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Abstract: Metabolic syndrome (MetSyn) is a precursor for several cardiometabolic diseases. The
prevalence of MetSyn is higher in postmenopausal women compared to premenopausal women. The
role of vitamin D in postmenopausal women is not clearly understood. Hypovitaminosis is more
prevalent in postmenopausal women compared to premenopausal women. For this review, Pubmed,
Cochrane, SCOPUS, Embase, and Google Scholar databases were searched up to August 2022.
Findings from one randomized controlled trial (RCT) and ten cross-sectional studies were included
in this review. Several cross-sectional studies (8 out of 10 reviewed) unequivocally demonstrated
an inverse association between serum vitamin D concentrations and MetSyn. However, RCTs are
severely lacking in the effect of vitamin D intake on the biomarkers of MetSyn and the prevalence of
MetSyn. Therefore, caution should be used in recommending mega doses of vitamin D supplements
for postmenopausal women because of the potential adverse effects associated with this vitamer.

Keywords: 25-hydroxyvitamin D; hypovitaminosis D; metabolic syndrome; postmenopausal women;
insulin resistance

1. Introduction

Metabolic syndrome (MetSyn) or syndrome X is a global health concern [1] and is
linked to chronic diseases such as obesity, type 2 diabetes mellitus (T2DM), and
cardiovascular diseases (CVD) [2,3]. MetSyn is characterized by increased visceral adiposity,
dyslipidemia (elevated triglycerides and low high-density lipoprotein (HDL) cholesterol),
elevated blood pressure, and dysglycemia [4]. Additionally, MetSyn is associated with
insulin resistance and elevated insulin concentrations [1]. Insulin resistance is linked to
obesity and the risk of CVD, which in turn may contribute to dyslipidemia and perturbed
glucose regulation [5]. Other risk factors for MetSyn include older age, alcohol consump-
tion, smoking, family history, and sedentary lifestyle [2]. The prevalence of MetSyn varies
with the criteria used to define it. In the Asia-Pacific region, the prevalence of MetSyn in
adults ranged from 20% to 25% [6]. However, in the same region, the prevalence of MetSyn
in postmenopausal women ranged from 22.3% to 39.9% [7]. The prevalence of MetSyn in
postmenopausal women varied from region to region: 29% in Puerto Rico, 31% in Iran,
48.9% in Brazil, and 55.5% in India [8]. The prevalence of MetSyn in postmenopausal
women (57.8%) is much higher compared to premenopausal women (20%) [9].

The prevalence of vitamin D deficiency in the general population ranges between
20% and 90%, depending on the serum 25-hydroxyvitamin D (25(OH)D) cut-off values
used to define vitamin D deficiency [10]. Because there are no consistent clinical guidelines
for defining vitamin D deficiency, hypovitaminosis D has been defined as serum 25(OH)D
concentrations of <30 nmol/L, <50 nmol/L, or <75 nmol/L [11–13]. Hypovitaminosis D
prevalence varies by region: 44–96% in the Middle East and North Africa [14], 30–60%
in Europe [15], and ~24% in the US [16]. Among several factors, dark skin tone [17] and
adiposity [18] are directly related to the prevalence of vitamin D deficiency.

The Institute of Medicine (IOM) set the recommended dietary intake for vitamin
D at 600 IU for adults up to 70 y old and 800 IU/d for people >70 y old [19]. On the
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other hand, the Endocrine Society (ES) recommended that people aged 19–70 y old and
those aged more than 70 y old should consume at least 600 IU/d and 800 IU/d of vita-
min D, respectively. Further, the ES recommended that vitamin D deficient adults take
50,000 IU/wk for 8 wk and then 1500–2000 IU/d for maintenance [13]. The tolerable upper
intake level (UL) was set at 4000 IU/d for adults by the IOM and ES. Vitamin D’s classical role
is to maintain the homeostasis of calcium and phosphorus and normal bone metabolism [20].
However, it has been recognized that vitamin D’s role goes beyond the bone.

