for leukocyte count (WBC) and epithelial cells (EPI)
than LX-8000R analyzer. Specificity of UriSed2 for WBC
and RBC was higher than that of LX-8000R device.
According to Gamma statistics, both urine analyzers
showed perfect consistency for WBC, RBC and EPI cell
counts. Manuel microscopy revealed statistically significant
correlation between LX-8000R and UriSed2 in terms of
WBC and RBC. Manual evaluation by Bland-Altman analy-
sis demonstrated lower WBC and RBC values and higher
EPI as compared to both UriSed2 and LX-8000R devices.
As the result of Passing-Bablok regression analysis, both
devices were found to be inconsistent with manual
microscopy.
Conclusions: We think that evaluation of automated urine
analyzers will be more meaningful when they are evaluated

Kratak sadr`aj
Uvod: Analiza urina ima va`no mesto u proceni infekcija
bubrega i urinarnog trakta. Automatski analizatori urina
pove}avaju produktivnost i promet u laboratorijama i {tede
vreme i rad potreban za analizu. U ovoj studiji smo procenili
i uporedili analiti~ke i dijagnosti~ke performanse UriSed2 sa
LX-8000R, koji je novi automatizovani analizator za analizu
sedimenta urina.
Metode: Ukupno 178 uzoraka urina poslanih u na{u labora-
toriju procenjeno je pomo}u dva analizatora urina i standard-
ne ru~ne mikroskopije. Studije preciznosti i pore|enja ra|ene
su u skladu sa smernicama CLSI.
Rezultati: Procena osetljivosti pokazala je sli~ne ishode sa
ure|ajima UriSed2 i LX-8000R za broj eritrocita (RBC), dok
je ure|aj UriSed2 dao ve}e rezultate za broj leukocita (WBC)
i epitelnih }elija (EPI) od analizatora LX-8000R. Specifi~nost
UriSed2 za WBC i RBC bila je ve}a nego kod LX-8000R
ure|aja. Prema Gamma statistici, oba analizatora urina
pokazala su savr{enu konzistenciju za broj }elija WBC, RBC i
EPI. Manuelova mikroskopija otkrila je statisti~ki zna~ajnu
korelaciju izme|u LX-8000R i UriSed2 u odnosu na WBC i
RBC. Ru~na procena Bland-Altmanovom analizom pokazala
je ni`e vrednosti WBC i RBC i ve}i EPI u pore|enju sa
UriSed2 i LX-8000R ure|ajima. Kao rezultat Passing-
Bablokove regresijske analize, utvr|eno je da oba ure|aja
nisu u skladu s ru~nom mikroskopijom.
Zaklju~ak: Smatramo da }e evaluacija automatizovanih
analizatora urina biti zna~ajnija kada se vrednuju zajedno sa
uzorcima urina i klini~kim nalazima pacijenata, porede}i ih
sa ru~nom mikroskopijom.
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Introduction 

Urinalysis, which is an important test in clinical
medicine, is used for screening, diagnosis and moni-
toring of urinary system diseases as well as the dis-
eases detected through urinary system (1). Urinalysis
in daily clinical settings is important in terms of
detecting hematuria and proteinuria, which are the
initial signs of kidney diseases. In addition, it is impor-
tant also in assessing urinary erythrocyte morphology
and in distinguishing a glomerular disease from non-
glomerular disease (2). Urinalysis consists of physical
appearance of urine, chemical analysis and micro-
scopic examination of urine sediment. Manual micro-
scopic method for urinalysis is a time-consuming and
labor-intensive technique requiring well-trained and
experienced technicians (1). Microscopic examination
of urine is affected by a number of factors including
speed and duration of centrifugation, amount of urine
left in the tube, dye usage, and experience and train-
ing of the analyst. Despite all these disadvantages,
manual microscopy is the reference method for
examination of urine sediment (3). However, fully
automated urine analyzers are recommended by
many international institutions for minimizing these
effects and for standardization of microscopic analysis
(4). 

UriSed2 device captures images from the urine
centrifuged in a disposable tube by a digital camera
attached to a bright-field microscope of 400× mag-
nification. Then the sediment is identified and classi-
fied by image-processing software. The automated
process used in the UriSed2 analyzer is similar to that
used at manual microscopic examination.  The
images thereafter can be controlled again by a tech-
nician, when necessary. UriSed2 software is able to
distinguish red blood cells (RBC), white blood cells
(WBC), squamous epithelial cells (EPI) and other sed-
iment particles (5, 6).

LX-8000R device works by taking real-time pic-
ture of the cells and field image from the urine sam-
ple by Flowcell Digital Imaging. It performs the analy-
sis of visible cells in the urine sample and strip analysis
simultaneously. It does not require pretreatment or
include centrifugation. Because of single-probe distri-
bution system, a small amount of urine is subjected to
both microscopic and chemical analyses, which are
then reported together. Hence, test time is shortened
and working productivity is enhanced providing
advantage for pediatric patients as well as patients
that have difficulty in giving urine sample (7).

In the literature, no study is encountered about
the performance of LX-8000R device. The present
study aimed to evaluate analytic performance of the
UriSed2 (77 Elektronika Kft, Hungary) and LX-
8000R (Hangzhou Longx Technology, Zhejiang,
China) automated analyzers by comparing with man-
ual microscopic analysis.

Materials and Methods

The study was performed using 178 urine samples
collected into the clean tubes without preservatives,
which have been obtained from the patients applied
to the Training and Research Hospital for routine poli-
clinic visit. The urine samples were obtained from the
specimens at an amount of 30 mL at the least. The
samples were analyzed in small groups on different
days. The urine samples, which were divided into
three different tubes at an amount of 10 mL for each,
were analyzed in an hour at the latest. The study was
approved by the Health Sciences Institute Diyarbakır
Gazi Yaşargil Training and Research Hospital Ethics
Committee (No: 20.12.2019 – 385).

RBC, WBC, EPI, lipid cylinder and crystals (cal-
cium oxalate dihydrate, uric acid, triple phosphate)
were studied in both devices and compared with
manual microcopy.

UriSed 2

UriSed2 analyzer pipes the sample from 2 mL
urine into a 0.2 mL disposable tube. The tube filled is
then centrifuged at 2000 rpm for 10 seconds. Fifteen
different fields from various points of the sample can
be displayed on the screen by an automated CMOS
(Complementary Metal Oxide Semiconductor) fixed
cam. The images are recorded in three types as
bright-field, phase contrast and composite, and then
evaluated by Auto Image Evaluation Module (AIEM).
Urinary particles are classified as RBC, WBC, leuko-
cyte clusters, hyaline cylinders, pathologic cylinders,
EPI, non-squamous epithelial cells, bacteria, yeast,
mucosa, sperm, and sub-crystals (calcium-oxalate
monohydrate, calcium-oxalate dehydrate, uric acid or
triple phosphate) (8). Misclassified images can be
checked and corrected by the technician, when nec-
essary.

together with urine samples and patient clinical findings in
addition to comparing with manual microscopy.

Keywords: Automated urine analyzer, LX-8000R, Urised
2, manual microscopy

Klju~ne re~i: automatizovani urinski analizator, LX-
8000R, Urised 2, manuelna mikroskopija
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LX-8000R

It performs the analysis of visible cells in the
urine sample and strip analysis at the same time. The
samples are put into the device without need for pre-
treatment. Minimum 3 mL of urine sample is ade-
quate for analysis. The device as well, which does not
include centrifugation, is subjected to tube mixing
procedure before analysis to provide homogenous
mixture of urine. The urine, which is obtained by a
single probe at a single step, is subjected to both
microscopic and chemical analyses and the results
are reported together. For chemical analysis, it is stud-
ied by the method of dripping on a strip. Specific
Gravity, Color and Turbidity parameters of the urine
sample are measured by Refractometry technique.
There is a high resolution phase contrast microscope
with 10X and 40X lenses on it. Real-time cell picture
and images of 20 different fields are taken from the
urine by flowcell digital imaging for microscopic
analysis. Based on famous light-microscopic mor-
phology detection method, urine tangible ingredient
detection combines digital medical image processing
technology, computer multimedia technology and
artificial intellectualizing technology, which enables

detection operators to clearly observe the urine tangi-
ble ingredients in the quantitative flow counting
chamber under the digital microscope system insert-
ed in Analysis System via large screen display, and
then get the detection report of clinical significance
according to cells per volume or numbers of tubes.
Camera focus settings are automatically made by the
software for each sample. Automatic probe wash is
performed after each urine sampling (internal and
external wash) to prevent contamination of samples.
During the procedure, real images of the sample are
displayed on the screen without adding any chemical
substance into the urine sample. Urinary particles are
classified as dysmorphic RBC, RBC, WBC, leukocyte
clusters, cylinders, EPI, bacteria, yeast, mucus, sperm
and crystals. Other subgroup particles can be defined
manually on the screen. In sediment analysis, the
parameters are shown on the result screen as XX/L
or p/Hpf. (7). Misclassified images can be checked
and corrected by a technician, when necessary. 

Technical properties of microscopic and chemi-
cal units of the UriSed2 and LX-8000R automated
urine analyzers are given in Table I. 

Table I Technical specifications of the microscopic and the chemical stripe analyzers.

Urised 2 LX-8000R

Microscopic Analyzers

Throughput Up to 120 tests/hour Up to 100 tests/hour

Methodology Whole view field microscopic image Flowcell digital imaging

Batch size 100 test tubes 60 test tubes

Min. sample volume 2 mL 3 mL

Detected particle classes

RBC (red blood cells); WBC 
(white bloodcells and WBC clumps); 

HYA (hyaline casts); PAT (pathological casts); EPI
(squamous epithelial cells); NEC (nonsquamous

epithelial cells); BACc (bacteria cocci); BACr 
(bacteria rods) YEA (yeast) CRY (crystals): 

CaOxm (calcium-oxalate monohydrate),CaOxd 
(calcium-oxalatedihydrate), URI (uric acid), 

TRI (triple phosphate); MUC (mucus); 
SPRM (sperm); Further classes for manual 

subclassification are also available!

RBC (red blood cells); Dysmorphic RBC;
WBC (white blood cells and WBC clumps); 

EPI (squamous epithelial cells); 
BACc (bacteria cocci); YEA (yeast) 

CRY (crystals); MUC (mucus); 
SPRM (sperm); Other subgroups 

particulates can be manually 
defined on the screen.

Chemical Stripe Analyzers

Max. throughput Up to 250 tests/hour Up to 200 tests/hour

Strips capacity 150 strips 200 strips

Methodology Reflectance photometer Reflectance photometer

Min. sample volume 2 mL 3 mL

Memory Max 10.000 results Max 100.000 results.

Test wavelengths 4 discrete wavelengths 3 discrete wavelengths

Evaluated parameters
Bilirubin, Urobilinogen, Ketones, Protein, Glucose,

Ascorbic acid, Nitrite, Leucocytes, Blood, pH,
Specific gravity

Bilirubin, Urobilinogen, Ketones, Protein,
Glucose, Ascorbic acid, Nitrite, Leucocytes,

Blood, pH, Specific gravity, UMA



Manual Microscopy

For microscopic examination, 10 mL of urine
sample is centrifuged at 2000 rpm (400 g) for 5 min
and the sediment obtained was examined within 30
minutes. After eliminating 9 mL of urine sample, the
remaining 1 mL urine sample was re-suspended, 20
UL sediment was piped onto a microscope slide and
covered with a coverslip (18 × 18 mm). Microscopic
examination was done with a light microscope
(Olympus, CX21) at 100× and 400× magnifica-
tions. The particles were counted per field, and the
results were classified semi-quantitatively within inter-
vals or as negative and positive. All urine samples
were evaluated by three persons (2 technicians and a
medical biochemistry specialist doctor) that have
more than 10 years of experience. In order to mini-
mize the inter-observer variability, examinations were
performed using the same microscope.

Manual microscopy was used as the reference
method for all computations.

Precision Study

Within-run precision was assessed by measuring
RBC and WBC for a total of 20 times in a day using
high-level and low-level quality control materials. LX
series urine analyzers Urine Dipstick / Microscopics
Con trol Level 1-Level 2 (Hangzhou Longxin
Technology. Zhejiang, China) was used for LX-8000R
device, and KOVA Liqua-Trol with Microscopics Level
I-II urinalysis Control (KOVA International. California,
United States) was used for UriSed2 device. 

Between-run precision was assessed by measur-
ing RBC and WBC for a total of 20 times (5 times in
a day for four days) using both quality control materi-
als. Precision of each method was assessed by calcu-
lating % variation coefficient (CV %).

Statistical Analysis

SPSS (Statistical Package for Social Sciences,
Chicago, IL, USA) for Windows package program,
which is a windows-based software, and MedCalc sta-
tistics software (MedCalc Software, Mariakerke,
Belgium) were used for the statistical analyses of
study data. The data are presented as percentage
(%), mean ± standard deviation (SD), correlation

coefficient (r), variation coefficient (CV%), 95% confi-
dence interval (95% CI), consistence rate and weight-
ed kappa (). 

As Urised2 and LX-8000R analyzers use differ-
ent methods of microscopic analysis, relationship and
differences between the results of WBC, RBC and EPI
were compared using Passing-Bablok and Bland-
Altman graphics. Spearman correlation test was used
to investigate the consistency of the microscopic
analysis of each device. Correlation coefficient (r) was
interpreted as following; <0.3 negligible correlation,
0.3–0.5 low correlation, 0.5–0.7 moderate correla-
tion, 0.7–0.9 high correlation, and >0.9 very high
correlation (9). For gamma statistics and weighted
kappa values, it was considered that 0.5–0.75 repre-
sents good agreement and >0.75 represents excel-
lent agreement (10). A p value <0.05 was consid-
ered statistically significant.

Results

The present study compared the data obtained
from the analyses of 178 urine samples in two differ-
ent fully automated urine analyzers.

The sensitivity, specificity, positive predictive val-
ues (PPV) and negative predictive values (NPV) of LX-
8000R and UriSed 2 as compared to manual urinal-
ysis is demonstrated in Table III. The sensitivity of
UriSed2 device for WBC, RBC and EPI was 90.36%,
63.79% and 70.59%, respectively; and the specificity
was 87.23%, 94.12%, and 87.16%, respectively. The
sensitivity of LX-8000R device for WBC, RBC and EPI
was 84.34%, 65.52% and 51.47%, respectively; and
the specificity was 78.72%, 84.87% and 95.41%,
respectively.

Within-run and between-run coefficients of RBC
and RBC variations for each method are demonstrat-
ed in Table IV.

Gamma statistics comparisons for WBC, RBC
and EPI counts between manual urinalysis and LX-
8000R and UriSed2 urine analyzers are demonstrat-
ed in Table V and Table VI. Gamma values for WBC,
RBC and EPI were 0.886, 0.782 and 0.770, respec-
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Table II Semi-quantitative range classification of urine par-
ticles.

Parameters Negative Few Moderate High Many

Erythrocyte
(cells/HPF) 0–4 5–10 11–20 21–50 51

Leukocyte
(cells/HPF) 0–4 5–10 11–20 21–50 51

Epithelial cell
(cells/HPF) 0–4 5–10 11–20 21–50 51

Table III Diagnostic accuracy of automated urine analysers
compared to manual microscopy.

Parameter Analyzer Sensitivity Specificity PPV (%) NPV (%)

WBC
LX-8000R 84.34 78.72 77.77 85.05

UriSed 2 90.36 87.23 86.20 91.11

RBC
LX-8000R 65.52 84.87 67.85 83.47

UriSed 2 63.79 94.12 84.09 84.21

EPI
LX-8000R 51.47 95.41 87.50 75.91

UriSed 2 70.59 87.16 77.41 82.60



tively (p <0.001) for LX-8000R, and 0.938, 0.880
and 0.805, respectively (p <0.001) for UriSed2.

The correlation between manual urinalysis and
LX-8000R and UriSed2 devices was r = 0.731 and
0.793, respectively for WBC (p<0.001); r = 0.554
and 0.639, respectively for RBC (p<0.001), and r =
0.601 and 0.615, respectively for EPI (p<0.001),
and these correlations were statistically significant
(Table VII).
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*SD and CV did not get calculated because the mean value of erythrocyte and leukocyte results was 0.

