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Association between vitamin D deficiency ==

and lipid profiles in overweight and obese
adults: a systematic review and meta-analysis

Xiao Huang'!, Yan Yang'!, Yingling Jiang?, Zhiguang Zhou'" and Jingjing Zhang'

Abstract

Objective The association between vitamin D deficiency and lipid profiles in adults with overweight or obesity
remains unclear and inconsistent. The aim of our study was to determine the relationship between lipid profiles
and vitamin D deficiency in the overweight and obese adults.

Methods Four databases, including PubMed, the Web of Science, EMBASE and the Cochrane Library, were used

to identify all studies on vitamin D status and lipid levels, including the serum levels of triglycerides (TGs), total cho-
lesterol (TC), low-density lipoprotein cholesterol (LDL), and high-density lipoprotein cholesterol (HDL). The Weighted
mean difference (WMD) with 95% confidence intervals (Cls) using random-effects models was used to assess

the association between the lipid profile and vitamin D deficiency.

Results Twenty-one articles that included a total of 7952 adults with overweight or obesity (BMI>25 kg/m?2) were
included. The overall results revealed that compared with the controls, individuals with vitamin D deficiency showed
higher levels of TG (WMD =15.01; 95%Cl, 2.51-27.52) and TC (WMD=8.61; 95%Cl, 1.31-15.92). Moreover, vitamin D
deficiency was related to an increased level of LDL (WMD =6.12; 95%Cl, 0.02-12.23). HDL level was inversely associ-
ated with the vitamin D deficiency status (WMD =-2.57; 95%Cl, -4.26, -0.88).

Conclusions Among the adults with overweight or obesity, the vitamin D deficient group displayed impaired lipid
profiles, including increased TG, TC and LDL levels and reduced HDL level.

Keywords Vitamin D, Triglyceride, Total cholesterol, LDL, HDL, Obesity

Introduction

The rapidly increasing burden of obesity and its associ-
ated complications have become worldwide health issues
[1]. There were over 650 million adults, approximately
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ultraviolet light exposure and plays a significant role in
various organs, including skeletal and nonskeletal tissues
[5]. Vitamin D deficiency could potentially lead to insuf-
ficient insulin levels by disturbing insulin synthesis and
secretion and accelerate the development of type 2 dia-
betes, obesity and metabolic syndrome [6]. Moreover, the
prevalence of vitamin D deficiency would significantly
increase in the overweight and obesity group compared
with normal weight people, which are both worldwide
health issues [7]. Vitamin D supplementation was also
demonstrated to have a close relationship with weight
gain and adiposity [8—10]. One of the underlying mecha-
nisms of the association between the fat mass was pro-
posed of which vitamin D may regulate the adipogenesis
to effect body fat [8—10].

Vitamin D deficiency is known to be related with
increasing obesity and body fat [11], little is known about
the role of vitamin D deficiency on the extent and severity
of obesity. Consistently, vitamin D deficiency was demon-
strated to be related with atherosclerotic cardiovascular
disease (CVD) and its dyslipidemia profile including lev-
els of total cholesterol (TC), triglycerides (TGs), and low-
density lipoprotein cholesterol (LDL-C) and high-density
lipoprotein cholesterol (HDL-C) [12, 13], which have
been one of the leading causes of death worldwide [14].
A growing number of studies have found that individu-
als with vitamin D deficiency tend to have poor lipid pro-
files [15—18]. In children and adolescents, higher vitamin
D status was associated with an improved lipid profile in
a recent meta-analysis [19]. Recently, a series of studies
have argued that there may existed a relationship between
vitamin D concentration and lipid profile in overweight
and obese adults [20-22], while the results remain con-
troversial and inconsistent. Moreover, to the best of our
knowledge, no meta-analysis has been conducted for the
association between lipid profiles and vitamin D defi-
ciency in adults with obesity [23, 24]. The purpose of our
study was to determine the role of vitamin D deficiency in
the lipid profiles of adults with obesity by meta-analysis.