Recent evidence links hypovitaminosis D to various non-communicable infirmities
such as MetSyn, diabetes, cancer, and psychological disorders [21–23]. Nine studies
included in this review found a higher prevalence of hypovitaminosis D among post-
menopausal women compared to premenopausal women [24–31], while others did not
find a significant association between the two variables [32–34]. Studies regarding vitamin
D and MetSyn among postmenopausal women are still sparse and inconclusive [24,27,35],
and reviews are lacking. As a result, the goal of this review was to synthesize the current
knowledge, particularly recent studies, about the relationship between hypovitaminosis D
and MetSyn in postmenopausal women.

2. Methods
2.1. Studies Extraction Process

Several databases were searched to provide a reasonable breadth and depth of infor-
mation on the topic. PubMed, Cochrane, SCOPUS, and Embase databases, were searched.
Studies published until August 2022 were included in this review. However, all the studies
were from the period 2011 to 2022 as there were no published reports before 2011. The
following key terms were used in the search process: “vitamin D and metabolic syndrome
and postmenopausal women; “25-hydroxyvitamin D and metabolic syndrome and post-
menopausal women”; “25(OH)D and metabolic syndrome, and postmenopausal women”;
and “hypovitaminosis D and metabolic syndrome and postmenopausal women”.

2.2. Studies Derivation

Based on this search, we identified a total of 63 records. Articles published in non-
English languages were excluded (n = 3). Furthermore, 49 records were excluded for
various reasons (duplicates, outcome measurements, study design, and did not fit inclusion
criteria). Based on our search strategy, this narrative review was based on the results of
10 cross-sectional studies and 1 randomized control trial (RCT). Menopausal status was
defined as not having a menstrual cycle for ≥12 months. Serum 25(OH)D concentrations
were used to assess vitamin D status in all studies. Because serum 25(OH) D has a longer
half-life and represents both dietary vitamin D and endogenously synthesized vitamin
D in the dermis, it is the most widely used biomarker of vitamin D status. In all studies
(except one), the vitamin D deficiency was measured using serum 25-hydroxyvitamin D
concentrations <50 nmol/L. In cross-sectional studies, the relationship between serum
25(OH)D and the prevalence of MetSyn in postmenopausal women was assessed with
multivariate regression models. However, in the RCT, the postmenopausal women were
randomized into two groups. The intervention group was given vitamin D3 at 1000 IU/d
and the control group was given a placebo. The MetSyn components were assessed at
baseline and endpoint for both groups.

3. Results of Studies on Hypovitaminosis D and MetSyn in Postmenopausal Women

In total, eleven studies investigated the association between serum vitamin D and MetSyn
in post-menopause women (Table 1). These 11 studies formed the basis for this review.
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Table 1. Summary of studies on serum 25(OH)D concentrations and MetSyn in postmenopausal women 1.

Reference and
Location

Age, y
(Mean ± SD

or
Range)

Study Design and n Intervention MetSyn Criteria
Assessment of

Serum 25(OH)D
(nmol/L)

Findings and
Conclusions 2

Ferreira et al.,
2020, Brazil [28] 58.8 ± 6.6

RCT
PMW, n = 160

Treatment group,
n = 80

Control group, n = 80
9 month

Treatment group:
Vitamin D

supplementation,
1000 IU/d

Control group:
Placebo

Women meeting
≥ 3 of the
following:

WC > 88 cm
TG ≥ 150 mg/dL

HDL-C < 50
mg/dL

BP ≥ 130/85
mmHg

FBG ≥ 100
mg/dL

Sufficient, ≥75
Insufficient,

50–72.5
Deficient, <50

Vitamin D
supplementation:

↓TG
↓HOMA-IR
↓Risk of MetSyn
↓Risk of hyper-
triglyceridemia
↓Risk of

hyperglycemia

Schmitt et al.,
2018, Brazil [24] 45–75

Cross-sectional
PMW, n = 463

Vitamin D sufficient,
n = 148

Vitamin D insufficient,
n = 151

Vitamin D deficient,
n = 164

No intervention

Women meeting
≥ 3 of the
following:

