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Background and Objectives: To assess whether the consumption of dietary macronutrient
could change metabolic syndrome (MetS) related to vitamin D deficiency according to
menopausal status.

Methods and Study Design: In a cross-sectional study of 8326 Korean women from the
Korean National Health and Nutrition Examination Survey V (2010-2012), we investigated
the combined interaction effect of serum 25-hydroxyvitamin D [25(OH)D] concentration and
menopausal status on MetS-related variables.

Results: The prevalence rates of 25(OH)D deficiency (vitamin D <50 nmol/L) among
premenopausal and postmenopausal women were 84.5% and 67.9%, respectively.
Significant differences in MetS-related variables such as body mass index (P<0.001), waist
circumference (P=0.005), fast glucose (P=0.048), triglycerides (P=0.001), and high-density
lipoprotein cholesterol (P=0.027) based on 25(OH)D concentration were observed among
postmenopausal women but not among premenopausal women. Among the postmenopausal
women with high consumption of dietary carbohydrate, the adjusted odds ratios (ORs) [95%
confidence intervals (95% ClIs)] of MetS among participants with 25(OH)D deficiency
increased 1.380-fold (95% CI = 1.086-1.753) using the 25(OH)D-sufficient group as
a reference. In contrast, the participants with 25(OH)D deficiency showed an increased
risk of MetS [OR (95% CI) = 1.313 (1.041-1.655)] with low-fat consumption. However,
the aforementioned findings did not differ among premenopausal women.

Conclusion: Thus, MetS due to 25(OH)D deficiency among postmenopausal women may
be modified by the consumption of dietary macronutrient.

Keywords: dictary macronutrient, Korean national health and nutrition examination survey,

menopausal status, metabolic syndrome, vitamin D

Introduction

The prevalence of vitamin D deficiency has increased worldwide and is recognized
as a public health concern.! Vitamin D deficiency is associated with many chronic
diseases, including obesity, hypertension, metabolic syndrome (MetS), cardiovas-
cular disease, and some cancers.”™* In particular, vitamin D levels have been

reported to influence the risk of MetS in many studies.””’
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After menopause, it is common to observe low con-
centrations of vitamin D among women.® In addition,
postmenopausal women are at high risk of MetS due to
a decrease in estrogen levels.””’ Some studies have shown
an association between MetS variables and low levels of
serum vitamin D in  postmenopausal women.’’
Postmenopausal women with low vitamin D status had
a significantly increased risk of MetS and an increase in
MetS variables, such as abdominal obesity, elevated blood
pressure (BP), triglyceride (TG) levels, abnormal fasting
glucose (FG) homeostasis, and decreased high-density
lipoprotein cholesterol (HDL-C).

Diet is a very important factor for preventing or con-
trolling MetS. It is well established that restricted-calorie
diets

Mediterranean diet and the Dietary Approaches to Stop

and traditional dietary patterns, such as the
Hypertension (DASH) diet, can improve MetS-related
variables or ameliorate the risk of MetS.”'! However,
these dietary approaches are difficult to maintain for long
periods until positive health outcomes associated with
MetS occur, and based on previous studies, these dietary
patterns are difficult for other races or nations to imple-
ment. In contrast, dietary macronutrient composition has
been reported as a new strategy to address the problems of

obesity and MetS.>!*!3

Low dietary carbohydrates
(CHOs) and high dietary proteins, based on compositions
independent of total dietary energy, have been shown to
have positive effects on body weight, fat mass, and BP,
HDL-C, and TG levels in the long term in meta-analysis
studies.'*"

Although some studies have shown a significant asso-
ciation between blood vitamin D deficiency and MetS or
MetS variables in postmenopausal women, the modifica-
tion of those associations via dietary macronutrients has
not been clarified. Therefore, the aim of this study was to
examine the how the interaction between 25-
hydroxyvitamin D [25(OH)D] concentration and MetS-
related variables was different by menopausal status.
This study also determined whether these differences
were influenced by the macronutrient consumption
among women in the Korean National Health and

Nutrition Examination Survey (KNHANES).