Methods

This meta-analysis was performed according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement guidelines, as previously
described. The method descriptions were performed as
we described previously [25].

Article search strategy

We searched for eligible articles from January 25, 2022,
to March 1, 2022. The PubMed (2013-2022, 1 March),
Cochrane Library (1960-2022, 1 March), EMBASE
(1960-2022, 1 March) and Web of Science (1950-2022,
1 March) databases were searched in this study. Searches
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for all published articles related to both vitamin D
and lipid profiles were performed. The search strategy
was as follows: (“Vitamin D” OR “Cholecalciferol” OR
“Hydroxycholecalciferols:” OR “Ergocalciferols” OR
“25-Hydroxyvitamin D” OR “Dihydrotachysterol”) AND
(“Abdominal obesity” OR “Overweight” OR “Trunk obe-
sity” OR “Android obesity” OR “Obesity” OR “Visceral
Obesity” OR “Central obesity” OR “Central adiposity”
OR “Central fat” OR “Anthropometric” OR “body mass
index” or “BMI” OR “Waist circumference” OR “WC”).
Additional papers were identified by performing manual
searches of the references of relevant articles and track-
ing citations to obtain more relevant studies. All articles
published by March 1, 2022, with no language restric-
tions were included.

Selection criteria

Two reviewers (YY and XH) independently reviewed all
eligible studies and selected those suitable for inclusion.
Disagreements were settled by reaching a consensus or
with the help of a third reviewer (JZ). Studies included
in this meta-analysis if they met the following criteria:
(1) had observational design (cohort, cross-sectional, or
case—control studies); (2) were conducted on an adult
population (18 years); (3) considered abdominal obe-
sity or central obesity (waist circumference higher than
94 cm(male) or 80 cm(female)) or BMI greater or equal
to 25 kg/m2 (BMI categories); (4) the control group had
normal vitamin D levels; (5) a vitamin D deficiency group
was required in the included articles; (6) importantly, the
outcomes of the study had to refer to the lipid profiles of
the different groups according to the status of vitamin D.
Articles were excluded if they met the following criteria:
(1) articles lacking information or data necessary for the
purpose of this meta-analysis and (2) articles published
as letters, reviews, editorials, or conference abstracts.

Data extraction

All relevant articles were imported into EndNote X9
software and reviewed independently by two authors
(YY and XH). Discrepancies between the authors were
resolved with the help of a third reviewer (JZ). The fol-
lowing information was extracted from the selected
studies by the two independent investigators: author,
publication year, region, study design, mean or median
age, sample size, and Newcastle—Ottawa Scale (NOS)
scores. All extracted data were then imported into Excel.

Quality assessment of studies

The quality of the included studies was assessed with the
NOS [26]. We assessed the quality of all relevant stud-
ies based on the type of study, sample size, participant
selection, representativeness of the sample, adequacy of
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follow-up, comparability (exposed-unexposed or case—
control), and method of ascertaining the cases and con-
trols. The possible range of NOS scores is from 0 to 9;
studies that scored 4—6 represent a modest risk of bias,
and those that scored<3 indicate the highest risk of
bias. A study with a score higher than 6 was defined as
high-quality.

Statistical analysis

All analyses were performed using Stata (Version 13.0).
The association between vitamin D deficiency and lipid
levels in individuals with obesity was expressed as the
pooled weighted mean difference (WMD) and 95% CI. A
random-effects model was used for all results of our meta-
analysis. I” statistics were used to assess the degree of het-
erogeneity as follows: 25%, 50%, and 75% represented low,
moderate, and high degrees of heterogeneity, respectively.
Subgroup analyses were performed using the following
variables to analyze the heterogeneity: Gender (Male/
Female or Female), Age (<40 years or>40 years), BMI
(<35 kg/m? or>35 kg/m?), Publication year (Before 2015
or After 2016) and Definition of vitamin D deficiency
(<22-49 nmol/l or <50-75 nmol/l). Meta-regression were
performed to analyze the source of heterogeneity, with
a p value<0.05 suggesting significance. The sensitivity
analysis would be used the metanif package and leavelout
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function. Additionally, funnel plots showed no detected
potential publication bias.