WC > 88 cm
TG ≥ 150 mg/dL

HDL-C < 50
mg/dL

BP ≥ 130/85
mmHg

FBG ≥ 100
mg/dL

Sufficient, ≥75
Insufficient,

50–72.5
Deficient, <50

Vitamin D
insufficiency and
deficiency were
associated with:
↑MetSyn
↑TG
↑TC

↑HOMA-IR
↓HDL-C

Jeenduan, et al.,
2020,

Thailand [30]
62.7 ± 9.8

Cross-sectional
PMW, n = 340

Hypovitaminosis D
(insufficient and
deficient) n = 194

Vitamin D sufficient,
n = 146

No intervention

Women meeting
≥ 3 of the
following:

WC ≥ 80 cm
TG ≥ 150 mg/dL

HDL-C < 50
mg/dL

BP ≥ 130/85
mmHg

FBG ≥ 100
mg/dL

Sufficient, ≥75
Insufficient,

50–72.5
Deficient, <50

Low serum
25(OH)D was

associated with:
↑MetSyn
↑TG
↑TC
↑WC

Chon et al.,
2014,Korea [27] <50–>70

Cross-sectional
PMW, n = 4364

Vitamin D tertile 1,
n = 1454

Vitamin D tertile 2,
n = 1456

Vitamin D tertile 3,
n = 1454

No intervention

Women meeting
≥ 3 of the
following:

WC ≥ 85 cm
TG ≥ 150 mg/dL

HDL-C < 50
mg/dL

BP ≥ 130/85
mmHg FBG ≥

100 mg/dL

Sufficient, ≥75
Insufficient,

50–72.5
Deficient, <50

Vitamin D
sufficiency was
associated with:

↓BP
↓TG
↑HDL-C

Mitra et al.,
2016,India [36] 51 ± 7.75

Cross-sectional
PMW, n = 64

Vitamin D sufficient,
n = 16

Vitamin D insufficient,
n = 15

Vitamin D deficient,
n = 33

No intervention

Women meeting
≥ 3 of the
following:

WC ≥ 80 cm
TG ≥ 150 mg/dL

HDL-C < 50
mg/dL

BP ≥ 130/8 5
mmHg

FBG ≥ 100
mg/dL

Sufficient, >75
Insufficient,

52.5–72.5
Deficient, <50

No relation
between serum
25(OH)D and

cardiometabolic
risk factors

Srimani et al.,
2017, Korea [31] 45–70

Cross-sectional
PMW, n = 222

Vitamin D sufficient,
n = 67

Vitamin D insufficient,
n = 42

Vitamin D deficient,
n = 113

No intervention

Women meeting
≥ 3 of the
following:

WC ≥ 80 cm
TG ≥ 150 mg/dL

HDL-C < 50
mg/dL

BP ≥ 130/85
mmHg

FBG ≥ 110
mg/dL

Sufficient, 75–250
Insufficient,

52.5–72.5
Deficient, <50

Serum 25(OH)D
was associated

with:
↑WC
↑FBG
↑TG
↑BP
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Table 1. Cont.

Reference and
Location

Age, y
(Mean ± SD

or
Range)

Study Design and n Intervention MetSyn Criteria
Assessment of

Serum 25(OH)D
(nmol/L)

Findings and
Conclusions 2

Dadonienė et al.,
2018,

Lithuania [33]
57.9 ± 3.9

Cross-sectional
PMW, n = 210

Vitamin D sufficient,
n = 84

Vitamin D deficient,
n = 126

No intervention

Women meeting
≥ 3 of the
following:

WC > 88 cm
TG ≥ 150 mg/dL

HDL-C < 50
mg/dL

BP ≥ 130/85
mmHg

FBG ≥ 100
mg/dL

Sufficient, ≥50
Deficient, <50

No significant
relation between
serum 25(OH)D

and vascular
stiffness

Chacko et al.,
2011, USA [26] 63.3 ± 7.5

Cross-sectional/Case-
control

PMW, n = 292
Vitamin D tertile 1,

n = 96
Vitamin D tertile 2,

n = 94
Vitamin D tertile 3,

n = 102

No intervention
Cases:

1 g calcium
carbonate and 400

IU vitamin D3
Controls:
Placebo

Women meeting
≥ 3 of the
following:

WC > 88 cm
TG ≥ 150 mg/dL

HDL-C < 50
mg/dL

BP ≥ 130/85
mmHg

FBG ≥ 100
mg/dL

1st tertile, 26
2nd tertile, 43
3rd tertile, 70

Serum 25(OH)D
was associated

with:
↓Adiposity
↓TG

↓TG to HDL-C
ratio
↓MetSyn

Alissa et al., 2001,
Saudi Arabia [25] 46–88

Cross-sectional
PMW, n = 300

Vitamin D insufficient
and sufficient, n = 201
Vitamin D deficient,

n = 99

No intervention

Women with
abdominal

obesity (WC > 88
cm)

with ≥2:
TG ≥ 150 mg/dL

HDL-C < 40
mg/dL

BP ≥ 130/85
mmHg

FBG ≥ 110
mg/dL

Insufficient and
sufficient, ≥50
Deficient, <50

Serum 25(OH)D
was associated

with:
↓TG
↓FBG
↓DBP

Huang et al., 2019,
China [29] 63.7 ± 7.7

Cross-sectional
PMW, n = 616

Vitamin D sufficient,
n = 192

Vitamin D insufficient,
n = 312

Vitamin D deficient,
n = 112

No Intervention

Women meeting
≥ 3 of the
following:

WC ≥ 80 cm
TG ≥ 150 mg/dL

HDL-C < 50
mg/dL

BP ≥ 130/85
mmHg

FBG ≥ 100
mg/dL

Sufficient, >75
Insufficient, 50–75

Deficient, <50

Serum 25(OH)D
was associated

with:
↑Estradiol
↓lipid profile
↓TC
↓TG
↓BP
↓FBG
↓MetSyn

Chun et al., 2020,
Korea [37] 46.1

Cross-sectional
PMW, n = 8326

Sufficient, n = 1996
Insufficient, n = 6330

No intervention

Women meeting
≥ 3 of the
following:

WC > 85 cm
TG ≥ 150 mg/dL

HDL-C < 50
mg/dL

BP ≥ 130/85
mmHg

FBG ≥ 100
mg/dL

Sufficient, ≥50
Deficient, <50

PMW with
deficient vitamin

D had:
↑BMI
↑WC
↑FBG
↑TG
↓HDL-C

1 Abbreviations: 25(OH)D, 25-hydroxyvitamin D; BMI, body mass index; BP, blood pressure; DBP, diastolic blood
pressure; FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostatic model
assessment-insulin resistance; IU, international unit/s; MetSyn, metabolic syndrome; PMW, postmenopausal
women; RCT, randomized controlled trials; SD, standard deviation; TC, total cholesterol; TG, triglycerides;
WC, waist circumference. 2 ↑ = increased; ↓ = decreased.
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3.1. RCT

One RCT found that postmenopausal women who consumed 1000 IU/d of vitamin D
had improved markers of MetSyn compared to those women who took a placebo. In this
RCT, 160 postmenopausal women were randomly allocated to either the treatment group to
take 1000 IU/d of vitamin D3 or the placebo for 9 months [28]. In the multivariate-adjusted
analysis, women supplemented with vitamin D3 had a lower risk of MetSyn (OR, 0.42;
95% CI, 0.21–0.83), hypertriglyceridemia (OR, 0.43; 95% CI, 0.22–0.85), and hyperglycemia
(OR, 0.23; 95% CI, 0.10–0.52), compared to the placebo group. However, there was no
change in blood pressure or anthropometric measures. [28].

3.2. Cross-Sectional Studies

In a cross-sectional study, postmenopausal women with hypovitaminosis D had
a higher prevalence of MetSyn, hypertriglyceridemia, and low HDL-cholesterol than
postmenopausal women with normal serum 25(OH)D [24]. In a study on 340 Thai post-
menopausal women, hypovitaminosis D was found to increase the risk of MetSyn, hy-
pertriglyceridemia, and obesity. Additionally, in this study, serum 25(OH)D was lower
in postmenopausal women with MetSyn than in those without MetSyn [30]. Another
study reported a relationship between serum 25(OH)D and MetSyn, as well as the risk
factors associated with it, in Korean postmenopausal women [27]. Although no statis-
tically significant associations were found between serum 25(OH)D concentrations and
the prevalence of MetSyn (OR, 0.9; 95% CI, 0.76–1.05; p = 0.33), the ORs were significant
for high blood pressure (OR, 0.83; 95% CI, 0.71–0.98), high serum triglycerides (OR, 0.83;
95% CI, 0.71–0.97), and reduced HDL-cholesterol (OR, 0.8; 95% CI, 0.69–0.93). Overall,
women in the highest tertile of serum 25(OH)D had a significantly lower prevalence of ele-
vated blood pressure (p = 0.02), elevated triglycerides (p = 0.014), and low HDL-cholesterol
(p = 0.002) compared to those in the lowest tertile [27].

