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Abstract

Menopausal status and hormonal changes are important factors related to the prevalence of metabolic syndrome in women.
Nutrient intake is also a risk factor for metabolic syndrome. Although, postmenopausal status and hormonal changes result
in a 60% increased risk for metabolic syndrome, there has been no method to elucidate the effects of nutrient intake on
metabolic syndrome following menopause. This study was conducted to evaluate the effects of nutrient intake by menopausal
women on the prevalence of metabolic syndrome. All data were obtained from the Korean National Health and Nutrition
Examination Survey 2007 - 2009. Menopausal women showed a 1.8-fold increase in the prevalence of metabolic syndrome.
Metabolic syndrome group showed significantly lower values in calcium, iron, vitamin A, carotin, retinol and riboflavin
intake than those of normal group in premenopausal women. In postmenopausal women, there are significant differences
in crude fiber, calcium, iron, potassium, riboflavin and niacin. Indeed, different patterns of nutrient intake were observed
by menopausal status and metabolic syndrome. As menopause cannot be controlled, a diet with adequate nutrient intake
may be useful to control the rapid increase in the prevalence of metabolic syndrome due to menopause.
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Introduction

In an early study on insulin resistance, metabolic syndrome
was named “syndrome X’ to define a patient group that was
concurrently glucose intolerant, dyslipidemic, and had high
blood pressure and coronary heart disease (Reaven GM 1988).
In 1999, the World Health Organization defined these symptoms
as metabolic syndrome (Alberti & Zimmet 1998). The guide
lines for metabolic syndrome were suggested by the International
Diabetes Federation (Zimmet et al. 2005) and the National Chole-

sterol Education Program (NCEP) with the Asia-Pacific standard
of waist circumference (Grundy et al. 2005; Pan et al. 2008).
However, the cause of metabolic syndrome remains unknown. It
is assumed that metabolic syndrome can be influenced by factors
related to coronary heart disease and diabetes (Arnlov et al.
2010; Jialal et al. 2010).

Regulating food intake is the most common therapeutic method
to prevent metabolic syndrome. The food intake pattern hypo-
thesis is a major subject in many studies on the relationship

between metabolic syndrome and food intake. It is difficult to
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eliminate confounding factors and obtain restricted nutritional
intake data making it difficult draw conclusion (Gittelsohn et al.
1998). In the NHANES III cross-sectional study, men with
excess carbohydrate intake showed an increased prevalence of
metabolic syndrome (Zhu et al. 2004). Furthermore, low fat and
high protein food intake has been suggested by the NCEP as a
way to decrease total cholesterol, low density lipoprotein
cholesterol and triglyceride concentrations in the blood (Yu-Poth
et al. 1999). A low fat diet induces weight loss (Astrup et al.
2000). However, Willett WC (2002) reported that a low fat diet
induces little loss of weight in the short term, but that there was
no difference in a long term study. Reports have indicated that
calcium and vitamin D intake are related to the prevalence of
metabolic syndrome (Liu et al. 2005).

Menopause is defined as occurring 12 months after last menstrual
period and marks the end of menstrual cycles in women. Meno-
pause is relation to metabolic syndrome through direct effects on
sex steroid hormones. Many reports have shown that menopause
increases the prevalence of metabolic syndrome in women (Park
et al. 2003; Park et al. 2004). They reported increased prevalence
of metabolic syndrome in postmenopausal women due to hormonal
changes that occur during the menopause transition. These changes
are considered the main reason for the shift in prevalence (Regitz-
Zagrosek et al. 2007). The Korean National Health and Nutrition
Examination Survey (KNHANES) showed a rapid increase in the
prevalence of metabolic syndrome in women vs. gradual increase
in men (Kim et al. 2007). In particular, a change in estrogen
level is a major factor in the relationship between metabolic
syndrome and menopause. The transition contributes to increase
the prevalence of metabolic syndrome with an accumulation
abdominal and intra-abdominal fat in postmenopausal women
(Lobo RA 2008). The changes in estrogens due to menopause
are related to type II diabetes and insulin resistance as estrogen
therapy improves lipid metabolism and insulin sensitivity (Rossi
et al. 2004; Khoo & Perera 2005).

As described above, metabolic syndrome, menopause and the
nutrient transition interacts with each other. Thus, this study was
conducted to elucidate the changes in the prevalence of metabolic
syndrome following the menopausal transition by investigating
the relationship among risk factors for metabolic syndrome,

menopausal status, and nutrient intake.

