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Summary

Kratak sadr`aj

Background: Although vitamin D in not a traditional marker
for cardiovascular and renal diseases, several studies have
proposed a correlation between vitamin D deficiency and
these diseases due to the effect of vitamin D on endothelial
function. Asymmetric and symmetric dimethyl arginine
(ADMA and SDMA, respectively) are endogenous markers
of endothelial dysfunction, and are considered as future
markers for the assessment of cardiovascular and renal diseases. The present study investigated the association of
kidney function tests (urea and creatinine) and dimethylarginine toxins (ADMA and SDMA) in women with vitamin
D insufficiency or deficiency. Indeed, sex hormones (estrogen and testosterone) were analyzed in the participants.
Methods: Women were divided into two groups: premenopausal women (younger than 50 years) and postmenopausal women (older than 50 years). Urea, creatinine,
estrogen, testosterone, ADMA, and SDMA levels were analyzed when vitamin D level was deficient or insufficient in
the participants.
Results: The premenopausal women group showed no significant correlations between dimethylarginine toxins and
renal failure tests or sex hormones. In the elderly (postmenstrual) women group, only SDMA was significantly correlated with urea and creatinine, while both ADMA and SDMA
were not correlated with sex hormones.
Conclusions: Although ADMA and SDMA are promising
candidates of endothelial dysfunction and are increased in
menopause and aging, no direct link between ADMA and
further progression of renal failure was observed in women
with low vitamin D levels. In contrast, a possible direct cor-

Uvod: Mada vitamin D nije tradicionalni marker kardiovaskularnih i bubre`nih oboljenja, nekoliko izu~avanja ukazuje na
korelaciju izme|u deficita vitamina D i ovih oboljenja zbog
uticaja vitamina D na endotelijalnu funkciju. Asimetri~ni i
simetri~ni dimetil arginin (ADMA, odnosno SDMA) su endogeni markeri endotelijalne disfunkcije, i mogu se smatrati
kao budu}i markeri za procenu kardiovaskularnih i bubre`nih
oboljenja. U ovom radu izu~avana je veza izme|u testova za
ispitivanje funkcije bubrega (ureja i kreatinin) i dimetilarginin
toksina (ADMA i SDMA) u `ena sa insuficijencijom ili deficitom vitamina D. Osim toga izu~avani su polni hormoni
(estrogen i testosteron) kod ovih ispitanica.
Metode: @ene su podeljenje u dve grupe: premenopauzalne
`ene (mla|e od 50 godina) i postmenopauzalne `ene (starije
od 50 godina). Analizirani su nivoi ureje, kreatinina, estrogena, testosterona, ADMA i SDMA, kada su nivoi vitamina D
bili deficijentni ili insuficijentni kod ispitanica.
Rezultati: Nije na|ena zna~ajna korelacija u grupi premenopauzalnih `ena izme|u dimetilarginin toksina i testova bubre`ne funkcije ili polnih hormona. U starijih `ena (postmenopauzalne), samo je SDMA bila u zna~ajnoj koralaciji sa
urejom i kreatininom, dok ADMA i SDMA nisu bile u korelaciji sa polnim hormonima.
Zaklju~ak: Mada su ADMA i SDMA obe}avaju}i kandidati
endotelijalne disfunkcije i pove}avaju se u menopauzi i starenjem, nije na|ena direktna veza izme|u ADMA i daljeg
progresa renalnog o{te}enja u `ena sa niskim nivoima vitamina D. Suprotno ovome, uo~ena je mogu}a direktna korelacija izme|u SDMA i renalne disfunkcije, mada jedino zavisno od starosnog doba.
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relation between SDMA and renal dysfunction was noticed,
but only in an age-dependent manner.
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Introduction
The association of chronic renal disease with
cardiovascular disease is a world health problem that
is considered as a fetal complication. It has been
reported that patients with chronic renal disease have
higher risk of cardiovascular disease and suffer from
accelerated atheromatosis (1–3). For example, in
young dialysis patients (aged between 25 and 35
years), cardiovascular mortality risk is increased ∼375
times, while elderly dialysis patients (>75 years) have
a five-fold higher cardiovascular mortality risk (4). A
relationship between gender and chronic kidney disease (CKD) was also addressed; CKD is more severe
in men, while the prevalence is higher in women.
Several factors may cause gender to influence the risk
of CKD. Pounds et al. (5) assumed that since muscle
mass and creatinine generation levels are higher in
men than women, men have higher levels of kidney
function, which may be linked to the severity of the
disease in men. Another factor is nitric oxide (NO)
level, which is influenced by sex hormones and has a
complex role in renal injury (6). Estrogen plays a significant role in lowering the kidney oxidative stress by
suppressing the activity of NADPH oxidase, while the
depletion of estrogen is associated with the reduction
of NO synthesis and leads to endothelial dysfunction
(7). Estradiol also has an inhibitory effect on endothelin synthesis, as well as its vasoconstriction and inflammation effect (8). Additionally, the renin-angiotensin system is stimulated by testosterone and
suppressed by estrogen (8).
Asymmetric and symmetric dimethyl arginine
(ADMA and SDMA, respectively) are metabolites of
arginine that are synthesized from the proteolysis of
methylated proteins (9). ADMA is an endogenous
inhibitor of NO synthase (NOS) that is mainly metabolized by the enzyme dimethylarginine dimethylamino-hydrolase (DDAH) to citrullin and dimethylamine, or eliminated from the body by renal
excretion (9, 10). Elevated levels of ADMA reduce
NO synthesis, which causes endothelial dysfunction
and may contribute to the progression of vascular disease. Hence, the direct effect of ADMA on endothelial damage presents ADMA as a predictor of cardiovascular risk (11–13). In contrast, SDMA is exclusively
eliminated by renal excretion. Moreover, SDMA has
an indirect (or weak) effect on NOS activity by restricting the availability of arginine to NOS and competing
for the transportation of arginine (10, 12, 14). SDMA
is considered as an early marker of renal dysfunction.

