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Abstract
We aim to determine the association between Fe status and themetabolic syndrome (MetS) duringmenopause. Records of 1069 premenopausal
and 703 postmenopausal Koreanwomenwere retrieved from the database of the fifth Korean National Health and Nutrition Examination Survey
(KNHANES V 2012) and analysed. The association between the MetS and Fe status was performed using multivariable-adjusted analyses, sub-
sequently develop a predictionmodel for theMetS bymargin effects.We found that the risk of Fe depletion among postmenopausal womenwas
lower than premenopausal women (PR= 0·813, 95 % CI 0·668, 0·998, P= 0·038). The risk of the MetS was 2·562-fold lower among premeno-
pausal women with than without Fe depletion (PR= 0·390, 95 % CI 0·266, 0·571, P< 0·001). In contrast, the risk of the MetS tended to be higher
among postmenopausal women with than without Fe depletion (PR= 1·849, 95 % CI 1·406, 2·432, P< 0·001). When the serum ferritin levels
increased, the risk of the MetS increased in both premenopausal women and postmenopausal women. The margin effects showed that an
increase in serum Hb and ferritin was associated with an increase in the risk of the MetS according to menopausal status and age group.
Therefore, ferritin is the most validated and widely used Fe marker, could be a potential clinical value in predicting and monitoring the
MetS during menopause. Further prospective or longitudinal studies, especially, clinically related studies on menopause and Fe status, are
needed to clarify the causality between serum ferritin levels and the MetS that could offer novel treatments for the MetS.
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The metabolic syndrome (MetS), variously known also as
syndrome X(1), is a cluster of independent factors such as
insulin resistance, abdominal obesity, dyslipidaemia and
hypertension(2).

Due to the spread of the Western lifestyle around the world,
this non-communicable disease has become a major health haz-
ard and one that causes losses of trillions of dollars in health ser-
vices and national economies(1). As of 2015, 604 million adults
and 108 million children worldwide were obese(3). In the USA,
over 30·2 million people aged ≥ 18 years had type 2 diabetes
in 2017 and during the period 1988–2010, average BMI andwaist
circumference (WC) increased per year in both men and
women(4).

Interestingly, several studies have shown the higher preva-
lence of the MetS in postmenopausal women, which may be
due to ageing effects andmenopausal effects(5,6). The prevalence

of the MetS increases rapidly in women than in men(5); the aver-
age age for natural menopause is 51·3 years among Caucasians(7)

but occurs earlier in Koreans at 49 years(8). Furthermore, the
prevalence of the MetS in Korea is about 13·8 % in premeno-
pausal women and 54·6 % in postmenopausal women(5).

Many features of the MetS associated with the transition from
premenopause to postmenopause may be a direct result of ovar-
ian dysfunction or an indirect result of the metabolism of central
fat redistribution due to oestrogen deficiency(9). However, sev-
eral authors have concluded that the increased risk of the
MetS in postmenopausal women is simply the consequence of
chronological ageing(10,11). The difference in the prevalence of
the MetS between premenopause and postmenopause may be
explained in part by changes in the Fe status(2). Fe acts as a strong
prooxidative factor and promotes the formation of hydroxyl rad-
icals, and this strong oxidative stress can damage cellular
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membranes, proteins and nucleic acids and actively cause
inflammation(12). It is also acknowledged that the elevated Fe
storage in the body can lead to hyperinsulinaemia and insulin
resistance by interfering with hepatic extraction and metabolism
of insulin. During menopause, sex hormones levels change and
reduced loss in menstrual blood increased Fe levels(2,13), which
may suggest the relationship between menopause, Fe status and
the MetS(14,15). Recently, studies have been conducted on the
association between Fe status and the MetS; however, data are
still inconsistent(16,17). Thus, the purpose of this study is to deter-
mine the association between the MetS and Fe status including
Hb and ferritin levels during menopause in Korean women.

Methods

Study subjects

This study used the database based on the fifth Korean National
Health and Nutrition Examination Survey (KNHANES V 2012).
KNHANES is a nationwide health and nutrition survey consisting
of three components: a health interview survey, a health exami-
nation survey and a nutrition survey and has been conducted
annually by the Korea Centres for Disease Control and
Prevention since 1998(18). A detailed description of the plan,
standardised protocol and licence of the survey was available
on the KNHANES website (http://knhanes.cdc.go.kr/). This
study was approved by the KNHANES inquiry commission

and the Institutional Review Board of Sunchon National
University.