Table IV Within-run and between-run precision of microscopic analysis by LX-8000R and UriSed 2.

Table V Comparison of the numbers of WBC, RBC and EPI cell counted by the manual method and the LX-8000R.

Table VI Comparison of the numbers of WBC, RBC and EPI cell counted by the manual method and the UriSed 2.

Within-run precision Between-run precision

Level 1 (Low) Level 2 (High) Level 1 (Low) Level 2 (High)

Analyzer Parameter
(cells/HPF) Mean±SD %CV Mean±SD %CV Mean±SD %CV Mean±SD %CV

LX-8000R
RBC * * 33.85±6.20 18.32 * * 38.45±6.52 16.97

WBC * * 36.10±8.60 23.83 * * 33.75±9.97 29.55

UriSed 2
RBC * * 47.60±7.42 15.59 * * 38.22±10.18 26.63

WBC 1.32±0.51 39.29 32.79±4.13 12.60 1.03±0.73 70.58 28.81±4.96 17.22

Number of WBC (cells / HPF) Number of RBC (cells / HPF) Number of EPI (cells / HPF)

M
an

ua
l M

ic
ro

sc
op

y 
(c

el
ls

 /
 H

PF
) 0–4 5–10 11–20 21–50 51 Total 0–4 5–10 11–20 21–50 51 Total 0–4 5–10 11–20 21–50 51 Total

0–4 74 18 3 0 0 95 74 18 3 0 0 95 105 3 1 1 0 110

5–10 6 8 6 0 0 20 6 8 6 0 0 20 11 7 2 0 0 20

11–20 4 1 5 3 1 14 4 1 5 3 1 14 12 3 2 0 0 17

21–50 2 1 4 13 3 23 2 1 4 13 3 23 8 9 3 4 0 24

 51 1 0 0 2 23 27 1 0 0 2 23 27 2 3 1 1 0 7

Total 87 28 18 18 27 178 87 28 18 18 27 178 138 25 9 6 0 178

Gamma 0.886 0.782 0.770

p < 0.001 < 0.001 < 0.001

Number of WBC (cells / HPF) Number of RBC (cells / HPF) Number of EP  (cells / HPF)

M
an

ua
l M

ic
ro

sc
op

y 
(c

el
ls

 /
 H

PF
) 0–4 5–10 11–20 21–50 51 Total 0–4 5–10 11–20 21–50 51 Total 0–4 5–10 11–20 21–50 51 Total

0–4 102 11 3 3 1 120 113 4 2 1 0 120 96 6 6 1 1 110

5–10 9 8 0 2 3 22 11 7 2 2 0 22 11 8 1 0 0 20

11–20 9 1 2 2 0 14 7 2 2 2 1 14 6 5 5 1 0 17

21–50 0 0 0 1 1 2 0 0 0 1 1 2 3 5 11 5 0 24

 51 2 0 0 1 17 20 3 0 0 1 16 20 0 0 2 2 3 7

Total 122 20 5 9 22 178 134 13 6 7 18 178 116 24 25 9 4 178

Gamma 0.938 0.880 0.805

p < 0.001 < 0.001 < 0.001

Table VII The correlation coefficients of microscopic analy-
sis results between the manual microscopy and automated
analyzers.

*r; Spearman correlation of coefficient, p< 0.001.

Parameters LX-8000R
r*

UriSed 2
r*

Manual 
Microscopy

RBC 0.554 0.639

WBC 0.731 0.793

EPI 0.601 0.615
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Table VIII The results of the Passing-Bablok regression analysis plots for WBC, RBC and EPI counts.

Analytes Comp Equation Intercept (95% CI) Slope (95% CI) Cusum 
p

WBC
1 vs 2 y = 0.00 + 0.60 x 0.00 –(-0.25 to 0.00 ) 0.60 (0.50 to 0.75) 0.07

1 vs 3 y = 0.00 + 1.04 x 0.00 –(0.00 to 0.00) 1.04 (-84.92 to 84.92) 0.01

RBC
1 vs 2 y = 0.00 + 0.45 x 0.00 –(0.00 to 0.00 ) 0.45 (0.23 to 0.58) 0.01

1 vs 3 y = 0.00 + 0.75 x 0.00 –(0.00 to 0.00) 0.75 (0.52 to 1.00) 0.01

EPI
1 vs 2 y = 0.00 + 5.00 x 0.00 –(0.00 to 0.00) 5.00 (3.40 to 8.50) 0.01

1 vs 3 y = 0.00 + 2.00 x 0.00 –(0.00 to 0.00) 2.00 (1.45 to 2.58) 0.01

Figure 1 Bland-Altman plots.

Comp - comparisons: 1) Manual Microscopy, 2) LX-8000R, 3) UriSed 2 
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With Bland-Altman analysis, the mean of differ-
ences between manual microscopy and LX-8000R
was as following: WBC -33.7, RBC -85.5, and EPI
11.4, whereas the mean of differences between man-
ual microscopy and UriSed2 was as following: WBC -
9.8, RBC -13.5, and EPI 7.7. Accordingly, while lower
results were obtained for WBC and RBC in both
UriSed2 and LX-8000R devices as compared to man-
ual urinalysis, higher results were obtained for EPI
(Figure 1).

In the present study, Passing-Bablok regression
analysis was used to compare the microscopic analyz-
ers of each device. Regression analysis revealed a lin-
ear correlation between manual microscopy and LX-
8000R device for WBC (p=0.07). However, it was
determined that there is significant deviation from lin-
earity for RBC and EPI (p=0.01 and p=0.01, respec-
tively) with LX-8000R vs. manual microscopy and
that manual microscopy and LX-8000R device are
not concordance for RBC and EPI count. Results of
the regression analysis for the outcomes with manual
microscopy vs. UriSed2 device demonstrated signifi-
cant deviation from linearity for WBC, RBC and EPI
(p=0.01, 0.01 and 0.01, respectively), and it was
observed that manual microscopy and UriSed2
device are not concordance for WBC, RBC and EPI
count (Table VIII).

In the present study, uric acid crystal was detect-
ed in 4 samples by manual microscopy, whereas it
was detected in one sample with LX-8000R device
and in none of the samples with UriSed2 device.
While manual microscopy detected Ca oxalate crys-
tals in 10 samples, LX-8000R detected Ca oxalate
crystals in 9 samples, and UriSed2 device detected in
6 samples. Manuel microscopy detected 1 lipid cylin-
der, whereas any of the two urine analyzer detected
no lipid cylinder.

Discussion

In urine sediment analysis, automated urine
analyzers contribute to the reduction of workforce
and potential assay variations and shortening of turn-
around time. Manual microscopy remains to be the
»gold standard« despite the methodological problems
and disadvantages such as that many factors reduce
the precision and accuracy of results (11, 12).
Manual microscopy is not only labor-intensive and
time consuming, but also has between-technicians
differences and low reproducibility (10). Currently
available automated urine analyzers enhance produc-
tivity and turnover in the laboratories by increasing
the reproducibility and productivity/throughput and
are considered to reduce the time and labor required
to process urine samples (13, 14). 

Bottini et al. (15) stated that UriSed is a precise
method with inter- and intra-assay precision ranging
from 8%–15%. In addition, they stated that UriSed,

depending on the particle count, shows much lower
variation than that observed in manual urinalysis.
Budak et al. (16) reported higher within-run and
between-run CVs with UriSed device as compared to
iQ200 and UF-1000 devices. Moreover, they detect-
ed slightly higher false-negative RBC and WBC
reports with UriSed than the other devices. They sug-
gested sampling and centrifugation steps used in the
analytic method of the UriSed device as the origins of
this situation. Ma et al. (17) detected that UriSed has
acceptable levels of within-run and between-run pre-
cision (CV < 20%) for RBC, WBC, Cylinder, EPI and
bacteria (BAC). Zaman et al. (6) found within-run
precision at low and high control levels to be 17.8%
and 6.7%, respectively for RBC and 17% and 4.4%,
respectively for WBC. In the present study, the mean
value of the LX-8000R and UriSed2 devices’ within-
run precision and between-run precision for RBC at
low control level was found to be zero; and CV%
could not be calculated. Within-run precision at high
control level yielded better CV% values for WBC and
RBC with UriSed2 device (CV% 12.60 and 15.59,
respectively) than LX-8000R device (CV% 23.83 and
18.32, respectively). Between-run precision at high
control level yielded better CV% values for WBC with
UriSed2 device (CV% 17.22) than LX-8000R device
(CV% 29.55), whereas better CV% values with LX-
8000R device (CV% 16.97) than UriSed2 device
(CV% 26.63) for RBC.  

Akin et al. (19) compared the analytic perform-
ance of UriSed with that of iQ200 automated analyz-
er and detected significant correlation between two
methods. Laiwejpithaya et al. (1) compared RBC,
WBC ve EPI cell counts obtained by UriSed 3 and UX-
2000 automated urine analyzers with those obtained
by manual microscopy. As a conclusion, they reported
that UriSed 3 and UX-2000 devices have almost sim-
ilar performance for RBC and WBC counts but UriSed
3 is more reliable for EPI cell count (1). Budak et al.
(16) determined consistency by 91.5% between UF-
1000i and UriSed, 92.2% between iQ200 and
UriSed, and 89.5% between UF-1000i and iQ200 for
RBC, whereas they found consistency by 82.2%
between UF-1000i and UriSed and 83.7% between
iQ200 and UriSed for WBC. In the same study,
epithelial cell count demonstrated consistency by
86.6% between UF-1000i and iQ200, 85.1%
between UF-1000i and UriSed, 87.6% between
iQ200 and UriSed, and 90.2% between UF-1000i
and iQ200 (16). In a study, Ercin (18) compared
Urised2 and FUS200 microscopic analyzers and
found WBC, RBC and EPI cell counts to be within the
same range and reported excellent consistency for
these three parameters (Gamma value is 0.916,
0.770 and 0.961, respectively; p <0.001). Jintasut -
hanont et al. (10) compared the results of UriSed
analyzer with that of manual microscopy; they found
the gamma value to be 0.837 for WBC, 0.918 for
RBC, and 0.939 for squamous epithelial cell count,
and they detected high correlation between the
results obtained by full-automated analyzer and the



results obtained by manual microscopy. In the present
study, WBC, RBC and EPI gamma values were 0.886,
0.782 and 0.770, respectively for LX-8000R (p
<0.001) and 0.938, 0.880 and 0.805, respectively
for UriSed2 (p <0.001). Based on these outcomes, it
was determined that both urine analyzers show excel-
lent consistency with manual microscopy for WBC,
RBC and EPI cell counts.

Ercin (18) reported high correlation between
Urised2-LabUmat2 and FUS200-H800 devices for
WBC count, but moderate correlation for RBC count.
Moreover, according to the Passing-Bablok regression
analysis in this study, they reported that there is no
consistency between these two methods because of
the presence of remarkable deviation from linearity
for WBC and RBC counts (p <0.05 and p=0.01,
respectively) but that they are concordance for EPI
cell count (p=0.65). In addition, Bland-Altman
agreement plot graphics demonstrated that automat-
ed microscopy units of the two devices showed
acceptable performance for WBC (-29.3 ± 1.96 SD),
RBC (43.3 ± 1.96 SD) and EPI (-4.0 ± 1.96 SD) cell
counts (18). Yalçınkaya et al. (3) compared FUS200
and Urised3 urine analyzers where Deming regres-
sion analysis yielded a correlation coefficient of 0.961
and 0.961 for WBC and RBC counts, respectively.
When they investigated the consistency between two
urine analyzers for negative-positive test results, they
found the kappa value to be 0.79 (good consistency)
for WBC and 0.42 (moderate consistency) for RBC
(3). In the present study, Bland-Altman analysis
revealed lower mean of differences between manual
microscopy and UriSed2 device for WBC, RBC, EPI (-
9.8, -13.5 and 7.7, respectively) suggesting that
manual microscopy and UriSed2 device are concor-
dant. The mean of differences between manual
microscopy and LX-8000R device for WBC, RBC and
EPI was -33.7, -85.5 and 11.4, respectively suggest-
ing that manual microscopy and LX-8000R device
are not concordant for WBC and RBC counts but
more concordant only for EPI. As a method similar to
manual microscopy, centrifuging the urine in the
UriSed2 device and screening 15 fields equivalent to
400x magnification and then having the images
checked by a technician suggests that the outcomes
might be more concordant.

Passing-Bablok regression analysis demonstrat-
ed a linear correlation between manual urinalysis and
LX-8000R device for WBC (p= 0.07) but remarkable
deviation from linearity for RBC and EPI (p=0.01 and
p=0.01, respectively). Regarding manual microscopy
vs. UriSed2, it was determined that there is a remark-
able deviation from linearity for WBC, RBC and EPI
cell counts (p=0.01, 0.01 and 0.01, respectively)
and that manual microscopy and UriSed2 device are
not concordant for WBC, RBC and EPI cell counts.
Considering these outcomes, we can say that both
devices, in general, are not concordant with manual
microscopy; however, this might result from semi-
quantitative evaluation by manual microscopy.

According to Yalçınkaya et al. (3), urine samples
can be analyzed in UriSed 3 and FUS-200 and give
reproducible outcomes, UriSed 3 have higher speci-
ficity for RBC and higher sensitivity for WBC than
FUS-200. They determined that FUS-200 analyzer
have higher PPV for WBC but lower PPV for RBC than
UriSed 3. They reported almost perfect and similar
NPV with FUS-200 and UriSed 3 analyzers for both
cell types (3). Ma et al. (17) detected >80% sensitiv-
ity and specificity for RBC, WBC and EPI cells
between UriSed device and manual microscopy.
Mittal et al. (2) determined the sensitivity, specificity,
PPV and NPV of UriSed2 urine analyzer to be 89.2%,
93.3%, 96.8% and 78.8%, respectively for RBC and
to be 86%, 91%, 96% and 74.3%, respectively for
WBC. In the present study, while UriSed2 device was
more sensitive for WBC and EPI (90.36% and
70.59%) than LX-8000R device (84.34% and
51.47%), both devices have nearly similar sensitivity
for RBC (63.79% and 65.52%). UriSed2 device had
higher specificity, PPV and NPV for WBC and RBC
(87.23% and 94.12%; 86.20% and 84.09%; and
91.11% and 84.21%, respectively) than LX-8000R
device (78.72% and 84.87%; 77.77% and 67.85%;
and 85.05% and 83.47%, respectively).

Bottini et al. (15) stated that UriSed urine ana-
lyzer is a precise and accurate alternative to
microscopy. They stated also that routine use of these
automated urine analyzers would enable better work-
flow and reduce the turnaround time and, in addition,
examination of the images displayed on the screen of
UriSed device would potentially eliminate the need
for microscopic examination for most of the urine
samples (15). 

The fact that the LX-8000R device, which is
evaluated in the present study, obtains images from
20 different fields in the urine sample by real-time cell
picture and field image method without centrifuga-
tion can be considered as a limitation. We think that
better analysis can be achieved with higher number of
images. We also think that evaluation of images from
15 different fields in a centrifuged urine using
UriSed2 is a better approach for urinalysis. Despite
overall outcomes and statistics, we suggest that eval-
uation of automated urinalysis devices together with
samples and patient clinical findings in addition to
comparing with manual microscopy will be more
meaningful.