Methods

Study Design and Participant Selection
This study used data from the KNHANES V (2010-12),
which is a nationally representative cross-sectional survey

conducted by the Korean Centers for Disease Control and
Prevention (KCDC).'"* The KNHANES was carried out to
investigate the relationship between the health and nutri-
tional status of selected noninstitutionalized civilians from
the South Korean population using a complex and strati-
fied multistage probability clustered sampling design.
From a total of 25,534 participants (11,616 men and
13,918 women) in KNHANES V (2010-12), 8326
women participants over the age of 19 years with
a plausible consumption of daily energy and no missing
or inadequate data were selected for this study. All parti-
cipants provided written informed consent, and this study
was approved by the Institutional Review Board of the
Kunsan National University (IRB No. 1040117-201811-
HR-023-01).

Data Collection

The general characteristics, anthropometric and blood bio-
chemical variables, and dictary consumption data were
collected from the KNHANES data. Anthropometric and
blood biochemical variables from the health examination
were assessed using a direct measurement method. From
the health interview, information regarding the general
characteristics of the participants were collected using
a self-reported method, and dietary macronutrient con-
sumption data were collected by a trained nutritionist.

Anthropometric variables, including height, body
weight, and waist circumference (WC), were measured
using standardized methods. Body mass index (BMI) was
calculated by dividing the body weight (kg) by the
squared height (m?), and the definition of obesity, based
on the Korean Society for the Study of Obesity, was BMI
>25 kg/m*'?

BP, including systolic blood pressure (SBP) and dia-
stolic blood pressure (DBP), was assessed using a mercury
sphygmomanometer while the participant was in a seated
position. The FG, TG, total cholesterol (TC), and HDL-C
concentrations were measured using a Hitachi automatic
analyzer 7600 (Hitachi, Tokyo, Japan) in a certified clin-
ical laboratory. As a marker of vitamin D status, the
concentration of 25(OH)D (total measurement of 25(OH)
D2 and 25(OH)D3) was analyzed by a radioimmunoassay
kit (DiaSorin, Stillwater, Minnesota, USA) using a 1470
WIZARD gamma-counter (PerkinElmer, Turku, Finland).
To maintain the quality control for 25 (OH) D, the KCDC
continuously monitored and checked through internal and
external quality control. The internal quality control was
evaluated as the precision and accuracy of an analysis
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system by the mean, standard deviation (SD), and coeffi-
cient of variation (CV%) through the Westgard multi-rule
control method. Additionally, external quality control was
evaluated according to the Vitamin D Quality Assessment
Scheme (DEQAS), Vitamin D Metabolites Quality
Assurance Program (VitDQAP) of the National Institute
of Standards and Technology (NIST), and Accuracy-based
Vitamin D survey of College of American Pathologists
(CAP). Additionally, 25(OH)D deficiency was indicated
by a 25(OH)D concentration <50 nmol/L (20 ng/mL),
and a sufficient 25(OH)D concentration was indicated by
a concentration >50 nmol/L (21 ng/mL) based on the
Institute of Medicine.'®

MetS status, with the exception of central obesity, was
determined based on the US National Cholesterol
Education Program/Adult Treatment Panel III (NCEP/
ATP 1II).'7 As ethnic-specific cutoff point of WC was
defined as central obesity, WC was determined based on
the Korean Society for the Study of Obesity (=90 cm for
men and >85 cm for women).'® Accordingly, MetS was
defined if three or more of the following diagnostic criteria
were met: 1) WC >85 cm, 2) TGs >150 mg/dL or receiv-
ing treatment for high TGs, 3) HDL-C <50 mg/dL or
receiving treatment for low HDL-C, 4) BP >130/85
mmHg or receiving treatment for high BP, and 5) FG
>100 mg/dL or receiving treatment for hyperglycemia.

Menopausal status was classified as “premenopausal
(regular menstruation for the past 12 consecutive months)”
or “postmenopausal (absence of menstruation for over 12
consecutive months)” according to self-reported menstrual
cycle patterns.