In this study, participants who were female aged over 20
years and fully took part in three parts including a health inter-
view survey, a health examination survey and a nutrition survey
were selected. Three thousand five hundred ninety-two adult
women who are eligible were chosen out of a total of 8058
women who participated in KNHANES V. We excluded women
with incomplete data on the diagnostic criteria of the MetS. In
addition, to analyse the effects of menopausal status, we
excluded women who had last experienced menstruation <12
months before completing the questionnaire and women who
provided a reason for amenorrhoea rather than natural meno-
pause (e.g. pregnancy, lactation, oral contraceptive use, hor-
mone therapy and surgical menopause (bilateral ovarian
resection)). We excluded women who lacked data on variables
such as menopause, ferritin and Hb. Finally, 1069 premeno-
pausal women and 703 postmenopausal women were included
in this study (Fig. 1).

Laboratory measurements

Height, weight, WC and blood pressure were measured during
medical check-ups using standard procedures. BMI (kg/m2) was
calculated by dividing body weight (kg) by the square of the
height (m). WC (cm) was measured at the midpoint between
the bottom of the rib cage and the iliac crest of the mid-axillary

Fig. 1. Flow diagram of participants selection process.
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line while exhaling. Blood pressure was measured three times
with intervals of 5 min using a mercury sphygmomanometer
with the subject seated after a 5-min stabilisation period. Final
blood pressurewas the average of the second and thirdmeasure-
ments. Blood samples were collected after ≥8-h fast and were
analysed at Neodin Medical Institute in Korea. Levels of total
cholesterol, HDL-cholesterol, TAG and fasting glucose were
determined by an enzymatic assay using a Hitachi automatic
analyser 7600 (Hitachi). Hb (reference range: 7.4–9.9 mmol/L)
and haematocrit were measured by sodium lauryl sulphate Hb
method and cumulative pulse height detection, respectively,
using XE-2100D (Sysmex). Serum ferritin levels (reference
range: 10–200 ng/ml for women) were measured by an immu-
noradiometric assay using 1470 WIZARD gamma-Counter
(PerkinElmer). Serum ferritin <12 ng/ml was defined as Fe
depletion.

Demographic status

Residence areas were classified into urban and rural. Education
level was classified as belowmiddle school, high school and col-
lege or higher. Occupations were classified as: (1) managers and
professional; (2) office and clerical workers; (3) service and sales
workers; (4) agriculture, forestry and fishing workers; (5) craft,
plant and machine operators, and assemblers; (6) elementary
occupations and (7) unemployed. Monthly house incomes were
classified as: <2000, 2000–4000, 4000–6000 and ≥6000 thou-
sand won.

Healthy lifestyles

Alcohol intakes were classified as low and high (high-risk drink-
ing was defined as >5 drinks/d). Subjects with a lifetime history
of smoking of >100 cigarettes in their lifetime and still smoked
daily or occasionally were classified as current smokers; others
were classified as ex/non-smokers. Physical activity was dicho-
tomised as regular or irregular. Regular physical activity was
defined as: (1) vigorous physical activity, ≥20 min per session
≥3 d per week; (2) moderate physical activity, ≥30 min per ses-
sion≥ 5 d per week and (3) walking,≥ 30 min per session≥ 5 d
per week.

Family history

A family history of CVDwas defined as having at least one parent
or sibling with a diagnosis of hypertension, ischaemic heart dis-
ease or stroke. A family history of diabetes was defined as having
at least one parent or sibling with diagnosis of diabetes.

Menopause

In the present study, premenopausewas defined as no change in
bleeding patterns(19). Postmenopause was defined as the perma-
nent cessation of menstruation after at least 12 consecutive
months of amenorrhoea(20). In addition, postmenopausal
women at ≥1 year after the final menstrual period are referred
to as natural menopausal women(5).

Definition of the metabolic syndrome

The MetS was defined using criteria for clinical diagnosis of
American Heart Association/National Heart, Lung, and Blood
Institute, which include elevated waist circumference, raised
TAG, reduced HDL, elevated blood pressure and raised plasma
glucose based on the National Cholesterol Education Program
Adult Treatment Panel III criteria(21). However, the adult
Asians standard proposed by the WHO was applied to the cri-
terion for abdominal obesity(22). Subjects with three or more of
the following five risk factors were diagnosed with the MetS.
(1) elevated WC (≥80 cm in women), (2) elevated TAG
(TAG≥ 150 mg/dl or receiving medication for elevated TAG),
(3) low HDL-cholesterol (<50 mg/dl in women or receiving
medication to increase HDL-cholesterol), (4) elevated blood
pressure (systolic blood pressure≥ 130 mmHg and/or ≥85
mmHg diastolic blood pressure or on antihypertensive drug
treatment and a history of hypertension) and (5) elevated fasting
glucose (≥100 mg/dl or receiving medical treatment for elevated
glucose).