Today, although automated urine analyzers
reduce workload in the laboratories, they need to be
developed further for they can accurately recognize
the pathological elements occurring in the urine due
to methods and software. 
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Summary 
Background: We aimed to determine the SSRP1’s potential
influence on the apoptosis and proliferation of gastric can-
cer (GC) cells and its regulatory mechanism.
Methods: SSRP1 expression in GC cells and tissues was
detected via quantitative reverse transcription-polymerase
chain reaction (qRT-PCR). The interrelation between clini-
copathological characteristics of GC patients and SSRP1
expression was analysed via c2 test, and the correlation
between SSRP1 expression and overall survival rate was
analysed using Kaplan-Meier survival analysis. After the
knockdown of SSRP1 in AGS cells, the SSRP1 expression,
colony formation ability, cell viability, cell cycle changes,
apoptosis rate, and migration and invasion ability were
detected through qRT-PCR, colony formation assay, CCK8
assay, flow cytometry and transwell test, respectively.
Finally, the effects of down-regulation of SSRP1 on the
expressions of phosphorylated-protein kinase B (p-AKT), B-
cell lymphoma-2 (Bcl-2) and Bcl-2 associated X protein
(Bax) were explored using Western blotting.
Results: SSRP1 displayed a high expression in GC cells and
tissues. SSRP1 expression was closely interrelated to the
TNM stage, lymph node metastasis and tumour size. The
survival rate of patients was markedly shorter in the high
expression group than in the lower expression group. After
the knockdown of SSRP1 in cells, the viability and colony
formation ability of AGS cells were inhibited. In addition,
the cell ratio in the G1 phase was increased, while that in
the S phase declined, and the cell invasion and migration
were obviously weakened. It was found from Western blot-
ting that the knockdown of SSRP1 could evidently suppress

Kratak sadr`aj
Uvod: Na{ cilj je bio da otkrijemo potencijalni uticaj SSRP1
na apoptozu i proliferaciju }elija raka `eluca (GC) i njegov
regulatorni mehanizam.
Metode: Ekspresija SSRP1 u GC }elijama i tkivima je detek-
tovana kvantitativnom lan~anom reakcijom polimeraze
reverzne transkripcije (qRT-PCR). Odnos izme|u klini~ko-
patolo{kih karakteristika pacijenata sa GC i ekspresije
SSRP1 je analiziran pomo}u Hi-kvadratnog testa (c2), a
korelacija izme|u ekspresije SSRP1 i ukupne stope pre`iv -
ljavanja pomo}u Kaplan-Meier analize pre`ivljavanja.
Nakon obaranja SSRP1 u }elijama AGS, ekspresija SSRP1,
sposobnost formiranja kolonije, vitalnost }elija, promene
}elijskog ciklusa, stopa apoptoze i sposobnost migracije i
invazije su otkriveni pomo}u qRT-PCR, testa formiranja
kolonije, CCK8 testa, proto~ne citometrije i transvel testa,
redom. Kona~no, efekti smanjenja SSRP1 na ekspresije
fosforilisane protein kinaze B (p-AKT), B-}elijskog limfoma-
2 (Bcl-2) i Bcl-2 pridru`enog Ks proteina (Bax) su ispitani
pomo}u Vestern blota.
Rezultati: SSRP1 je pokazao visoku ekspresiju u GC }elija-
ma i tkivima. Ekspresija SSRP1 je bila usko povezana sa
stadijumom TNM, metastazama u limfnim ~vorovima i
veli~inom tumora. Stopa pre`ivljavanja pacijenata je bila
znatno kra}a u grupi sa visokom ekspresijom nego u grupi
sa ni`om ekspresijom. Nakon obaranja vrednosti SSRP1 u
}elijama, do{lo je do inhibicije vitalnosti i sposobnosti
formi ranja kolonija AGS }elija. Pored toga, pove}ana je
elijska stopa u G1 fazi, dok je u S fazi opala, dok su invazija
i migracija }elija o~igledno oslabljene. Vestern blot
metodom je utv|eno da bi obarenje SSRP1 moglo o~igled-



J Med Biochem 2022; 41 (1) 101

Introduction 

Gastric cancer (GC) is a frequently seen malig-
nancy seriously threatening human health. According
to the latest statistics, the morbidity rate of GC ranks
4th among all malignant tumours in the world, and its
mortality rate has jumped to 3rd place (1, 2). The 5-
year survival rate of GC patients in China has dramat-
ically risen with the early gastroscopy and prompt sur-
gical intervention in recent years (3). However, the
5-year survival rate of advanced GC remains low (4).
Therefore, further uncovering the pathogenesis of GC
for preventing the occurrence of GC and improving
the prognosis is of great significance.

Structure-specific recognition protein 1 (SSRP1)
was originally identified as a high-mobility group 1
(HMG1)-related DNA-binding protein in 1991, and
its biological functions can be attributed to its HMG
domain (5). SSRP1, a subgroup of histone chaper-
ones, boosts chromatin transcription (FACT) complex
and regulates most processes associated with chro-
matins, such as replication, DNA repair, and tran-
scription (6–9). It is believed that SSRP1 dramatically
influences the development and occurrence of
tumours, and its expression is upregulated in such
tumours as hepatocellular cancer (10), colorectal
cancer (11), nasopharyngeal cancer (12) and glioma
(13). Knockdown of SSRP1 in vitro can suppress the
proliferative capacity of glioma U251 and U87 cells
by inactivating the MAPK pathway (13) and reducing
the growth of NSCLC cells (14). Nevertheless, the
biological role and mechanism of SSRP1 in gastric
cancers remain unclear.

To clarify SSRP1’s function in GC and its mech-
anism of action, therefore, SSRP1 expression in GC
cells and tissues was explored through a series of
functional assays, and its effects on the proliferative
capacity, apoptosis, invasion and migration of GC
cells via the protein kinase B (AKT) pathway were
determined, thereby providing new ideas for the tar-
geted clinical treatment of GC.

Materials and Methods

Patients and tissue specimens

A total of 40 paired GC specimens were surgi-
cally resected in our hospital. The patients had com-

plete clinicopathological data and follow-up data.
Specimens receiving 5-min fast freezing in liquid
nitrogen were reserved at -80 °C. The present
research was reviewed and obtained approval of the
Hospital Medical Ethics Committee, and the written
informed consent was obtained from all participants.

Cell culture and transfection

AGS, MGC-803, FU97, BGC-823, GES-1 and
SGC-7901 cells were cultured in 1640 medium from
Invitrogen (Carlsbad, CA, USA) containing 10% fetal
bovine serum (FBS) provided by GIBCO/BRL
(Rockville, MD, USA), 100 U/mL penicillin and 100
mg/mL streptomycin from Beyotime (Shanghai,
China) under 5% CO2 at 37 °C. AGS cells undergone
siRNA (GenePharma, Suzhou, China) or NC transfec-
tion using Lipofectamine 2000 transfection reagent
(Invitrogen, Carlsbad, CA, USA) as per the guidance
of the manufacturer si-SSRP1 sense: 5’-GCCAUGU-
CUACAAGUAUGATT-3’, and antisense: 5’-UCAUA-
CUUGUAGACAUGGCTT-3’.

Quantitative reverse transcription-polymerase
chain reaction (qRT-PCR)

RNAs underwent RT into cDNAs on GoScript
RT System (Promega, Madison, WI, USA) by an All-
in-One miRNA RT kit (GeneCopoeia, Rockville, MD,
USA). Then SYBR Green human miRNA kit
(GeneCopoeia, Rockville, MD, USA) and GoTaq
qPCR Master Mix (Promega, Madison, WI, USA) were
utilised for qRT-PCR. The procedures of thermal
cycler were set below: 95 °C for 10 min, (95 °C for 30
s) × 40 cycles, primer annealing at 55 °C for 30 s and
72 °C for 30 s. Each assay was repeated for 3 times.

Western blotting

The cells were harvested and lysed with 1× cell
lysate from Cell Signaling Technology (Danvers, MA,
USA) with phenylmethylsulfonyl fluoride (PMSF) (1
mmol/L) at 4 °C for 30–60 min. Subsequent to 10-
min centrifugation at 12,000 g, the cytoplasmic pro-
tein samples were obtained, and bicinchoninic acid
(BCA) protein test kit from Thermo Fisher Scientific
(Waltham, MA, USA) was utilised for measurement of

the protein levels of Bcl-2 and p-AKT but promote the pro-
tein expression of Bax, indicating that silencing SSRP1 can
inhibit the proliferative capacity and increase the number of
GC cells through inactivating the AKT signalling pathway.
Conclusions: SSRP1 rose up in GC tissues and cells.
Reduction of SSRP1 can inhibit the proliferative capacity
and increase the number of GC cells through inactivating
the AKT signalling pathway.

Keywords: SSRP1, gastric cancer, proliferation, apoptosis

no potisnuti nivo proteina Bcl-2 i p-AKT, ali bi promovisalo
ekspresiju proteina Bak, ukazuju}i da smanjenje SSRP1
mo`e inhibirati proliferativni kapacitet i pove}ati broj GC
}elija kroz inaktivaciju AKT signalnog puta.
Zaklju~ak: SSRP1 je porastao u tkivima i }elijama GC.
Smanjenje SSRP1 mo`e inhibirati proliferativni kapacitet i
pove}ati broj GC }elija kroz inaktivaciju AKT signalnog
puta.

Klju~ne re~i: SSRP1, rak `eluca, proliferacija, apoptoza
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protein concentration. Then, total protein samples
(20–50 mg) were isolated via 10–12% sodium dode-
cyl sulphate-polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred onto a polyvinylidene fluoride
(PVDF) membrane from Millipore (Billerica, MA,
USA). The membrane was blocked by 5% skim milk
at room temperature for 2 h, and undergone primary
antibody (1:1,000) incubation at 4 °C nightlong. On
the following day, TBS with 0.05% (v/v) Tween-20
(TBST) was utilised for rinsing the membrane, and it
received 2-h incubation with secondary antibodies
jugated by horseradish peroxidase (1:5,000, Lianke
Biotech Co., Ltd., Hangzhou, China) at indoor tem-
perature. Following rinsing, the membrane was
observed using an electrochemiluminescence (ECL)
assay kit (PerkinElmer, Inc., Rockford, IL, USA) and
Tanon 5500 gel imaging system from Tanon Science
& Technology (Shanghai, China).

Detection of proliferative activity via cell counting
kit-8 (CCK8) test

Cells undergoing transfection were paved onto a
ninety-six-well plate (1000 cells/well), and cell prolif-
eration was measured once a day as per the manufac-
turer’s instructions. In a word, each well was added
with 10 mL of CCK8 solution (KeyGen BioTECH,
Nanjing, China) for 2-h cell incubation at 37 °C.
Finally, the solution was assessed at 450 nm via spec-
trophotometry. The assay was repeated for 3 times in
each group. 

Colony formation experiment

Cells receiving transfection were paved onto a 6-
well plate (200 cells/well), cultivated for 2 weeks,
fixed with paraformaldehyde and dyed by Giemsa
dye. Then formed colonies were counted, and the
colony formation rate in each plate was calculated.
The assay was repeated for 3 times in each group.

Examination of cell cycle and apoptosis rate via
flow cytometry

Following at least two hours of immobilisation in
cold methanol, cells received RNase A/propidium
iodide (PI) solution incubation. After that, the
FACSCalibur system from Becton-Dickinson (Franklin
Lakes, NJ, USA) was utilised for distribution assess-
ment of cell cycle, and the proportion of cells in vary-
ing phases was detected via Modfit 2.0 software. Flow
cytometry and Annexin V/PI dying (Life Technologies,
CA, USA) were implemented for apoptotic cell deter-
mination. This test was implemented thrice, and find-
ings were presented as mean ± SD. The proportion
of apoptotic cells was analysed using FlowJo7.6.1
software.

Transwell assay

The motility of tumour cells in vitro was assessed
using chambers for Transwell migration from Corning
(Corning, NY, USA) and those for invasion from BD
Biosciences (Franklin Lakes, NJ, USA). Briefly,
200,000 cells containing siRNA or not were added
into medium supplemented with 2% FBS, and the
lower chamber was added with the medium with 10%
FBS for 48 h. Then cells migrating/invading the base
of the upper membrane were dyed with 0.1% crystal
violet dye. Next, the cells were counted in five fields
stochastically chosen using a microscope.

Statistical analysis

Data were processed via Statistical Product and
Service Solutions (SPSS) 20.0 software (IBM,
Armonk, NY, USA). Metrical data were displayed by
mean ± SD (⎯x±SD). Intergroup differences were
processed through t-test and one-way analysis of vari-
ance (ANOVA). Comparison of enumeration data was
implemented using 2 test. Survival curves were plot-
ted using the Log-rank test (Kaplan-Meier method).
P<0.05 reflected statistically significant differences.

Results 

SSRP1 displayed a high expression in GC tissues
and cells

It was found from qRT-PCR that SSRP1 expres-
sion rose up in 40 GC tissues compared with that in
para-carcinoma normal ones (Figure 1A). SSRP1
expression was further detected in GES-1 as well as
AGS, FU97, MGC-803, BGC-823 and SGC-7901. It
was discovered that SSRP1 expression rose in GC cell
lines, and it showed the highest value in AGS cell
lines, so AGS cell lines were selected for subsequent
knockdown assay (Figure 1B). According to the medi-
an expression of SSRP1, the patients were allocated
into high- and low-expression groups, and the inter-
relations ofSSRP1 expression with clinical and patho-
logical features of patients was further analysed. The
results revealed that the patients in the high-expres-
sion group displayed a larger tumour size and
advanced TNM stage, and are often accompanied by
lymph node metastasis, showing statistically signifi-
cant differences (P<0.05) (Table I). Besides, the
Kaplan-Meier survival curves were analysed. It was
confirmed that patients in the high-expression group
had a lower survival rate relative to that in the low-
expression group (HR=2.3980, P=0.0369), indicat-
ing that SSRP1 predicts the unfavourable prognosis
of GC patients. The above findings demonstrate that
SSRP1 is highly expressed in GC patients, and it can
affect the TNM stage, lymph node metastasis and
tumour size of GC patients, indicating a poor progno-
sis.



Knockdown of SSRP1 inhibited GC cell proliferation

To explore SSRP1’s role in GC development, AGS
cell lines were further selected for knockdown assay
and whether changes in SSRP1 affect GC cells was
explored. QRT-PCR findings ascertained that SSRP1
mRNA expression dropped obviously after AGS cells
were transfected with si-SSRP1 (Figure 2A). Then
SSRP1’s impact on AGS cell activity was assessed. It
was unveiled from the CCK8 assay showed that cell
activity was obviously weakened after knockdown of
SSRP1 in contrast to that in the control group (Figure
2B). According to the colony formation assay, the
capacity of AGS cells treated with siRNA to form
colonies also became weaker (Figure 2C), implying that
knocking down SSRP1 impedes GC cells to proliferate.

SSRP1 influenced GC cells to proliferate and their
apoptosis by impeding the AKT signaling pathway

SSRP1’s impacts on the cycle and apoptosis of
AGS cells were explored using flow cytometry. As
shown in Figure 3A, at 48 h after treatment of AGS
cells with siRNA, cell proportion became larger in the
G1 phase but smaller in the S phase, confirming that
knockdown of SSRP1 can inhibit the transition of the
G1/S phase. In addition, it was found from flow
cytometry that the apoptosis rate rose markedly after
the knockdown of SSRP1 (Figure 3B). As a classical
signal transduction pathway, the AKT pathway is
implicated in apoptosis and proliferation.
Furthermore, the results of Western blotting manifest-
ed that knockdown of SSRP1 could suppress the pro-
tein expressions of phosphorylated AKT (p-AKT) and
B-cell lymphoma-2 (Bcl-2), but evidently promote Bax
protein expression (Figure 3C & 3D), indicating that
silencing SSRP1 may inhibit GC cells from proliferat-
ing and promoting their apoptosis through the AKT
signalling pathway.
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Table I Relations of SSRP1 expression with clinical and
pathological features in GC patients (n=40).

Clinicopathologic 
features

Number 
of cases

SSRP1 expression
P-valueLow

(n=20)
High

(n=20)

Age (years) 0.752

60 19 10 9

>60 21 10 11

Gender 0.749

Male 23 11 12

Female 17 9 8

Tumour size 0.022*

5CM 15 11 4

>5CM 25 9 16

TNM stage 0.027*

I+II 19 13 6

III+IV 21 7 14

Tumour 
differentiation 0.113

Well/Moderate 21 13 8

Poor 29 17 12

Lymph node 
metastasis 0.004*

Absent 19 14 5

Present 21 6 15

Distant metastasis

Positive 11 8 0.342

Negative 9 12

Figure 1 SSRP1 displays high expressions in GC cells and tissues. (A) It is found from qRT-PCR that SSRP1 expression
obviously rose in 40 cases of GC tissues relative to that in para-carcinoma normal tissues. (B) The expression of SSRP1 is
detected in GES-1 as well as AGS, FU97, MGC-803, BGC-823 and SGC-7901. (C) Kaplan-Meier survival analysis. Patients
had a lower survival rate in the high-expression group relative to that in the low-expression group.
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Figure 2 Decreasing SSRP1 impedes GC cells to proliferate. (A) QRT-PCR findings reveal that the mRNA expression of SSRP1
is obviously suppressed by knockdown of SSRP1 at 48 h after AGS cells are transfected with siRNA. (B) The results of the CCK8
assay show that the AGS cell viability declines after the knockdown of SSRP1. (C) Colony formation assay findings show that the
colony formation ability of AGS cells becomes weaker after the knockdown of SSRP1.

