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Increasing age, increased body mass index (BMI), and abnormal lipid profiles contribute to an increased risk
of vitamin D deficiency. Women who have a perimenopausal and postmenopausal reduction in estrogen lev-
els are a high-risk group for vitamin D deficiency. The aims of this study were to compare the serum vitamin
D levels, lipid profile, and BMI between perimenopausal and postmenopausal women in non-manual employ-
ment, and to determine whether there were any interdependent factors.

Three hundred women in non-manual employment, aged between 44-66 years, were divided into three groups:
early perimenopausal; late perimenopausal; and postmenopausal. Laboratory tests included measurement of
serum lipid profiles and vitamin D levels, the BMI, waist-hip ratio (WHR) and body fat were measured. Statistical
analysis included F-test analysis of variance and the least significance difference (LSD) test was used for mul-
tiple comparisons.

For the 300 women who were in non-manual employment, and in the early and late perimenopausal and post-
menopausal periods, serum vitamin D levels were reduced (mean 16.8+8.7 ng/mL); 29% of women had ab-
dominal obesity; 41% had excessive body fat accumulation; and 56% had an increased body mass index (BMI)
(>25 kg/m?) with raised total cholesterol, low-density lipoprotein (LDL) cholesterol, LDL/high-density lipopro-
tein (HDL), and total cholesterol/HDL ratios (p<0.05).

The findings of this study showed that in perimenopausal and postmenopausal women in non-manual em-
ployment, serum vitamin D levels were associated with serum lipid profile and degrees of obesity.

Lipids ¢ Menopause ¢ Obesity ¢ Vitamin D
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Material and Methods

The maintenance of calcium and phosphorus homeostasis and
promotion of bone mineralization are important functions of
vitamin D. The presence of specific vitamin D receptors (VDR)
outside the skeletal system, supports the important role of vi-
tamin D in the regulation of immune and inflammatory pro-
cesses and modulation of cell growth [1-3].

Normal vitamin D levels might have a protective effect against
not only osteoporosis, but also metabolic disturbances, includ-
ing abdominal obesity, dyslipidemia, and hyperglycemia, as
well as cardiovascular disease. However, the previously pub-
lished studies remain controversial on the beneficial effects
of vitamin D supplementation on cardiovascular clinical out-
comes [4]. Previously published epidemiological studies have
shown that being overweight and obese are associated with
reduced serum vitamin D levels [5]. One of the major compli-
cations of obesity is dyslipidemia, which can also lead to vi-
tamin D deficiency.

Due to reduced estrogen levels and other hormonal changes,
perimenopausal and postmenopausal women are particularly
prone to develop low vitamin D levels, as well as increased risk
of metabolic abnormalities and cardiovascular disease [6,7].
The prevalence of vitamin D deficiency in postmenopaus-
al women has been reported to be between 31-70% [2]. In
menopausal women, the reduced ability of the skin and kid-
neys to produce the active form of vitamin D, as well as de-
creased intestinal absorption, are responsible for changes in
vitamin D metabolism [2].

Although several previously published studies have been con-
ducted, the relationship between blood vitamin D concentra-
tions and the individual components of metabolic syndrome
(hypertension, hyperlipidemia, diabetes) in menopausal wom-
en remains unclear. However, the serum concentrations of vita-
min D may depend on many various factors, including specif-
ic lifestyle factors and those related to the type of work done.
The reason for this may be that women working in non-man-
ual jobs are less exposed to the sunlight and usually have lit-
tle physical activity during working hours.

Therefore, the aims of this study were to compare the serum
vitamin D levels, lipid profile, and BMI between perimeno-
pausal and postmenopausal women in non-manual employ-
ment, and to determine whether there were any interdepen-
dent factors. The findings of this study may contribute to the
development of practical measures to prevent serious com-
plications of vitamin D deficiency to improve the health and
quality of life in this population.

Study population

The study was conducted at the Institute of Rural Health
in Lublin and included 300 women aged between 44-66
years. Informed consent for participation in the study was ob-
tained from all women. The study was approved by the Ethics
Committee of the Institute of Rural Medicine in Lublin, Poland.