Statistical analysis

All statistical analyses were undertaken using STATA software
(version 16.0; StataCorp) and GraphPad Prism (version 8;
GraphPad Software). The baseline characteristics of the meno-
pausal status and the MetS were summarised using frequency
and proportion for categorical variables; and mean and standard
deviation or median and interquartile range for continuous var-
iables. Continuous and categorical variables were compared
using Student’s t test and χ2 test, respectively.

Poisson regression analysis was used to assess the association
between the MetS and Hb and ferritin levels. The potential cova-
riates were recognised in the existing literature or by subjective
prior information plus those variables with P values of≤0·25 in
univariate analysis and were entered in the full model(23,24). In
multivariate analysis, we used Poisson multivariate regression
with backward elimination to detect the best-fitting model that
described contributing variables. Two sequential models, model
1 and model 2, were then constructed. Model 1 was adjusted for
age, BMI, high-risk drinking, physical activity, education level,
monthly household income, residential areas, energy intake
and occupation, while model 2 additionally added an interaction
term (interaction between body Fe status andmenopause status)
to model 1. To visualise the moderating effect of themenopausal
status, marginal effect analysis was performed using the results
of Poisson regression analysis. All statistical tests were two-sided;
P-value< 0·05 was considered statistically significant.

Results

General baseline characteristics

Table 1 provides the baseline characteristics and the risk of the
MetS and abnormalities in its risk components by menopause
status. The average age and BMI of participants were 48 years
and 23·17 kg/m2, respectively. Postmenopause had higher aver-
age age (64·72 v. 36·95, P< 0·001) and BMI (24·08 v. 22·58,
P< 0·001) than premenopausal women. Compared with
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premenopausal women, WC (81·56 v. 74·97, P< 0·001), systolic
blood pressure (127·31 v. 108·55, P< 0·001), diastolic blood
pressure (75·73 v. 72·02, P< 0·001), TAG (135·05 v. 94·16,
P< 0·001), fasting glucose (101·03 v. 91·76, P< 0·001), Hb
(13·20 v. 12·89, P< 0·001) and ferritin levels (65·60 v. 30·18,
P< 0·001) were also significantly higher in postmenopausal
women. By contrast, HDL-cholesterol was significantly lower
(50·12 v. 54·80, P< 0·001).

The percentage of those with the MetS was lower in the pre-
menopausal group than the postmenopausal one. As expected,
the risk of the MetS and abnormalities of its all-risk factors were
significantly associated with menopause status. Remarkably, the
risk of Fe depletion among postmenopausal women was signifi-
cantly lower than in premenopausal women.

The metabolic syndrome characteristics

Table 2 summarises the general characteristics of participants
with or without the MetS. Hb (13·25 v. 12·92, P< 0·001) and
serum ferritin levels (62·33 v. 37·39, P< 0·001) were significantly
higher in those with the MetS. High-risk drinking, education
level, monthly household income, residential areas and occupa-
tion were significantly associated with the risk of the
MetS (P< 0·001).

The percentage of the MetS among premenopausal women
with Fe depletion and premenopausal women without Fe

depletion was 5·8 % (28/240) and 94·2 % (458/1532), respec-
tively. Premenopausalwomenwith Fe depletionwere 2·562-fold
lower risk of the MetS compared with premenopausal women
without Fe depletion (PR= 0·390, 95 % CI 0·266, 0·571,
P< 0·001). Furthermore, the percentage of theMetS among post-
menopausal women with Fe depletion and postmenopausal
women without Fe depletion was 11·9 % (58/121) and 88·1 %
(428/1651), respectively. The risk of the MetS among postmeno-
pausal women with Fe depletion was higher than postmeno-
pausal women without Fe depletion (PR= 1·849, 95 % CI
1·406, 2·432, P< 0·001) (shown in Fig. 2). Besides, we did not
find the relationship between the MetS and family history of
CVD and diabetes, and smoking status.

nopause status, Hb, ferritin and the metabolic syndrome

Tables 3 and 4 present the relationship between the risk of the
MetS and Fe duringmenopause status. Model 1 showed the asso-
ciation between the menopause status and body Fe status on the
MetS after adjusting for age, BMI, high-risk drinking, physical
activity, education level, monthly household income, residential
areas, energy intake and occupation. Model 2 was designed to
assess the interaction of the body Fe status with the menopause
status.