Materials and Methods
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1. Subject

This was a cross-sectional study using KNHANES data from
the Korean Ministry of Health and Welfare. Study subjects were
selected for the KNHANES by age and sex from 2007 to 2009.
The selected subjects were women (age, 40 - 60 years) who
participated in a health interview, medical examination, and
nutrition examination. The subjects included 1,865 women who

had neither hormonal treatment nor signs of ovarian dysfunction.

2. Assessment of nutritional intake

Food intake was estimated from 1 day intake by the 24 hr
recall method. Foods were divided into 18 groups according to
those shown in the report of the 2009 KNHANES (Ministry of
Health and Welfare 2009). Nutrient intake was calculated from
food intake using the National Standard Food Composition Table
(Rural Development Administration 2009). The assessment of
nutrient adequacy ratio (NAR) was evaluated with Korean Dietary
Reference Intakes (KDRIs) for twelve nutrients (protein, crude
fiber, calcium, phosphorus, iron, sodium, potassium, vitamin A,
C, By, B, and niacin) (The Korean National Society 2009). And,
the NAR was calculated with different nutrient requirements
between 40 and 50 yrs by KDRIs. Mean adequacy ratio (MAR)

was also calculated.

NAR = nutrient intake / nutrient requirement
MAR = sum of NAR / number of nutrients

3. Definition of metabolic syndrome

Diagnostic criteria of the NCEP-ATPIIl were adapted to
determine the prevalence of metabolic syndrome. The criteria
indicate metabolic syndrome as the presence of three or more

of the criteria below:

Waist circumference: men > 90 cm, women = 80 cm

Triglyceride: > 150 mg/dL

HDL-cholesterol: men < 40 mg/dL, women < 50 mg/dL

Blood pressure: systolic blood pressure > 130 mgHg or
diastolic blood pressure > 85 mmHg

Fasting plasma glucose: > 100 mg/dL

4. Statistical analyses
The statistical analysis was conducted using SPSS 20.0K
(SPSS, Inc., Chicago, IL, USA). The comparison of menopausal

status between the metabolic syndrome and normal groups was
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analyzed by Student’s t-test. The analysis of general charac-
teristics was conducted with the chi-square test. Regression
analysis was performed to calculate odd ratio of NAR and
MAR.

Results and Discussion

1. Characteristics of the study population

Demographic data of the study population are shown in Table
1. The incidence of metabolic syndrome was 21%. A total of
1,534 premenopausal and 740 postmenopausal women were
included in this study. The prevalence of metabolic syndrome
was 16.9% (260 women) in the premenopausal group and 30.7%
(227 women) in the postmenopausal group. Menopausal status
is an independent risk factor that increases the prevalence of
metabolic syndrome (Hidalgo et al. 2006; Geum et al. 2008).
The relationship between metabolic syndrome and menopause
has been investigated in various race (Hidalgo et al. 2006; Ainy
et al. 2007; Kim et al. 2007; Eshtiaghi et al. 2010). However,
the results of investigation between menopause and metabolic
syndrome are not consistent even though menopause is related
to some risk factors for metabolic syndrome (Carr MC 2003).
Furthermore, studies of Asian and Caucasian do not show
significant differences in triglyceride and HDL~cholesterol levels
around menopause (Fukami et al. 1995; Torng et al. 2002).
These conflicting results may be due to limitations of cross-
sectional studies ethnic homogeneity (Santoro et al. 2005; Ainy
et al. 2007). Nevertheless, changes caused by menopause do not
clearly explain the increased prevalence of metabolic syndrome
as the menopausal transition induces alterations in a women’s
whole constitution including hormonal characteristics, dietary

patterns and metabolism.

Table 1. General characteristics of the study population

Normal MS
40 - 50 1,258 8320 254  16.80
Age 51 -60 529 6942 233 30.58
Total 1,787  78.58" 4877 21.42
Pre-menopause 1,274  83.05 260 16.94
Me;‘;lt’j:sal Post-menopause 513 6932 227 30.68

ok

Total 1,787  78.58 487 2142

1
) %
ek

'p<0.001; p-values were calculated using the X’ test between the
normal and metabolic syndrome groups

=4 EFIYEIA

2. Nutrient intake and menopausal status

Nutrient intake was decreased in most categories in postmeno-
pausal women with metabolic syndrome (Table 2). Premenopausal
women with metabolic syndrome showed a significantly decreased
intake of calcium, iron, vitamin A, carotin, retinol and riboflavin.
Indeed, postmenopausal women in the metabolic syndrome group
showed decreased crude fiber, calcium, iron, potassium, riboflavin,
and niacin intake.

