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Serum Vitamin D Level Correlates Significantly With Leptin and
Tumor Necrosis Factor-Alpha in Overweight Postmenopausal
Women With Hypertension
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Abstract

Background: Association of serum vitamin D (vitD) with lep-
tin (Lep) and tumor necrosis factor-alpha (TNF-a) is not precisely
known in overweight hypertensive (OW-HT) postmenopausal (PMP)
women. Hence, the present study was carried out to investigate the
body mass index (BMI)-based correlation of serum vitD with Lep and
TNF-o in OW-HT PMP women.

Methods: Women subjects in their early PMP (n = 346, age: 51 - 60
years) categorized into three groups had main inclusion criteria of
specified range of age, BMI and blood pressure (BP). Enzyme-linked
immunosorbent assay (ELISA) and other kit methods were employed
to investigate the role of various variables in three subject groups
(normal weight normotensive (NW-NT, n = 116, BMI (kg/m?): 22 -
24.9), normal weight hypertensive (NW-HT, n =115, BMI: 22 - 24.9)
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and OW-HT (n = 115, BMI: 25 - 29.9) PMP women).

Results: A significant negative linear correlation of vitD with serum
Lep and TNF-0, and a significant positive linear correlation of BMI
with Lep and TNF-a in OW-HT PMP women were obtained. Sig-
nificantly higher levels of serum Lep, TNF-a and interleukin-6 (IL-6)
were found in OW-HT PMP women, as compared to NW-HT PMP
women.

Conclusions: The present study suggests that decreased serum vitD
levels correlate with the Lep and TNF-o in OW-HT PMP women.
However, further studies may help understand the impact of vitD in
cardiovascular events and the influencing factors in OW-HT PMP
women.

Keywords: Postmenopausal women; Overweight hypertensives; Se-
rum vitamin D; Leptin; TNF-a

Introduction

Cardiovascular disease (CVD), type II diabetes mellitus
(T2DM) and other cardiometabolic diseases (CMDs) are the
main causes of mortality and morbidity [1]. It is well known
that lifestyle including body weight (BW) management helps
manipulate blood pressure (BP) [1]. Hypertension (HT) is a
very common risk factor [1] that occurs generally in over-
weight (OW) [2] and obese people [3], leading to various
forms of CVD [4]. Patients with HT and OW/obesity need
proper management, especially the change in lifestyle [5]. Fur-
thermore, decreasing the BW reduces the risk of HT even for
those who were never OW or obese [5]. Hence, proper man-
agement of lifestyle and medication are essentially required.
The role of a variety of factors/biomarkers has been stud-
ied in postmenopausal (PMP) women to understand their asso-
ciation with vitamin D (vitD) in OW/obesity status and HT [1].
Some of these factors are: total cholesterol (TC), triglycerides
(TG), homocysteine (Hcy), leptin (Lep), tumor necrosis fac-
tor-alpha (TNF-a), interleukin-6 (IL-6), other adipocytokines,
and proinflammatory and anti-inflammatory markers. How-
ever, controversial results were obtained for the involvement
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of mentioned factors in OW/obesity status or HT [1-3, 5]. No
significant association could be obtained for vitD with Lep or
TNF-a in healthy normal weight normotensive (NW-NT) sub-
jects [6-8] and low-grade normal weight hypertensive (NW-
HT) subjects [9, 10]. The significant association of vitD with
Lep or TNF-a in varying body mass index (BMI) or low-grade
HT is either controversial or not evident [11, 12].

Low serum levels of vitD (25(OH)D) have been sug-
gested to be associated with tissue inflammation, obesity
and a variety of coronary heart disease (CHD) conditions in
PMP women [12]. It was explained by the possible mecha-
nisms that vitD receptors are present in smooth muscle and
endothelial cells whereby vitD improves the endothelial ac-
tivity [12].

It was suggested that OW and obese PMP women are
linked with CVD but the inflammation via proinflammatory
markers, e.g., Lep, TNF-a and IL-6, might have a significant
impact on the development of HT [13]. However, since no
clearly known impact of the mentioned factors is yet known,
and the mechanisms involved in overweight hypertensive
(OW-HT) PMP women are not fully understood, further stud-
ies are required to clarify the interactive impact of various
factors on NW-NT, NW-HT and OW-HT PMP women. The
role of vitD in association with Lep and TNF-a in OW-HT
is especially not known. Hence, the present study was pro-
posed to find the change and association of vitD with Lep
and TNF-a and other related factors in NW-NT, NW-HT and
OW-HT PMP women.