In terms of serum Hb levels, model 1 showed that subjects
with the MetS included significantly more who are aged over

Table 1. Baseline characteristics according tomenopause status of the study population from the Korean National Health and Nutrition Examination Surveys
in 2012
(Mean values and standard deviations; Prevalence ratio and 95 % confidence intervals)

Total (n 1772)
Premenopause

(n 1069)
Postmenopause

(n 703)

Mean SD Mean SD Mean SD t P

Age (years) 47·97 16·13 36·95 8·51 64·72 8·99 –65·69 <0·001
BMI (kg/m2) 23·17 3·44 22·58 3·49 24·08 3·15 –9·18 <0·001
WC (cm) 77·59 9·44 74·97 9·00 81·5 68·68 –15·30 <0·001
Systolic BP (mmHg) 115·99 17·48 108·55 12·39 127·31 18·02 –25·96 <0·001
Diastolic BP (mmHg) 73·49 9·83 72·02 9·44 75·73 10·01 –7·91 <0·001
TC (mg/dl) 190·35 34·89 181·93 31·41 203·15 36·03 –13·12 <0·001
TAG (mg/dl) 110·38 71·52 94·16 61·11 135·05 78·81 –12·26 <0·001
HDL-cholesterol (mg/dl) 52·95 11·86 54·80 11·79 50·12 11·40 8·28 <0·001
Fasting glucose (mg/dl) 95·44 19·05 91·76 16·85 101·03 20·79 –10·31 <0·001
Hb (g/dl) 13·01 1·17 12·89 1·22 13·20 1·06 –5·50 <0·001
Haematocrit (%) 39·21 2·98 38·90 3·00 39·68 2·90 –5·44 <0·001
Ferritin (ng/ml) 44·23 43·86 30·18 31·63 65·60 50·73 –18·10 <0·001

Total (n 1772)
Premenopause

(n 1069) Postmenopause (n 703)

PR 95% CI PR 95% CI PR 95% CI P

Fe depletion
No 829 77·5 582 82·8 1 Reference
Yes 240 22·5 121 17·2 0·813 0·668, 0·998 0·038

MetS
No 937 87·6 349 49·6 1 Reference
Yes 132 12·4 354 50·4 2·684 2·315, 3·112 <0·001

Elevated WC (≥ 80cm)* 277 25·9 404 57·5 2·165 1·864, 2·514 <0·001
Elevated TAG (≥ 150 mg/dl)* 131 12·3 279 39·7 2·186 1·879, 2·542 <0·001
Reduced HDL-cholesterol (<50 mg/dl)* 404 37·8 375 53·3 1·457 1·257, 1·690 <0·001
Elevated BP (≥130/85 mmHg)* 125 11·7 417 59·3 3·309 2·847, 3·846 <0·001
Elevated glucose (≥100 mg/dl)* 127 11·9 272 38·7 2·172 1·866, 2·528 <0·001

WC, waist circumference; BP, blood pressure; TC, total cholesterol; MetS, metabolic syndrome; PR, prevalence.
* Reference with WC< 80 cm, TAG< 150 mg/dl, HDL-cholesterol≥ 50 mg/dl, BP< 130/85 mmHg and glucose< 100 mg/dl, respectively.
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40 years and had high BMI. As expected, both Hb and meno-
pause status were positively and significantly correlated with
the risk of the MetS. When the Hb level increased by one unit
(g/dl), the risk of the MetS increased by 12 % (PR= 1·115,
95 % CI 1·025, 1·212, P= 0·011). Postmenopausal women had
a higher risk of the MetS than premenopausal women. In model
2, only Hb (PR= 1·162, 95 %CI 1·004, 1·345, P= 0·044) was asso-
ciated with the risk of the MetS (shown in Table 3).

Not unexpected, serum ferritin (PR= 1·002, 95 % CI 1·001,
1·004, P= 0·012) and postmenopause (PR= 1·712, 95 % CI
1·019, 2·873, P= 0·042) were associated with the development

of the MetS. Of note, we also found that both ferritin
(PR= 1·006, 95 % CI 1·003,·010, P= 0·001) and postmenopause
(PR= 2·183, 95 % CI 1·252, 3·806, P= 0·006) were positively sig-
nificant for the development of the MetS in model 2 (shown in
Table 4).