Ratios of 55 - 70% carbohydrate, 7 -20% protein and 15 -
25% fat are recommended by the KRI. Premenopausal women
showed an adequate C:P:F ratio (Table 3). However, postmenopausal
women had significantly higher carbohydrate and lower fat
intake than recommended by the KDRs. Indeed, postmenopausal
women in the metabolic syndrome group had lower protein
intake than that in the normal group significantly (p<0.05).

Nutrient intake is a major factor related to metabolic syn-
drome. Dietary patterns are related to homeostasis and disease
in humans including metabolic syndrome and changes due to
menopausal status. In studies of Korean women, high carbo-
hydrate intake was related to waist circumference and metabolic
syndrome (Park et al. 2008; Yoo & Kim 2008). High carbohydrate
and low fat intake occurs significantly more often in postmeno-
pausal women (Moon & Kong 2010). Thus, menopause could
be considered an independent factor inducing a change in nutrient
intake regardless of metabolic syndrome. Vitamin A, carotin and
riboflavin were consumed significantly less often in premeno-
pausal women with metabolic syndrome than those in postmeno-
pausal women. These results are consistent with a previous
report that vitamins have a preventive effect on oxidative stress
which is a major characteristic of metabolic syndrome (Zimmermann
& Aeberli 2008; Roberts & Sindhu 2009).

3. Assessment of NAR and MAR

NAR and MAR were estimated in menopausal women in the
metabolic syndrome and normal groups (Table 4). Although the
presence of metabolic syndrome was not considered, the NAR
and MAR values in postmenopausal women were lower than
those in premenopausal women except iron, sodium and potassium.
Indeed, premenopausal women in metabolic syndrome group
significantly lower NAR in protein, calcium, iron, vitamin A, B
and B,. Postmenopausal women in the metabolic syndrome
group had significant differences in most NAR except protein,
iron and phosphorus. Metabolic syndrome group showed a
significant decrease in MAR.
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Table 2. Comparison of nutrient intake between the normal and metabolic syndrome groups of menopausal women

Premenopause Postmenopause
Normal Metabolic syndrome Normal Metabolic syndrome
Energy (kcal) 1,654.92 +572.14" 1,606.65 £ 591.82 1,638.71 £ 585.00 1,624.14 + 598.64
Protein (g) 59.22 +£25.77 57.96 + 27.52 57.00 + 26.43 53.47 +£26.55
Fat (g) 31.25 +20.43 28.88 + 20.21 24.93 + 17.01 2432 +19.53
Carbohydrate (g) 286.31 + 106.89 27478 + 95.81 302.34 = 113.78 299.37 + 108.09
Crude fiber (g) 7.61 £5.24 7.19 £ 5.01 7.83 £ 5.06™ 6.74 £4.71

Calcium (mg)
Phosphorus (mg)
Iron (mg)

Sodium (mg)
Potassium (mg)
Vitamin A (1g/RE)?
Carotin (ug)

471.47 +300.16"
1,030.73 +401.30
14.09 £ 10.00°
4,494.15 +3,459.78
2,902.95 £ 1,402.45
843.60 = 879.78™
4,445.95 +5,009.11

*

432.01 + 261.99
1,000.70 = 403.37
12.70 + 8.02
4,621.45 + 2,980.95
2,749.71 + 1,304.93
708.15 + 707.97
3,722.00 + 4,064.10

456.50 + 271.20"
1,033.07 + 430.70
14.01 + 9317
4,008.13 + 2,223.95

2,973.62 + 1,525.95"

779.99 + 811.48
4,274.76 £+ 4,700.45

408.95 £263.09
965.70 +£431.93
12.09 +8.99
425278 £2,611.42
2,694.05 +1,481.96
683.34 = 851.40
3,678.93 £4,881.93

Retinol (11g) 88.38 = 185.37" 72.57 £ 90.57 62.33 + 146.77 61.46 + 185.90
Thiamine (mg) 1.11 £0.55 1.07 £ 0.56 1.06 £ 0.57 1.03 +0.57
Riboflavin (mg) 1.06 £0.53" 0.97 + 0.51 0.97 + 0.52" 0.88 +0.53
Niacin (mg) 13.94 + 6.42 13.60 = 6.57 13.66 = 6.85° 12.45 £6.33

Vitamin C (mg)