Fliser et al. (15) reported a close correlation among
SDMA, creatinine, and glamor filtration rate (GFR),
and suggested that the SDMA level is equal to the
serum creatinine level. However, it has been assumed
that both ADMA and SDMA may interfere with the
physiological defense mechanism in patients with
CKD, which leads to the accumulation of these two
compounds. Hence, both ADMA and SDMA are considered as uremic toxins (16–19).
Several studies linked vitamin D deficiency and
ADMA, either in general (20) or elderly (21) populations. Low level of vitamin D was correlated inversely
with ADMA level, and an association between seasonal fluctuation of vitamin D and fluctuation of
ADMA was found (20). In patients with CKD at stage
G5D, an inverse relationship between vitamin D and
ADMA was reported (22). Vitamin D deficiency is also
associated with atherosclerosis cardiovascular disease, which may be mediated by the action of sex
hormones (estrogen and testosterone) (23). Since
vitamin D plays a significant role in endothelial function/dysfunction, this study was designed to estimate
the correlation between kidney function and dimethylarginine toxins by measuring urea, creatinine,
ADMA, and SDMA in women suffering from vitamin
D insufficiency/deficiency in premenopausal and
postmenopausal women. It is also aimed to determine whether the association between the menstruation and dimethyl arginine compounds was influenced by sex hormones, and whether these markers
can be used further as early markers of renal dysfunction when low vitamin D level is a common factor in
both groups.

Materials and Methods
Participants
In this study, all participants were women aged
between 17 and 73 years suffering from vitamin D
insufficiency or deficiency (75–125 or <75 nmol/L,
respectively), and without any cardiac or renal complications. Women were divided into two groups: Group
I consisted of young premenopausal women (n=42)
aged below 50 years, and Group II consisted of elderly postmenopausal women (n=39) aged above 50
years. After fasting for approximately 8 hours, blood
samples were collected and centrifuged at 3000 rpm
for 10 min. Serum samples were stored at −20 °C
until further investigations.
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Ethics approval and consent to participate
The ethical approval was obtained from Biomedical Ethics Unit, King Abdulaziz University (Ref.
no. 915). After invitation, all invited women who
agreed to participate in the study signed a written
consent form.
Biochemical Markers
Serum ADMA and SDMA levels were estimated
using commercial ELISA kits (DLD Diagnostika,
Germany). Vitamin D (25(OH)D) level was measured
by direct competitive chemiluminescence kit (Siemens, US). Sex hormones, urea, creatinine, glucose,
and lipid profile were measured by commercially
available immunoassays (Roche Diagnostics, Germany, or Ortho Clinical Diagnostics, US).