Figure 3 shows the marginal effect of the levels of serum Hb
and ferritin, on theMetSbymenopause andagegroup after adjust-
ment for potential confounders among the Korean population.
The effect of Hb and ferritin showed a similar trend. An increase
in serumHband ferritinwas associatedwith an increase in the risk
of the MetS according to menopausal status and age group.

Table 2. Characteristics by the presence of the metabolic syndrome (MetS)
(Mean values and standard deviations; numbers and percentages)

Without MetS (n 1286) With MetS (n 486)

Mean SD Mean SD t P*

Age (years) 43·49 14·49 59·83 14·14 –21·33 <0·001
BMI (kg/m2) 22·22 3·01 25·69 3·23 –21·17 <0·001
WC (cm) 74·42 8·04 85·95 7·58 –27·36 <0·001
Systolic BP (mmHg) 110·95 14·41 129·33 17·89 –22·35 <0·001
Diastolic BP (mmHg) 71·82 8·74 77·91 11·12 –12·09 <0·001
TC (mg/dl) 186·32 33·09 201·02 37·24 –8·06 <0·001
TAG (mg/dl) 87·06 42·78 172·09 92·57 –26·34 <0·001
HDL-cholesterol (mg/dl) 55·86 11·22 45·24 9·89 18·35 <0·001
Fasting glucose (mg/dl) 90·61 11·56 108·20 27·32 –19·02 <0·001
Hb (g/dl) 12·92 1·16 13·25 1·16 –5·27 <0·001
Haematocrit (%) 38·99 2·94 39·77 3·02 –4·90 <0·001
Ferritin (ng/ml) 37·39 35·69 62·33 56·57 –11·04 <0·001
Energy intake (kcal) 1723·64 657·19 1627·64 683·35 2·71 <0·01

Without MetS
(n 1286)

With MetS
(n 486)

n % n % t P*

Smoking status Non/ex-smoker 1216 94·6 470 96·7 3·53 0·060
Current smoker 70 5·4 16 3·3

High-risk drinking <1/month 1046 81·3 428 88·1 11·41 <0·01
≥1/month 240 18·7 58 11·9

Physical activity Not regular 863 67·1 355 73·1 5·79 <0·05
Regular 423 32·9 131 26·9

Education level ≤Middle school 280 21·8 306 63·0 291·64 <0·001
High school 482 37·5 129 26·3
≥College 524 40·7 52 10·7

Monthly household income (thousand won/mo) <2000 276 21·5 246 50·6 149·41 <0·001
≥2000 and <4000 428 33·3 123 25·3
≥4000 and <6000 309 24·0 66 13·6
≥6000 273 21·2 51 10·5

Residential areas Urban 1084 84·3 347 71·4 37·73 <0·001
Rural 202 15·7 139 28·6

Occupation Managers, professional 189 14·7 21 4·3 76·31 <0·001
Office worker, clerical workers 133 10·3 26 5·4
Service workers, sales workers 169 13·1 59 12·1
Agriculture, forestry and fishing workers 59 4·6 55 11·3
Craft, plant and machine operators

and assemblers
35 2·7 10 2·1

Elementary occupations 116 9·0 41 8·4
Unemployed 585 45·5 274 56·4

Family history of CVD No 716 55·7 250 51·4 2·55 0·110
Yes 570 44·3 236 48·6

Family history of diabetes No 1018 79·2 377 77·6 0·53 0·466
Yes 268 20·8 109 22·4

*P-value was analysed by t test for continuous variables and χ2 test for categorical variables.
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Discussion

This study reported the association between body Fe status and
theMetS duringmenopause in adult women based on a database
from KNHANES V in 2012. Our striking findings found that the
risk of the MetS was significantly higher in postmenopausal
women than in premenopausal women. Remarkably, an
increase in serum ferritin was associated with an increase in
the risk of the MetS.

As known, the main factors of the pathophysiology of the
MetS and its components are abdominal adiposity and insulin re-
sistance(2,25–27). Adipocytokines and proinflammatory sub-
stances secreted by visceral adipose tissue caused insulin
resistance, leading to diabetes, hypertension and atherosclero-
sis, which is a collection of risk components of the MetS(2). In
addition, NEFA produced by lipolysis in excessive adipose tissue
contribute to the pathophysiology of insulin resistance. Of note,
oxidative stress interacts with adipose tissue and inflammation
and reinforces the inflammatory pathway of leading to insulin
resistance. Therefore, biomarkers for evaluation of the MetS
include inflammatory markers, adipocytokines and Fe
status(2,12).