Materials and Methods

Subjects and data collection

This research work was planned and the proposal was sub-
mitted to the College of Medicine, Umm Al-Qura University
(UQU), Makkah, for Institutional Review Board approval.
The proposal was accepted and finally approved (approval no.
HAPO-02-K-012-2021-02-124), for collecting the data and
conducting the planned study. The present study was carried
out in the hospitals affiliated to UQU from June 2021 till June
2023. This study was conducted in compliance with the ethical
standards of the mentioned institution on human subjects as
well as with the Helsinki Declaration.

The consent of the subjects was obtained before consul-
tation. The subjects were informed about the nature of the
planned work and its implications. It was up to them whether
they liked or not to participate in the present study. The sub-
jects who were willing to take part in the current study as vol-
unteers provided the history of their past medical examinations
and medication, and they willingly provided the blood samples
for this study. The sample size (n) was calculated employing
the formula: n =z x p x (1 - p)/e?, where z, p and e represent
confidence level (o), proportion and margin of error or confi-
dence interval, respectively. To confirm it further, the sample
size calculator was used for assessing the number of subjects/
samples required for the present study.

The total number of PMP women in the study was 346 (age

range: 51 - 60 years). They were categorized into three groups
as: group 1: NW-NT (n=116), group 2: NW-HT (n=115) and
group 3: OW-HT (n = 115). The subjects in all groups in the
present study had the specified level of BP. Systolic BP (SBP)/
diastolic BP (DBP) having grade 1 HT were in the range of
140 - 159/90 - 99 mm Hg [5]. Women subjects with grade 2 HT
(SBP/DBP: 160 - 179/100 - 109) and grade 3 HT (SBP/DBP:
> 180/> 110) [5] were not taken for the current study. Subjects
included in the study were in a specified range of BMI (kg/m?).
The BMI range for NW-NT, NW-HT and OW-HT groups was
22 -24.9,22 -24.9 and 25 - 29.9, respectively. Any subject
with lower or higher than the mentioned BMI range was not
entertained for the present study. Subjects in the present report
were studied in their early PMP.

The subjects included in each of the three groups were in
specified range of age, BMI and BP. However, the main inclu-
sion criteria related to the confirmation of PMP were used in the
selected age range of subjects (51 - 60 years) for all three wom-
en groups. Hence, PMP women with age lower than 51 years
or higher than 60 years were not included in the present study.

The study design relied upon the criteria of the study. The
inclusion criteria were the confirmation of PMP in the selected
age range of all subject groups (51 - 60 years), and the BMI
and BP range values mentioned in the above paragraph. Only
the subjects visiting hospitals from June 2021 till June 2023
were included in the present study. The exclusion criteria were
smoking, diabetes mellitus (DM), endocrinological disease,
cardiac/CVD (except grade 1 HT), grade 2 and 3 HT, chronic
respiratory diseases, stroke, chronic inflammatory disease, re-
nal/hepatic disease, hepatitis B virus (HBV)/hepatitis C virus
(HCV) infection, or any other serious discomfort. We selected
the NW-NT, NW-HT and OW-HT PMP women that were not
under pharmacotherapy.

Methods

The BMI (kg/m?) was determined by dividing the BW (kilo-
grams) by the square of body height (meters) [14, 15]. The
BMI levels for NW-NT, NW-HT and OW-HT women were
followed from another study [16]. The BPs (SBP and DBP) de-
termined by the routine methods [17] in the NW-NT subjects
were in the normal range and NW-HT and OW-HT subjects
were in the grade 1 HT range following established reports
[18, 19]. The subjects only with grade 1 HT in the range of 140
- 159/90 - 99 [5] were included. A mercury sphygmomanome-
ter (MS-S1500 Mercury Sphygmomanometer, Medical Sourc-
es Co., Ltd, Nanjing, China) was employed for measuring the
BP. The BP was measured based on two readings taken on two
occasions in a comfortable sitting position in the health care
setting by the same person recommended for taking the history
of the subjects for proper diagnosis. The subjects were recom-
mended to have the check-up of their BP in a suitable occasion
without having tension, hurry or any other inconvenience. The
subject was instructed to sit comfortably for about 15 min after
reaching in the health care setting, and then to proceed for get-
ting check-up of BP. The BP was taken in an airy and a quiet
room or hall set at normal temperature. Improper positioning
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Table 1. Characteristic Features and Related Parameters Among Groups in Postmenopausal Women (n = 346)