Results

Search results and study characteristics

The study selection process of this meta-analysis is dis-
played in Fig. 1. A total of 6365 studies were identified.
After 2830 duplicates were eliminated, 3535 studies
remained. We further excluded 2089 ineligible studies
by screening the titles and abstracts. Of the remaining
1446 articles, 1425 studies were further removed for the
following reasons: (1) articles without enough clinical
information (n=1223); and (2) the original data regard-
ing lipid profiles were not extractable (n=202). Finally,
21 eligible articles related to vitamin D and lipid levels
were included in this meta-analysis (Fig. 1). The detailed
characteristics of the 21 eligible studies [20-22, 27-44]
are shown in Table 1. Among the 21 studies included in
this analysis, 3 studies were performed in China; 3, in the
USA; 4, in Italy; 1, in Turkey; 1, in Spain; 3, in Brazil; 1,
in Australia; 1, in Poland; 1, in Ajman; 2, in Iran; and 1 in
United Arab Emirates (Table 1). Given that various medi-
cation could be the significant confounding factor for
vitamin D level, especially the lipid-lowering drugs, we
examined the drugs using in the included studies. How-
ever, the most included researches have not controlled
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Fig. 1 Flow diagram of the study selection process
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for the use of such agents, only 7 studies have mentioned
that the usage of such drugs. In details, 5 studies dem-
onstrated that the hypolipidemic drugs were controlled,
and 1 study has 41.2% participants were receiving anti-
diabetes drugs and statins, and 1 research excluded usage
of antihypertensive drugs.

Quality assessment

The NOS mainly consists of the following three aspects:
sample selection, comparability of cases and controls,
and exposure. All included studies had NOS scores

Table 2 Details of Newcastle—Ottawa Scale (NOS)
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higher than 6, indicating the high quality of our studies.
The details of the risk of bias are described in Table 2.

Vitamin D and TG

The 21 included studies, 13 studies reported TG levels
in patients with vitamin D-deficient (Fig. 2). The overall
results revealed that compared with that in the normal
vitamin D group, the TG concentration in the vitamin D
deficiency group was significantly higher (WMD =15.01;
95%CI, 2.51-27.52). Strong heterogeneity existed in this
result (I? statistic=61.2%, p=0.002). Subgroup analysis

NOS items / Is the case Representativeness Selection Definition Compatibility Ascertainment Same method of Non- Total
Study ID definition of the cases of controls  of controls of Exposure ascertainment response Score

adequate? for cases and Rate

control

Carretero 2007 * * * * *x M M 8
[271
Yildizhan 2009 * * * * * * 6
[28]
Muscogiuri * * * * *x M 7
2010 [29]
Bellia 2013 [30] * * * * *x * « . 9
Esteghamati * * * * * % % 7
2014 [31]
Boonchaya- * * x * - N ;
anant 2014
[32]
Kozakowski * * * * *% v N 8
2014 [34]
Amena Sadiya ¥ * *x x M N ;
2014 [33]
Bellan 2014 * * * % . .
[35]
Bril 2015 [36]  * * * * % * M N 9
Lu2015[37]  * * x « . R .
Ter horst 2016 * * * * x % 6
[38]
Mousa 2017 * * * * *x 6
[39]
Piantanida * * * * * * * 7
2017 [40]
Ong2018[41] * * * *x * . . 8
Curvello-Silva ~ * * * *x . 6
2020 [42]
Setayesh 2021 * * * * * * 6
[43]
Minna F. * * * * *x * 7
Schleu 2021
[22]
LaraAdaC. * * * * * % 6
Dominoni
2022 [21]
Salah Gariballa  * * * * * % . ;
2022 [20]
Tong Gong * * * * % M . 7
2022 [44]

One asterisk presents one score, higher scores indicating higher quality of study. A study can be awarded a maximum of one asterisk for each numbered item excepts