Several evidence shows that the reduction of oestrogen in
menopause could cause physical changes (e.g. increased central
body fat)(9,28) and affect Fe status(2). During menopause, oes-
trogen levels rapidly decrease, but Fe levels increase. In fact,

serum ferritin levels are 2–3 times higher in postmenopause than
in premenopause, which is consistent with our results(13). The
association of oestrogen with Fe in vivo might be due to the
effect of oestrogen on menstrual blood and on the expression
of hepcidin, a peptide hormone that regulates Fe
homoeostasis(2,29,30).

It has been established that menopause is a risk factor for the
MetS; it is suggested that menopausal status may affect the asso-
ciation between Fe status and the MetS(2); nevertheless, the asso-
ciation between serum ferritin levels and menopausal status has
not been well-established. Our findings show that serum ferritin
is positively associated with the MetS during menopause, which
was consistent with several previous studies in Korea, in which
high serum ferritin levels were found to be significantly associ-
ated with the risk of the MetS in postmenopause but not in pre-
menopause(15,17). Collectively, our finding supports previous
reports in Korea that serum ferritin levels were higher in pre-
and postmenopausal womenwith theMetS than in thosewithout
the MetS(14,16), although these studies have different character-
istics about sample size, study population or analysis, suggesting
that the association between increased ferritin levels and the
high risk of MetS.

It may be that the association between ferritin and the MetS is
differentially moderated by menopause status. In the present
study, we found that the risk of Fe depletion in premenopause
was significantly higher than postmenopause and that the risk of
the MetS tends to be decreased among premenopause with than
without Fe depletion. By contrast, the risk of the MetS among
postmenopausal women with Fe depletion was higher than
postmenopausal women without Fe depletion. However, com-
pared with premenopause, the risk of the MetS was higher in
postmenopause, which was in agreement with the previous
study(31). We suppose this was due to the effects of metabolic
changes after menopause (e.g. abdominal obesity caused by
fat rearrangement, development of insulin resistance, alterations
of lipid metabolism and oxidative stress) on the pathophysiolog-
ical factors of the MetS(2,9).

Hb is known as a simple and low-cost indicator of Fe sta-
tus(32). However, the role of elevated Hb levels in the risk of
the MetS has not been actively studied and adequately evalu-
ated, especially in women. In this study, the adult women were
divided into premenopausal and postmenopausal groups, and
Hb and ferritin levels were used as surrogates of Fe status to
determine the association between Fe status and theMetS during
menopausal status. We found that Hb levels were positively and
significantly correlated with the risk of the MetS, which was in
agreement with previous studies(32–34).

Poisson regression analysis was also conducted after redefin-
ing age as a categorical variable to determine whether meno-
pause status or age influenced the high risk of the MetS.
According to our results, the risk of the MetS was higher in the
middle-aged or older age group,which is consistentwith the pre-
vious studies(5,6,17). It could serve as a basis for confirming the
importance of the menopause effect.

In the current study, we found that ferritin was significantly
associated with the MetS during menopause, but Hb was not.
Determination of Hb and ferritin level is considered suitable lab-
oratory tests for assessing Fe status(35,36). Hb is responsible for
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Fig. 2. Risk of the metabolic syndrome among in pre- and postmenopausal
women with or without iron depletion. (A). χ2= 34·64, PR = 0·390, 95 % CI
0·266, 0·571. (B). χ2 = 27·44, PR = 1·849, 95 % CI 1·406, 2·432.
Premenopause with iron depletion; Premenopause without iron depletion.

Postmenopause with iron depletion; Postmenopause without iron
depletion.
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Table 3. Poisson regression analysis to determine the association between the Hb as an iron indicator and the risk of the metabolic syndrome during menopause status*
(Prevalence ratio (PR) and 95 % confidence intervals)

Variables

Model 1 Model 2

PR 95% CI P PR 95% CI P

Hb 1·115 1·025 1·212 0·011 1·162 1·004 1·345 0·044
Menopause status Postmenopause 1·708 1·021 2·856 0·041 3·877 0·345 43·535 0·272
Age (years) 30–39 1·859 0·918 3·765 0·085 1·867 0·922 3·782 0·083