107.76 +86.78

102.17 + 85.49

113.91 + 107.11

105.86 + 108.60

Y MeantS.D., ? retinol equivalent, RE

"p<0.05, “p<0.01; comparison between the normal and metabolic syndrome groups

Table 3. Comparison of the carbohydrate:protein:fat (C:P:F) ratio between the normal and metabolic syndrome groups of

menopausal women

Premenopause Postmenopause
Normal Metabolic syndrome Normal Metabolic syndrome
Carbohydrate 69.67 + 11.31" 69.74 + 10.92 74.08 £ 10.22 74.58 £ 10.25
Protein 1434+ 3.84 14.44 + 4.60 13.87 + 3.83** 12.99 + 3.56
Fat 16.57 + 7.83 15.55+7.20 13.39 £ 6.70 12.84 + 7.10
Y MeantS.D.

"p<0.001; p-values were calculated between the normal and metabolic syndrome groups

The odd ratios for the normal and metabolic syndrome groups
according to NAR and MAR in menopausal women are shown
in Table 5. A significant difference in calcium, iron, vitamin A
and vitamin B, was observed in the premenopausal group with
1.3 and 1.4 odd ratios. However, the postmenopausal group
showed a significant difference in iron, vitamin A, vitamin B,,
and niacin. The odds ratio in the postmenopausal group was
higher in the premenopausal group except that for that of vitamin
A. Indeed, the results of MAR comparison showed that the odds

ratio for the incidence of metabolic syndrome was 1.725 in the

postmenopausal group and 1.484 in the premenopausal group.

Postmenopausal women in the metabolic syndrome group
showed the lowest nutrient intake values and NAR. Postmeno-
pausal women also showed similar patterns with lower vitamins
and essential nutrients, which are related to metabolic syndrome.
Indeed, the results of the odds ratio analysis for metabolic
syndrome showed that postmenopausal women have a higher
risk for metabolic syndrome due to nutrient deficiency. Thus,
these results indicate that the difference in nutrient intake pattern

is related to metabolic syndrome and menopausal status. However,
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Table 4. Comparison of nutrient adequacy ratio and mean adequacy ratio between the normal and metabolic syndrome

groups of menopausal women

Variable Premenopause Postmenopause
Normal Metabolic syndrome Normal Metabolic syndrome

Protein 0.92+0.15" 0.90 = 0.18" 0.90 = 0.17 0.88 = 0.19
Calcium 0.60 £ 0.26" 0.56 + 0.26 0.55+0.26™ 0.49 + 0.27
Phosphorus 0.96 + 0.12 0.95+ 0.15 0.95+ 0.13 0.93 £ 0.15
Iron 0.78 £ 023" 0.75+ 0.25 0.88 £ 0.19 0.82 + 0.25
Sodium 0.99 + 0.08 0.98 + 0.09 0.98+0.11" 0.99 + 0.05
NAR?  Potassium 0.59 + 0.23 0.57+ 023 0.60 = 0.24™ 0.55+ 0.25
Vitamin A 0.77 + 028" 0.71+ 030 0.74+ 031" 0.68 + 0.32
Vitamin B, 0.82+ 021" 0.80 + 0.23 0.80 = 0.22" 0.76 + 0.23
Vitamin B, 0.76 + 0.24™ 0.71+ 0.26 0.71+ 0.26™ 0.64 + 0.27
Niacin 0.83+ 021 0.81+ 0.22 0.80 + 0.21° 0.76 + 0.22
Vitamin C 0.75+ 0.28 0.71+ 0.30 0.75 + 0.29" 0.69 = 0.31
MARY 0.80 = 0.16" 0.77 + 0.17 0.79+ 0.17" 0.74 + 0.18

) MeantS.D., ? Nutrient adequacy ratio, NAR, * Mean adequacy ratio, MAR

*p<0.05, “p<0.01,

EE

p<0.001; p-values were calculated between the normal and metabolic syndrome groups

Table 5. Odds ratios of nutrient intake using the NAR and MAR for the normal and metabolic syndrome groups of
menopausal women

Premenopause Postmenopause Total

Variables Metabolic Normal OR" Metabolic Normal OR Metabolic Normal OR

syndrome (95%CI) syndrome (95%CI) syndrome (95%CI)

gy =08 13820y 551(80.0) 1.484 12936.8)  222(6322) 1725 267257)  T73(743) 1592
mar>08  122(144)  723(856) (113619407  98(252)  291(74.8) (1.259-2.365) 220(17.8)  1,014(822) (1.301-1.947)""