Figure 3 SSRP1 affects GC cells to proliferate and their apoptosis via impeding the AKT signalling pathway. (A) Flow cytometry
findings manifest that cell proportion rises in the G1 phase and declines in the S phase, and no significant changes are found in
cell proportion in the G2 phase. (B) Flow cytometry findings manifest that the apoptosis rate rises markedly after the knockdown
of SSRP1. (C & D) Western blotting results show that knockdown of SSRP1 can reduce the expressions of p-AKT and Bcl-2 proteins
but increase the protein expression of Bax. 



Down-regulation of SSRP1 suppressed GC cells
to migrate and invade

As confirmed above, down-regulation of SSRP1
can impede GC cells to proliferate and promote their
apoptosis. Then, SSRP1’s influences on the GC cells’
abilities to migrate and invade were further explored.
Transwell assay findings showed that after SSRP1
knockdown, the cell migration and invasion ability
remarkably declined (Figure 4A & 4B). Thus, it can be
inferred that decreasing SSRP1 can impair the migra-
tion and invasion capacities of GC cells.

Discussion

It is reported that SSRP1, a subunit of histone
chaperone protein FACT, can destroy the nucleo-
somes and histone substitutes (15, 16). Moreover, it
is implicated in DNA damage repair and replication
as well as cell proliferation and apoptosis (14, 17). In
the current research, it was disclosed that SSRP1 rose
in GC tissues and cells, consistent with previous stud-
ies on cancers, including NSCLC (14), breast cancer
(18, 19) and liver cancer (10). The survival rate of
patients was lower in the high-expression group than

in the low-expression group, indicating that highly
expressed SSRP1 predicts the unfavourable prognosis
of GC patients. Additionally, the results of a series of
in vitro experiments confirmed that knockdown of
SSRP1 could inhibit the vitality, colony formation abil-
ity and cell cycle transition of GC cells and induce
apoptosis, and may also suppress cell migration and
invasion.

SSRP1 is a key regulatory factor for keeping nor-
mal DNA replication because it is related to MCM
helicase and can promote the unwinding activity of
MCM helicase DNA on the nucleosome template
(20, 21). Breaking the FACT-MCM complex can hin-
der the beginning of DNA replication. Inhibiting
SSRP1 can suppress cells to grow and hamper the S-
phase cell cycle progression owing to suppression on
the replication fork advancement (20). Proliferation
signals accompanied by enhanced DNA replication
are the markers for cancer cells (22). In this study, it
was found that decreasing SSRP1 repressed the via-
bility and colony formation ability of GC cells, which
is a characteristic feature of GC cells.

In this study, it was confirmed that SSRP1 played
a role in regulating GC cells to proliferate and regu-
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Figure 4 Down-regulation of SSRP1 suppresses GC cells to migrate and invade. (A & B) Transwell assay findings show that after
reducing SSRP1, the AGS cell migration and invasion capacities remarkably decline. 



106 Jin et al.: SSRP1 promotes the growth of gastric cancer cells

lated their cycle, apoptosis, invasion, and migration
capacities. It was unveiled that knockdown of SSRP1
could lead to cell cycle arrest and induce apoptosis.
Moreover, after the knockdown of SSRP1, the protein
expression of Bcl-2 could be inhibited, whereas that
of Bax could be promoted. During the progression of
GC, metastasis is the fatal event, so early diagnosis of
highly metastatic primary tumours is of important sig-
nificance for the treatment and prognosis of patients.
In this study, the findings revealed that SSRP1 knock-
down impeded GC cells to migrate and invade. In
addition, it is reported that SSRP1 is implicated in the
classical PI3K/AKT signalling pathway and affects the
apoptosis and proliferation of colon cancer cells via
the AKT pathway (23). As the main signalling path-
way in the downstream of many growth factor recep-
tors, a classical signalling pathway related to cell
apoptosis and survival, the PI3K/AKT pathway, is the
most active signalling pathway in human tumours.
Moreover, the PI3K/AKT pathway facilitates the pro-
liferation and malignant transformation and impedes
tumour cell apoptosis by phosphorylating PI3K and
AKT proteins (24, 25). Serine/threonine kinase AKT,
classified into AKT1-3, is a key PI3K signal transduc-

tion factor in mammals. Numerous studies have
unravelled that the PI3K/AKT pathway can promote
GC cells to proliferate and invade (26, 27). In this
study, therefore, the involvement of the AKT pathway
in alterations of GC cell proliferation and apoptosis
following interference with SSRP1 was explored. The
findings manifested that knockdown of SSRP1
reduced the expression of p-AKT, indicating that
SSRP1 regulates GC cell proliferation, cycle, apopto-
sis, invasion and migration via activating the AKT
pathway. 

Conclusion

Knockdown of SSRP1 affects GC cells to prolif-
erate and their apoptosis through the AKT pathway,
which provides a new possible therapeutic strategy
and diagnostic target for GC.
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Summary 
Background: We aimed to analyze the regulatory effects of
SIPA1 (signal-induced proliferation-associated protein 1)
on glioma progression and the dominant signaling path-
way. 
Methods: Differential level of SIPA1 in glioma and normal
tissues and cells was determined. Migratory, proliferative,
apoptotic and cell cycle progression changes in A172 cells
with overexpression or knockdown of SIPA1 were exam-
ined. Finally, protein levels of phosphorylated FAKs in
A172 cells intervened by SIPA1, and the FAK inhibitor PF-
562271 were detected. 
Results: SIPA1 was upregulated in glioma cases. Knock -
down of SIPA1 reduced migratory and proliferative rates of
glioma cells, increased apoptotic cell rate, and declined cell
ratio in the S phase. The knockdown of SIPA1 also down-
regulated cell cycle proteins. In addition, SIPA1 upregulat-
ed phosphorylated FAKs in A172 cells and thus boosted
malignant phenotypes of glioma. 
Conclusions: SIPA1 is upregulated in glioma that boosts
migratory and proliferative potentials of glioma cells by acti-
vating the phosphorylation of the FAK signaling pathway. 

Keywords: SIPA1, FAK, phosphorylation, glioma 

Kratak sadr`aj
Uvod: Cilj nam je bio da analiziramo regulatorne efekte
SIPA1 na progresiju glioma i dominantni signalni put.
Metode: Odre|en je diferencijalni nivo SIPA1 u gliomu i
normalnim tkivima i }elijama. Ispitivane su migratorne,
proliferativne, apoptoti~ke i promene u progresiji }elijskog
ciklusa u }elijama A172 sa prekomernom ekspresijom ili
obaranjem SIPA1. Kona~no, otkriveni su nivoi proteina
fosforilisanih FAK u }elijama A172 sa intervencijom SIPA1
i inhibitorom FAK PF-562271.
Rezultati: SIPA1 je uve}an u slu~ajevima glioma. Pad
SIPA1 je smanjio migracijsku i proliferativnu stopu }elija
glioma, pove}ao apoptoti~ku }elijsku stopu i smanjio
}elijski odnos u S fazi. Sni`avanjem SIPA1 tako|e su sni`eni
i proteini }elijskog ciklusa. SIPA1 je pove}ao fosforilisani
FAK u }elijama A172 i tako poja~ao maligne fenotipe
glioma.
Zaklju~ak: SIPA1 je pove}an kod glioma i poja~ava
migratorne i proliferativne potencijale }elija glioma
aktiviranjem fosforilacije signalnog puta FAK.

Klju~ne re~i: SIPA1, FAK, fosforilacija, gliom



J Med Biochem 2022; 41 (1) 109

Introduction 

Gliomas are the leading malignant tumors of the
central nervous system that originate from glial cells of
the neuroectoderm. They represent 80% of primary
intracranial malignancies (1). The average survival
time of glioma is only 12–14 months (2). Currently,
surgery combined radiotherapy, chemotherapy and
biotherapy is preferred to glioma patients, although
they can only prolong the survival for months. The
prognosis of glioma is extremely poor (3). Clarification
of the pathogenesis of glioma and the involvement of
differentially expressed genes in glioma contributes to
the improvement of clinical outcomes (4).

SIPA1 (signal-induced proliferation-associated
protein 1) is a protein relevant to tumor invasiveness
and metastasis. It is located on human chromosome
11q13.3, containing a zinc finger at the C terminal
and a GTPase activator that is highly homologic with
Rap1GAP at the N terminal (5, 6). RapGAP protein
constitutes Rap1GAP and SIPA1 (7). As a specific
RapGAP protein, SIPA1 negatively regulates Rap1 by
converting it to the inactivate GDP-bound state, thus
translocating signals into nuclei that mediates gene
transcription (8). Rap1 is highly homologic with Ras,
sharing similar functions in regulating cell-cell con-
nection, secretion, and adhesion (9). In addition,
SIPA1 also participates in the mediation of cell clon-
ality, adhesion, and migration (10). This study aims to
explore the regulatory effects of SIPA1 on glioma and
the dominant signaling pathway. 

Materials and Methods

Collection of glioma samples

Glioma samples (n=32) were surgically resect-
ed and collected. Glioma cases were pathologically
confirmed, and they did not have preoperative glioma
treatments. Normal brain tissue samples (n=24)
resected during craniocerebral decompression in
patients with brain traumas were collected as con-
trols. The Ethic Committee of The Central Hospital of
Jamusi City approved this study, and written informed
consent was obtained from each patient. 

Cell culture 

The GBM-derived T98G and A172 cell lines,
the grade III astrocytoma-derived U87 cell line and
astrocyte cell line NHA (American Type Culture
Collection (ATCC) (Manassas, VA, USA)) were culti-
vated in Dulbecco’s Modified Eagle Medium (DMEM)
(Gibco, Rockville, MD, USA) supplemented with 10%
fetal bovine serum (FBS) (Gibco, Rockville, MD, USA)
in an incubator containing 5% CO2 at 37 °C. Cell pas-
sage was conducted at 80% of confluence. 

Cell transfection 

Cells seeded in a 6-well plate were grown to
80% of confluence, followed by the transfection of
vectors constructed by GenePharma (Shanghai,
China) using Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA). Transfection efficacy was exam-
ined by quantitative real-time polymerase chain reac-
tion (qRT-PCR) at 24 h. 

qRT-PCR

Cells were lysed in TRIzol (Invitrogen, Carlsbad,
CA, USA) for 5 min, followed by incubation in 200 mL
of chloroform. After 12,000×g centrifugation at 4 °C
for 5 min, the upper layer was collected and incubat-
ed with 500 mL of isopropanol. After 12,000×g cen-
trifugation at 4 °C for 10 min, the precipitant was
washed in 1 mL of 75% ethanol and diluted in 20 mL
of diethylpyrocarbonate (DEPC) water (Beyotime,
Shanghai, China). RNA concentration was measured
using NanoDrop 2000 (Thermo Fisher Scientific,
Inc., Waltham, MA, USA). Using the PrimeScript™RT
Master Mix, reversely transcribed complementary
deoxyribose nucleic acids (cDNAs) were further sub-
jected to qPCR. 

SIPA1-Forward: 5’-TGCAAGATGGTGGCAGTC-
CTC-3’; SIPA1-Reverse: 5’-CTGCCCGCCTCCGACAT-
GATC-3’; GAPDH-Forward: 5’-ACACCATGGG GAAG -
GTGAAG-3’; GAPDH-Reverse: 5’-GTGACCA GGC GC-
CCAATA-3’; Cyclin A2-Forward: 5’-CGCTGGCGGTA-
CTGAAGTC-3’; Cyclin A2-Reverse: 5’-GAGGAACG-
GTGACATGCTCAT-3’; Cyclin D1-Forward: 5’-GCT-
GCGAAGTGGAAACCATC-3’; Cyclin D1-Reverse:
5’-CCTCCTTCTGCACACATTTGAA-3’; Cyclin E1-
Forward: 5’-AAGGAGCGGGACACCATGA-3’; Cyclin
E1-Reverse: 5’-ACGGTCACGTTTGCCTTCC-3’. 

Transwell

Cell suspension (5×104/L) in serum-free medi-
um and medium containing 10% FBS were respec-
tively applied at the top and bottom of a Transwell
insert pre-coated with 200 mg/mL Matrigel. After 24-
h cell culture, cells migrated from the top to the bot-
tom were fixed in 70% ethanol for 30 min and dyed
in 0.2% crystal violet for 10 min, which were then
observed and counted. 

5-Ethynyl-2’- deoxyuridine (EdU)

Cell suspension (2×105/L) was seeded in a 96-
well plate and stained with EdU as recommended by
the commercial kit (Beyotime, Shanghai, China).
EdU-positive cells in 3 random fields per well were
captured for calculating using Image J software (NIH,
Bethesda, MD, USA). 
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Flow cytometry

After 5-min centrifugation at 1,000 r/min and
phosphate-buffered saline (PBS) washing twice, the
precipitant was induced with 5 mL of Annexin V/FITC
and 10 mL of Propidium Iodide (PI) in the dark for 15
min. Cell apoptosis was analyzed by detecting FL1
(488 nm wavelength) and FL2 gate (633 nm wave-
length). In addition, cell cycle distribution was ana-
lyzed using the CellQuestTMD Analysis Software (BD
Biosciences, Franklin Lakes, NJ, USA). 

Western blot

After 30-min lysis of cells, and 15-min centrifu-
gation at 4 °C, 12,000 rpm, protein samples were
prepared for sodium dodecyl sulphate-polyacrylamide
gel electrophoresis (SDS-PAGE) (30 mg per lane) and
transfer on polyvinylidene fluoride (PVDF) mem-
branes (Millipore, Billerica, MA, USA). After blocking
non-specific antigens on membranes, they were
induced with primary and secondary antibodies under
indicated conditions. Protein signals were detected
using Luminol substrate solution. 

Statistical analysis

Statistical Product and Service Solutions (SPSS)
22.0 (IBM, Armonk, NY, USA) was used for statistical
processing. Data were expressed as x⎯ ± s, and differ-
ences between groups were compared using the

independent t-test. A significant difference was set at
P<0.05. 

Results

Upregulation of SIPA1 in glioma 

Compared with normal brain tissues, mRNA and
protein levels of SIPA1 were remarkably upregulated
in glioma (Figure 1A, 1B). Meanwhile, SIPA1 was
more highly expressed in glioma cell lines than astro-
cytes (Figure 1C, 1D). A172 cells were used for the
following experiments since they expressed a relative-
ly high abundance of SIPA1 in the three tested glioma
cell lines. 

Knockdown of SIPA1 suppressed migratory and
proliferative potentials of glioma 

SIPA1 level was effectively suppressed by trans-
fection of si-SIPA1 in A172 cells (Figure 2A). After the
knockdown of SIPA1, the migratory cell number
(Figure 2B) and EdU-positive ratio (Figure 2C) were
markedly reduced. In addition, cell apoptosis was
stimulated by transfection of si-SIPA1 (Figure 2D).
Flow cytometry data showed that the knockdown of
SIPA1 in A172 cells arrested cell cycle progression in
the G1 phase, which was further supported by the
downregulation of cell cycle proteins Cyclin A2,
Cyclin D1 and Cyclin E1 in glioma cells with SIPA1
knockdown (Figure 2E, 2F). 

