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Abstract

Purpose This study sought to compare the association
between health-related quality of life (HRQoL) and four
body health types by gender.

Methods  The study included 6217 men and 8243 women
over 30 years of age chosen from a population-based sur-
vey. Participants were grouped by body mass index and
metabolic abnormality into four types: metabolically heal-
thy normal weight, metabolically abnormal but normal
weight (MANW), metabolically healthy obesity (MHO), and
metabolically abnormal obesity (MAO). HRQoL was mea-
sured using the EQ-5D health questionnaire. The outcomes
encompassed five dimensions (mobility, self-care, usual
activity, pain/discomfort, and anxiety/depression), and the
impaired HRQoL dichotomized by the EQ-5D preference
score. Complex sample multivariate binary logistic regres-
sion analyses were conducted to adjust for sociodemo-
graphic variables, lifestyle factors, and disease comorbidity.

D4 Jongsan Choi
choijongsan@hotmail.com

Youngran Yang
youngranl3@jbnu.ac.kr

Jerald R. Herting
herting @u.washington.edu

School of Nursing, Research Institute of Nursing Science,
Chonbuk National University, 567 Baekje-daero, deokjin-gu,
Jeonju-si, Jeollabuk-do 561-756, Republic of Korea

Department of Sociology, University of Washington,
Box 353340, Seattle, WA 98195, USA

College of Agricultural Life Science, Chonbuk National
University, 567 Baekje-daero, Deokjin-gu, Jeonju-si,
Jeollabuk-do 561-756, Republic of Korea

Results  Among men, those in the MANW group pre-
sented worse conditions on all dimensions and the impaired
HRQoL compared to other men. However, no significant
effect remained after adjusting for relevant covariates. For
women, those in the MAO group had the most adversely
affected HRQoL followed by those females in the MHO
group. The domain of mobility and impaired HRQoL
variable of the MAO and MHO groups remained signifi-
cant when controlling for all covariates in the model.
Conclusions The MANW is the least favorable condition
of HRQoL for men, suggesting that metabolic health may
associate with HRQoL more than obesity for males. In
women, the MAO and MHO groups had the most adversely
affected HRQoL, implying that MHO is not a favorable
health condition and that obesity, in general, may be
strongly associated with HRQoL in women.
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quality of life - Metabolically healthy obesity (MHO)
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EQ-5D EuroQol-5 dimension questionnaire

BMI Body mass index

KNHANES Korea National Health and Nutrition
Examination Survey

KCDC Korean Centers for Disease Control and
Prevention

MetS Metabolic syndrome

MHNW Metabolically healthy normal weight

MANW Metabolically abnormal but normal weight

MHO Metabolically healthy obesity

MAO Metabolically abnormal obesity

CVD Cardiovascular disease
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Introduction

The rise in the prevalence of obesity worldwide over the
past decade has become a health issue. The World Health
Organization (WHO) estimated that over 600 million
people worldwide (11 % men and 15 % women) were
obese (body mass index [BMI] > 30 kg/mz) in 2014, a
number that has doubled since 1980 [1]. In South Korea in
2012, about one-third of adult men (36.3 %) and more than
one-fourth of adult women (28.0 %) were obese
(BMI > 25 kg/m?), a number that increased with age for
women, peaking at 43.1 % between the ages of 60 and 69
[2]. Obesity has been recognized as a public health prob-
lem by the Korean Health Plan 2020 [3]. The risk of
complications from obesity, such as diabetes and hyper-
tension, increases in Asian adults when one’s BMI is over
25 kg/m?, which is lower than the complications risk level
in Western populations (BMI > 30 kg/m?) [4]. Obesity is
the main cause of metabolic disease, increasing the risk of
cardiovascular disease (CVD), type 2 diabetes, hyperten-
sion, and hyperlipidemia and ultimately leading to higher
all-cause mortality [5—8]. Those in the population that are
obese in general demonstrate a lower health-related quality
of life (HRQoL) than those who are determined to not be
obese [9-11]. However, the association between HRQoL
and obesity is not consistent by gender, with HRQoL
appearing to be worse among obese women than normal
weight women [11-13] but the same in both obese and
non-obese men [14—16]. Studies have also suggested that
adverse health conditions tied to obesity may depend on
whether other metabolic risk factors are present [17, 18].