Statistical Analysis
Statistical Package for the Social Science (SPSS,
version 22) was used in this study. Results are
expressed as mean ± standard deviation (SD). The
correlations between various parameters were
assessed by the Pearson correlation coefficient.
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Table I Biochemical characteristics of study population.
Results are presented as means ± SD (*P < 0.001, ** P <
0.01).
Premenopausal
Women (n=42)

Postmenopausal
Women (n=39)

Age (Years)

33.95 ± 8.57

58.95 ± 5.83 *

BMI (kg/m2)

28.19 ± 7.83

34.50 ± 11.20**

SBP (mmHg)

106.61 ± 50.89 124.47 ± 46.29

DBP (mmHg)

70.67 ± 30.80

66.56 ± 24.77

Glucose (mmol/L)

5.38 ± 0.90

5.32 ± 1.40

Cholesterol (mmol/L)

4.24 ± 0.99

4.60 ± 1.26

TAG (mmol/L)

1.38 ± 0.54

1.44 ± 0.60

57.20 ± 33.52

56.93 ± 34.90

3.29 ± 1.50

4.98 ± 1.76 **

Vitamin D
(25(OH)D), (nmol/L)
Urea (mmol/L)

Creatinine (mmol/L)
Estrogen (pg/mL)

55.18 ± 13.09 65.49 ± 17.94 **
268.13 ± 275.40 61.63 ± 71±94 *

Results
The clinical characteristics of the participants in
this study are presented in Table I. All women who
participated in this study had deficient or insufficient
in vitamin D levels and were divided into two groups:
premenopausal women (younger than 50 years) and
postmenopausal women (older than 50 years). The

Testosterone (ng/mL)

1.60 ± 2.20

1.05 ± 0.71

ADMA (mmol/L)

0.698 ± 0.13

0.764 ± 0.19

SDMA (mmol/L)

0.618 ± 0.14

0.677 ± 0.15

Figure 1 Concentrations of vitamin D, asymmetric and symmetric dimethyl arginine (ADMA and SDMA, respectively) in premenopausal and postmenopausal women.
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Figure 2 Correlation between SDMA and urea (P < 0.05), and between SDMA and creatinine (P < 0.01) in premenopausal or
postmenopausal women.

Table II Correlation coefficient of serum ADMA and SDMA with various variables in women with vitamin D deficiency.
Premenopausal women(n=42)
Variable

ADMA

Postmenopausal women (n=39)

SDMA

ADMA

SDMA

r

p

r

p

r

p

r

p

Age

0.247

0.060

0.169

0.182

-0.048

0.399

-0.077

0.348

BMI

0.486**

0.003

-0.078

0.342

-0.117

0.289

-0.236

0.123

Vitamin D

0.028

0.447

-0.064

0.379

-0.310

0.080

-0.044

0.422

Urea

0.039

0.414

-0.242

0.128

0.065

0.377

0.433*

0.012

Creatinine

0.009

0.477

-0.024

0.451

0.068

0.368

0.554**

0.003

Estrogen

-0.146

0.264

-0.074

0.374

-0.025

-0.028

0.285

0.112

Testosterone

0.258

0.136

0.235

0.159

0.456

0.448

0.096

0.339

–

–

-0.052

0.391

–

–

-0.154

0.222

ADMA

**Correlation is significant at the 0.01 level.
*Correlation is significant at the 0.05 level.

measured variables of age and BMI were statically significant, while systolic blood pressure (SBP), diastolic
blood pressure (DBP), glucose, cholesterol, triacylglycerol (TAG), and vitamin D were statically insignificant between women younger and older than 50
years. Concentrations of urea and creatinine were significantly lower in young women compared to older
participants (P < 0.001). As expected, sex hormones
were higher in young women compared to older participants. Estrogen levels were significantly higher in
young women than older women (268.13 ± 275.40
vs 61.63 ± 71±94 pg/mL, P < 0.001) while testos-