The inclusion criteria were: working in a non-manual job (in-
door work, low sun exposure); at least three out of ten meno-
pausal symptoms, according to the Kupperman menopausal
index [8]: hot flushes, excessive sweating, sleep disorders, ir-
ritability, depression, dizziness, lack of energy, osteoarticular
pain, headaches, and cardiac arrhythmia. The exclusion crite-
ria were the presence of chronic diseases, including diabetes
mellitus, glucose tolerance disorders, thyroid dysfunction, vi-
tamin D supplementation, drug addictions, or a diagnosis of
mental disease.

Body weight, height, waist, and hip circumferences were mea-
sured in the study group, which allowed the calculation of the
body mass index (BMI) and waist-hip ratio (WHR). The wom-
en in the study group were asked about their age and educa-
tional level. Their blood was collected to measure serum fol-
licle-stimulating hormone (FSH), vitamin D, and serum lipid
concentrations.

The 300 women were divided into three groups: early peri-
menopausal, who were menstruating, with a serum FSH <20
mlU/mL; late perimenopausal, who were menstruating, with
a serum FSH >20 mlU/mL; and postmenopausal, who had not
menstruated for at least 12 months. The classification system
used was based on the Stages of Reproductive Aging Workshop
(STRAW)+10 System criteria as well as on the Polish accred-
ited laboratory standards (https://www.alablaboratoria.pl).

Serum lipid profiles

Blood samples were drawn for laboratory analysis of serum
lipid profiles: total cholesterol (CHOL), high-density lipoprotein
(HDL) cholesterol, and triglycerides (TG). Blood samples were
promptly delivered to the laboratory.

LDL cholesterol=total cholesterol (CHOL)-HDL cholesterol-1/5 tri-
glycerides, as well as TG/HDL, low-density lipoprotein (LDL)/HDL,
and CHOL/HDL ratios were calculated.

The following lipid reference limits were used: total cholesterol
(CHOL) <190 mg/dL; HDL cholesterol >45 mg/dL; triglycerides
(TG) <150 mg/dL; and LDL cholesterol <115 mg/dL.
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Table 1. Standards of assessment of body fat accumulation (%).

Assessment of body fat

accumulation

Very low <18 <19 <20
"""""""" low  1xn 12 2023
"""""""" optmal 230 2331 2432
"""""""" Wgh 3133 33 3335
"""""""" Veryhigh >33 353

Lipid ratio intervals were: LDL/HDL normal <3, borderline 3-4,
high >4; CHOL/HDL normal <4, borderline 4-5, high >5; TG/HDL
normal <3, and above normal >3.

Measurements of body fat

Measurements of adipose tissue were performed using elec-
tronic body fat calipers. The measurements were performed
in three locations: the thigh, biceps, and the abdominal fold.
The percentage of body fat was compared with standard mea-
surements (Table 1) [9].

Laboratory tests of serum vitamin D levels

Peripheral blood samples were collected from all the women for
laboratory tests of serum vitamin D levels and were conduct-
ed in a certified laboratory. Standard limits of serum vitamin
D concentration were: severe deficiency (<10 ng/mL), moder-
ate deficiency (10-20 ng/mL), mild deficiency (20-30 ng/mL),
and optimal (30-80 ng/mL).

Statistical methods

The data were statistically analyzed using STATISTICA software.
The mean values (M) and standard deviations (SD) for contin-
uous variables, and absolute (n) and relative numbers (%) of
occurrence of items for categorical variables were used. The 2
test was used to compare the educational levels among three
groups of women: in early and late perimenopausal and post-
menopausal periods. Statistical analysis included F-test anal-
ysis of variance to compare lipid profiles, obesity levels, and
serum vitamin D concentrations among the three groups, and
to compare lipid profiles and obesity levels between the four
intervals of serum vitamin D concentration: severe deficien-
cy, moderate deficiency, mild deficiency, and optimal. Multiple
comparisons were performed using the least significant differ-
ence (LSD) test. Since we were interested which groups were
different from each other, in all analysis of variance, the fixed
effect was estimated, but not the random effect where differ-
ent groups were random samples from a larger set of groups.