Metabolic syndrome (MetS) denotes a cluster of
abdominal obesity, atherogenic dyslipidemia, elevated
blood pressure, and insulin resistance as risk factors for
CVD [19]. The prevalence of MetS is 49.7 % in the USA
[20]; in Korea, 28.2 % of the population and almost half of
the adults (44.9 %) are at risk of developing MetS [21].
MetS leads to adverse health conditions; for example,
people with MetS generally have a more impaired HRQoL
[22-27]. However, the adverse association between MetS
and HRQoL is not consistent, presenting sometimes as true
among only women [28-30], only men [31], or identifying
even better HRQoL among a MetS group [32] or finding no
association at all [33, 34]. These incongruent study findings
may suggest that the HRQoL of individuals with MetS is
associated with other factors such as obesity and disease
burden [34]. Therefore, there is no general agreement about
how much obesity and/or metabolic health is associated
with individuals’ HRQoL.

Recently, studies have paid special attention to those in
the general population who are obese but metabolically
healthy in lipid profile, glucose tolerance, and blood pressure
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[5, 35, 36]. These subsets of obese individuals who have
favorable metabolic profiles are described as suffering from
metabolically healthy obesity (MHO) [36, 37]. The Korean
National Health and Nutrition Examination Survey reported
that the prevalence of MHO was 14.9 % in the entire popu-
lation and 47.7 % in the obese population aged over 18 in
Korea [38]. Review studies concluded that metabolically
healthy obesity (MHO) is not necessarily a healthy condi-
tion, in that those individuals in this range develop more
cardiovascular events and suffer more from all-cause mor-
tality [39—41] and diabetes [42] over a long-term period than
those considered normal weight. Within the topic of meta-
bolic health and obesity type, most studies investigated the
prevalence and risk of medical conditions (e.g., cardiovas-
cular disease, diabetes, kidney disorder, infection, and can-
cer-related mortality). The overall health of MHO
individuals may also be adversely affected by quality of life,
psychosocial factors, psychosomatic comorbidities, and
chronic pain [47]. For several years, it has been suggested
that non-metabolic complications such as osteoarthritis,
respiratory disease, psychological condition, and quality of
life among the MHO population need to be investigated and
compared to other obesity types [43—47]. However, few
studies have examined MHO in relation to psychological
conditions or, in particular, to HRQoL. It seems that only two
studies currently available have investigated MHO in rela-
tion to quality of life; one study examined the psychosocial
profile in those MHO individuals among a population of
postmenopausal women [48], while another investigated the
impact of the presence or absence of metabolic comorbidity
on the association between BMI and HRQoL among the
general population of Scotland [49]. Therefore, this study
aimed to use a population-based survey to examine the
association between HRQoL and four body health types, as
well as determine the effects of gender on HRQoL, focusing
on the people with metabolically healthy obesity (MHO), in
particular. It is hypothesized that the HRQoL of individuals
who are metabolically healthy but obese would be worse
than those considered metabolically healthy normal weight.
A better understanding of the association between HRQoL
and body health types could assist with the planning and
implementation of health promotion and policies for indi-
viduals considered metabolically healthy and obese as well
of those presenting as unhealthy but of a normal weight.

Methods
Database and study population

The study data were acquired from the fifth Korea National
Health and Nutrition Examination Survey (KNHANES
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V-2), conducted between 2010 and 2012 by the Korean
Centers for Disease Control and Prevention (KCDC). The
KNHANES is designed to be a nationally representative
cross-sectional survey using a multistage clustered proba-
bility sampling design for the random selection of house-
hold units. In the first stage of the survey, a sample of
geographical areas was drawn, and households were sam-
pled. Sex and age proportions were involved in stratifica-
tion. The data were assigned weights, provided by
KNHANES, to represent the non-institutionalized Korean
population in order to account for the complex survey
design, missing responses, and post-stratification [50]. The
KNHANES study protocol was approved by the institu-
tional review board of the KCDC, and all respondents
signed informed consent forms. This study selected a total
of 14,460 people (aged >30) who completed a health
interview and health examination.

Measures
EQ-5D

HRQoL was evaluated using the EuroQol 5-dimension
(EQ-5D) questionnaire. The EQ-5D, one of the most
widely used tools to measure HRQoL, records the level of
self-reported problems on mobility, self-care, usual activ-
ities, pain/discomfort, and anxiety/depression. Each
dimension is assessed with three response levels (no
problem, some problems, and extreme problems) [51]. A
single health index' was calculated using these dimensions
in conjunction with the Korea valuation set developed by
the KCDC with the time trade-off technique from a rep-
resentative national sample and validated by comparing
with previous Korean and other studies [52].