The consumption of dietary macronutrients was
assessed using a single 24-h recall record method."
Highly trained dietitians conducted a nutrition survey
through face-to-face interviews. Daily nutrient consump-
tion including carbohydrates, proteins, and fat was esti-
mated based on the food composition database published
by the Rural Development Administration of Korea.”” The
percentage of total daily energy from CHOs, protein, and
fat was divided by the median values as follows: CHOs:
65.61%, protein: 14.22%, and fat: 19.47% for premeno-
pausal women; CHOs: 76.14%, protein: 12.82%, and fat:
11.92% for postmenopausal women.

Statistical Analyses

All statistical analyses used the sample weights provided
to reflect estimates of the entire Korean population. To
the characteristics by 25(OH)D

evaluate general

concentrations or menopausal status, categorical vari-
ables were assessed using Pearson’s chi-squared test,
whereas continuous variables were assessed using inde-
pendent-samples #-tests. The MetS-related variables,
menopausal status, and dietary macronutrient consump-
tion based on 25(OH)D concentrations after adjustment
for covariates were assessed using generalized linear
models. To prevent confounding effects, socioeconomic
variables (age, education level, family living together,
and monthly household income) and health-related vari-
ables (current smoking status, alcohol consumption sta-
tus, dietary supplement use, subjective stress, and
physical activity) were adjusted as covariates. After data
were divided by menopausal status, generalized linear
models were used to analyze the effects of 25(OH)D on
MetS-related variables and macronutrient consumption as
well as the interaction between menopausal status and 25
(OH)D with respect to the MetS-related variables and
macronutrient consumption after adjusting for covariates.
The risk for obesity or MetS depending on menopausal
status was determined using a multinomial logistic
regression model after adjusting for covariates. To deter-
mine the combined effect of menopausal status and 25
(OH)D concentration based on dietary macronutrient con-
sumption on obesity or MetS, a multinomial logistic
regression model adjusted for covariates was used. The
odds ratios (ORs) and 95% confidence intervals (CIs) for
obesity or MetS were estimated in reference to a 25(OH)
D concentration >50 nmol/L and the consumption level of
dietary macronutrients according to menopausal status.
Statistical significance was considered for p-values
<0.05. All statistical analyses were performed using
SPSS (version 24.0; IBM Corp., Armonk, NY, USA)
software for Windows.

Results

The general characteristics of the participants according to
25(OH)D concentration are listed in Table 1. The subjects’
average age and 25(OH)D concentration were 46.13 years
and 40.86 nmol/L, respectively. The prevalence of post-
menopausal women in the 25(OH)D-sufficient and 25(OH)
D-deficient groups was 58.2% and 35.1%, respectively
(P<0.001). The average age was significantly higher in
the 25(OH)D-sufficient group than in the 25(OH)
D-deficient group (p<0.001). Significant differences
according to 25(OH)D concentration were observed in
regard to education level (p<0.001), living together with
family (p<0.001), subjective stress (p<0.001), alcohol
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Table | General Characteristics

Sufficient 250 nmol/L Insufficient <50 nmol/L p-value *

(n =1996) (n =6330)
Menopausal status, post 58.2 35.1 <0.001
Age, years 525+ 0.6 443 £ 0.3 <0.001
Education level, Zhigh school 49.2 70.0 <0.001
Living together 71 65.7 0.464
Household’s income, high 48.1 57.5 <0.001
Subjective stress, high 27.0 31.1 <0.001
Regular alcohol drinker 37.9 42.6 <0.001
Current smoker 4.1 6.4 0.009
Supplement consumption, yes 522 54.6 <0.001
Regular physical activity 47.2 45.1 0.106

Notes: The data are expressed as the means + SEMs or %; * p-values of differences in 25-hydroxyvitamin D concentration using the y’-test or t-test.

consumption (p<0.001), smoking (p=0.009), dietary sup-
plement use (p<0.001), and household income (p<0.001).