This work is licensed under Creative Common Attribution-
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The value of p<0.05 was considered to be statistically signifi-
cant. The total sample size of 300 women, with a significance
level of 0.05, provided the power of the statistical test of a
minimum 0.90 if the mean and standard deviation of serum
vitamin D concentrations in the three groups of women were
as estimated in this study.

Results

Characteristics of the women in the three study groups:
early perimenopausal, late perimenopausal, and
postmenopausal

A total of 300 women were studied, including 100 (33.33%) in the
early perimenopausal group, 43 (14.33%) in the late perimeno-
pausal group, and 157 (52.33%) in the postmenopausal group.
The women in the early perimenopausal group were the youngest,
those in the late perimenopausal period were older, and those in
the postmenopausal period were the oldest (p<0.001) (Table 2).
The educational levels of the women in the early and late peri-
menopausal groups were similar; the women in the postmeno-
pausal group had lower average educational levels (p=0.001).

Lipid profiles

Serum total cholesterol and low-density lipoprotein (LDL) cho-
lesterol concentrations increased significantly during the subse-
quent reproductive periods in the women in this study (p<0.001)
(Table 3). The mean total cholesterol (CHOL) was 205 mg/dL
in the early perimenopausal group; 211 mg/dL in the late per-
imenopausal group; and 224 mg/dL in the postmenopausal
group. The mean LDL cholesterol was 118 mg/dL in the early
perimenopausal group; 124 mg/dL in the late perimenopausal
group; and 137 mg/dL in the postmenopausal group. A greater
proportion of the women in the postmenopausal group had a
total cholesterol and an LDL cholesterol above the normal range,
compared with the women in the two perimenopausal groups.

In contrast, the high-density lipoprotein (HDL), total cholester-
ol (CHOL) and triglyceride (TG) concentrations did not differ
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Table 2. Age and educational level of the examined women.

Early peri-
menopausal
women (N=100)

Late peri-
menopausal
women (N=43)

Post-menopausal
women
(N=157)

Total women
(N=300)

Characteristics

Age (years), M+SD 53.1+4.8 48.6+2.7 51.6+3.3 56.4+3.4
44-49, n (%) 89 (29.66) 69 (69.00) 13 (30.24) 7 (4.46) F
50-54 86 (28.66) 26 (26.00) 23 (53.49) 37 (23.57) o421y <0001
55-59 94 (31.33) 5 (5.00) 6 (13.95) 83 (52.87) ’
60-66 31 (10.33) 0 (0.00) 1 (2.33) 30 (19.11)

Educational level, n (%) 2
Secondary 106 (35.33) 24 (24.00) 11 (25.58) 71 (45.22) 16"811 0.001
Tertiary 194 (64.66) 76 (76.00) 32 (74.42) 86 (54.78) :

Table 3. Lipid profile of the examined women.

Comparisons
between groups

Early peri-
menopausal
women

Late peri-
menopausal
women

Post-menopausal

Parameter

CHOL (mg/dL), M +SD 215.80+37.99 205.05+36.69 211.00+38.84 223.96+36.86

Normal, n (%) 75 (25.00) 36 (36.00) 14 (32.56) 25 (15.92) 8.355 <0.001
Above normal, n (%) 225 (75.00) 64 (64.00) 29 (67.44) 132 (84.08)
HDL (mg/dL), M £SD 65.92+14.70 65.11+16.42 67.88+14.49 65.90+13.60
Below normal, n (%) 21 (7.00) 11 (11.00) 2 (4.65) 8 (5.10) 0.534 0.587
Normal, n (%) 279 (93.00) 89 (89.00) 41 (95.35) 149 (94.90)
LDL (mg/dL), M £SD 128.70+33.17 118.17+28.64 124.33+34.59 136.59+33.56
Normal, n (%) 104 (34.67) 46 (46.00) 19 (44.19) 39 (24.84) 10.488 <0.001
Above normal, n (%) 196 (65.33) 54 (54.00) 24 (55.81) 118 (75.16)
TG (mg/dL), M +SD 105.89+52.64 108.86+54.69 93.91+42.93 107.28+53.57
Normal, n (%) 253 (84.33) 83 (83.00) 36 (83.72) 134 (85.35) 1.331 0.266
Above normal, n (%) 47 (15.67) 17 (17.00) 7 (16.28) 23 (14.65)
LDL/HDL, M +SD 2.05+0.70 1.91+0.61 1.92+0.69 2.17+0.74
Normal, n (%) 267 (89.00) 94 (94.00) 39 (90.70) 134 (85.35)
. 5.300 0.005
Borderline, n (%) 31 (10.33) 6 (6.00) 4 (9.30) 21 (13.38)
High, n (%) 2 (0.67) 0 (0.00) 0 (0.00) 2 (1.27)
CHOL/HDL, M +SD 3.40+0.85 3.28+0.76 3.22+0.83 3.53+0.90
Normal, n (%) 232 (77.33) 85 (85.00) 36 (83.72) 111 (70.70)
. 3.747 0.025
Borderline, n (%) 52 (17.33) 12 (12.00) 5 (11.63) 35 (22.29)
High, n (%) 16 (5.33) 3 (3.00) 2 (4.65) 11 (7.01)
TG/HDL, M+SD 1.76+1.20 1.85+1.27 1.52+1.00 1.77£1.20
Normal, n (%) 261 (87.00) 85 (85.00) 39 (90.70) 137 (87.26) 1.149 0.318
Above normal, n (%) 39  (13.00) 15 (15.00) 4 (9.30) 20 (12.74)