Figure 1 Upregulation of SIPA1 in glioma. (A) The mRNA level of SIPA1 in glioma and normal brain tissues; (B) The protein
level of SIPA1 in glioma and normal brain tissues; (C) The mRNA level of SIPA1 in glioma cell lines; (D) The protein level of SIPA1
in glioma cell lines; *P<0.05. 
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Figure 2 Knockdown of SIPA1 suppressed migratory and proliferative potentials of glioma. (A) Transfection efficacy of si-SIPA1
in A172 cells; (B) Migration in A172 cells with SIPA1 knockdown; (C) EdU-positive ratio in A172 cells with SIPA1 knockdown
(magnification = 40×); (D) Apoptosis in A172 cells with SIPA1 knockdown; (E) Cell cycle distribution in A172 cells with SIPA1
knockdown; (F) Relative levels of Cyclin A2, Cyclin D1 and Cyclin E1 in A172 cells with SIPA1 knockdown; *P<0.05. 

Figure 3 Overexpression of SIPA1 suppressed migratory and proliferative potentials of glioma. (A) Transfection efficacy of SIPA1
overexpression vector in A172 cells; (B) Migration in A172 cells with SIPA1 overexpression; (C) EdU-positive ratio in A172 cells
with SIPA1 overexpression (magnification = 40×); (D) Apoptosis in A172 cells with SIPA1 overexpression; (E) Cell cycle distribu-
tion in A172 cells with SIPA1 overexpression; (F) Relative levels of Cyclin A2, Cyclin D1 and Cyclin E1 in A172 cells with SIPA1
overexpression; *P<0.05. 



Overexpression of SIPA1 boosted migratory and
proliferative potentials of glioma

We analyzed phenotype changes of A172 cells
overexpressing SIPA1 further (Figure 3A). Over -
expression of SIPA1 markedly enhanced migratory
and proliferative potentials of glioma cells (Figure 3B,
3C). In addition, the apoptosis rate was reduced in
A172 cells overexpressing SIPA1 (Figure 3D).
Besides, overexpression of SIPA1 remarkably pro-
longed the S phase and upregulated Cyclin A2, Cyclin
D1 and Cyclin E1 (Figure 3E, 3F). 

Overexpression of SIPA1 activated phosphoryla-
tion of FAK

Interestingly, overexpression of SIPA1 in A172
cells upregulated Phospho-FAK (Try397), Phospho-
FAK (Try576) and Phospho-FAK (Try925), which
were reversed by treatment of the FAK inhibitor PF-
562271 (Figure 4A). To further explore the involve-
ment of the phosphorylated FAK in SIPA1-induced
glioma progression, proliferative ability in glioma cells
overexpressing SIPA1 intervened by PF-562271 was

examined. As expected, the intervention of PF-
562271 reduced the EdU-positive rate, indicating
that the phosphorylation of FAK did participate in
glioma progression boosted by SIPA1 (Figure 4B). 

Discussion 

Glioma is a complicated malignant tumor. Its
pathogenesis remains largely unclear, and brain trau-
mas, nitrite food, occupational hazard and radiation
exposure may be potential risk factors of glioma.
Besides, immune factors are closely associated with
the development of glioma, involving Treg, CD3+T,
CD4+T and CD8+T cells (11). Therefore, differential-
ly expressed genes in gliomas have been well con-
cerned. They can be utilized as specific biomarkers
for guiding the screening, diagnosis and treatment,
and predicting the prognosis of glioma (12). The
development of targeted therapy based on these bio-
markers is a promising approach to improving glioma
patients’ poor prognosis (13, 14).

The cancer-associated role of SIPA1 differs in
human malignant tumors. Hunter et al. (15) first
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Figure 4 Overexpression of SIPA1 activated phosphorylation of FAK. A172 cells were transfected with negative control or SIPA1
overexpression vector, followed by either treatment of PF-562271 or not; (A) Protein levels of Phospho-FAK (Try397), Phospho-
FAK (Try576), Phospho-FAK (Try925) and FAK; (B) EdU-positive ratio in A172 cells (magnification = 40×); *P<0.05. 
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Summary 

Background: von Willebrand factor (VWF) multimers
(VWF:MM) methodologies are technically difficult, laborious,
time consuming, non-standardized and results vary
between laboratories. A new semi automated VWF:MM
assay is available for routine use (Sebia). Due to lack of ref-
erence values for VWF:MM fractions, results interpretation
can be challenging in some cases. The aim of this study
was to determine reference intervals for low molecular
weight (LMWM), intermediate molecular weight (IMWM)
and high molecular weight (HMWM) multimers.
Methods: By the international cooperation initiated bet-
ween 4 countries (Estonia, Latvia, France, and USA) 131
samples of relatively healthy individuals were analyzed for
VWF:MM (in total 51 males and 80 non-pregnant females
aged 17–69 years). Reference intervals were calculated
according to CLSI C28-A3 standard.
Results: The proposed reference intervals for VWF:MM
were calculated for LMWM 10.4–22.5%, IMWM 22.6–
37.6%, HMWM 45.6–66.6%. Age related differences were

Kratak sadr`aj
Uvod: Metodologija multimera (VWF:MM) von Willebrand
faktora (VWF) tehni~ki je te{ka, naporna, digotrajna, nestan -
dardizovana i rezultati se razlikuju u razli~itim laboratorijama.
Novi poluautomatski VWF:MM test (Sebia) dostupan je za
rutinsku upotrebu. Zbog nedostatka referentnih vrednosti za
VWF:MM frakcije, tuma~enje rezultata mo`e u nekim slu -
~ajevima biti izazovno. Cilj ove studije bio je da se odrede re -
ferentni intervali za multimere niske molekularne mase
(LMWM), srednje molekularne mase (IMWM) i visoke mole -
kularne te`ine (HMWM).
Metode: Me|unarodnom saradnjom zapo~etom izme|u 4
zemlje (Estonija, Letonija, Francuska i SAD) 131 uzorak re -
lativno zdravih pojedinaca analiziran je na VWF:MM (ukupno
51 mu{karac i 80 `ena koje nisu bile trudne u dobi od 17–
69 godina). Referentni intervali su izra~unati prema CLSI
C28-A3 standardu.
Rezultati: Predlo`eni referentni intervali za VWF:MM
izra~unati su za LMWM 10,4–22,5%, IMWM 22,6–37,6% i
HMWM 45,6–66,6%. Starosne razlike su prime}ene u

List of abbreviations: VWF, von Willebrand factor; VWF:MM, von
Willebrand factor multimers; LMWM, low molecular weight
multimers; IMWM, intermediate molecular weight; HMWM,
high molecular weight multimers; VWD, von Willebrand disease
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Introduction 

Von Willebrand disease (VWD) is the most com-
mon inherited bleeding disorder with an approximate
prevalence of about 1–2 % in the general population
(1–3), although the true incidence is unknown (4).
VWF plays an important role in regulation of normal
hemostasis and facilitates progression of bleeding or
thrombotic disorders with platelet and endothelial
dysfunction (5–6). VWD arises due to structural
and/or quantitative abnormalities of von Willebrand
factor (VWF), a large multimeric glycoprotein with
adhesive functions through binding to FVIII, to
platelet surface glycoproteins, and to constituents of
subendothelial connective tissue (5–7).

VWD is classified into 3 main types: type 1, a
partial quantitative deficiency; type 2, a qualitative
defect that is further subdivided into 4 categories, 2A,
2B, 2N, and 2M; and type 3, a complete absence of
VWF (1). Correct classification of the type/subtype of
the VWD is important in patients’ management and
the therapeutic approach (1). 

As VWF has diverse functions, laboratory testing
for VWD and other VWF-related disorders (i.e.,
thrombotic thrombocytopenic purpura (8) or a variety
of cardiac lesions that result in clearance of larger
multimers, such as aortic regurgitation, mitral insuffi-
ciency, and hypertrophic cardiomyopathy (9)) require
complex laboratory assessment (3, 10). The first-line
tests typically include evaluation of VWF antigen
(VWF:Ag), different VWF activity (VWF:Ac) assays
(e.g. ristocetin cofactor assay (VWF:RCo), VWF activi-
ty measured as VWF binding to the glyco -
protein Ib (GPIb) receptor on the platelet surface
(VWF:GPIbM), collagen binding (VWF:CB) etc.) and
factor VIII activity (FVIII:C) (4). 

VWF multimeric assay is a second-line analysis
used in the diagnosis and classification of different
VWD subtypes (11). VWF circulates in plasma as low,
intermediate, and high molecular weight (LMWM,
IMWM, and HMWM, respectively) multimers (12,
13). The absence of HMWM is the cardinal feature
that distinguishes type 1 from type 2A and 2B VWD,
whereas the different subtypes of type 2 VWD can be

differentiated by more subtle alterations of the inner
structure of smaller multimers (4, 10, 11).

Historically, VWF multimers are analyzed by in-
house developed electrophoresis techniques and den-
sitometric analysis of Western blots (7, 14). These
methodologies are technically difficult, laborious,
time consuming and non-standardized (2, 12). The
development of a relatively rapid semi-automated
commercial VWF multimer kit assay (Hydragel
5/Hydragel 11 von Willebrand multimers, Sebia,
France) may represent a first step toward standardiza-
tion. This method was already shown to provide ade-
quate information for characterization and classifica-
tion of congenital VWD subtypes (12, 14, 15).
Moreover, results correlate with the clinical status,
diagnosis of inherited or acquired VWD, if used and
interpreted by experienced professionals (12, 14). 

In addition to qualitative interpretation of multi-
mer patterns, the Sebia PHORESIS software allows
quantification of VWF:MM band patterns, and calcu-
lation of the percentage values of each molecular
weight multimer fraction. Quantitative multimer ana-
lysis might be needed for the detection of subtle
abnormalities and changes following therapeutic
interventions (7, 16). Due to lack of reference values
for VWF:MM fractions, result interpretation can be
challenging in some cases.

Thus, in the present study we used densitometry
to determine reference intervals for LMWM, IMWM
and HMWM fractions.

Materials and Methods

Study subjects 

To collect a larger sample size an international
cooperation was initiated between 4 countries
(Estonia, Latvia, France, and USA). The list of partici-
pating institutions were as follows: L1 (two institutions
from Baltic countries: L1A – Laboratory of North
Estonia Medical Centre, Tallinn Estonia; L1B – Riga
East University Hospital, Riga, Latvia), L2 (Depart -
ment of Biology, Foch Hospital, Suresnes, France),
and L3 (University of Utah / ARUP Laboratories, Salt

seen in IMWM and HMWM (p<0.001 and 0.038). There
was no gender related difference observed. Geographically
LMWM results of France were different from the other
regions (p<0.05). 
Conclusions: Quantification of VWF:MM fractions, in addi-
tion to qualitative assessment of VWF:MM patterns, has the
potential to aid in differential diagnosis of von Willebrand
disease (VWD) subtypes. The reference values calculated in
this study can be used in future research to establish clinical
decision limits.

Keywords: von Willebrand factor, von Willebrand factor
multimers, quantitative analysis, reference intervals

IMWM i HMWM (p < 0,001 i 0,038). Nije uo~ena razlika
vezana za pol. Geografski rezultati LMWM iz Francuske bili
su razli~iti od ostalih regiona (p < 0,05).
Zaklju~ak: Kvantifikovanje frakcija VWF:MM, pored kvalita-
tivne procene VWF:MM uzoraka, mo`e da pomogne i u
diferencijalnoj dijagnozi podtipova von Willebrandove (VWD)
bolesti. Referentne vrednosti izra~unate u ovoj studiji mogu
se koristiti u budu}im istra`ivanjima za utvr|ivanje granica
klini~kih odluka.

Klju~ne re~i: von Willeberandov faktor, multimeri von
Willebrandovog faktora, kvantitativna analiza, referentni
intervali 
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Lake City, Utah, United States). Both Estonian and
Latvian samples were analyzed in the Laboratory of
North Estonia Medical Centre, thus accounted as one
group L1.

In total 134 healthy volunteers were recruited
for this study, but after outlier exclusion 131 samples
were analyzed: 51 males and 80 non-pregnant
females aged 17–69 years.

Acceptance criteria: no history of hemorrhagic
episodes; no usage of any interfering medication for
at least 10 days before blood collection; normal VWF
results (VWF:Ag; VWF:Ac – VWF:GPIbM (L1), VWF:
GPIbR (L2) and VWF:RCo (L3); VWF:Ac/VWF:Ag
ratio); written consent provided. Blood donor plasmas
were not used because the questionnaire for blood
donors do not include information regarding family
bleeding history, individual mild bleeding episodes
and are not screened for VWD routinely. The study
was performed according to the Declaration of
Helsinki and was approved by appropriate local or
national ethical committees or local Institutional
Review Board at each institution.

Sample collection and specimen processing 

Samples for the reference interval studies were
collected from apparently healthy individuals accord-
ing to the participating institutions’ locally approved
venous blood sampling procedures and in concor-
dance with ethical laws of each participating country.
Briefly, peripheral venous blood specimens were col-
lected into light blue-top vacuum tubes 3.2% sodium
citrate tubes (BD Vacutainer, L1A, L3 or Sarstedt, L2)
or 3.8% NC Buffered Citrate (Vacutest KIMA srl,
L1B), centrifuged (within 2 hours after sampling) at
a speed and time required to consistently produce
platelet-poor plasma (residual platelet count less than
10 x109L):

L1A – 1500 g for 15 minutes at room tempera-
ture

L2B – 1500 g for 15 minutes at room tempera-
ture, aliquoted, stored frozen at -70 °C and transport-
ed on dry ice to L1A

L2 – 2000 g for 15 minutes at 15 °C (twice)

L3 – 1700 g for 15 minutes at room tempera-
ture

Samples were aliquoted and stored frozen (at
least –20 °C) until testing (within 30 days). Aliquots
were thawed in a water bath (+37 °C) for 5 minutes
and mixed well before testing.

VWF multimers method and densitometry

The VWF multimers method, developed by
Sebia (France), is described in detail elsewhere (3, 4).

It was used by the participating laboratories without
deviation from the original Sebia assay protocol. In
brief, citrated plasma samples were analyzed on the
Hydrasys 2 instrument (Sebia, France) with ready to
use SDS agarose gels (Hydragel 5 von Willebrand
multimers, Sebia). Densitometry of VWF multimer
patterns was carried out with a transmission scanner
(Sebia Gelscan Instrument) which allows scanning
and data storage of the results. Data acquisition is
performed by a bidimensional calibrated CCD sensor.
The instrument, when connected to a PC with the
Sebia PHORESIS software, allowed the operator to
display the gel images, curves, curves overlapping,
and quantification of multimer band patterns accord-
ing to the manufacturer recommendation (LMWM 1-
3 bands; IMWM 4–7 bands; and HMWM 8th band
and above).

The percentage values of each molecular weight
multimer fraction was provided by the software. The
calculation was made by applying the ratio of the area
of each fraction and the total area under the curve.
The multimer patterns of the plasma samples studied
were, if necessary, compared with the reference pool
pattern analyzed on the same gel. The total area
under the curve of each sample was directly propor-
tional to the amount of antigen (VWF:Ag).

Statistical analysis

All statistical analysis was performed with
MedCalc® software (MedCalc Software, Belgium) ver-
sion 18.11.6. and IBM SPSS statistics version 23.
Descriptive statistics was used to analyze demograph-
ic data and laboratory characteristics. The data was
analyzed according to age, gender and geographic
location. The results were expressed as median
(interquartile range IQR). The difference between
variables was tested using the Mann-Whitney test. P
values of <0.05 were considered statistically signifi-
cant.

Reference intervals were established using a
robust method following CLSI C28-A3 standard to
calculate the 2.5th and 97.5th percentiles and associ-
ated 90% confidence intervals (CI) for each VWF mul-
timeric fraction. Data distributions were tested for nor-
mality by Shapiro-Wilk test. Outlier detection was
performed by Grubs double sided and Tukey meth-
ods.

Results

Study subjects 

Data and samples were collected from 131
healthy volunteers (51 males and 80 non-pregnant
females), from Baltic Region (L1), France (L2) and
United States (L3). The demographic characteristics
and laboratory findings are summarized in Table I.



Participants’ age was between 17 and 69 years.
Subjects from L3 were younger than from L1 and L2:
medians (IQR) were 30 (24.3–36.0), 34 (23–46)
and 40.5 (30.3–51.8), respectively. As presented in
Figure 1, there was no significant difference in age
between L1 and L3 (P=0.865), but the differences
between L2 vs L1 and L2 vs L3 were statistically sig-
nificant (p<0.05).