~ na’<08  50(192)  210(30.8) 1.206 63(35.2)  116(64.8) 1315 11325.7)  326(743) 1.354
PO 08 2100165)  1064E35)  (0SST1698)  164(292)  397(708) (0920-L878)  374204)  1461(79.6) (1.063-1.725)

~ nar=08  206(18.1)  934(81.9) 1389 183(31.7)  405(68.3) 1285 39422.7)  1,339(77.3) 1.417
Calelm 08 54(137)  340863) (LOM192D*  30265)  108(735) (O8571927)  93(172)  448(s28) (1.104-1820)"

nar<08  27(19.1)  114(80.9) 1.179 33(363)  58(63.7) 1334 60259  172(74.1) 1319
PhOSPROMS 08 233(167)  LI60(33) (07581835  194(299)  455(70.0) (O8432112)  427209)  L615(79.1) (0965-1.804)

nar<08  133(19.1)  565(80.9) 1314 80(37.2)  135(62.8) 1524 213233)  700(76.7) 1.207
N a8 127052)  700848) (LO0G-LTITF  147280)  378(720) (LOS92.132)  27420.1)  1,087(799) (0986-1478)

~ nar=08  11239)  35(76.1) 1.564 6207)  23(793) 0.578 17(22.7) 58(77.3) 1.078
Sodium 08 249(16.7)  1,23983.3) (0.784-3.121)  221(31.1)  490(68.9) (0.232-1.440)  470(21.4)  1,729(78.6) (0.622-1.869)

~ nar<08  213(17.5)  1,006(82.5) 1207 186(32.2)  391(67.8) 1.416 399222)  1,397(77.8) 1.266
Potassium - 08 47(149)  268(85.1) (0.856-1.702)  41(252)  122(748) (0.9542.100)  83(184)  390(81.6) (0.979-1.636)

. nar=08  132(198)  534(802) 1.429 118(34.3)  226(65.7) 1375 25024.8)  760(75.2) 1.425
Viemin A 08 128047)  T40853) (LOM-LS6T) 109275)  287(725) (LOOS-LSSIY  237(88)  L027812) (1166-1743)"

_ nar=08  115(192)  485(80.8) 1290 115(34.3)  220(65.7) 1367 230Q24.6)  705(75.4) 1.374
Vitamin Bi 08 145(155)  789(84.5) (0.985-1.689)  11227.7)  293(723) (0.999-1.871)  257(19.2)  1,082(80.7) (1.123-1.680)"

_ nar<08 149195  617(80.5) 1.429 153(342)  295(65.8) 1528 302249)  912(75.1) 1.566
Viemn B 08 101045)  657655) (LOO2LSTDT 74053) 218047 (LIOL212D  185175)  $75(32.5) (1276-1.923)

~ nar=08  107(182)  481(81.8) 1.153 11935.3)  218(64.7) 1.491 26244)  699(75.6) 1.348
NN 08 153(162)  793838)  (O8T-LSI3)  108268)  295(732) (LOSS204)  261(194)  1088(80.6) (L101-1.649)"

o nar<0.8  133(18.0) 607(82.0) 1.151 118(34.0)  229(66.0) 1.343 251(23.1) 836(76.9) 1.210
Viamin € 08 127(160)  667(84.0) (0.881-1.503)  109(27.7)  284(72.3) (0.982-1.836)  236(19.9)  951(80.1) (0.990-1.479)

Y Odds ratio, ? Mean adequacy ratio, MAR, ¥ Nutrient adequacy ratio, NAR, ¥ N (%)
"p<0.5, "p<0.1, ""p<0.001; p-values were calculated between the normal and metabolic syndrome groups
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estimating nutrient intake should be considered for all dietary
intake including food, medicine, supplements, and vitamin D

directly synthesized from human skin (Pittas et al. 2007).

Conclusions

This study was conducted to investigate the cause for the
increased prevalence of metabolic syndrome in menopausal women
from a nutritional perspective. As previous studies described, a
change in estrogen level around menopause is a major risk factor
for metabolic syndrome. Our findings did not suggest a causal
relationship between these hormone changes at menopause and
nutrient intake. However, nutrient intake related to the prevalence
of metabolic syndrome showed significant differences with
menopausal status. Thus, the control of vitamin and essential
nutrient intake is suggested as an effective way to decrease the
prevalence of metabolic syndrome during menopause. In particular,
deficiency of nutrients was observed more in comparison with
menopausal status than that in metabolic syndrome. Therefore,
control of nutrient intake is necessary to decrease the prevalence
of metabolic syndrome as well as other diseases that occur

during menopause.
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