The MetS-related variables and dietary macronutrient
consumption according to 25(OH)D concentration after
controlling for covariates are shown in Table 2. There
were significant differences in MetS-related variables
between the  25(OH)D-sufficient and  25(OH)

Table 2 Metabolic Syndrome-Related Variables and Dietary
Macronutrient Consumption According to 25-Hydroxyvitamin
D Concentration

Sufficient Insufficient p-value
250 nmol/L | <50 nmol/L *
(n =1996) (n =6330)
BMI (kg/m?) 23.0 £ 0.1 234 0.1 0.001
WC (cm) 774+ 03 78.0 £ 0.2 0.075
SBP (mmHg) 1154 £ 0.4 116.0 £0.2 0.226
DBP (mmHg) 737 £ 03 73802 0.651
FG (mg/dL) 93.8+05 955+ 03 0.009
TG (mg/dL) 1033 £ .7 1143 £ I.5 <0.001
TC (mg/dL) 188.0 £ 0.9 188.6 £ 0.6 0.562
HDL-C (mg/dL) 53303 522 +02 0.003
Dietary consumption
Energy (kcal) 1704.1 £ 203 | 1706.0 = 10.2 0.929
%_CHO 68.6 + 0.3 682 + 0.2 0.281
%_PRO 144 £ 0.1 142 £ 0.1 0.250
%_FAT 174 £ 0.2 179 £ 0.1 0.103

Notes: The data are expressed as the means = SEMs. * p-values of the difference
between serum 25-hydroxyvitamin D concentrations using a general linear model
after adjusting for age, education level, household income, marital status, residential
region, subjective stress level, dietary supplement consumption, smoking status,
alcohol consumption status, and physical activity.

Abbreviations: BMI, body mass index; WC, waist circumference; SBP, systolic
blood pressure; DBP, diastolic blood pressure; FG, fasting glucose; TGs, triglycer-
ides; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol.

D-insufficient groups. The variables of BMI (p=0.001),
FG (p=0.009), and TGs (p<0.001) were significantly
higher and HDL-C (p=0.003) was significantly lower in
the 25(OH)D-insufficient group than in the 25(OH)
D-sufficient group. However, dietary macronutrient con-
sumption according to 25(OH)D concentration was not
significantly different after controlling for covariates.

The combined effect of menopausal status and 25
(OH)D concentration on MetS-related variables and diet-
ary macronutrient consumption were assessed using
a general linear model and a multivariate logistic regres-
sion model after controlling for covariates (Table 3 and
Figure 1). Significant differences in the MetS-related
variables according to 25(OH)D concentration were
observed among postmenopausal women but not among
premenopausal women. The postmenopausal women in
the 25(OH)D-insufficient group had significantly higher
BMIs (24.52 = 0.10 kg/m* vs 23.95 = 0.11 kg/m?,
p <0.001) and WCs (82.66 £ 0.26 cm vs 81.39 +
0.40 cm, p=0.005) than the participants in the 25(OH)
D-sufficient group after controlling for covariates.
Additionally, FG (101.57 £ 0.67 mg/dL vs 99.60 =+
0.70 mg/dL, p =0.048) and TGs (140.66 + 2.08 mg/dL
vs 130.14 + 2.41, p =0.001) were higher among postme-
nopausal women in the 25(OH)D-insufficient group than
25(0OH)D-sufficient group.
However, the concentration of HDL-C among postmeno-
pausal women in the 25(OH)D-insufficient group (49.44
+ 0.27 mg/dL) was lower than that of women in the 25
(OH)D-sufficient group (50.46 + 0.39 mg/dL) (p=0.027).
On the other hand, there were no differences in MetS-
related variables, except TG (p=0.001), according to 25
(OH)D concentration among premenopausal women.

among women in the
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Table 3 Metabolic Syndrome-Related Variables and Dietary Macronutrient Consumption According to Menopausal Status and 25-