To assess possible differences in VWF multimers
fractions data from the 3 participating regions was
compared.

Age related difference in VWF multimers 
fractions

VWF multimers patterns were analyzed for age-
related differences and are shown in Figure 2. Visually
LMWM tend to increase with increasing age,
although changes are not statistically significant.
IMWM variations were found to be statistically signif-
icant (P<0.001), but values fluctuate with two inter-
vals with increasing values, and one shift of decreas-
ing values. HMWM tend to decrease with increasing
age, and this finding is statistically significant
(P=0.038).

Gender related difference in VWF multimers
fractions

As shown in Figure 3A, there was no significant
difference between males and females in VWF multi-
mers structure: LMWM (P=0.067), IMWM
(P=0.507), HMWM (P=0.060).

Geographical locations related difference in VWF
multimers fractions 

Table I and Figure 3B summarize the results of
the VWF structure related parameters.

The LMWM were higher in group L2 (16.1
14.5–19.1) than in group L1 (15 12.7–7.2) and
group L3 (14 12.4–16.0). The differences between
L2 vs L1 and L2 vs L3 were statistically significant
(p<0.05) but clinically irrelevant, difference between
L1 vs L3 was insignificant (P=0.260). There was no
significant difference in IMWM and HMWM between
geographical locations.
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Figure 1 Age differences between subjects of different
geographical locations. L1, samples from Baltic region;
L2, samples from France; L3, samples from United States.

Table I Characteristics of study groups and corresponding results of VWF:MM fractions.

L1 (n=31) L2 (n=64) L3 (n=36)

Age range (years) 18–69 17-62 19–61

Age, median (IQR) 34 (23–46) 40.5 (30.3–51.8) 30 (24.3–36.0)

males/females 7/24 27/37 17/19

LMWM, % median (IQR) 15 (12.7–17.2) 16.1 (14.5–19.1) 14 (12.4–16.0)

LMWM lowest / highest value 9.8–23.0 10.7–23.3 9.7–19.9

IMWM, % median (IQR) 29.2 (26.7–31.2) 29 (27.2–30.6) 30.7 (26.3–34.2)

IMWM lowest / highest value 22.8–36.4 21.4–35.8 21.3–38.6

HMWM, % median (IQR) 55.4 (51.1–60.2) 54.5 (52.2–58.1) 55.9 (51.3–59.6)

HMWM lowest / highest value 43.2–66.2 45.1–65.2 44.4–68.2



Calculation of reference intervals

Values of the three testing locations for the
LMWM, IMWM and HMWM were distributed normal-
ly, thus reference values were calculated based on a
normal distribution.

The proposed reference intervals for VWF:MM
are presented in Table II. 
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Figure 3 Differences of LMWM, IMWM and HMWM percentage values by gender (A) and between geographical locations (B).
L1, samples from Baltic region; L2, samples from France; L3, samples from United States; LMWM, low-molecular-weight multi-
mers; IMWM, intermediate-molecular-weight multimers HMWM, high-molecular-weight multimers.

Figure 2 Age-related differences of LMWM, IMWM and HMWM in study population. LMWM, low-molecular-weight multimers;
IMWM, intermediate-molecular-weight multimers HMWM, high-molecular-weight multimers. Blue lines represent 0.1, 0.5 and
0.9 centiles.

Table II Proposed reference intervals for VWF:MM.

Low 
Molecular 

Weight

Intermediate
Molecular

Weight

High
Molecular 

Weight

Lower limit, %
90% CI

10.4 
9.9–11.0

22.6 
21.8–23.3

45.6 
44.5–46.7

Upper limit, % 
90% CI

22.5 
21.5–23.5

37.6 
36.4–38.7

66.6 
65.1–68.0
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Discussion

VWF multimeric analysis is essential for diagno-
sis and subtyping of VWD and acquired von Wille -
brand syndrome (AVWS) (5, 9, 17–19). There is still
a need for interlaboratory standardization of this
method. Indeed, interlaboratory comparability and
reproducibility of this analysis are insufficient due to
the predominant use of locally developed VWF multi-
mer methods by laboratories worldwide (22, 25). The
new semi-automated VWF multimer technique can
help in standardization (26): it helps to reduce the
interlaboratory variability and the variability between
different measurement runs. Densitometry could con-
tribute to its standardization by offering a repro-
ducible quantification and additional visualization of
VWF multimer patterns and permitting a precise
quantitative comparison of sample patterns with
those of a reference plasma curve (20).

Several independent investigators have previ-
ously reported on the analytical performance evalua-
tion of the new Sebia technique with either 5-gel and
11-gel formats (3, 12, 14, 15, 18, 20, 21, 23).
Details of analytical performance of the Sebia method
are beyond the scope of our current study. In brief,
this new assay provides a clear pattern of VWF multi-
mer distribution on the gels and densitometry scans.
It demonstrates acceptable performance results and
has the major advantage of being performed within
one working day.

In published data for evaluation of the accuracy
of the new Sebia assay researchers have used diffe-
rent approaches. They have compared plasma samp-
les from patients presenting with different types of
VWD with samples from healthy volunteers (21),
commercial Standard Human Plasma (23), donors
and commercial frozen normal donor plasmas (14).
Reference intervals were not originally defined by the
manufacturer. Due to lack of reference values for
VWF:MM fractions, results interpretation can be chal-
lenging in some cases. HMWM have the greatest role
in VWF functional activity (13), therefore reference
intervals for HMWM are most important in clinical
decision making.

In 2018, Bowyer et al. (14) investigated multi-
meric patterns in 51 samples collected from healthy
volunteers and using commercial frozen normal
donor plasma (Cryocheck; Precision Biologic, Halifax,
NS, Canada). In this study ranges for HMWM varied
35–58.5%, but authors noted that Gaussian distribu-
tion was not observed for HMWM. Importantly, the
storage condition for the commercial Cryocheck
Normal Donor Set is at -40 to -80 °C. Storage and
transport issues that allowed plasmas to reach tem-
peratures outside of this range potentially could have
affected the establishment of HMWM lower intervals
using this donor set. 

A group of researchers from Belgium (21) has
calculated normal reference intervals for VWF multi-
mers fractions using samples from 40 healthy volun-
teers. They have reported intervals for HMWM as
40.8–63.2%. 

The intervals determined in these previous stu-
dies were similar to our results, but they were calcula-
ted using a relatively low powered sample size.
According to the CLSI guidelines C28–A3 (24), the
sample size can be considered to be representative
when it is larger than 120, therefore in the current
study we established the reference intervals of
LMWM, IMWM and HMWM fractions in 131 relative-
ly healthy adults, in order to obtain a more acccurate
result.

An interesting finding was the relationship of
certain multimer fractions with the age of study indi-
viduals. The tendency of LMWM to increase and
HMWM to decrease with increased age is seen in our
data. Meanwhile, IMWM values are variable during
adult life. Nevertheless, definitive conclusions cannot
be made due to the small sample size of the study.
Discovered tendencies, especially the tendency of
HMWM to decrease with increasing age, could po -
tentially be analyzed in detail in future larger studies.

It should be noted that multimer fraction sepa-
ration and their percentage values calculation is
based on the scanned gel and are not directly measu-
red quantitatively, thus an interpretation of »gray
zone« should be considered in future studies evalua-
ting clinical decision making possibilities. 

To conclude, the quantification of VWF:MM
fractions is an additional valuable tool to supplement
the qualitative visual assessment of VWF:MM pat-
terns. It potentially has the value to aid in differential
diagnosis of VWD and AVWS subtypes. The reference
values calculated in this study can be used in future
research to establish clinical decision limits.
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SCIENTIFIC FOUNDATION »PROFESSOR IVAN BERKE[«

Prepared by Professor Dr Nada Majki}-Singh,
Society of Medical Biochemists of Serbia Director

Appreciating the work of their teacher and a
renowned expert Professor Dr Ivan Berke{, the
Society of Medical Biochemists of Yugoslavia (now
the Society of Medical Biochemists of Serbia) and the
Faculty of Pharmacy, University of Belgrade, created
the Scientific Foundation »Professor Ivan Berke{«
in 1997 and established the »Annual Scientific
Conference« dedicated to the life and work of
Professor Ivan Berke{. The scientific foundation was
established on the proposal of the Professor Dr Nada
Majki}-Singh, also a long-term organizer of the
Annual Scientific Conferences. Beginning in 1998,
Scientific Conferences have been presenting masters
and doctoral theses of members of the Society and
related disciplines during the previous year.

On November 16th, 2010, the Thirteenth
Annual Scientific Conference dedicated to the 100th

anniversary of the birth of Professor Ivan Berke{ was
held in Belgrade, during which experts from Belgrade
(N. Majki}-Singh), Zagreb (S. Margeti}) and Skopje
(S. Efremova-Aaron), the cities where Professor Ivan
Berke{ lived and worked, gave their lectures. Also,
diplomas and money awards were traditionally pre-
sented by the Scientific Fund »Dr Ivan Berke{« to the
best students of the Faculty of Pharmacy in Belgrade:
Zora ]etkovi} and Jelena Joksi}. 

The purpose of the Scientific Foundation is to
award monetary awards and diplomas to the best
graduates of the Faculty of Pharmacy in the previous
year, of both study profiles (graduate pharmacist-
medical biochemist and graduate pharmacist; now:
master of pharmacy-medical biochemist and master
of pharmacy), who were the quickest to graduate and
with the highest average grade. So far, twenty-two
Scientific Annual Conferences have been held, with
fifty laureates of the Fund who were awarded
diplomas and monetary awards, with their bio -
graphies presented in the  Monograph. 

In 2020, the Society of Medical Biochemists of
Serbia  marked  the 110th anniversary of the birth of
Professor Ivan Berke{, on which occasion the
Monograph-LIFE AND WORK OF PROFESSOR
IVAN BERKE[ and FOUNDATION LAUREATES were
prepared: WHERE ARE THEY AND WHAT ARE
THEY DOING TODAY?

Laureats of the Scientific Foundation
Professor Ivan Berke{ in 2021

Awards from the Foundation »Professor Ivan
Berke{« in 2021 were awarded to the best students
of Faculty of Pharmacy, University of Belgrade grad-
uated in the school year 2020/2021. This year
recipients were:

SUZANA SAVI]

(Master of Pharmacy-Medical Biochemists)

and

ANDREA ATANASOV

(Master of Pharmacy)

The awards delivered Professor Nada Majki}-
Singh and Professor Nata{a Bogavac-Stanojevi} on
behalf of Society of Medical Biochemists of Serbia
and Department of Medical Biochemistry, Faculty of
Pharmacy, Univeristy of Beograde during III
KONGRES TIMA MEDICINSKIH BIOHEMI^ARA
(TMB-BPSA) on November 7th at the Pharmaceutical
Faculty, University of Belgrade.

On this occasion, the Society of Medical
Biochemists congratulates them once again on their
achievements in the field of medical biochemistry
and pharmacy.
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Andrea Atanasov ro|ena je 15.12.1997.
godine u Beogradu. Osnovnu {kolu i
Devetu gimnaziju »Mihailo Petrovi} Alas«,
prirodno-matemati~ki smer, zavr{ila je u
Beogradu. Farmaceutski fakultet Uni ver zi -
teta u Beogradu upisala je 2016. godine, a
diplo mi ra la u septembru 2021. godine sa
prose~nom ocenom 9,75. Diplomski rad
pod nazivom »Fenotip CYP2C19 homo -
zigotnih i hemizigotnih transgenih mi{eva u
osamnaestom danu embrionalnog razvi}a«
odbranila je na Katedri za fiziologiju.
Tokom srednje {kole bila je polaznik
Istra`iva~ke stanice »Petnica« na programu hemije.
Dobitnica je nagrade Nau~nog fonda »Pro fesor Ivan
Berke{« kao najbolja studentkinja na smeru Farmacija
koja je diplomirala u {kolskoj 2020/2021 godini. Za
vreme studija bila je nagra |ivana nekoliko godina od
strane Farmaceutskog fakulteta za postig nut uspeh.
Stipendista je Fonda za mlade talente Re pu blike Srbije
– Dositeja. Tokom studija bila je sti pen dista grada
Beograda i Ministarstva prosvete, nauke i tehnolo{kog
razvoja Republike Srbije. U~estvovala je na XIV Mini-
kongresu studenata Farmaceutskog f a kulteta kao autor
studentskog nau~no-istra`iva~kog rada. Doktorske
akademske studije na Farma ceut skom fakultetu
Univerziteta u Beogradu upisala je {kolske 2021/2022
godine pod mentorstvom Doc. Dr Marina Juki}a. Od
oktobra 2021. godine radi kao istra ̀ iva~-pripravnik na
Farmaceutskom fakultetu. 

Andrea Atanasov was born on 15th

December 1997 in Belgrade. She finished
elementary school and The IX Gymnasium
»Mihailo Petrovi} Alas« – natural sciences
and mathematics, in Belgrade. She en -
rolled at the University of Belgrade –
Faculty of Pharmacy in 2016, and graduat-
ed in September 2021 with an average
grade of 9.75. She defended her graduate
thesis entitled »CYP2C19 phenotype of
homozygous and hemizygous transgenic
mice on the eighteenth day of embryonic
development« at the Department of Phy -

siology. During high school, she attended Chemistry
program at the »Petnica« Research Station. She
received award for the best graduated student
(Pharmacy programme) during 2020/2021 at the
University of Belgrade-Faculty of Pharmacy from the
Scientific Foundation »Professor Ivan Berke{«. During
her studies, she was awarded for her success by the
Faculty of Pharmacy for several years. She is a scholar-
ship holder of the Fund for Young Talents of the
Republic of Serbia – Dositeja. During her studies, she
was a scholar of the City of Belgrade and the Ministry
of Education, Science and Technological Development,
Republic of Serbia. She participated in the XIV Mini-
Congress of Students of the Faculty of Pharmacy as the
author of student research work. She enrolled in doc-
toral academic studies at the Faculty of Pharmacy of
the University of Belgrade in the 2021/2022 school
year under the supervisor of Assist. Prof. Marin Juki}.
Since October 2021, she has been working as a
Graduate Researcher at the Faculty of Pharmacy.

Suzana Savi} je ro|ena 13.03.1997.
godine u Loznici. Osnovnu {kolu zavr{ila
je u Malom Zvorniku kao |ak gene -
racije. U istom mestu, 2016. godine za -
vr{ila je gimnaziju – op{ti smer. Upisala
je Farmaceutski fakultet u Beogradu,
smer farmaceut – medicinski biohemi~ar
2016. godine, a diplomirala u junu 2021.
godine. Dobitnica je nagrade Profesor dr
Ivan Berke{ kao najbolji student diplo -
mirani farmaceut – medicinski bio -
hemi~ar u {kolskoj 2020/2021 godini.
Tokom studija nagra|ena je tri puta za
redom godi{njom nagradom Farma -
ceutskog fakulteta za najbolje studente. Suzana Savi}
se za vreme studija bavila nau~no-istra`iva~kim radom
na Katedri za Medicinsku biohemiju Farmaceutskog
fakulteta Univerziteta u Beogradu pod mentorstvom
Prof. dr Aleksandre Zeljkovi}. U~estvovala je na XIII
Mini – kongresu studenata Farmaceutskog fakulteta u
Beogradu 2021. godine na kom je prezentovala
nau~no-istra`iva~ki rad na temu »Uticaj primene
monakolina K na efikasnost sinteze i apsorpcije hole -
sterola«,  koji je progla{en za najbolji rad iz oblasti
medicinske biohemije.