Variables NW-NT NW-HT OW-HT P-value*
Number of subjects (n) 116 115 115 -

Age (years) 55.32+2.84 55.33 £2.79 55.35+£2.75 0.99
BMI (kg/m?) 23.46 +0.87 23.42+0.88 27.49 +1.48 <0.001
Lep (ng/mL) 5.99+2.49 10.23 +£5.36 13.40+6.21 <0.001
25(0OH)D (ng/mL) 32.04+7.14 32.05+6.99 30.21+£7.57 0.09
TC (mg/dL) 179.83 +13.50 182.69 + 14.49 183.19 + 18.94 0.22
TG (mg/dL) 96.14 + 14.04 96.41 +14.47 98.66 +17.27 0.39
Hcy (umol/L) 6.914 +4.83 6.99 +4.88 7.20£5.14 0.91
IL-6 (pg/mL) 7.68 £7.48 9.26 £6.42 13.69 +8.15 <0.001
TNF-a (pg/mL) 6.01 £5.65 9.23+5.73 12.61 +6.54 <0.001

Values are presented as mean + SD. *P-values for one-way ANOVA, statistical analysis done by using the Statistical Package for Social Sciences
(SPSS), version 24.0 for Windows. ANOVA: analysis of variance; BMI: body mass index; Hcy: homocysteine; IL-6: interleukin-6; Lep: leptin; NW-HT:
normal weight hypertensive; NW-NT: normal weight normotensive; OW-HT: overweight hypertensive; SD: standard deviation; TC: total cholesterol;

TG: triglycerides; TNF-a: tumor necrosis factor-alpha; 25(OH)D: vitamin D.

during measurements was not recommended. For an accurate
reading, the subject/patient seated in a chair with the feet flat
on the floor.

Blood samples of NW-NT, NW-HT and OH-HT groups
were obtained in a fasting condition in the morning. The en-
zyme-linked immunosorbent assay (ELISA) kits were used for
analyzing the serum Lep, vitD, TNF-a, IL-6, TC, TG and Hcy.
Serum Lep was determined employing a Lep human ELISA kit
(ab100581) - the Abcam’s leptin human ELISA (Cambridge,
UK), serum vitD was estimated using the ELISA kit following
the manufacturer’s instructions (Euroimmun, Lubeck, Germa-
ny), serum TNF-a was determined using ELISA assay (catalog
no. STAOOC, Quantikine® ELISA, R&D Systems Inc., Min-
neapolis, MN, USA), and serum IL-6 was determined by using
ELISA-kit 96T (catalogue no. ELH-IL6, RayBio, USA). The
TC was estimated by routine kit methods/enzymatic colori-
metric method. Other variables (TG and Hcy) were measured
using kit methods.

Statistical analysis

The Statistical Package for Social Sciences (version 24.0) for
Windows (SPSS Inc., Chicago, IL, USA) was used for sta-
tistical analysis. The GraphPad Prism (version 6.0) software
(San Diego, CA, USA) was also employed where required.
Mean + standard deviation (SD) values of the analyzed data
were obtained as a distribution of the quantitative character-
istics corresponding to normal one. The one-way analysis of
variance (ANOVA) was obtained for comparing three groups
of the PMP women. The results obtained were further con-
firmed by Tukey-Kramer post hoc test. Regression lines were
plotted to determine the significance of associations and the
positive or negative correlations/associations. Coefficient of
determination (R?) was obtained that indicated the level of
significance. Value of significance (P) was obtained consid-
ering the previously published biostatistical applications [20]
as P<0.05.

Results

The characteristics and parameters of the study in PMP women
(n = 346; age range: 51 - 60 years) are given in Table 1. The
Tukey-Kramer post hoc test showed that the Lep and TNF-a
presented highly significant increases for OW-HT vs. NW-NT,
OW-HT vs. NW-HT and NW-HT vs. NW-NT (P <0.001). Se-
rum vitD showed a close to significant decrease for OW-HT
vs. NW-NT and OW-HT vs. NW-HT. Serum IL-6 decreased
with P < 0.09 for NW-HT vs. NW-NT. However, other com-
parisons (OW-HT vs. NW-NT and OW-HT vs. NW-HT) for
IL-6 indicated an increase with high significance (P <0.001).