significantly between the two perimenopausal groups (p=0.587
and p=0.266, respectively) and the means were 66 mg/dL and

group, and 1.9 in the perimenopausal groups. In the total num-
ber of women studied, the mean TG/HDL was 1.76, which did

106 mg/dL, respectively; 7% of the total number of women
had an HDL cholesterol below normal, and 16% had triglycer-
ide (TG) levels that were above normal.

The LDL/HDL and CHOL/HDL ratios in the postmenopausal group
were significantly higher compared with those in women in the
two perimenopausal groups (p=0.005 and p=0.025, respective-
ly). The mean LDL/HDL ratio was 2.2 in the postmenopausal

not differ between the three study groups (p=0.318).
Obesity

In the total number of 300 women studied, the mean body mass
index (BMI) was 26 kg/m?, the mean waist-hip ratio (WHR) was
82%, and the mean percentage of body fat was 30%. These
characteristics did not differ significantly between the three
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Table 4. Obesity of the examined women.

Early peri-
menopausal
women

Parameter

Pinkas J. et al.:
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Comparisons

Late peri-
between groups

menopausal
women

Post-menopausal

BMI (kg/m?), M £SD 26.24+4.62 26.39+5.14 25.47+4.27 26.36+4.36
Underweight, n (%) 1 (0.33) 1 (1.00) 0 (0.00) 0 (0.00)
Normal, n (%) 131 (43.67) 44 (44.00) 22 (51.16) 65 (41.40) 0.709 0.493
Overweight, n (%) 118 (39.33) 41 (41.00) 13 (30.23) 64 (40.76)
Obese, n (%) 50 (16.67) 14 (14.00) 8 (18.60) 28 (17.83)
W/H ratio (%), M +SD 81.90+5.99 82.46+6.50 79.85+4.91 82.11+5.83
<85%, n (%) 212 (70.67) 65 (65.00) 35 (81.40) 112 (71.34) 3.101 0.046
>85%, n (%) 88 (29.33) 35 (35.00) 8 (18.60) 45 (28.66)
Body fat accumulation (%), M +SD 30.0646.10 29.33+6.25 30.3045.76 30.45+6.08
Very low, n (%) 6 (2.00) 3 (3.00) 1 (2.33) 2 (1.27)
Low, n (%) 19 (6.33) 7 (7.00) 2 (4.65) 10 (6.37)
. 1.076 0.342
Optimum, n (%) 153 (51.00) 48 (48.00) 21 (48.84) 84 (53.50)
High, n (%) 58 (19.33) 20 (20.00) 8 (18.60) 30 (19.11)
Very high, n (%) 64 (21.33) 22 (22.00) 11 (25.58) 31 (19.75)

Table 5. Serum vitamin D concentration in the examined women.