Comparability, a maximum of two asterisk can be given for Comparability
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Effect %
study (year) (95% CI) Weight
Carretero (2007) 3 —_— 68.20 (33.91, 102.49) 6.74
Muscogiuri (2010) —%—*— 29.40 (6.09, 52.71) 9.26
Bellia (2011) : 9.70 (-18.50, 37.90) 8.06
|

Amena Sadiya (2014) —_ 35.40 (12.72, 58.08) 9.42

bellan (2014) s 3.00 (-17.07, 23.07) 10.10

Bril (2015) —_—— 8.00 (-16.08, 32.08) 9.07

Terhorst (2016) —_— 14.80 (-16.27, 45.87) 7.41
i

Piantanida (2017) —_— 8.00 (-18.17, 34.17) 8.55
I

Karine (2020) . -23.00 (-122.57, 76.57) 1.41
I

Setayesh (2021) —| -6.04 (-24.38, 12.30) 10.56
|

Minna F. Schleu (2021) —_— 10.00 (-15.44, 35.44) 8.73
i

Salah Gariballa (2022) — -30.20 (-66.76, 6.36) 6.30
I

Tong Gong (2022) ——————————  62.90(13.74, 112.06) 439
|

Overall, DL (I” = 61.2%, p = 0.002) Q 15.01 (2.51, 27.52) 100.00

T T

-100 0
Weights are from random effects analysis

100

Fig. 2 Forest plots of WMD for the association between vitamin D deficiency and TG

based on gender, age, BMI, publication year, definition
of vitamin D deficiency were conducted, but the hetero-
geneity was still high in the subgroups, meta-regression
showed no association between the variances and mean
difference of serum TG levels (Table S3). Funnel plots
(Fig. S1A) displayed a symmetrical distribution. A sen-
sitivity analysis was further conducted and showed that
our result was stable (Fig. S1B).

Vitamin D and TC

As another significant indicator of the lipid profile,
the level of TC was examined in this part. The pri-
mary results of 13 studies revealed a positive correla-
tion between vitamin D deficiency and high TC levels
(WMD =8.61; 95%CI, 1.31-15.92) (Fig. 3). High het-
erogeneity existed among the included studies (I* sta-
tistic=63.1%, p=0.001). Subgroup analysis based on
gender, age, BMI, publication year, definition of vitamin
D deficiency were conducted, but the heterogeneity was
still high in the subgroups, meta-regression showed no
association between the variances and mean difference
of serum TC levels (Table S4). The funnel plot displayed
a symmetrical distribution (Fig. S2A). A normal result
of the sensitivity analysis was also obtained for this out-
come (Fig. S2B).

Vitamin D and LDL
Twelve studies reported LDL levels under vitamin defi-
ciency conditions. There was no significant difference

between the control and deficiency groups (WMD =6.12;
95%CI, 0.02-12.23) (Fig. 4). Mild heterogeneity existed
in this result (I* statistic=38.3%, p=0.078), subgroup
analysis based on gender, age, BMI, publication year,
definition of vitamin D deficiency were conducted, but
the heterogeneity was still high in the subgroups, meta-
regression showed no association between the variances
and mean difference of serum LDL levels (Table S5).
However, the funnel plot showed a mild asymmetric dis-
tribution (Fig. S3A). The sensitivity analysis conducting
on this part is still stable (Fig. S3B).