The ANOVA (Table 1) showed that the mean + SD of the age
(years) of the three groups of women did not vary significantly (P
> 0.05). The BMI (kg/m?) range of NW-NT, NW-HT and OW-
HT was 22 - 24.9, 22 - 24.9 and 25 - 29.9, respectively. A highly
significant difference among groups was obtained for BMI, and
serum levels of Lep, TNF-a and IL-6 (P <0.001) (Table 1).

The BMI of NW-NT showed a significant linear correla-
tion with TC (R%: 0.036, P = 0.04) and IL-6 (R? 0.037, P =
0.04) (Table 2). A positive linear correction of BMI with TNF-a
(R%:0.028, P = 0.07) for NW-NT was close to significant as-
sociation. The other parameters of NW-NT did not show any
significant correlation (P > 0.05) (Table 2). The women group
of NW-HT presented a highly positive linear correlation for
BMI against TNF-a (R2: 0.24, P < 0.001). All other parameters
in this group showed non-significant association with BMI
(P > 0.05) (Table 2). However, the OW-HT group showed a
positive linear correlation for BMI against Lep (R%: 0.037, P =
0.04) and TNF-o (R%: 0.288, P < 0.001) (Table 2). Serum vitD
correlated negatively and highly significantly with BMI (R?:
0.350, P <0.001). Other variables in this group were not found
having significant correlation with BMI (P > 0.05).

The analysis of the association of serum Lep with other
variables (Table 3) showed a highly significant negative cor-
relation of serum Lep and vitD only for the OW-HT group (R2:
0.106, P < 0.001). Other significant linear correlations of Lep
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Table 2. Correlation of BMI With Other Variables Based on BMI in Postmenopausal Women

Variables NW-NT NW-HT OW-HT
R? P R? P R? P
Lep 0.004 0.49 0.021 0.12 0.037 0.04
25(0OH)D 0.003 0.56 0.005 0.46 0.350 <0.001
TC 0.036 0.04 0.019 0.15 0.020 0.13
TG 0.004 0.50 0.004 0.50 0.000 0.89
Hey 0.001 0.74 0.001 0.79 0.000 0.96
IL-6 0.037 0.04 0.004 0.48 0.003 0.56
TNF-a 0.028 0.07 0.24 <0.001 0.288 <0.001

BMI: body mass index; Hcy: homocysteine; IL-6: interleukin-6; Lep: leptin; NW-HT: normal weight hypertensive; NW-NT: normal weight normotensive;
OW-HT: overweight hypertensive; R2: coefficient of correlation, statistical analysis done by using the Statistical Package for Social Sciences (SPSS),
version 24.0 for Windows; TC: total cholesterol; TG: triglycerides; TNF-a: tumor necrosis factor-alpha; 25(OH)D: vitamin D.

were found with IL-6 (R%: 0.067, P = 0.005) and TNF-a (R2:
0.070, P < 0.004) in NW-NT women subjects (Table 3).

The data of NW-HT presented a highly significant linear
correlation of Lep with TNF-a (R%: 0.147, P < 0.001). Other
variables did not show any significant correlation with Lep (P
=0.05) (Table 3). The results for the OW-HT group of women
showed a highly significant correlation of Lep with TNF-a
(R%:0.149, P < 0.001). The TC, TG and IL-6 did not show sig-
nificant correlation. However, Hcy was found to have a close
to significant correlation with Lep in this group (R2: 0.028, P
=0.08) (Table 3).

It was quite interesting to note that a significant negative
linear correlation of vitD was found with TNF-a and Lep for the
OW-HT group of PMP women (R?: 0.241, P < 0.001) (Table 4).

The plot of serum vitD against Lep levels showed a highly
significant negative linear correlation of serum vitD with Lep
in OW-HT PMP women (P < 0.0004, Fig. 1). Figure 2 presents
a highly significant (P <0.0001) negative linear correlation for
vitD and TNF-a.

Discussion

Consensus could not be established about the interactive impact/
involvement of various factors in obesity/OW status, HT and

HT with OW or obesity status [21]. Hence, the present study
aimed to find the serum levels of various parameters including
vitD, Lep, TNF-a, IL-6, and other variables, their comparisons
and correlations with each other in NW-NT, NW-HT and OW-
HT PMP women.