Early peri-

Parameter

menopausal
women

Comparisons
between groups

Post-
menopausal
women

Late peri-
menopausal
women

Vitamin D concentration (ng/mL), M £SD 16.83+8.74 17.09+9.37 14.47+6.54 17.31+8.79
Severe deficiency, n (%) 68 (22.67) 26 (26.00) 10 (23.26) 32 (20.38)
Moderate deficiency, n (%) 143 (47.67) 42 (42.00) 24 (55.81) 77 (49.04) 1.860 0.157
Mild deficiency, n (%) 61 (20.33) 22 (22.00) 7 (16.28) 32 (20.38)
Optimal, n (%) 28 (9.33) 10 (10.00) 2 (4.65) 16 (10.19)

study groups (p>0.05) (Table 4). Based on the BMI, 44% of
the women had a normal body weight, 39% were overweight,
17% were obese, and one woman was underweight. The WHR
ratio was normal in 71% of the women studied, and in 29%
it was above normal. The percentage of body fat was normal
in about half of the women studied (51%); high in 19%; very
high in 21%; low in 6%; and very low in 2%.

Serum vitamin D levels: severe deficiency, moderate
deficiency, mild deficiency, and optimal

The mean serum vitamin D in all 300 women studied was 17
ng/mL and did not differ significantly among the three study
groups (p=0.157) (Table 5). The concentration of serum vita-
min D at the optimal level was found in 9.33%; mild deficien-
cy of vitamin D occurred in 20.33%; 50% had moderate defi-
ciency; and 22.67% had severe deficiency.

Interdependencies of the lipid profile and obesity vs.
serum vitamin D concentration

In the total number of 300 women studied, with varied serum
vitamin D levels, there were significant differences in terms of
serum HDL cholesterol concentration (p=0.013); the two lip-
id ratios CHOL/HDL (0.050) and LDL/HDL (0.048); BMI (0.050);
and the percentage of body fat (p<0.001) (Tables 6, 7).

Women with severe or moderate deficiency of serum vitamin
D had the lowest HDL cholesterol; those with vitamin D mild
deficiency had a higher HDL cholesterol, and those with op-
timal vitamin D levels had the highest HDL cholesterol. The
women with optimal serum vitamin D levels had significantly
lower LDL/HDL and CHOL/HDL ratios compared to those with
lower serum vitamin D levels.

Women with severe or moderate deficiency of serum vitamin
D had a significantly higher BMI compared with those with
vitamin D mild deficiency or optimal serum concentrations of
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Table 6. Lipid profile and obesity according to intervals of serum vitamin D concentration in the examined women.

.

Vitamin D concentration

Moderate
deficiency

Severe

Faramets deficiency

Comparisons

Mild between groups

deficiency Optimal

CHOL (mg/dL) 214.82+38.63 215.29+38.94

TG (mg/dL) 108.19+52.14 109.31+£55.45
CuHDL 2071062 2113074
CCHOUMDL 3445077 3494090
CtemoL 1826117 186126
CBMikgm) 27115566 2644£4.68
WHratio %) 82358657 81724561
Body fat accumulation (%) 32354683 30124591

218.72+33.92 214.39+41.53 0.155 0.926
"""" 688451603  7239¢1669 3646 0013
""" 1308343043 1208043374 0626 0599
"""" 95.26¢47.30  10600£49.68 1074 0360
20075 1716049 2665 0048
3334090 3045058 2535 0050
""""" 1536105 1644125 1240 0295
"""" 25308335 25174332 2625 0050
"""" 82445589 8054£668 0813 0487
| 2800:509 28648546 6361 <0001

Table 7. p Values for multiple comparison tests of lipid profile and obesity between intervals of serum vitamin D concentration in the

examined women.

Serum vitamin D concentration

Severe
deficiency vs.
mild deficiency

Severe deficiency
vs. moderate
deficiency

Parameter

Body fat
accumulation

Severe
deficiency vs.
optimal

Mild
deficiency vs.
optimal

Moderate
deficiency vs.
optimal

Moderate
deficiency vs.
mild deficiency

vitamin D. The women with mild deficiency or optimal serum
vitamin D level had the lowest percentage of body fat, wom-
en with moderate deficiency of vitamin D had higher percent-
age of body fat, and women with severe deficiency of vitamin
D had the highest percentage of body fat.