Hydroxyvitamin D Concentration

Premenopausal Status p-value Postmenopausal Status p-value p-value for
(n = 4030) * (n = 4296) * Interaction®*
250 nmol/L | <50 nmol/L 250 nmol/L | <50 nmol/L
(n=612) (n =3418) (n=1384) (n=2912)
BMI (kg/m?) 224 %02 22,6 £ 0.1 0.285 240 £ 0.1 24.52+ 0.1 <0.001 <0.001
WC (cm) 7450 £ 0.5 749 £ 0.2 0.830 814+04 827 £ 0.3 0.005 0.003
SBP (mmHg) 108.3 + 0.6 108.9 + 0.3 0.354 1259 + 0.6 126.6 + 0.4 0.380 0.004
DBP (mmHg) 719 £ 04 720 £0.2 0.824 765+ 0.34 765 %02 0.857 0.010
FG (mg/dL) 90.1 £ 0.7 914+ 04 0.097 99.6 £ 0.7 101.8 + 0.7 0.048 0.054
TG (mg/dL) 85.1 £25 96.4 £ |.2 0.001 130.1 £ 2.4 140.7 + 2.1 0.001 <0.001
TC (mg/dL) 181.0 + 1.3 179.7 £ 0.7 0.382 199.5 + 1.2 202.1 £ 0.9 0.094 <0.001
HDL-C (mg/dL) 553 £ 06 540+ 03 0.380 50.5 + 04 494+ 03 0.027 0.022
Dietary consumption
Energy (kcal) 1706.7 £28.7 | 1771.7 £ 13.2 | 0.360 1656.6 £24.0 | 1606.2 + 4.1 | 0.054 0.003
%_CHO 64.9 £ 0.6 64.3 £0.2 0.278 742 £ 04 740 £ 0.3 0.593 0.219
%_PRO 149 £ 0.2 148 + 0.1 0.792 13.6 £ 0.1 133 +£0.1 0.044 0.351
%_FAT 199 £ 0.5 20.8 £ 0.2 0.380 134+£03 135+02 0.723 0.159

Notes: The data are expressed as the means + SEMs * p-values of the association between menopausal status and serum 25-hydroxyvitamin D concentration using a general
linear model after adjusting for age, education level, household income, marital status, residential region, subjective stress level, dietary supplement consumption, smoking
status, alcohol consumption status, and physical activity. ** p-values for the interaction between menopausal status and serum 25-hydroxyvitamin D concentration using
a multivariate logistic regression after adjusting for age, education level, household income, marital status, residential region, subjective stress level, dietary supplement

consumption, smoking status, alcohol consumption status, and physical activity.

Abbreviations: BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FG, fasting glucose; TGs, triglycerides; TC,
total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.

Dietary macronutrient consumption according to 25(OH)
D concentration did not show significant differences
between premenopausal and postmenopausal women.
A significant interaction between menopausal status and
25(OH)D was related to the risk of obesity and MetS
(p-interaction <0.01). Using the 25(OH)D-sufficient
group as a reference, the adjusted odds ratio for obesity
and MetS of the participants in the 25(OH)D-insufficient
group increased by 1.335- (95% CI = 1.105-1.617) and
1.263-times (95% CI = 1.059-1.507), respectively,
among the postmenopausal women, whereas this increase
was not observed among the premenopausal women
(Figure 1).

To determine whether there was a difference in the com-
bined effect of menopausal status and 25(OH)D concentra-
tion on the risk of obesity and MetS according to dietary
macronutrient consumption, a multinomial logistic regres-
sion model was calculated after stratification into groups
according to dietary macronutrient consumption, as shown
in Table 4. A significant difference in the adjusted odds ratio
for obesity in participants with 25(OH)D deficiency was
observed according to dietary consumption of macronutri-
ents only among premenopausal participants. Among the
postmenopausal women with 25(OH)D insufficiency, using

25(0OH)D sufficiency as a reference, the adjusted odds ratio
for obesity was 1.428-times (95% CI = 1.145-1.780) higher
in participants who consumed a high level of dietary CHOs,
1.385-times (95% CI = 1.091-1.756) higher in those with
low dietary protein intake, and 1.434-times (95% CI =
1.150-1.788) higher in those with low dietary fat intake.
However, there was no observed increase in the risk of
obesity due to vitamin D deficiency among postmenopausal
participants who consumed low levels of CHOs or high
levels of protein and fat. Those associations were similar to
the adjusted odds ratios for MetS. In other words, among the
postmenopausal women who were deficient in 25 (OH) D,
the adjusted odds ratio for MetS was 1.261- (95% CI =
1.013-1.570), 1.266- (95% CI = 1.008-1.590), and 1.239-
times (95% CI = 1.004-1.529) higher in participants who
consumed high levels of CHOs, low levels of protein and fat,
respectively. The premenopausal participants exhibited no
difference in the risk of obesity or MetS according to 25
(OH)D concentration regardless of the consumption of diet-
ary CHOs, protein, and fat.