Various forms of CVD occur worldwide by various factors
including substantial increase in BW [3, 4] that may lead to
several chronic disorders including high BP/HT [22]. A grad-
ual increase in BP occurs with an increase in BW or BMI over
the life course including late in life [23]. A little change in BW
was found in response to lifestyle changes [21]. However, the
proper management of lifestyle and medication are essentially
required regardless of any grade of HT [5].

Women with frequent CVD risks and obesity showed vitD
deficiency and the BMI-associated vitD deficiency and poly-
morphism associated with CVD discomforts in PMP women
[24]. These reports indirectly explain our present results ob-
tained for OW-HT PMP women.

An animal study conducted in mice for understanding the
role of vitD revealed that decreased levels of vitD caused CVD
complications, increased BW and change in proinflammatory
biomarkers [25]. This report [25] provides evidence for the re-
sults obtained in the present study and helps understand PMP
changes occurring in the brain and provides opportunity to con-
duct studies for the therapeutic impact using vitD therapies [26].

Table 3. Correlation of Serum Lep With Other Variables on the Basis of BMI in Postmenopausal Women

Variables NW-NT NW-HT OW-HT
R? P R? P R? P

25(0H)D 0.006 0.42 0.002 0.60 0.106 <0.0004
TC 0.001 0.72 0.001 0.73 0.007 0.39

TG 0.020 0.13 0.010 0.30 0.000 0.96
Hey 0.006 0.41 0.010 0.30 0.028 0.08
IL-6 0.067 0.005 0.016 0.18 0.024 0.10
TNF-a 0.070 0.004 0.147 <0.001 0.149 <0.001

BMI: body mass index; Hcy: homocysteine; IL-6: interleukin-6; Lep: leptin; NW-HT: normal weight hypertensive; NW-NT: normal weight normotensive;
OW-HT: overweight hypertensive; R2: coefficient of correlation, statistical analysis done by using the Statistical Package for Social Sciences (SPSS),
version 24.0 for Windows; TC: total cholesterol; TG: triglycerides; TNF-a: tumor necrosis factor-alpha; 25(OH)D: vitamin D.
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Table 4. Correlation of Serum vitD With Other Variables Based on BMI in Postmenopausal Women

Variables NW-NT NW-HT OW-HT
R? P R? P R? P

Lep 0.006 0.42 0.002 0.60 0.106 <0.0004
TC 0.000 0.856 0.001 0.705 0.007 0.391
TG 0.001 0.771 0.005 0.460 0.008 0.347
Hey 0.001 0.729 0.003 0.546 0.002 0.673
IL-6 0.009 0.303 0.001 0.685 0.004 0.491
TNF-a 0.009 0.303 0.007 0.359 0.241 <0.0001

BMI: body mass index; Hcy: homocysteine; IL-6: interleukin-6; Lep: leptin; NW-HT: normal weight hypertensive; NW-NT: normal weight normotensive;
OW-HT: overweight hypertensive; RZ coefficient of correlation, statistical analysis done by using the Statistical Package for Social Sciences (SPSS),
version 24.0 for Windows; negative linear slope was obtained for all variables in all groups; TC: total cholesterol; TG: triglycerides; TNF-a: tumor

necrosis factor-alpha; vitD: vitamin D.

The patients with HT and OW/obesity need proper life-
style management that decreases the BW, reduces the risk of
HT [5] and produces change in the perivascular adipose tis-
sue (PVAT) releasing Lep, and other cytokines/chemokines to
the vascular wall and endothelial and inflammatory functions.
This indirectly reveals a mechanism whereby significant asso-
ciation was obtained for serum Lep and TNF-a plotted against
serum vitD only for OW-HT group of PMP women in the pre-
sent study. VitD was not found associated with BW and BMI
in a meta-analysis study of the randomized controlled trials
[11]. Since this study [11] provides findings related to vitD
administration in obese PMP women without HT, it differs and

40
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Serum leptin (ng/mL)
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does not provide interpretation for our data of OW-HT women.

The second important investigation in the current work in
PMP women with OW-HT is the negative linear significant
correlation of vitD and TNF-a. The present study reveals the
significant role of vitD influencing the OW-HT women via
the mechanism partly involving increase in the serum level of
TNF-o. It can be interpreted by a previous suggestion that low
serum levels of vitD are associated with the tissue injury, obe-
sity and CHD complications [12].