The calculated index is scaled to 1 if there are no health
problems across the five dimensions and is decremented by
the presence of poor health on any dimension. A higher
EQ-5D index represents a better state of HRQoL [52]. In
this study, where each domain originally had three levels,
each domain was collapsed into two groups: no problems
and some or extreme problems; the number of subjects in
the extreme problems category was few and therefore

! Predicted values of the EQ-5D index = full health-disutility

Full health = 1.000
=1—(0.050 4+ 0.096 * M2 + 0.418 * M3 4 0.046 « SC2
+ 0.136 % SC3 + 0.051 * UA2 + 0.208 * UA3 + 0.037 + PD2
+0.151 % PD3 + 0.043 * AD2 + 0.158 + AD3 + 0.050 * N3)

(M2, mobility level 2; M3, mobility level 3; SC2, self-care level 2;
SC3, self-care level 3; UA2, usual activities level 2; UA3, usual
activities level 3; PD2, pain or discomfort level 2; PD3, pain or
discomfort level 3;AD2, anxiety or depression level 2; AD3, anxiety
or depression level 3; N3, any dimension on level 3).

justified collapsing these two categories. In a previous
study, using both UK and Korean value sets, the mean of
the EQ-5D preference score was 0.89 for the representative
national population; a subject with >0.89 was considered
as having a good health status [29]. Thus, the impaired
HRQoL for this study population was defined as <0.89 of
the EQ-5D index.

Metabolic syndrome and BMI

Metabolic abnormality was defined by the criteria of the
National Cholesterol Education Program Adult Treatment
panel III: the lower waist circumference cut point for
Asians [53], elevated waist circumference (=90 cm in men
and >80 cm in women), elevated triglycerides (>150 mg/
dL or the use of medication for hyperlipidemia), reduced
high-density lipoprotein cholesterol (HDL-C) (<40 mg/dL
in men and <50 mg/dL in women), elevated blood pressure
(=130 mm Hg or >85 mm Hg or taking anti-hypertension
medication), or elevated fasting glucose (>100 mg/dL or
taking anti-hyperglycemic agent). Metabolic syndrome was
defined as the presence of three or more of the five risk
factors above [54]. Obesity was based on BMI as charac-
terized by the WHO Regional Office for the Western
Pacific Region criteria, which defined a BMI of less than
25 kg/m? as normal as and greater than or equal to 25 kg/
m? as obese [55]. Participants were grouped into one of
four body health types based on their metabolic abnor-
mality and obesity: metabolically healthy normal weight
(MHNW), metabolically healthy obesity (MHO),
metabolically abnormal but normal weight (MANW), and
metabolically abnormal obesity (MAO).

Covariates

The following self-reported sociodemographic variables
were used as covariates in the analysis: age, monthly
household income, education (elementary, middle, high,
and university), and marital status (single, married, and
widow/divorced/separated). Lifestyle groupings included
those who had smoked at least 100 cigarettes in their
lifetime and currently smoked (Yes/No); those who drank
heavily, defined as the consumption of more than seven
units of alcohol for men and more than five units for
women on at least 2 days of the week (Yes/No); and those
who were physically inactive, measured as not having had
more than 150 min of moderate-intensity physical activity
per week or 75 min of vigorous-intensity physical activity
per week (Yes/No). Health examination data of height,
weight, and waist circumference (WC) were used. Body
mass index (BMI) was calculated using body weight and
height (kg/m?). Systolic and diastolic blood pressures were
measured three times at 5-min intervals by trained nurses,
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and the averages of the second and third recorded numbers
were used. After 12 h of fasting, subjects were tested for
blood sugar, total cholesterol, high-density lipoprotein
(HDL) cholesterol, low-density lipoprotein (LDL) choles-
terol, and triglyceride levels. Chronic disease was deter-
mined by a doctor’s diagnosis or treatment for the
following diseases: hypertension, diabetes mellitus, car-
diovascular disease (including angina pectoris, myocardial
infarction, and stroke), musculoskeletal illness (including
osteoarthritis and rheumatoid arthritis), lung disease (in-
cluding pulmonary tuberculosis and asthma), and neoplasm
cancer (Yes/No). Additionally, menopause status was
asked of women respondents (Yes/No).

Data analysis

The participants were analyzed by gender (6217 men and
8243 women) and according to body health type.

All analyses were conducted by using the analysis of
complex survey data provided by SPSS 18.0 to incorporate
KNHANES provided weights for geographical area, gen-
der, and age of the total Korean population and to account
for missing data. The SPSS CSGLM program used in the
analyses accounts for the complex sample design by using
the KNHANES sample weights incorporating the stratifi-
cation and clustering in the study’s design. The KNHANES
defines the specific variables of the stratification, cluster,
and weight and explanations in detail in their manual of
data analysis [56]. All analyses in this study used the
appropriately weighted data.