Vitamin D and HDL

A total of 13 eligible studies assessed HDL levels in
adults with vitamin D-deficient. The primary results
demonstrated that HDL level was lower in vitamin
D-deficient groups (WMD=-2.57; 95%CI, -4.26,
-0.88) (Fig. 5). Mild heterogeneity existed in this result
(I2 statistic=38.3%, p=0.078). Subgroup analysis
based on BMI showed the significance between HDL
concentration and vitamin D deficiency in popula-
tion of BMI>35 kg/m? (WMD =-4.03; 95%CI, -5.80,
-2.25), but the not the subgroup of BMI<35 kg/m?
(WMD =-0.72; 95%CI, -3.23, 1.78), and the meta-
regression showed significance between subgroups
(Table S4). Funnel plots also suggested that no publi-
cation bias existed (Fig. S4A). Sensitivity analysis also
revealed the stability of our results (Fig. S4B).
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Effect %
study (year) (95% ClI) Weight
Carretero (2007) ——»— 10.10 (-9.12, 29.32) 6.87
Muscogiuri (2010) E —— 41.70(13.09, 70.31) 4.35
Bellia (2011) —o——L -12.40 (-34.87, 10.07) 5.85
Amena Sadiya (2014) —_— 27.10 (13.86, 40.34) 9.16
bellan (2014) —o—— -8.00 (-27.39, 11.39) 6.81
Bril (2015) ——n— 11.00 (-3.14, 25.14) 8.79
Terhorst (2016) ——E'O— 11.60 (-12.28, 35.48) 5.46
Piantanida (2017) —_— -11.00 (-24.47, 2.47) 9.06
Karine (2020) ——o— 14.60 (3.31, 25.89) 9.98
Setayesh (2021) —b—é— 246 (-7.35,12.27) 10.59
Minna F. Schleu (2021) -—é—’— 18.50 (-1.59, 38.59) 6.58
Salah Gariballa (2022) —)04 1.50 (-11.59, 14.59) 9.22
Tong Gong (2022) _.._ 16.70 (-1.31, 34.71) 7.29
Overall, DL (I2 =63.1%, p=0.001) 0 8.61(1.31,15.92) 100.00

T T
-50 0 50
Weights are from random effects analysis
Fig. 3 Forest plots of WMD for the association between vitamin D deficiency and TC

Effect %
study (year) (95% ClI) Weight
Carretero (2007) —-o—'— 2.30 (-14.69, 19.29) 7.46
Muscogiuri (2010) 30.50 (5.04, 55.96) 434
Amena Sadiya (2014) —_— 23.20 (12.35, 34.05) 11.34
bellan (2014) —o——-— -4.00 (-18.02, 10.02) 9.14
Bril (2015) ——ol— 6.00 (-5.44, 17.44) 10.90
Terhorst (2016) ——b— 7.80 (-14.42, 30.02) 5.29
Piantanida (2017) —_— K -8.00 (-20.56, 4.56) 10.11
Karine (2020) - 5.40 (-32.73, 43.53) 224
Setayesh (2021) —H 1.03 (-5.85, 7.91) 14.44
Minna F. Schleu (2021) —-*;— 3.80 (-13.54, 21.14) 7.28
Salah Gariballa (2022) ;’ 3.80 (-8.19, 15.79) 10.51
Tong Gong (2022) —o— 16.70 (-1.31, 34.71) 6.96
Overall, DL (I’ = 53.2%, p = 0.015) <> 6.12 (0.02, 12.23) 100.00

T T

-50
Weights are from random effects analysis

o

Fig. 4 Forest plots of WMD for the association between vitamin D deficiency and LDL

Correlation coefficients between serum 25(0H)D levels
and lipid profiles

There are twelve studies indicating the correlation coef-
ficients with or without p values between vitamin D
and lipid levels (Table 3). Among the included 12 stud-
ies, we found that there were different results in various