Suzana Savi}, born on 13.03.1997. in
Loznica. She went to the elementary
school in her hometown Mali Zvornik
and finished it as a student of the
generation. In the same town, in 2016,
she finished high school. Same year she
started her studies in the Faculty of
Pharmacy in Belgrade (Master of
pharmacy – medical biochemist), and
graduated in June of 2021. She
received »Professor Dr Ivan Berke{«
award as the best student of the class
2020/2021. During her studies, she
got annual award of the Faculty of

Pharmacy for the best students, three times in a row.
Also Suzana Savi}, during her studies, was engaged in
student scientific research at Department of Medical
Biochemistry, Faculty of Pharmacy, University of
Belgrade under the mentorship of Prof. Dr. Aleksandra
Zeljkovi}. She participated in XIII Mini-Congress of
Students at the Faculty of Pharmacy in  Belgrade in
2021, where she presented a student scientific
research paper on the topic »The effect of monacolin
K administration on efficiency of the cholesterol
synthesis and absorption«, which was named the best
work in the field of medical biochemistry.
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Professor Nada Majki}-Singh and Professor Nata{a Bogavac-Stanojevi} address to the participants of the III TMBP-BPSA kon-
gres, Novembar 7, 2021, Pharmaceutical Faculty, Belgrade.

Professor Nada Majki}-Singh and Professor Nata{a Bogavac-Stanojevi} address to the participants of the III KONGRES TIMA
MEDICINSKIH BIOHEMI^ARA (TMB-BPSA) on behalf of the Scientific Fund »Professor Ivan Berke{«.
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Professor Nada Majki}-Singh deliver Award of the Professor Ivan Berke{ Foundation to Suzana Savi}, the winner for 2021.

Suzana Savi}, the winner of the Scientific Foundation
»Professor Ivan Berke{« with Nada Majki}-Singh and Nata{a
Bogavac-Stanojevi}.

Andrea Atanasov, the winner of the Scientific Foundation
»Professor Ivan Berke{« with Nada Majki}-Singh and Nata{a
Bogavac-Stanojevi}.
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Andrea Atanasov and Suzana Savi} after delivering the Awards with Nada Majki}-
Singh and Nata{a Boghavac-Stanojevi}.

From left to right: Suzana Savi}, Nada Majki}-Singh, Teodora Tumbas (TMB-BPSA
Coordinator), Nata{a Bogavac-Stanojevi} and Andrea Atanasov, Novembar 7, 2021,
Pharmaceutical Faculty, Belgrade.
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III CONGRESS OF THE TEAM OF MEDICAL BIOCHEMISTS (TMB-BPSA) UNDER
THE TOPIC: FEMALE ENDOCRINOLOGICAL DISORDERS OF THE 21ST
CENTURY (PCOS, INSULIN RESISTANCE, HASHIMOTO’S THYROIDITIS)

Teodora Tumbas, TMB-BPSA Cordinator

The TMB Congress was held for the first time in
2017 as the first such congress among students of
pharmacy-medical biochemistry at the national level.
The congress is held every two years.

The aim of the congress is to provide students
and graduates of all biomedical sciences with the
opportunity to inform about a very current topic
among women and health professionals around the
world, and to apply new knowledge in future practice
and in everyday life as health professionals with the
right and secure information.

Team of Medical Biochemists – Belgrade
Pharmacy Students’ Association -BPSA (TMB-BPSA)
organized a congress named »Women endocrine dis-
orders of XXI century« on 6th and 7th of November,
Faculty of Pharmacy University of Belgrade. It con-
tained a theoretical and practical part held at the
Faculty of Pharmacy, respecting all epidemiological
measures. We thought that additional attention had
to be given to this topic because it is widespread
nowadays, as with our students, but also wider
female population. The theoretical part of the con-
gress, which contained four sessions, through lec-
tures of spec. med. biochem. Violeta Stanojevi}
(Preanalytical variations), then of Prim. Dr Sne`ana
Polovina (Preparation of a patient for blood and urine
sampling for hormone analysis), spec. med.
biochem. Ana Petrovi} Mucok (Laboratory diagnosis
of Hashimoto thyroiditis), Prof. Dr Aleksandra
Zeljkovi} (Laboratory diagnosis of Insulin resistance
and syndrome of polycystic ovaries), ass. spec. med.
biochem. Biljana Gli{i} (Panel of laboratory tests for

women in reproductive period) on the first day of the
congress, then on the second day following with lec-
tures of prof. Aleksandra Stefanovi} (Examination of
ovarian reserve), prof. dr Milo{ @arkovi} (Hashimoto
tyrioditis), Prof. Dr \uro Macut (Meaning of healthy
reproductive system in reproductive period of
women), mr. ph. med. biochem. Marija Milanovi} (A
balanced diet in the treatment of PCOS) and Prof. Dr
Aleksandra Buha \or|evi} (Decoding the role of
exposome in endocrine health) we have successfully
realized the theoretical part of the congress. Then,
the following was the practical part where the stu-
dents of pharmacy – medical biochemistry had the
opportunity to solve clinical case connected to lis-
tened lectures. After the first two sessions on the first
day of the project, the panel discussion »When I grow
up, I will be a medical biochemist« where we
explained more profoundly the journey from diploma
to the job and all the experiences and skills they can
acquire during studies. The closing ceremony was
shown out by Awards ceremony for the best students
of generation which the Society of Medical Bio -
chemists Serbia gave with Professor Nada Majki}-
Singh being the representative on behalf of the
»Professor Ivan Berke{ Foundation«.

We have to give special thanks to Faculty of
Pharmacy Belgrade, and all sponsors and partners on
this project.

For more project from our student organization,
you can find us on social networks ªbpsa_beograd
or website www.napser.org.
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Figure 1 Day 1. Grand opening with Teodora Tumbas, coordinator of the project giving a welcome speech.

Figure 2 Day 1. Panel discussion »When I grow up, I want to be a medical biochemist«. From left to right, medical biochemists:
Branko Subo{i}, Lidija Kostadinov, Sanja Erceg, Neboj{a Kori}anac, Sandra Cvitak, Tamara Gojkovi}



J Med Biochem 2022; 41 (1) 131

Figure 3 Organizing committee of Third Congress of Team of medical biochemists (TMB-BPSA). From left to right: Tamara
Luki}, An|ela Markovi}, Jelena Pavi}, Katarina Krsmanovi}, Aleksandra Kari}, Ma{a Veljkovi}, Zorica Lu~anovi}, Isidora
Crn~evi}, Teodora Tumbas, An|ela A}imovi}, Tamara Stojkovi}, Stanislava Gli{ovi}, Sajma Ba~evac.

Figure 4 Day 2. Auditorium of congress and Professor Dr Milo{ @arkovi} with his lecture.
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Figure 5 Closing ceremony, with Society of Medical
Biochemists of Serbia giving an annual award for best
students in front of the Scientific Foundation »Professor Ivan
Berke{«. From left to right: mr. ph. med. biochem. Suzana
Savi} (Awarded), Professor Dr Nada Majki} Singh, Teodora
Tumbas, Professor Dr Nata{a Bogavac Stanojevi}, mr. ph.
Andrea Atanasov (Awarded) 
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INSTRUCTIONS FOR AUTHORS

1. Scope and Policy of the Journal

Journal of Medical Biochemistry (J Med Biochem) is the
official journal of the Society of Medical Biochemists of
Serbia with international peer-review. The Journal pub-
lishes original scientific and specialized articles on all
aspects of clinical and medical biochemistry, molecular
medicine, hematology, immunology, microbiology, virolo-
gy, genetic epidemiology, drug measurement, evaluation
of diagnostic markers, new reagents and laboratory
equipment, reference materials, reference values, labora-
tory organization, automation and quality control, clinical
metrology and all related scientific disciplines where
chemistry, biochemistry, molecular biology and immuno-
chemistry are dealing with the study of normal and
pathologic processes in human beings. All manuscripts
are reviewed and, after final decision, are classified in the
following categories: a) personal view, b) review articles,
c) original papers, d) professional papers, e) preliminary
reports, and f) reviews of scientific meetings. There are
also different reports and news, book reviews, reports on
the activity of the Society of Medical Biochemists of
Serbia, EFLM, IFCC and other related organizations, let-
ters to the editor, and information about innovations, new
reagents and instruments in the field of clinical chemistry.

Journal of Medical Biochemistry articles appear in English
on Open Access model. All its content is available free of
charge. Users can read, download, copy, distribute, print,
search the full text of articles, as well as to establish
HTML links to them, without having to seek the consent
of the author or publisher.

Submission of a manuscript to Journal of Medical
Biochemistry implies that the work described has not
been published before, except in the form of an abstract,
thesis or lecture, and is not under consideration for pub-
lication else where. It is the responsibility of the corre-
sponding author to ensure that all authors see and
approve the manuscript before its submission to Journal
of Medical Biochemistry. Once the manuscript is accept-
ed, it must not be published elsewhere without the con-
sent of the copyright holders. Authors retain copyright of
the published papers and grant to the publisher the non-
exclusive right to publish the article, to be cited as its orig-
inal publisher in case of reuse, and to distribute it in all
forms and media. 

The published articles will be distributed under the
Creative Commons Attribution 4.0 International License
(CC BY). It is allowed to copy and redistribute the material
in any medium or format, and remix, transform, and
build upon it for any purpose, even commercially, as long
as appropriate credit is given to the original author(s), a
link to the license is provided and it is indicated if changes
were made. Users are required to provide full biblio-
graphic description of the original publication (authors,
article title, journal title, volume, issue, pages), as well as
its DOI code. In electronic publishing, users are also
required to link the content with both the original article
published in Journal of Medical Biochemistry and the
licence used. 

Authors are able to enter into separate, additional con-
tractual arrangements for the non-exclusive distribution
of the journal's published version of the work (e.g., post
it to an institutional repository or publish it in a book),
with an acknowledgement of its initial publication in this
journal. Authors are permitted to deposit author's pre-
print, author's post-print (accepted version) and publish-
er's version (PDF) of their work in an institutional re -
pository, subject-based repository, author's personal
website (including social networking sites, such as
 ResearchGate, Academia.edu, etc.), and/or depart -
mental website at any time after the acceptance of the
manuscript and at any time after publication.

Full bibliographic information (authors, article title, jour-
nal title, volume, issue, pages) about the original publi-
cation must be provided and links must be made to the
article's DOI and the license.

After acceptance of the manuscript, and prior to publica-
tion, the authors are required to pay Article Processing
Charges (APCs), which cover the expences of publication
of accepted manuscript (proofreading, paging, copy edit-
ing, etc.) and its acceptance in open access. The APCs is
a fee which is charged to authors to allow for immediate,
unrestricted access to the full version of the article. Please
note that the payment of this charge does not guarantee
acceptance of the manuscript for publication and does
not influence the outcome of the review procedure. After
the positive review and the final decision of the Editor in
Chief about the acceptance of the manuscript, the
authors receive the invoice with the amount of the
charges to be payed by bank transfer. The total charges
are 400 EUR plus VAT 20% from abroad and for authors
from Serbia the equvalent amount in RSD on the day of
payment. The authors need to cover the bank transfer
expences, the amount of which depends on the country
and the local bank where the payment is made.

The journal conforms to the »Uniform requirements
for manuscripts submitted to biomedical journals«
(http://www.icmje.org/urm_full.pdf).

2. Manuscript Submission

Authors are requested to submit their papers electron-
ically by using online manuscript submission available
at http://aseestant.ceon.rs/index.php/jomb/. This site
will guide authors stepwise through the submission
process.

Authors, reviewers, and editors send and receive all
correspondence by e-mail and no paper correspon-
dence is necessary. The telephone and facsimile num-
bers and e-mail address of corresponding authors must
be provided during submission.

An accompanying letter, signed by all authors, must
provide assurance that the paper, in whole or in part, is
not under consideration by another journal or publica-
tion source, and will not be submitted elsewhere unless
and until it is declared unacceptable for publication by
this journal. Together with the manuscript, authors are
required to submit scanned copy of signed original of
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Conflict of Interest Statement, which can be down-
loaded from the journal home page.

Each manuscript should be accompanied by a cover
letter containing a brief statement describing the nov-
elty  and importance of the work submitted.

All manuscripts are peer reviewed by at least two inde-
pendent reviewers. All manuscripts submitted to the
Journal of Medical Biochemistry are checked using
CrossCheck iThenticate plagiarism detection system
for duplicate and unattributed content.

In case of any technical problems, please contact
Sne`ana Jovi~i}, Managing Editor for Journal of Medical
Biochemistry (jmedbio.managing.editorªgmail.com).

3. Authorship

This journal accepts the guidelines on authorship devel-
oped by the International Committee of Medical Journal
Editors. This requires that each author should have par-
ticipated sufficiently in the work to take public responsi-
bility for the content. This participation must include: (a)
conception or design, or analysis and interpretation of
data, or both; (b) drafting the article or revising it critically
for important intellectual content; and (c) final approval
of the version to be published. Participating solely in the
collection of data does not justify authorship.

All elements of an article (a), (b), and (c) above, critical
to its main conclusions, must be attributable to at least
one author. A paper with corporate (collective) author-
ship must specify the key persons who were responsible
for the article; others who contributed to the work should
be recognized or acknowledged separately. The Editors
may require authors to justify the assignment of author-
ship.

4. Review of Manuscripts and Speed 
of Publication

Papers are independently reviewed by at least two
reviewers selected by the Editors as doble-blind peer
review. Reviews and original manuscripts are judged by
the Editor-in-Chief who decides either to accept (without
or with minor modifications), to return to the author for
revision, or to reject the manuscript. If reviewers dis-
agree, the Editor-in-Chief may ask for a third independ-
ent judgment. After completion of the reviewing
process, the Editorial Office sends an appropriate letter
to the authors together with the anonymized reviews
and editorial comments for the author’s consideration.
Usually, decisions are reached within four weeks from
the submission date. When papers are accepted subject
to revision, the revised manuscript must be returned
within approx. one month. Revised articles are re-evalu-
ated by the Editor-in-Chief who decides to accept or to
submit to a second review. It is the aim of the Journal to
publish papers within six months after their receipt by
the Editor-in-Chief.

The authors will receive first proofs for correction.

5. Preparation of Manuscripts

The complete manuscript, including enclosures should be
prepared according to instructions given in this section.

Manuscripts must be written in clear and concise English
language. The manuscript should be written in the third
person avoiding the passive voice. Please have your text
proofread by an native English speaker before you submit
it for consideration. Either British or American spel ling is
acceptable. At the proofreading stage, changes other than
correction of printer’s errors will be charged to the authors.

Type the manuscript (including table legends, figure
legends and references) double-spaced using 12 font
size on one page of A4 or 81/2×11’’ paper. Number
the pages consecutively (with the title page being page
1) and leave 2.5 cm margins on all sides. Avoid foot-
notes in the text, use parentheses instead. Papers and
reviews should usually occupy no more than eight
printed pages; short communications, case reports and
letters to the editor should not exceed four printed
pages. Each full page of printed text corresponds to
approximately 1400 words. Allow space for tables and
illustrations within the page limit.

Manuscripts should be prepared in accordance with the
guidelines below and should be sent online at
http://aseestant.ceon.rs/index.php/jomb/. The electron-
ic copy of the manuscript should be saved as a Word for
Windows (.doc) or Rich Text Format (.rtf) file. Manu scripts
must be submitted using double line-spaced, unjustified
text throughout, with headings and subheadings in bold
case (not underlined). Press ENTER only at the end of a
paragraph, list entry or heading. 

Full length papers and technical reports should
have Title Page, Summary, Keywords, List of Abbre -
viations, Introduction, Materials and Methods, Results,
Discussion, Acknowledgements, if available, Referen -
ces, Tables and Figure legends.

Short communications and case reports should
be subdivided into Summary, Keywords, List of Abbre -
viations, and a single section of main text without head-
ings. Experimental procedures should be described in
legends to figures or footnotes to tables. Acknowled ge -
ments and References should be presented as in full
length papers. 

Letters to the editor are arranged like short commu-
nications but without a Summary.

Title page

The title page should include:
1. Short and informative title.
2. Names of all authors (with one name and forename of

each author in full), followed by their affiliations:
department, institution, city without postcode, country.
If there is more than one institution involved, authors’
names should be linked to the appropriate institutions
by inserting consecutive numbers in superscript after
relevant names. If required, lower case letters, in super-
script after the name, should be used to indicate the
present address.



3. Full name, mailing address, fax phone number and
e-mail address of the corresponding author to whom
communications should be sent is typed at the bottom.

4. Running title containing 50 characters or less in length.

Summary, Keywords and a list of non-standard
abbreviations

The second page of the manuscript should contain
Summary, Keywords and a list of non-standard abbrevi-
ations used in text, figures, tables, and figure and table
legends. 