On the other hand, the association between serum 25(OH)D with various cardiometabolic
risk factors and MetSyn was studied in 64 Indian postmenopausal women. Results showed
no differences in cardiometabolic risk profiles between vitamin D deficient and sufficient
women [36]. Both women with and without MetSyn had similar serum 25(OH)D. Insulin
resistance was not evaluated in this study. This could have provided better insights into
the possible link between the high prevalence of hypovitaminosis D and MetSyn. Another
study investigated the relationship between serum 25(OH)D and vascular and bone health
in postmenopausal women with MetSyn [33]. In this study, a high proportion of vitamin D
deficient postmenopausal women had MetSyn but without a significant relation between
serum 25(OH)D and vascular and bone health [33]. Although cross-sectional studies failed
to show an association between serum 25(OH)D and endothelial functioning, RCTs have
shown a positive effect of vitamin D on endothelial function [35].

Huang et al. conducted a study on 616 Chinese postmenopausal women, and their
results suggest a synergistic effect of vitamin D and estradiol deficiency on MetSyn in
postmenopausal women [29]. There was a direct association between serum 25(OH)D and
estradiol concentration. They observed that an increase in serum 25(OH)D was associated
with improved blood pressure, lipid profile, and circulating glucose. After multivariable
adjustment, the OR for MetSyn was 2.19 (95% CI, 1.19–4.01, p for trend, 0.009) for vitamin
D deficient compared to sufficient women. After adjusting for estradiol concentrations, this
association persisted [29]. Further, an association between vitamin D deficiency and insulin
resistance was investigated in Saudi postmenopausal women (n = 300) with and without
MetSyn [25]. Results revealed that the prevalence of increased waist circumference (WC),
insulin resistance, and vitamin D deficiency was high in postmenopausal women. Recently,
a study reported an inverse relationship between serum vitamin D concentrations and body
adiposity markers such as BMI (p < 0.0005), WC (p < 0.044), fat mass (p < 0.003), android fat
(p < 0.009), and gynecoid fat (p < 0.001) in postmenopausal Qatari women [38]. Using the
data from the Korean National Health and Nutrition Examination Survey, investigators
have reported that MetSyn markers and the MetSyn risk were statistically different in post-
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menopausal women between those who are vitamin D deficient and sufficient. Moreover,
dietary consumption was found to modulate the effect of menopausal status and serum
25(OH)D on MetSyn risk and obesity, especially among postmenopausal women [37].

A recent quasi-experimental study reported a combination of aerobic exercise and
50,000 IU/d of vitamin D significantly reduced inflammatory markers such as C-reactive
protein and interleukin-6 and improved all MetSyn markers in postmenopausal women [39].
Overall, hypovitaminosis D is associated with the risk of developing MetSyn in post-
menopausal women.

4. Discussion
4.1. Role of Vitamin D in MetSyn

Recent evidence has shown that vitamin D plays a role in various non-calcemic
functions. Vitamin D receptors (VDR) have been mapped in a wide range of insulin-
dependent cells and tissues (liver, skeletal muscle, and adipose tissues) [28], which implies
that vitamin D plays a role in glucose utilization, insulin secretion, and insulin sensitivity.
As a result, the potential derangements caused by vitamin D deficiency and the therapeutic
potential of vitamin D have been the focus in recent times. During this time, the chronic
disease burden has also increased. Overweight, obesity (especially abdominal obesity), and
MetSyn were inversely related to serum 25(OH) D [25–30,40]. Hypovitaminosis D is linked
to higher systolic blood pressure, lower HDL cholesterol, and insulin resistance [25,36,40,41].
Furthermore, lower serum 25(OH)D concentrations have been linked to increased morbidity
and mortality related to myocardial infarction and diabetes [42–45]. Some of these negative
effects could be reversed when vitamin D concentrations are normalized [46].