populations. Interestingly, two included studies [33, 44]
conducted in the persons with obesity and type 2 diabe-
tes has the correlation coefficients which reached the
statistical significance. Additionally, all the three studies
performed in the women with obesity [28, 34, 37] dem-
onstrated that the significant inverse association between
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Effect %
BMI and study (year) (95% ClI) Weight
BMI>35kg/m2
Carretero (2007) —0—: -7.90 (-12.83, -2.97) 7.65
Bellia (2011) —+:— -4.30 (-8.36, -0.24) 9.67
Amena Sadiya (2014) —0-;— -3.80 (-7.99, 0.39) 9.34
bellan (2014) —;—di— 0.00 (-6.63, 6.63) 5.02
Terhorst (2016) —0—:— -7.70 (-13.93, -1.47) 5.51
Piantanida (2017) —:0—— -2.00 (-6.80, 2.80) 7.91
Karine (2020) . 0.00 (-17.15, 17.15) 0.93
Minna F. Schleu (2021) —45——— -3.00 (-6.98, 0.98) 9.87
Subgroup, DL (I° = 0.0%, p = 0.505) <> -4.03 (-5.80, -2.25) 55.90
|
BMI<35kg/m2 |
Muscogiuri (2010) —E——*-— 3.60 (-4.87, 12.07) 3.37
Bril (2015) +- -2.00 (-4.77,0.77) 13.76
Setayesh (2021) :—4— 1.07 (-2.13, 4.27) 12.24
Salah Gariballa (2022) —;—-0— 1.20 (-3.71, 6.11) 7.68
Tong Gong (2022) —4—:‘— -5.50 (-10.75, -0.25) 7.04
Subgroup, DL (I* = 41.1%, p = 0.147) <> -0.72 (-3.23,1.78) 44.10
|
Heterogeneity between groups: p = 0.035 :
Overall, DL (I° = 38.3%, p = 0.078) 0 2,57 (-4.26,-0.88)  100.00
I I

-20

o

Weights are from random effects analysis

20

Fig. 5 Forest plots of WMD for the association between vitamin D deficiency and HDL

serum 25(OH)D and triglycerides was existed, while other
lipid profiles including TC, LDL and HDL showed no sta-
tistical significance. Apart from the above two populations,
the residual seven studies [20, 21, 30, 32, 39, 41, 42] indi-
cating that serum 25(OH)D showed no clear correlation
with any lipid profiles in the overweight/obesity popula-
tion without diabetes complications.

Discussion

Recent clinical studies have revealed a significant asso-
ciation between obesity and vitamin D deficiency [20,
30, 33, 45]. Regarding both the prevalence of obesity
and vitamin D deficiency, which is alarmingly increasing
worldwide, there is a strong interest in studying all the
important aspects and the underlying pathophysiological
mechanisms of this association [45-47].

Association between vitamin D and lipid profile in adults
with obesity

Twenty-one eligible studies with 7952 adults with obesity
were included in our meta-analysis. Vitamin D deficiency

was related to higher TG concentrations in participants
with overweight or obesity (Fig. 2). Approximately 13
studies reported the TC level, which revealed a posi-
tive association between TC and vitamin D deficiency
in adults with obesity (Fig. 3). Consistent with these
findings, another 12 studies confirmed the inverse rela-
tionship between LDL and low vitamin D levels (Fig. 4).
Additionally, a significant inverse association between
HDL and vitamin D deficiency has been found thus
far (Fig. 5). Additionally, results of correlation coeffi-
cients between serum 25(OH)D levels and lipid profiles
(Table 3) demonstrated that populations of the obesity
combined with T2DM or the obesity in women may be
the possible risk factor for dyslipidemia rather than the
overweight/obesity population without diabetes compli-
cations, indicating that the relationship between serum
25(OH)D levels and lipid profiles may be various in obese
population with different characteristics. However, con-
sidering the limited sample size and included clinical
studies of the correlation coefficients, more studies are
urgent to improve these results.
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There is a significant impact of lots of medication on
vitamin D status including metformin, statins, calcium
channel blockers, digoxin, lipase inhibitors, bile acid
sequestrants, loop diuretics, angiotensin-converting
enzyme inhibitors, thiazide diuretics, antagonists of
vitamin K, potassium-sparing diuretics, benzodiaz-
epines, antidepressants, proton pump inhibitors, et al.
[48]. Only 7 studies have excluded the possible medica-
tion including lipid-lowing drugs and antihypertensive
drugs, while the other included studies have not men-
tioned the different drugs the patients taken, which
make our results remain defects and flaws. Apart from
the medication use, the level of vitamin D was also
affected by the dietary intake, vitamin D supplementa-
tion, periodic religious fasting and sunlight exposure
[49, 50], while most recent researches have not provided
detailed information about these, which making the
results still remain bias factors. Given that the data on
information including medication use, dietary intake,
seasoning and sunlight exposure of most included
studies is heterogeneous, more well-designed clini-
cal researches are needed to exclude the possible effect
of these factors on the level of vitamin D. Addition-
ally, most of the data on sex of included participant are
the mixture of male and female, while it is known that
HDL-C levels are strongly influenced by gender, more
well-designed articles are requested to improve the rela-
tionship between vitamin-D deficiency and lipid profile
in the overweight or obese adults.