terone levels were statically meaningless for younger
and older women. Serum concentrations of ADMA
and SDMA were lower in premenopausal women, but
exhibited no significant differences between the two
groups (Figure 1). Indeed, ADMA showed higher levels than SDMA in both groups.
To find a link with vitamin D, the correlation
between kidney function test and dimethylarginine
toxins was investigated. In both groups of women,
premenopausal or postmenopausal, suffering from
vitamin D insufficiency/deficiency, no correlation was
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found between vitamin D levels and kidney function
tests (urea and creatinine), sex hormones (estrogen
and testosterone), or dimethylarginine toxins (ADMA
and SDMA). In young women, BMI was significantly
positively correlated with age, urea, and ADMA.
Testosterone was significantly positively correlated
with creatinine (r = 0.616, P < 0.01), and significantly negatively correlated with age (r = −0.464, P
< 0.05). In contrast, older women showed significant
correlations between the following: a positive correlation was found between SDMA and urea (r = 0.433,
P < 0.05), as well as between SDMA and creatinine
(r = 0.554, P < 0.01) (Figure 2), and BMI was positively correlated with estrogen (r = 0.575, P < 0.01).
Table II shows the correlations between ADMA or
SDMA with various variables measured in this study.
Discussion
In this study, markers of kidney functions (urea
and creatinine) and endothelial dysfunction (ADMA
and SDMA) were assessed in women suffering from
vitamin D insufficiency or deficiency. Several studies
have shown a link between hypovitaminosis D and the
progression of CKD (24, 25). Moreover, SDMA, but
not ADMA, has been considered as an early marker
of renal disease (26). The obtained results showed
significantly higher concentrations of urea and creatinine, and non-significantly higher concentrations of
ADMA and SDMA in women above 50 years of age
(postmenopausal) compared to women below 50
years of age (premenopausal). Several publications
have shown that aging/menopausal status has an
effect on several factors associated with cardiovascular risk and renal failure, such as cholesterol, TAG,
urea, and creatinine. Beside these factors, ADMA and
SDMA are considered as predictor markers for cardiovascular and kidney diseases, respectively (27).
However, in this work, when all participants exhibited
low levels of vitamin D, no significant link between
ADMA and risk factors of renal failure was confirmed,
while SDMA significantly correlated with urea and
creatinine in postmenopausal women. Hence, this
finding confirms the link between SDMA and renal
failure in elderly populations, and may illustrate a
direct link that will enable us to consider SDMA as a
future predictor of renal dysfunction.
Age- and sex-dependent differences were found
in ADMA levels. Men younger than 50 years have
higher ADMA levels than women in the same age
group, while older women have higher ADMA than
men older than 50 years (28, 29). By assuming that
50 years of age is approximately the age of onset of
menopause in women (30, 31), it has been shown
that ADMA levels increased with the onset of
menopause, which may be attributed to changes in
sex hormones concentrations as an important factor
in the menstrual cycle (32). Since estrogen enhances
NO synthesis and reduces ADMA synthesis, exoge-
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nous estrogen was able to reduce ADMA levels in
postmenopausal women (33). Holden et al. (34)
reported that exposing cultured cells to 17-estradiol
decreased ADMA levels in a dose-dependent manner,
but did not decrease SDMA, by increasing DDAH
activity with increasing 17-estradiol concentration in
the medium. Moreover, Valtonen et al. (35) reported
the differences between natural and synthetic steroids
and their impact on ADMA and SDMA levels in
women during the menstrual cycle. In non-oral contraceptive users, there was significant differences
between ADMA levels during different menstrual
cycle phases, while SDMA did not show any differences across the menstrual cycle. This observation
may indicate that SDMA is not sensitive to hormonal
changes because it is excreted from the body by renal
excretion and not metabolized by DDAH. In oral contraceptive users, circulating ADMA and SDMA levels
decreased significantly in women using an oral contraceptive containing estrogen in comparison to
women not taking an oral contraceptive. With respect
to previous studies, the obtained results in the present
study showed that women younger than 50 years had
significantly higher estrogen and non-significantly
higher testosterone concentrations and non-significantly lower arginine derivatives (ADMA and SDMA)
compared to older women, which is expected while
taking into consideration that both groups are suffering from vitamin D insufficiency/deficiency.
Body weight is also influenced by sex-gender
differences. Campsei et al. (36) showed that, before
body weight correction, premenopausal women had
significantly elevated levels of total cholesterol, TAG,
and creatinine compared to postmenopausal women.
After body weight correction, differences in creatinine
concentrations disappeared, while concentrations of
total cholesterol and TAG were maintained at high
levels in postmenopausal women. In contrast, in men,
results before and after body correction did not
change. However, in the same study, ADMA and
SDMA levels were lower in women than in men
younger than 45 years before body weight correction
and there was no difference after body weight correction between the two groups. In contrast, before body
weight correction, there was no difference in ADMA
and SDMA levels between men and women older
than 45 years, but after correcting the body weight,
women had higher levels.
The direct link between vitamin D and endothelial dysfunction, heart or kidney diseases has been
assessed in several studies. The mechanism of how
vitamin D impacts endothelial dysfunction is not yet
comprehensibly studied. Hence, it is important to find
the link between vitamin D and ADMA or SDMA,
since these two biomarkers directly or indirectly influence the level of NO which increases the risk of
endothelial dysfunction in different diseases. It has
been noticed that dimethylarginine levels tend to fluctuate in the same disease (37–41). Several factors
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influence ADMA circulating levels, such as gene polymorphism, age, sex, BMI, season, and diet (21, 42).
Ngo et al. (43) reported the fluctuation levels of
ADMA. They found that ADMA was inversely correlated with seasonal fluctuation in vitamin D concentrations. In contrast, not enough information has been
reported on the factors that influence SDMA levels.
However, SDMA concentration is not influenced by
the dietary content of arginine, because it is derived
from methylated nuclear proteins (44).
Various ethnicities and various frequencies of
polymorphisms of vitamin D may impact ADMA and
SDMA levels in different studies. Chitalia et al. (45)
reported a direct link between deficiency of vitamin D
and endothelial dysfunction in patients with mild to
moderate chronic kidney disease. In contrast, Maaty
et al. (42) found a non-significant correlation
between vitamin D, ADMA, and SDMA, wherein vitamin D activated the NO system but had no effect on
endothelial dysfunction. Several drugs, such as
enalapril (46), perindopril (47), and zofenopril (48),
have shown an effect on ADMA by reducing the circulating level. However, these drugs may interfere
with the role of ADMA and SDMA in NO synthesis in
cardiovascular or renal diseases. Oliva-Damaso et al.
(49) reported on treated hemodialysis patients using
paricalcitol, a vitamin D analogue. In patients with
CKD, paricalcitol may offer a survival benefit by
reducing ADMA levels. It is possible that the antioxidant effect of vitamin D may reduce the lipid peroxidation and enhance endothelial function (50). Since
the antioxidant activity improves the activity of DDAH
and lowers the activity of type 1 protein arginine
methyltransferase (PRMT), it reduces ADMA synthesis and activates its degradation (51, 52).
Although ADMA is not directly correlated with
the parameters of renal failure, it causes endothelial
dysfunction, which may contribute to renal disease.
However, there is an explanation of why ADMA is
linked to parameters of renal failure in some studies.
It is well-known that ADMA is metabolized by the
degradation action of DDAH, which present in the
kidney at high concentrations. If there is a renal
impairment that leads to a decline in DDAH activity
and a reduction of renal excretory function, this
results in an accumulation of ADMA in the body (53).
Indeed, in patients with chronic renal failure, ADMA
is considered as a future marker of mortality and cardiovascular disease (49). SDMA was confirmed as an
endogenous marker of renal failure that correlated
directly with parameters of renal failure (53, 54).
After total nephrectomy in a rat model, the circulating
level of SDMA increased rapidly in parallel with blood
urea nitrogen and creatinine (55). SDMA can indirectly affect NO synthesis by two mechanisms that