Discussion
This study used data from the KNHANES, a nationally
representative survey of the Korean population, to identify
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Figure | Adjusted odds ratio for obesity and metabolic syndrome according to menopausal status and 25-hydroxyvitamin D concentration. Obesity was defined as BMI
225.0 kg/m? by the Korean Society for the Study of Obesity. Metabolic syndrome was defined if 2 3 following diagnostic criteria by the modified National Cholesterol
Education Program/Adult Treatment Panel Ill: 1) WC 285 cm according to the Korean Society for the Study of Obesity, 2) TGs 2150 mg/dL or receiving treatment for high
TGs, 3) HDL-C <50 mg/dL or receiving treatment for low HDL-C, 4) BP 2130/85 mmHg or receiving treatment for high BP, and 5) FG 2100 mg/dL or receiving treatment
for hyperglycemia. The odds ratios (95% confidence intervals) were calculated in reference to a serum vitamin D concentration 250 nmol/L using multivariate logistic
regression adjusting for age, education level, household income, marital status, residential region, subjective stress level, dietary supplement consumption, smoking status,

alcohol consumption status, and regular exercise (* p<0.05, ** p<0.01).

whether the consumption of dietary macronutrients could
modulate the risk of MetS related to 25(OH)D deficiency
according to menopausal status. After adjustment for cov-
ariates, not only MetS-related variables, such as BMI, WC,

FG, TGs, and HDL-C, but also the risk of MetS were
observed to be significantly different according to 25
(OH)D concentration in only the postmenopausal women
but not in the premenopausal women. Interestingly, the

Table 4 Association of the Combined Effect the Menopausal Status and 25-Hydroxyvitamin D Concentration on Obesity and

Metabolic Syndrome According to Dietary Macronutrient Consumption

Obesity Metabolic Syndrome
Premenopausal Status Postmenopausal Status Premenopausal Status Postmenopausal Status
(n = 4030) (n = 4296) (n = 4030) (n = 4296)
CHO Low 1.278 1.158 1.432 1.260
(0.926-1.764) (0.838-1.601) (0.880-2.329) (0.930-1.708)
High 0.810 1.428 1.080 1.261
(0.538-1.220) (1.145-1.780)** (0.631-1.847) (1.013-1.570)*
Protein Low 0.928 1.385 1.120 1.266
(0.627—-1.374) (1.091-1.756)** (0.667—1.881) (1.008-1.590)*
High 1.191 1.268 1.400 1.243
(0.858-1.654) (0.964-1.668) (0.859-2.282) (0.949-1.628)
Fat Low 0.809 1.434 0.938 1.239
(0.551-1.189) (1.150—1.788)** (0.554-1.586) (1.004-1.529)*
High 1.319 1.141 1.561 1.332
(0.941-1.847) (0.837—1.556) (0.938-2.598) (0.969-1.830)

Notes: The odds ratios (95% confidence intervals) were calculated in reference to a serum vitamin D concentration 250 nmol/L using a multinomial logistic regression
model after adjusting for age, education level, household income, marital status, residential region, subjective stress level, dietary supplement consumption, smoking status,
alcohol consumption status, and physical activity (*p<0.05, ** p<0.01).
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combined effect of menopausal status and 25 (OH)
D concentration on the risk of obesity and MetS varied
by dietary consumption of macronutrients.

This study revealed that the 25(OH)D concentration is
related to MetS-related variables, such as BMI, FG, TGs,
and HDL-C, which is consistent with the results of pre-

2321 The association between vitamin

vious studies.
D concentration and MetS is well established. Vitamin
D plays roles in various pathways, including adiposity,
abnormal lipidemia and glucose homeostasis as well as
insulin secretion and sensitivity, which are critical risk
factors for MetS.>*' According to a meta-analysis of 28
studies, a high level of vitamin D was observed to reduce
MetS risk by 51%,%? and some have suggested that main-
taining a proper level of vitamin D would help cure or
prevent risk factors for MetS.?!