Mechanism underlying the relationship between vitamin D
and the lipid profile

The mechanism underlying the relationship between
vitamin D and the lipid profile remains unclear, but
there are several explanations. First, vitamin D defi-
ciency leads to calcium spillage into fat cells and thus
increases lipogenesis by promoting hyperparathyroidism
[51]. Moreover, the elevated level of calcium ions in fat
cells contributes to higher serum fatty acid synthase,
which is responsible for inhibiting lipolysis and lipid
deposition [52]. In addition, higher vitamin D status
was demonstrated to improve the level of leptin, sub-
sequently improving lipolysis and reducing lipogenesis
[46]. Additionally, vitamin D deficiency contributes to
impaired islet function and insulin resistance, which also
leads to an impaired lipid profile [53]. Recently, vitamin
D deficiency was shown to regulate lipid metabolism by
inhibiting significant regulators of lipogenesis, includ-
ing sterol regulatory element-binding protein (SREBP)
and SREBP cleavage-activating protein (SCAP) [54].
The function of vitamin D upregulating the lipoprotein
lipase expression may also partly explain the relationship
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of with lipid profile and vitamin D [55]. Adiposity was
known to impair lipolysis of TG-rich lipoproteins by
reducing the lipoprotein lipase expression in adipose
tissue [56], hypertriglyceridemia correlate with the for-
mation of small dense of LDL [57] and the dissociation
of cholesterol esters from HDL [58], ultimately lead to
higher levels of LDL and lower levels of HDL. Vitamin
D deficiency in overweight or obese adults may further
aggravate the above process of lipolysis by inhibiting the
lipoprotein lipase expression. Another possible mecha-
nism may include the relationship between hyperpar-
athyroidism and dyslipidemia. Hyperparathyroidism was
also an important confounding factors for serum vita-
min D deficiency [59]. And the hyperparathyroidism was
related with the dyslipidemia, while the concrete mecha-
nism still remain unclear [60]. The relationship between
vitamin D deficiency with dyslipidemia may be partly
affected by hyperparathyroidism.

Limitations of the study

There are several limitations of our study. First, the het-
erogeneity in the results cannot be ignored, although the
subgroup analysis and the meta-regression have been
conducted (Tables S3, S4, S5, S6). And our study was
not registered online, which was also one of our flaws
and limitations. Second, the results from this study are
based only on observational studies, which have many
confounders; therefore, the evidence generated from
this study is not strong enough. More randomized clini-
cal trials are still needed to confirm the results from this
study. Thirdly, specific populations were included in 21
selected studies (e.g., postmenopausal/perimenopausal
women, women with PCOS, patients on dialysis, patients
with Type 2 diabetes mellitus, patients with non-alco-
holic steatohepatitis, apparently healthy subjects, older
adults, younger adults) (Table 1). Therefore, this was not
homogeneous sample to allow such meta-analysis. Addi-
tionally, more prospective studies are required to clarify
whether there is a causal relationship between vitamin
D deficiency and lipid profile in the overweight or obese
adults. It is also necessary to adjust statistical analy-
ses for season and age, while the most included studies
have missed this part, more well-designed clinical studies
and updated meta-analysis are needed to improve these
limitations.

Conclusion

Based on observational clinical studies, our meta-analysis
demonstrated that vitamin D deficiency was associated
with higher TG, TC and LDL levels and lower HDL level
in adults with obesity.
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