No significant correlation of vitD with Lep or TNF-a was
found in the healthy subjects (NW-NT) with similar range of
BMI as for healthy NW subject group in the present study.

R2 =0.1039, P = 0.0004

35 40 45 50 55

Serum vitD (ng/mL)

Figure 1. Correlation of serum vitamin D with leptin in overweight hypertensive postmenopausal women.
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R2 =0.2405, P = 0.0001
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Figure 2. Correlation of serum vitamin D with TNF-a in overweight hypertensive postmenopausal women. TNF-a: tumor necrosis

factor-alpha.

Other reports [8-10] provide confirmation for the results ob-
tained for NW-HT in the present study.

Decreased serum vitD leading to increase in the levels of
Lep and TNF-a in the present study relates to the proposed
mechanism of inflammatory processes leading to CVD com-
plications wherein the inflammatory status facilitated by the
cardiovascular risk factors is regulated by the mechanisms
related to immune system activation [27]. This investigation
is verified by increased TNF-a and other proinflammatory cy-
tokines causing inflammation [28]. The adipose tissue, fat for-
mation, and OW/obesity are associated with the inflammatory
processes through the release of proinflammatory and anti-in-
flammatory factors [28] and decreased blood supply to adipo-
cytes that causes hypoxia. It then becomes a cascade causing
further inflammation by releasing TNF-a for decreasing nitric
oxide (NO) in blood vessels and vascular dysfunction.

The significant role of vitD can be interlinked with the im-
mune and inflammatory processes [29]. Quite interesting and
valuable information was obtained for cell signaling molecules
and immune cells involving genes, genetic loci, inflammation
and immune system in the progression and development of HT
[29]. This can be explained by the cross-link for the immune
system-adiposity-inflammation-BP [30] having a major role in
HT with OW/obesity status that seems under the influence of
decreased levels of vitD.

The TNF-a is an important and effective proinflammatory

adipocytokine that is involved in causing low-grade inflamma-
tion and influencing CVD involving atherosclerosis and other
disorders. The OW and inflammation in HT influences TNF-a
[31] that seems an effect of decreased concentrations of vitD
investigated in the present study. There are a variety of immune
factors involved in regulating the immune processes in vascu-
lar pathologies caused by adipose tissue-derived proinflamma-
tory cytokines and other adipokines [32]. Our present study
reveals that probable immune-related inflammatory changes
in OW-HT women showed higher levels of Lep and TNF-a,
and other factors better characterizing the cardiovascular risk
in HT patients. Further studies are needed to be conducted to
clarify the role of vitD involvement [27].

Various inflammatory markers elevate in HT [33]. How-
ever, it is still not clearly known whether BP changes/HT oc-
cur in response to inflammatory changes, or inflammatory
changes occur in response to BP changes/HT, as has been re-
vealed for Lep [34], or they both occur at the same time due
to other changes/risk factors including age, smoking, use of
menopausal hormone therapy, etc. The immune mechanisms
related to immune system activation explain our observations
in the current study. Inflammatory processes are involved in
the pathogenesis and continuation of CVD complications and
the inflammatory markers may serve as emergent therapeutic
targets [35]. Increased levels of serum Lep and TNF-a in the
present study fit nicely in the proposed mechanism of inflam-
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matory processes leading to CVD complications under the in-
fluence of decreased concentration of vitD.

Our present report is a well-controlled study. We selected
women subjects with a thorough assessment for the PMP stage
following the study criteria and a specified age range in all three
groups with a range of BMI and HT. Furthermore, our subjects
were not smokers and had no serious disorders. However, there
are several limitations in the current study. We could not study
the higher levels of BMI, HT and comorbidities for comparison
purposes. We studied subjects with OW but could not include the
PMP women with obesity of various categories. Hence, further
studies are required to be conducted in PMP women subjects/
patients for various grades of HT and BMI to have a better idea
about the intricate association of vitD with the proinflammatory
biomarkers (Lep, TNF-a, etc.). Another important demerit in the
present investigation was mainly owing to the financial reasons.
Some of the proinflammatory markers were assessed but the
anti-inflammatory markers could not be studied in PMP women.

Conclusion

In view of a strong negative linear correlation of vitD with
serum Lep and TNF-a in OW-HT women, we suggest that the
decreased vitD levels consequently increase the serum levels
of Lep and TNF-a in OW-HT PMP women. Further relevant
studies may help understand the cardiovascular events and the
influencing factors in OW-HT PMP women.
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