A summary should be short and clear, typed on a sepa-
rate sheet, and should contain no more than 250 words.
It must be comprehensible to readers before they have
read the paper. Reference citations must not appear in
the abstract, abbreviations should be avoided.

The summary of the original articles, should be struc-
tured, including following: Background, Methods, Re -
sults and Conclusions. The abstract of the other article
types should not be structured. 

A short summary in the Serbian language should be typed
on the separate sheet, beginning with a Serbian title. This
is valid only for Serbian authors. Below the end of English
and Serbian summaries provide up to six Key Words in
alphabetical order separated by semicolon using the
entries from Index Medicus for indexing purposes.

Introduction

Introduction should be clear, pointing to the essence of
the problem and the purpose of the study. References
related to the problem discussed in the manuscript
should be cited. Do not include data or conclusions
from the work being reported.

Materials and Methods

The experimental part should include a description of
materials and methods used. If methods are widely
known, they should not be described, but only refe -
rences indicated. If the article deals with a new method
or modified method, full description should follow.
Methods used in statistical analyses should be indicated.
Identify accurately all materials, substances, drugs and
chemicals used.

Ethics. When reporting experiments on human sub-
jects, manuscripts must include assurance that informed
consent was obtained and that the study was performed
in conformance with the Declaration of Helsinki ethical
guidelines (http://ohsr.od.nih.gov/helsinki.php3) as
reflected in a priori approval by the local institution’s,
regional or national, human research review committee.
Do not use patients’ names, initials, or hospital num-
bers, especially in any illustrative material. When re -
porting experiments on animals, indicate whether the
national law on the care and use of laboratory animals

was followed. Articles which do not give assurance of
compliance with these principles will be rejected.

Statistics. Describe statistical methods with enough
detail to enable a knowledgeable reader with access to
the original data to verify the reported results. If prepa -
ring statistical data for publication, please read the jour-
nal’s statistical guidelines or standard books. Specify any
general computer programme used. When data are
summarized in the results section, give the statistical
methods used to analyze them.

Results

Results should be precise and clear, statistically
processed and expressed according to the International
System of Units (SI). Present in logical sequence the
data generated using, as appropriate, tables and figures
without duplication. Indicate the nature of data re -
duction and statistical procedures employed with appro-
priate references. 

Discussion

Results should be discussed and compared to reference
results. Conclusions should be drawn on the basis of
these comparisons. Indicate the conclusions that may be
drawn and place them in the context of a critical
appraisal of previous work. Do not repeat in detail data
or other material given in the introduction or the results
section. Link the conclusions with the goals of the study,
but avoid unqualified statements and conclusions not
completely supported by your data. Distinguish clearly
new information from previous finding, and speculation
from fact. Problems arising out of the study may be
identified, and relevant hypotheses may be generated. 

Acknowledgements

Acknowledgements should be placed at the end of the
text. Indicate financial support, gifts, technical assis-
tance, and advice. Names of the funding organizations
should be written in full. Obtain written permission from
those acknowledged by name.

Units of measurement

The units of measurement when possible must belong
to the International System of Units (SI) or be non-SI
units accepted for use with the SI (e.g. days, litre).
(http://www.bipm.fr/3_SI/si.html)

References

Only essential references should be included. Authors
are responsible for verifying them against the original
source material. Automatic numbering should be avoided.
References are typed on sheets separate from the text
and follow the text. Rely upon articles published in pri-
mary research journals. Meeting abstracts may be cited
only if published in journals. Citations such as »personal

139



140 Instructions for authors  

communication«, »unpublished data« or »in press« are not
accepted. Publications for which no author is apparent
may be attributed to the organization from which they
originate. Simply omit the name of the author for anony-
mous journal articles – avoid using »Anonymous«.

References are identified in the text by Arabic numerals
in parentheses, and numbered consecutively in the
order in which they are mentioned in the text. If one re -
ference is cited several times in the text, the same num-
ber is indicated in parentheses. Abbreviations of journals
conform to those used in Index Medicus (List of Journals
Indexed). List all authors; if the number is seven or
more, cite first six names followed by et al. Do not use
italic font in the reference section. References must be
given in the following format:

• Articles:
Pugia MM, Sammer R, Corey P, Lott JA, Anderson L,
Gleason S, et al. The uristatin dipstick is useful in
distinguishing upper respiratory from urinary tract
infections. Clin Chim Acta 2004; 341: 73–81.

Mizon D, Piva F, Queyrel V, Balduyck M, Hachulla E,
Mizon J. Urinary bikunin determination provides
insight into proteinase/proteinase inhibitor imbalance
in patients with inflammatory diseases. Clin Chem Lab
Med 2002; 40: 579–86.

• Supplements: 
Williams DN. Reducing costs and hospital stay for
pneumonia with home intravenous cefotaxime treat-
ment: results with a computerized ambulatory drug
delivery system. Am J Med 1994; 97: Suppl 2A: 50–
5.

• Abstracts:
Henney AM. Chronic plaque or acute rupture? The
yin and yang of vascular tissue remodeling [abstract].
Atherosclerosis 1997; 134: 111.

• Books and Monographs:
Kahn CR, Weir GC, editors, Joslin’s diabetes mellitus,

13ed. Philadelphia: Lea and Febiger, 1994: 1068pp.

• Chapters:
Karnofsky DH, Burchenal JH. The clinical evaluation of
chemotherapeutic agents in cancer. In: Macleod CM,
editor. Evaluation of chemotherapeutic agents. New
York: Columbia University Press, 1949: 191–205.

Tables

Submit tables on separate pages and number them
consecutively using Roman numerals. Provide a short
descriptive title, column headings, and (if necessary)
footnotes to make each table self-explanatory. Refer to
tables in the text as Table I, etc. Use Table I, etc. in the
table legends. Please indicate in the manuscript the
approximate position of each table.

Figures

Illustrations will be reduced in size to fit, whenever
possible, the width of a single column, i.e. 80 mm, or
a double column, i.e. 168 mm. Ideally, single column
fi gures should be submitted with a width of 100 mm,
double column figures with a width of 210 mm.
Lettering in all figures within the article should be
uniform in style, preferably a sans serif typeface, and of
sufficient size, so that it is readable at the final size of
approximately 2 mm.

Uppercase letters A, B, C, etc. should be used to iden -
tify parts of multi-part figures. Cite all figures in the text
in a numerical order. Indicate the approximate position
of each figure. Refer to figures in the text as Figure 1,
etc. Use Figure 1, etc. in the figure legends.

The first author’s name, drawing number and top loca-
tion are indicated on the back of the illustration.

The number of tables and figures should be rational.

Line drawing and photographs must be of high
quality. Note that faint shading may be lost upon repro-
duction. All illustrations should be black and white and
should be numbered in the order in which they are men-
tioned in the text. The figures must be saved as separate
files and printouts appended to the manuscript. All pho-
tographic figures should be submitted in camera-ready
form (i.e. with all extraneous areas removed) and saved
as TIFF files at a resolution of 600 dpi. Line drawings
should be professionally prepared and labelled (freehand
files). Charts may be supplied as Excel spreadsheets (one
chart per sheet). Where necessary, magnification should
be shown using a scale marker. The figure legends (one
per figure) should appear as a separate page at the end
of the main text file. Any previously published illustrations
should be accompanied by the written consent to repli-
cation of the copyright holder and an acknowledgement
should be included in the legend. The full reference
should also be included in the reference list.

Figure legends

Provide figure legends on separate pages. Explain all
symbols used in the figures. Remember to use the same
abbreviations as in text. 

Nomenclature

Follow the rules of the IUPAC-IUB Commission on Bio -
chemical Nomenclature, as in IUB Biochemical Nomen -
clature and Related Documents, 3rd edition, obtainable
from Biochemical Society Book Depot, P.O. Box 32, and
Commerce Way, Colchester, CO2 8HP, U.K.

Enzyme names should be in accordance with the re com -
mendations of the IUPAC-IUB Commission on Bio che -
mical Nomenclature, 1978, as in Enzyme Nomen clature,
published by Academic Press, New York, 1992. Geno -
types should be given in italics, phenotypes should not be
italicised. Nomenclature of bacterial genetics should
follow Damerec et al. Genetics 1966; 54: 61–76.
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Abbreviations

Journal of Medical Biochemistry accepts standard Journal
of Biological Chemistry abbreviations. Uncom mon abbrevi -
ations should be defined, in parentheses, when they first
appear in text. Abbreviations in the Title and in the
Abstract should be avoided. All non-standard abbrevi -
ations should be listed alphabetically on the second page
of the manuscript (see above), separated by semicolon.
Start with the abbreviation, followed by a comma, and
then give the explanation.

Offprints

Page proofs will be sent electronically to the author
for correspondence and must be returned promptly by
e-mail, fax or post. The corresponding authors will
receive a PDF file of their article. Corrections should be
kept to a mi nimum. This should be completed and
returned immediately.
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specific, the disclosure of any and all pharmaceutical com-
pany funding (partial of total) or a statement that there was
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is the case) and 3) comprehensive explanation of the role
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7. Disclaimer

The Publisher and the Editors cannot be held responsible
for errors or any consequences arising from the use of
information contained in this journal; the views and opin-
ions expressed do not necessarily reflect those of the
Publisher and the Editors; neither does the publication
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Publisher the Editors of the products advertised.
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Peer review is intended to improve the accuracy, clarity
and completeness of published manuscripts and to
help editors decide which manuscripts to publish. Peer
review does not guarantee manuscript quality and
does not reliably detect scientific misconduct.

Peer reviewers should be experts in the manuscript’s
content area, research methods, or both; a critique of
writing style alone is not sufficient. Peer reviewers
should be selected based on their expertise and ability
to provide high quality, constructive, and fair reviews.
For research manuscripts editors may, in addition,
seek the opinion of a statistical reviewer.

Peer reviewers advise editors on how a manuscript
might be improved and on its priority for publication
in that journal. Editors decide whether and under
which conditions manuscript are accepted for publi-
cations, assisted by reviewers’ advice.

Editor should require all peer reviewers to disclose any
conflicts of interest, financial or otherwise, related to
a particular manuscript and should take this informa-
tion into account when deciding how to use their
review. Generally speaking, people with a direct finan-
cial interest in the results of the manuscript should
not be reviewers. Editors should avoid using only
author-recommended peer reviewers to review a

paper, unless the person’s contact information is
obtained from an independently validated source,
e.g., from the reviewer’s publications or referred by a
member of the Journal’s editorial board.

To be considered peer reviewed, a journal should have
obtained external reviews for the majority of manu-
scripts it publishes, including all original research and
review articles. To have been peer reviewed, a man-
uscript should be have been reviewed by at least one
external reviewer; it is typical to have two reviewers
and sometimes more opinions are sought.

Editors of peer-reviewed journals need not send all
submitted manuscripts out for review. Manuscripts
that seem unlikely to be published in that journal may
be returned to authors without external review, to
allow authors to submit the manuscript to another
journal without delay and to make efficient use of
reviewers’ and editors’ time.

Editor should state their journal’s peer review policies,
including which kinds of article are peer reviewed and
by how many reviewers, in the instructions for authors.
Editors should also periodically publish statistics
describing their journal’s review process, such as num-
ber of manuscripts submitted, acceptance rate, and
average times from manuscript submission to reject
letter to authors and, for accepted manuscript, time to
publication.
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STATISTICAL GUIDELINES

These guidelines are designed to help authors prepare
statistical data for publication and are not a substitute
for the detailed guidance required to design a study or
perform a statistical analysis. Each section of a scienti fic
paper is addressed separately.

Summary

The number and source of data must be stated and con-
clusions which have a statistical basis must be substanti-
ated by inclusion of pertinent descriptive statistics [mean
or median, standard deviation (SD) or interquartile range,
percentage coefficient of variation (%CV), 95% confiden -
ce limits, regression equations, etc.].

Methods

Experimental design, subject selection and randomiza-
tion procedures should be described and analytical pre-
cision quoted when appropriate. The hypotheses to be
tested by a statistical procedure must be stated and
whe re appropriate power calculations for the sample
size used should be given (it is recommended that the
power is <80%). In case-control studies, clearly define
how cases and controls were selected and what match-
ing has taken place.

Statistical tests should be described but need not be re -
ferenced unless they are unusual or are applied in a
non-standard way. Computer software used should be
refe renced.

If the paper is reporting the results of a diagnostic trial
read the STARD statement (1) and for a clinical trial
read the CONSORT statement (2) to improve the quali -
ty of your report.

Results

Unnecessary precision, particularly in tables, should be
avoided. Rounded figures are easier to compare and
extra decimal places are rarely important. Descriptive
statistics require an additional digit to those used for the
raw data. Percentages should not be expressed to more
than one decimal place and not be used at all for small
samples.

Normally distributed data should be described using a
mean, SD and/or %CV and expressed as »mean (SD)«
not »mean ± SD«. When data are not normally distri bu -
ted, following demonstration by tests such as the Sha -
piro-Wilk test (3), then medians and interquartile ran ges
should be used in place of mean and SD. Ske wed data
can often be normalized by logarithmic transformation
or a power transformation. The statistical ana lysis and
calculation of summary statistics should be carried out
on the transformed data and the summary statistics
tran sfor med back to the original scale for presentation.
If a loga rithmic scale is used, then graphs should display
non-transformed data on a logarithmic scale.

Graphs showing data of comparable magnitude should
be of similar size and design. All individual points should
be displayed where possible by displacing overlapping
points. Error bars showing the standard error of the
mean (SEM) or interquartile range, as appropriate, can
be used to aid the interpretation of data.

The results of significance tests such as Student’s and
chi-squared should be presented with descriptive statis-
tics, degrees of freedom (if appropriate) and probability
P. The validity of any assumptions should be checked
(e.g. conventional t-tests assume a normal distribution
and equal variance for each set of data). For 2 × 2 con-
tingency table analysis by the chi-squared test the conti-
nuity correction must be applied, and for small expec ted
frequencies Fisher’s Exact Test used.

P values should be reported in full in 1 or 2 significant
figures. Describing P values as > 0.05 or NS (not signi -
ficant) should be avoided. If the results are highly signi -
ficant and the calculated P value from the computer is
e.g. 0.000, then the use of P < 0.0005 is acceptable.
Confidence intervals should be stated, particularly for
non-significant results.

The conventional use of statistical significance is P ≤
0.005. If a different significance level needs to be used,
then the reasons for this must be clearly stated in the sta-
tistical method section.

Discussion

Statistical significance should not be equated to impor-
tance and P values should not be compared between
different statistical tests. Association should not be inter -
preted as causation without additional evidence.

Problem Areas

Multiple comparisons can produce spurious and mislea -
ding significance values. The primary hypothesis should
always be clearly stated, and associations detected by ret-
rospective analysis should be interpreted with caution.
Whenever possible a single overall statistical test should
be applied first e.g. ANOVA. If this is not significant, then
multiple comparisons must not be applied. If it is signi -
ficant then some form of multiple range test can be
applied. If a single overall test is not possible, then multi-
ple comparisons must use a Bonferroni type significance
level.

With paired data the differences between individual pairs
of data and the variability of the differences are more
important than the individual values. Graphical repre-
sentation should also show the difference between indi-
vidual pairs, e.g. by plotted lines joining the paired data
points.

Standard regression analysis requires data points to be
independent (repeated measurements are not indepen -
dent). The independent variable should be measure-
ments without significant error, e.g. age or time, and the
points should be evenly distributed over the range and
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have no outliers (this can be easily examined with a scat-
ter plot). These requirements are rarely satisfied with
bio   logical data.

Method comparison using regression and correlation
coefficients is inappropriate and should be performed
using Altman and Bland difference plots (4). If a stan-
dard scatter plot and regression line are thought to be
useful they can be given along with the Altman – Bland
plot. Remember, if two methods are supposed to be
measuring the same thing, then it is extremely likely they
will be correlated so that a statistical tool correlation not
tell you anything new.

If you are carrying out complicated statistical analyses,
e.g. multivariate analysis, ROC analysis etc., then it is re -
commended that you seek advice from a statistician.
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