depend on interfering with the intracellular uptake of
arginine: either by inhibiting renal tubular arginine
absorption or by inhibiting the y+ transporter (56,
57). Kielstein et al. (58) presented SDMA as an early
marker to detect acute kidney injury by indicating the
changes in the GFR. However, SDMA is sometimes
more sensitive than creatinine in the detection of
renal dysfunction (53). Hence, Kielstein et al. (58)
investigated whether it is possible to replace the creatinine test with an SDMA test in clinical labs. They
found that considering SDMA measurements as a
classic test still suffers from some limitations, such as
the high cost, the requirement of extra experiments to
support its benefits, and the need for replication in
multiple settings. In contrast, the creatinine test is
cheaper, easier to perform, and has good sensitivity
and selectivity.

Conclusions
ADMA and SDMA can be presented as valuable
combined markers to predict the risk of cardiovascular and kidney diseases. In the current study, the
obtained results could not confirm a significant association between ADMA and renal failure parameters,
which may indicate that ADMA has no direct effect
on urea or creatinine levels in women with low vitamin D levels. In contrast, SDMA in postmenopausal
women showed a significant association with urea
and creatinine, and thus may be considered as a significant marker of renal dysfunction in elderly populations. However, no significant relationships between
ADMA or SDMA and hormonal changes were found
either in premenopausal or postmenstrual women
with vitamin D insufficiency/deficiency. The limitations of the current study include the collection of
blood samples randomly over the year, which may
cause a seasonal fluctuation in vitamin D, ADMA,
and SDMA levels. Furthermore, the consumption of
contraceptives was not taken into consideration during samples collection. Future studies will be needed
to investigate ADMA and SDMA levels during the
menstrual cycle and to investigate the relationship
between these two markers and sex hormones (natural or synthetic) in women suffering from vitamin D
insufficiency/deficiency. Moreover, the assessment of
NOS inhibitor levels will help in the prevention of
endothelial dysfunction, which subsequently suppresses the progression of several diseases and mortality.
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