After being divided by menopausal status, postmenopau-
sal women with vitamin D deficiency showed a significant
difference in both MetS-related variables and the risk of
obesity and MetS compared with the same parameters in
those with sufficient vitamin D, but this difference was not
found in premenopausal women. The results of our study
regarding postmenopausal women were consistent with the
findings of previous studies,”” which reported that 25(OH)D
concentration is associated with MetS. However, few studies
have investigated differences in MetS-related variables asso-
ciated with 25(OH)D concentration depending on menopau-
sal status. Although a causal relationship between vitamin
D concentration and MetS-related variables could not be
identified because this study used cross-sectional design
data, a possible cause of these differences might be hormonal
differences, an important factor in determining menopause
status. On the other hand, the risk of MetS is recognized to
increase after menopause. Changes in body composition,
including an increase in body fat and a decrease in lean
mass, occur with age.?! Indeed, postmenopausal women
showed a decrease in physical activity and thus a change in
sun exposure, which affects vitamin D synthesis.”®
Furthermore, the increase in the risk of MetS in women
with vitamin D deficiency might be accelerated because of
the reduction in the protective effect of estrogen after
menopause.”*

In premenopausal women, no difference was observed in
the association of the concentration of 25(OH)D with the risk
of obesity or MetS, regardless of dietary macronutrient con-
sumption. However, interestingly, postmenopausal women
with vitamin D deficiency exhibited a difference in the risk
of obesity or MetS according to dietary macronutrient

consumption. Among the postmenopausal participants with
low dietary protein consumption, 25(OH)D deficiency was
associated with a significantly higher risk of obesity and
MetS, but a higher risk was not observed among those who
consumed high levels of dietary protein. As mentioned ear-
lier, a high protein diet (relatively low CHO diet), per se,
could help reduce obesity and metabolic syndrome by redu-
cing body weight and fat mass and lowering TGs and BP.'*"?
Although age was adjusted as a covariate, most postmeno-
pausal women are older. Elderly individuals have shown
decreased vitamin D synthesis due to decreased physical
activity and sun exposure as well as reduced capacity to
make vitamin D.?'**** Additionally, Korean elderly indivi-
duals not only consume protein mostly from rice and staple
food products but also commonly have low consumption of
dietary animal protein, including fatty fish, egg yolks, milk,
butter, and cheese, which are major sources of vitamin.*>*°
On the other hand, the overall CHO consumption of post-
menopausal women in our study was higher than the upper
limit of Korean Acceptable Macronutrients Distribution
Ranges (Korean AMDR) for CHO (55~65% of total energy
consumption). Therefore, one strategy for controlling obesity
or MetS-induced vitamin D deficiency might be to maintain
adequate vitamin D concentrations by increasing outdoor
physical activity and high-quality protein consumption,
which is consistent with the findings of our previous study
on an elderly population.”® Furthermore, the consumption of
CHO within AMDR could modulate the risk of obesity or
MetS-induced vitamin D deficiency through relatively
increased protein consumption.

These interesting results suggest that postmenopausal
women with 25(OH)D deficiency are more likely to have
abnormal MetS-related variables and a high risk of MetS.
Additionally, those associations may be modified by diet-
ary consumption. However, several limitations of this
study exist. First, our results were obtained from data
from a cross-sectional design and cannot provide causal
explanations. Second, although the concentration of vita-
min D in our study was adjusted for several factors, the
consumption of vitamin D from food or supplements, the
season of blood sampling, and usual sun exposure could
not be considered. Finally, more detailed menopausal sta-
tus in our study was not considered. The menopausal
status was classified into two categories: “premenopausal”
and “postmenopausal”’. However, perimenopause, which is
between the premenopausal and postmenopausal periods,
could be taken into consideration due to the association of

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13

submit your manuscript

3607

Dove


http://www.dovepress.com
http://www.dovepress.com

Chun et al

Dove

this period with other physiological and psychological
changes.

Using representative data of Korean women from the
KNHANES, this study demonstrated that the differences in
MetS-related variables in regard to vitamin D deficiency are
related to menopausal status. In addition, women with vitamin
D deficiency who consumed high CHO or low protein and fat
diets had an increased risk of MetS, but this association was
observed among only postmenopausal women. These findings
suggested that the increased risk of MetS due to vitamin
D deficiency among postmenopausal women could potentially
be modified by changing dietary macronutrient consumption.
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