Discussion

The hormonal alterations in women in the perimenopaus-
al and postmenopausal periods may result in musculoskele-
tal, metabolic, and cardiovascular conditions, and may affect
mental health. All these conditions may also be related to vi-
tamin D deficiency. Also, women in the perimenopausal and
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postmenopausal period are more susceptible to vitamin D de-
ficiency and its possible health consequences. It is plausible
that in perimenopausal and postmenopausal women, estro-
gen deficiency together with vitamin D deficiency results in in-
creased risk of metabolic and cardiovascular complications [1].

According to some authors, dyslipidemia in menopause pe-
riod is characterized by an elevation of the blood low-densi-
ty lipoprotein (LDL) cholesterol and triglycerides (TG), as well
as the decrease in high-density lipoprotein (HDL) cholesterol
concentrations [10].

In this study, women were compared in three study groups: ear-
ly perimenopausal; late perimenopausal; and postmenopausal.
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The findings of this study showed that in all three groups,
there were significant abnormalities in lipid profiles, with most
groups having increased concentrations of total cholesterol
(CHOL) and LDL cholesterol. Furthermore, CHOL, LDL choles-
terol, the LDL/HDL ratio, and the total cholesterol/HDL ratio
were significantly greater in postmenopausal women than in
the two groups of perimenopausal women. In previous stud-
ies, a significant increase in total cholesterol and LDL choles-
terol and a significant decrease in HDL cholesterol were also
observed in postmenopausal women when compared with
premenopausal women [11].

The relationship between vitamin D and dyslipidemia is not
well understood. However, the findings of some studies have
shown that lower serum vitamin D levels might be associ-
ated with a more atherogenic lipid profile [12]. It is thought
that vitamin D may regulate reverse cholesterol transport, in
which HDL particles carry cholesterol out of atherosclerotic
plaques [9]. In our study, the average serum vitamin D con-
centration in the 300 women studied was 16.83+8.74 ng/mlL,
which represented a deficiency of vitamin D. Furthermore,
only 9.33% of women studied had an optimal serum vitamin
D concentration. However, in most of the 300 women stud-
ied (93%), the serum HDL cholesterol level was within normal
limits. Godala et al. [13] showed that vitamin D levels were
significantly lower in women diagnosed with metabolic syn-
drome when compared with patients without metabolic syn-
drome in both premenopausal and postmenopausal groups.

Chacko et al. [14] found that higher serum vitamin D levels
were inversely associated with adiposity, triglycerides, TG/HDL
ratio, and metabolic syndrome, but were not associated with
LDL cholesterol and HDL cholesterol in postmenopausal wom-
en. The TG/HDL ratio is also regarded as a marker of the ath-
erogenic effect of blood lipids [14]. However, the findings of
this study did not show a significant correlation between se-
rum vitamin D concentration and TG/HDL ratio in the group
of women working in non-manual jobs.

The findings of this study showed that an optimal serum vita-
min D concentration was associated with a statistically signif-
icant decrease in the LDL/HDL ratio, percentages of body fat,
and increase in HDL cholesterol. Chon et al. [7], in a study in
a group of Korean postmenopausal women, showed that ad-
equate serum vitamin D levels were significantly associated
with the normalization of triglycerides and HDL cholesterol
levels. However, studies on the association between vitamin D
supplementation and beneficial changes in lipids are inconclu-
sive [2,15,16]. Schnatz et al. [15], in a randomized trial, found
that postmenopausal women with higher serum vitamin D levels
had improved lipid profiles, including increased HDL cholester-
ol and lower LDL cholesterol and triglycerides, and that supple-
mentation with vitamin D decreased their LDL cholesterol levels.

Pinkas J. et al.:
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Menopause is associated with weight gain and changes in body
fat distribution, with visceral fat accumulation (central adipos-
ity). The typical gynoid distribution of body fat of premeno-
pausal women gradually turns into the android type distribu-
tion, characterized by fat accumulation in the abdomen [1]. In
this study, more than 50% of women working in non-manual
jobs were overweight or obese, and both BMI and the percent-
age of body fat did not differ significantly between the three
groups studied. However, an increased waist-hip ratio (WHR)
was more common in early perimenopausal and postmeno-
pausal women compared with late perimenopausal women.