Vitamin D deficiency plays an important role in the pathogenesis of T2DM by increasing
insulin resistance and promoting inflammation [41]. Polymorphism in the VDR genes has
been associated with alterations in insulin secretion and sensitivity [47]. VDRs are found
in insulin-secreting β-cells of the pancreas as well as 1 α-hydroxylase, which converts
circulating 25(OH)D to active 1,25-dihydroxyvitamin D (1,25 (OH)2D) [46]. Previous studies
have proposed an association between hypovitaminosis D and decreased peripheral insulin
action, either through decreased expression of insulin receptors or through impairment in the
downstream signaling of the insulin receptor [46]. Vitamin D stimulates the expression of the
insulin receptor in peripheral tissues, increasing glucose uptake [48]. Additionally, because
insulin-mediated intracellular processes are calcium-dependent, vitamin D status may have
an indirect influence on insulin sensitivity in skeletal muscles and adipose tissues [28,48].

Several studies demonstrated an inverse association between serum 25(OH)D and
triglyceride concentrations in postmenopausal women [49]. This inverse association be-
tween vitamin D and serum lipids could be due to a decrease in intestinal absorption
and synthesis of lipids and decreased lipolysis [24,49]. A meta-analysis of randomized
controlled trials reported a positive association between serum 25(OH)D concentrations
and HDL cholesterol, suggesting that hypovitaminosis D may contribute to an atherogenic
lipid profile, a major risk factor for the development of coronary artery disease [50]. A
direct association between serum 25(OH)D and apolipoprotein A-1 suggests a possible
role of vitamin D in the formation of HDL particles in blood [50,51]. Moreover, it has been
proposed that VDRs regulate cholesterol concentrations by upregulating the synthesis
of bile acids from cholesterol [24]. Vitamin D influences lipid metabolism by inhibiting
adipogenic transcription factors and lipid accumulation during adipocyte differentiation.
Metabolites of vitamin D induce adipokine production and inflammatory response in
adipose tissue [52], which results in an impairment in the normal metabolic function of
adipose tissue in hypovitaminosis D.

Because adipose tissue plays a role in energy balance, lipid metabolism, and inflamma-
tion, serum 25(OH)D can have a major impact on metabolic health maintenance [53]. Sev-
eral epidemiological studies have shown an inverse association between serum 25(OH)D
and obesity markers such as BMI and WC [54]. This association was likely due to the
sequestration of vitamin D in adipose tissue, leading to lower serum 25(OH)D [52,54]. As
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previously stated, dietary intake can influence the effect of vitamin D status on MetSyn risk.
It has been reported that postmenopausal women tend to have low dietary protein intake,
an increased prevalence of obesity, and an increased risk of MetSyn [55]. The metabolic
pathologies that are commonly seen in postmenopausal women, cannot be solely attributed
to vitamin D deficiency alone. The postmenopausal women group were older and generally
engaged in less physical activity, leading to decreased sun exposure, which made them
more vitamin D deficient. Additionally, decreased physical activity is related to a higher
risk of obesity. Due to hormonal changes related to aging, postmenopausal women tend
to have unfavorable biomarkers of body composition, i.e., increased body adiposity and
decreased lean body mass. High protein diets (which tend to be low in carbohydrates) have
been linked to reduced body weight, fat mass, triglycerides, and blood pressure, which are
components of MetSyn [37,56,57].