40–49 3·734 1·920 7·263 <0·001 3·790 1·946 7·380 <0·001
50–59 2·970 1·327 6·648 0·008 3·003 1·340 6·731 0·008
60–69 3·854 1·646 9·023 0·002 3·880 1·656 9·091 0·002
70–79 4·814 2·028 11·428 <0·001 4·845 2·039 11·512 <0·001
≥80 6·317 2·505 15·934 <0·001 6·293 2·494 15·882 <0·001

High-risk drinking ≥1/month 1·189 0·889 1·591 0·243 1·192 0·891 1·595 0·237
Physical Activity Regular 1·084 0·880 1·335 0·448 1·087 0·883 1·339 0·430
BMI (kg/m2) ≥18·5 and <25 10·727 1·499 76·774 0·018 10·720 1·498 76·720 0·018

≥25 and <30 25·180 3·512 180·535 0·001 25·175 3·512 180·482 0·001
≥30 36·283 4·975 264·618 <0·001 36·424 4·995 265·632 <0·001

Education level High school 0·906 0·675 1·216 0·512 0·905 0·674 1·216 0·509
≥College 0·601 0·393 0·919 0·019 0·604 0·395 0·922 0·020

Monthly Household income
(thousand won/month)

≥2000 and <4000 0·900 0·705 1·149 0·398 0·901 0·706 1·151 0·405
≥4000 and <6000 0·886 0·649 1·209 0·445 0·890 0·652 1·215 0·464
≥6000 0·761 0·542 1·068 0·114 0·763 0·543 1·072 0·119

Residential areas Rural 0·993 0·796 1·238 0·948 0·989 0·793 1·234 0·924
Energy intake 1·000 1·000 1·000 0·486 1·000 1·000 1·000 0·491
Occupation Office worker, clerical workers 1·156 0·638 2·094 0·634 1·161 0·641 2·105 0·622

Service workers, sales workers 0·943 0·545 1·632 0·834 0·944 0·546 1·634 0·838
Agriculture, forestry and fishing workers 0·945 0·526 1·697 0·850 0·953 0·530 1·712 0·871
Craft, plant and machine operators and assemblers 0·747 0·337 1·654 0·472 0·735 0·331 1·629 0·448
Elementary occupations 0·715 0·398 1·282 0·260 0·719 0·401 1·290 0·268
Unemployed 0·977 0·591 1·614 0·926 0·978 0·592 1·616 0·930

Menopause status × Hb 0·940 0·787 1·123 0·496

* Model 1: adjusted for age (categorical variable), BMI, high-risk drinking, physical activity, education level, monthly household income, residential areas, energy intake and occupation. Model 2: further adjusted for model 1 plus interaction
between body Fe status and menopause status.
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Table 4. Poisson regression analysis to determine the association between the serum ferritin as an iron indicator and the risk of the metabolic syndrome during menopause status*
(Prevalence ratio (PR) and 95 % confidence intervals)

Variables

Model 1 Model 2

PR 95% CI P PR 95% CI P

Ferritin 1·002 1·001 1·004 0·012 1·006 1·003 1·010 0·001
Menopause status Postmenopause 1·712 1·019 2·873 0·042 2·183 1·252 3·806 0·006
Age (years) 30–39 1·837 0·907 3·72 0·091 1·806 0·892 3·659 0·101

40–49 3·611 1·858 7·019 <0·001 3·599 1·851 6·998 <0·001
50–59 2·804 1·249 6·294 0·012 2·724 1·216 6·104 0·015
60–69 3·605 1·538 8·453 0·003 3·465 1·482 8·103 0·004
70–79 4·479 1·883 10·656 0·001 4·318 1·819 10·247 0·001
≥80 5·547 2·203 13·968 <0·001 5·337 2·125 13·406 <0·001

High-risk drinking ≥1/month 1·198 0·895 1·604 0·224 1·184 0·884 1·585 0·258
Physical activity Regular 1·083 0·879 1·335 0·452 1·092 0·886 1·345 0·410
BMI (kg/m2) ≥18·5 and <25 10·96 1·532 78·422 0·017 11·083 1·549 79·316 0·017

≥25 and <30 25·999 3·628 186·34 0·001 26·405 3·684 189·278 0·001
≥30 38·308 5·257 279·181 <0·001 38·231 5·246 278·627 <0·001

Education level High school 0·905 0·675 1·213 0·504 0·908 0·677 1·218 0·521
≥College 0·599 0·391 0·916 0·018 0·608 0·398 0·930 0·022