Previous studies have shown that obesity may be associated
with lower serum vitamin D levels, although the underlying
mechanism is not clear [17,18]. One of the possible explana-
tions could be reduced bioavailability of vitamin D due to se-
questration in excess adipose tissue [1]. However, Andreozzi
et al. [19] concluded that vitamin D fat sequestration applied
only to individuals with very large amounts of adipose tissue.

The accumulation of visceral fat results in an increased risk of met-
abolic and cardiovascular complications [20]. Arunabh et al. [21],
studied a group of women between 20-80 years old and showed
that serum vitamin D levels decreased with an increase in the
amount of adipose tissue. Recent studies have shown that vita-
min D may play an active role within the adipose tissue by mod-
ulating inflammation, adipogenesis, and adipocyte secretion [22].
Chacko et al. [14], in a study of postmenopausal women, showed
a negative association between serum vitamin D levels and BM|,
as well as waist circumference. In our study, we have found a
negative correlation between serum vitamin D levels and BMI,
as well as body fat, but not with the WHR. Andreozzi et al. [19]
showed a negative correlation between serum vitamin D levels
and waist circumference, as well as the android fat to gynoid
fat (A/G) ratio, but not with BMI. The authors suggested that
the android disposition of body fat is more closely associated
with the onset of metabolic syndrome [19].

A possible link between supplementation with vitamin D and
weight loss is not fully understood. Previously reported in vi-
tro studies have shown that 1,25-dihydroxy vitamin D3 may in-
hibit adipogenesis in T3-L1 cells [23], and may also stimulate
lipogenesis and inhibit lipolysis by interacting with mouse vi-
tamin D receptor (mVDR) [24]. The meta-analysis of Pereira-
Santos et al. [25] showed that the prevalence of vitamin D defi-
ciency was 35% greater in obese subjects when compared with
overweight groups. Vitamin D may also influence leptin lev-
els [24], which are important in the control of appetite and the
occurrence of obesity.

The production of active vitamin D in the skin decreases with age,
and a similar exposure to the sunlight in elderly people produces
up to 75% less vitamin D when compared with young adults [26].
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The findings of this study showed that vitamin D status was
not significantly different in the three study groups. Similarly,
Godala et al. [13] demonstrated that the mean concentration of
vitamin D was not significantly different in the premenopausal
and postmenopausal periods. The low serum vitamin D concen-
tration in all three groups of women working in non-manual jobs
could be partially explained by increased indoor activity and limited
physical activity during the working hours, as well as limited sun
exposure and a sedentary lifestyle. Ardawi et al. [27] showed that
vitamin D deficiency (<20 ng/mL) was common among premeno-
pausal (72.4%) and postmenopausal (85.0%) Saudi women [28].

The decreased serum vitamin D levels found in the three groups
of perimenopausal and postmenopausal women working in non-
manual jobs in this study may also be attributed to the dietary
vitamin D intake, the extent of the sun exposure, vitamin D sup-
plementation, and lifestyle. However, some other factors could
also influence serum vitamin D levels. There is lack of clear evi-
dence that vitamin D supplementation benefits lipid profile and
weight loss. Women over 50 years old should be on a calcium-
and vitamin D-rich diet, which might help to prevent osteopo-
rosis. It is also important to remember that calcium and vita-
min D supplementation are needed during weight reduction,
since a restricted diet is associated with decreased estrogen
levels and calcium absorption, which may lead to bone loss [1].

Further studies are needed to establish the optimal dosage
of calcium and vitamin D, the duration of the treatment, and
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tion appear to be important steps in the prevention of meta-
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The findings of this study have shown the following. Women
in early and late perimenopause, as well those who were
postmenopausal, and who were working in non-manual jobs,
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tamin D levels had increased HDL cholesterol, lower LDL/HDL,
and CHOL/HDL ratios, and a lower BMI, and reduced percent-
ages of body fat compared with those with lower serum vita-
min D levels. Therefore, increased awareness of the benefits of
a vitamin D-rich diet and vitamin D supplementation, as well
as outdoor physical activity, should be promoted among peri-
menopausal and postmenopausal women to help prevent obe-
sity and unfavorable changes in lipid profile in this population.
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