4.2. Serum Vitamin D, Estrogen, and MetSyn

A brief role of vitamin D in genomic function is described in Figure 1 [58,59]. The
binding of 1,25(OH)2D to VDRs triggers the genetic expression of enzymes that are re-
sponsible for converting the androgens and estrogens into their active forms [58]. One
such enzyme is 17β-hydroxysteroid dehydrogenase, which regulates the concentration of
intracellular steroidal hormones in target tissues [58]. Aromatase, which is responsible
for estrogen synthesis, is an enzyme that has several functions in different tissues such
as the ovaries, breasts, and adipose tissues [59]. In tissues such as ovarian granulocytes,
1,25(OH)2D modifies genes that express aromatase [58]. It has also been found that vitamin
D deficiency is linked to various reproductive disorders in women, such as subfertility,
polycystic ovarian syndrome, and endometriosis [59]. Therefore, it is reasonable to assume
that hypovitaminosis D in postmenopausal women can exacerbate the pathologies of Met-
Syn. It is unclear whether increased 25(OH)D can reduce MetSyn biomarkers and the risk
for heart diseases in postmenopausal women.
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Figure 1. Metabolism of vitamin D-activation and genomic functions [58,59]. Abbreviations: 1,25(OH)2D,
1,25-dihydroxyvitamin D; 25(OH)D, 25-hydroxyvitamin D; 24,25(OH)2D, 24,25-dihydroxyvitamin D;
CYP24A1, cytochrome P450 family 24 subfamily A member 1 or 24-hydroxylase; CYP27B1, cytochrome
P450 family 27 subfamily B member 1 or 1α-hydroxylase, LDL, low-density-lipoprotein; MetSyn,
metabolic syndrome.
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5. Strengths and Limitations

The reviewed studies have a few strengths. A few studies had a large sample size, and
the results can be applied to the sample population at large. One study excluded women
who had a hysterectomy to reduce the bias of having participants with an inaccurate status
of menopause. Cross-sectional studies have considered several confounding variables
that are known to affect serum vitamin D concentrations. Further, there is a need for
longitudinal studies and RCTs, to understand the association between MetSyn components
and hypovitaminosis D, in postmenopausal women. The majority of the studies reviewed
(10 out of 11) are cross-sectional studies. In these studies, causality should not be assumed.
The limitations of the reviewed studies are inconsistencies between studies in terms of
MetSyn components cutoff points and lack of adjustment for certain factors that might affect
the serum vitamin D concentrations. Cross-sectional studies did not take sunlight exposure
into account as sunlight is one of the important contributors to vitamin D status. However,
it is not known how the lack of adjustment for sunlight exposure affected the relationship
between serum vitamin D and MetS in postmenopausal women. In cross-sectional studies,
the vitamin D assessment was based on a single serum vitamin D measurement. A single
measurement of serum vitamin D may not be representative of their normal vitamin D
concentrations. Results from studies with small sample sizes cannot be generalized to
the general population. The studies reviewed are heterogeneous in nature. They differ in
the way vitamin D deficiency, insufficiency, and sufficiency were categorized. Studies are
conducted in different countries with varied sample sizes and environments. Therefore, the
findings from these studies may not be generalizable to postmenopausal women globally.

6. Recommendations

An emphasis should be placed on improving the vitamin D status in postmenopausal
women by advocating the consumption of fish and vitamin D fortified foods. Because
food sources of vitamin D are limited, it is tempting to reach out to supplements to boost
vitamin D intake. Although vitamin D safety is well established in lower doses, the
safety of vitamin D at higher doses is not known. As a result, postmenopausal women
should be advised to consult health care professionals before they start consuming vita-
min D supplements containing more than 4000 IU/d (UL), although a dosage level up to
10,000 IU/d is considered safe by many health experts. Caution should be used in recom-
mending large doses of vitamin D due to potential health risks associated with vitamin D,
although rare, such as kidney stones, calcification of soft tissues, hypercalcemia, gastroin-
testinal symptoms, altered mental status, and elevated blood pressure. Because of these
potential adverse effects, the approach to treating vitamin D deficiency should be under
medical surveillance only.

7. Conclusions

Evidence is accumulating on the association between serum 25(OH)D and MetSyn in
postmenopausal women. Epidemiological evidence linking hypovitaminosis D with MetSyn
and its pathologies is strong. The majority of the studies showed an inverse association
between serum 25(OH)D and MetSyn in postmenopausal women. There are no data to suggest
the optimum serum 25(OH)D concentration at which health benefits accrue in postmenopausal
women. There is a need for controlled studies to test to what level an improved vitamin D
status can lead to reduced pathologies associated with MetSyn in postmenopausal women.
Further, the exact mechanism through which vitamin D acts to ameliorate the pathologies
associated with MetSyn needs further clarification in this population.
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