Monthly household income (thousand won/month) ≥2000 and <4000 0·877 0·687 1·12 0·292 0·883 0·691 1·127 0·317
≥4000 and <6000 0·874 0·641 1·194 0·398 0·882 0·646 1·203 0·427
≥6000 0·770 0·549 1·081 0·131 0·778 0·554 1·092 0·147

Residential areas Rural 0·950 0·762 1·185 0·649 0·962 0·771 1·20 0·730
Energy intake 1·000 1·000 1·000 0·410 1·000 1·000 1·000 0·470
Occupation Office worker, clerical workers 1·151 0·635 2·085 0·644 1·162 0·640 2·110 0·622

Service workers, sales workers 0·921 0·531 1·596 0·769 0·930 0·536 1·614 0·797
Agriculture, forestry and fishing workers 0·968 0·539 1·740 0·914 0·968 0·538 1·742 0·914
Craft, plant and machine operators and assemblers 0·740 0·334 1·639 0·458 0·688 0·309 1·532 0·359
Elementary occupations 0·707 0·394 1·268 0·244 0·706 0·393 1·269 0·245
Unemployed 0·952 0·576 1·576 0·849 0·961 0·580 1·592 0·877

Menopause status × ferritin – – – – 0·995 0·991 0·999 0·017

* Model 1: adjusted for age (categorical variable), BMI, high-risk drinking, physical activity, education level, monthly household income, residential areas, energy intake and occupation. Model 2: further adjusted for model 1 plus interaction
between body Fe status and menopause status.
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erythrocyte production and the turnover of haem degradation
pathway(35). For this reason, Hb levels are influenced by factors
other than Fe depletion and the specificity for the Fe statemay be
insufficient(35). Ferritin contributes to maintaining the balance of
Fe inside the cell, and serum ferritin levels correlate with total Fe
storage in the body in the stable state(36). Accordingly, ferritin is a
marker that sensitively reflects Fe status(16,37). Furthermore,
serum ferritin levels provide more accurate information about
when Fe stores are sufficient(35). Therefore, ferritin may be a
more appropriate indicator of Fe status than Hb for investigating
relations between elevated Fe status and metabolic response. As
described above, pathological factors associated with the MetS,
including oxidative stress, are enhanced in postmenopausal
women, and premenopausal women may be considered to be
less susceptible to the same degree of oxidative stress because

they are in better physical health and have lower levels of accu-
mulated oxidative damage(38).

Serum ferritin is used as a clinical biomarker to evaluate Fe
status. When the serum ferritin increased, the risk of the MetS
increased in both premenopausal women and postmenopausal
women. It could be explained that ferritin itself causes a series of
inflammation on the inner walls of blood vessels, leading to the
dysfunction of vascular endothelial cells(39,40). Thus, to effec-
tively prevent and manage the risk of the MetS in menopausal
women, we suggest that the effects of menopause should be
determined by subdividing the MetS into its diagnostic compo-
nents. Moreover, further prospective or longitudinal studies
are needed to clarify the causality between ferritin levels and
the MetS. Particularly, clinically related studies on menopause
and Fe status could offer novel treatments.

(a) (b)

Fig. 3. The marginal effect of Hb (A) and serum ferritin (B) levels on the metabolic syndrome according to menopause status and age group, respectively. , 20-29;
, 30-39; , 40-49; , 50-59; , 60-69; , 70-79; , 80-; , Premenopause; , postmenopause

638 S. Yun et al.

https://doi.org/10.1017/S0007114521001331  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114521001331


The current study’s strengths include its large sample size.
Furthermore, to the best of our knowledge, our study is signifi-
cant in that it is the first study that visualises the moderator effect
of menopause status on the relationship between Fe status and
the MetS by analysing premenopausal women and postmeno-
pausal women at the same time. In particular, our findings dem-
onstrated that ferritin levels are a positive correlation with the
risk of the MetS and that this correlation is significantly stronger
for premenopause than for postmenopause. For other research,
our results may be a cornerstone for interpreting and a thorough
understanding of serum ferritin levels among women at meno-
pause. However, this study has several limitations. First, the
cross-sectional design cannot evaluate causality between body
Fe and the MetS during menopause. Second, we used the
KNHANESV data, whichwere collected in 2012, and thus, recent
demographic characteristics might not have been accurately
accounted for which affects the generalisation of our study. In
addition, subjects with serum ferritin and Hb levels outside
the normal range were included in the study, and factors affect-
ing the Fe status, such as inflammation status, Fe supplementa-
tion and anaemia, were not fully considered.
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