Comparison of the variables across the four categories of
body health types was made using the complex samples
general linear model (CSGLM) for continuous variables and
the Chi-square test for categorical variables provided for
complex sample design [56]. The CSGLM procedure per-
forms linear regression analysis for weighted data from
complex sampling designs allowing for appropriate calcula-
tion of standard errors. The association between HRQoL as a
dichotomous outcome and body health types was analyzed
using complex samples binary logistic regression analysis to
examine odds ratio and 95 % confidence interval, with those
respondents identified as metabolic healthy normal weight
(MHNW) set as the reference group. The CSGLM procedure
specified for a binary outcome performs logistic regression
with the appropriately weighted data. Three models were
performed: unadjusted (Model 1); adjusted for age (Model 2);
and adjusted for all potential covariates including sociode-
mographic variables, life styles, and comorbidity (Model 3).
Outcomes of those three models were mobility, self-care,
usual activity, pain/discomfort, anxiety/depression, and
impaired HRQoL. Menopause was additionally included in
the Model 3 analysis of women because hormonal changes
affect metabolic health and quality of life for women [29].

@ Springer

Results
Characteristics of the study population

Baseline characteristics of the study population by body
health type are given in Table 1 (for men) and Table 2 (for
women). In men, the distribution was MHNW (51.2 %),
MANW (12.6 %), MHO (16.2 %), and MAO (20.0 %),
while in women it was MHNW (54.9 %), MANW
(13.9 %), MHO (12.1 %), and MAO (19.2 %). More men
were metabolically healthy obese (MHO) than women.
Older women tended to be metabolically abnormal com-
pared to younger women. Both men and women in the
MANW category were in the lowest education level group
and were the highest percentage of widow/divorced/sepa-
rated participants, probably because MANW individuals
tended to be older than those subjects in the other groups.
The male MANW participants had the highest systolic
blood pressure, fasting blood glucose, triglycerides levels,
the lowest HDL-C, and the highest prevalence of all
chronic diseases compared to the other body health types
for the gender, even higher than that of those in the MAO
men group. Significantly, the MHO group of men reported
smoking the least but drinking the most heavily. Within the
female group, those registering as suffering from MAO had
the worst blood serum markers (fasting blood glucose,
triglycerides level, HDL-C) and the highest prevalence of
musculoskeletal disease and cancer. MANW women had
the highest systolic blood pressure and hypertension, dia-
betes, CVD, and lung disease of the women. The highest
proportion of MHO women were heavy drinkers (13.6 %),
but no significant difference was found in those who
smoked. The proportion of women in menopause ranged
from 34.6 % in the MHNW group to 83.2 % in the MANW
group, with a mean of 47.8 %.

HRQoL by body health type

Men presented a higher score than women on the EQ-5D
index, with a range from 0.958 to 0.964 and a mean of
0.961. Women scored 0.925-0.931 with a mean of 0.928.
Table 3 presents the frequency and percentage of having
“some or severe problems” for each domain and the fre-
quency and percentage of impaired HRQoL (<0.89 EQ-5D
index) across the body health types. Overall, the domain of
pain/discomfort had the highest percentage of subjects
responding “some or extreme problems” (16.5 % of men
and 27.2 % of women), followed by the mobility domain;
self-care had the lowest percentage of respondents identi-
fying “some or extreme problems” (3.0 % for men and
4.7 % for women). More women (23.5 %) reported an
impaired HRQoL than men (12.2 %). Compared to all
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Table 1 Baseline characteristics of male study subjects

Normal weight Obese p values®  Overall
Metabolically Metabolically Metabolically Metabolically
healthy abnormal healthy (MHO)°  abnormal
(MHNW)? (MANW)® (MAO)?
N (%) 3185 (51.2) 786 (12.6) 1005 (16.2) 1241 (20.0) 6217 (100.0)
Age (year) 48.9 (0.3) 56.3 (0.5) 45.5 (0.4) 49.0 (0.4) <0.001 49.2 (0.2)
Household income/month, in won ~ 4418.8 (184.5)  4200.2 (373.1)  4731.7 (275.7) 5383.9 (517.5) 0.166 4645.1 (169.5)
(1000 won =$10 USD)
Education (n, %)
Elementary 651 (15.7) 207 (21.5) 125 (8.7) 193 (12.2) 1176 (14.4)
Middle 370 (10.8) 141 (19.4) 102 (9.1) 195 (14.3) <0.001 808 (12.1)
High 1034 (36.3) 253 (34.3) 321 (35.1) 406 (35.3) 2014 (35.7)
University 1130 (37.2) 185 (24.8) 457 (47.1) 447 (38.2) 2219 (37.8)
Marital status (n, %)
Single 231 (12.0) 22 (5.4) 84 (12.6) 63 (8.5) 400 (10.7)
Married 2794 (82.9) 712 (88.3) 888 (83.3) 1116 (86.2) 0.001 5510 (84.3)
Widowed/divorced/separated 160 (5.1) 52 (6.2) 33 4.1) 62 (5.3) 307 (5.1)
Currently smoking (n, %) 1333 (47.5) 306 (44.9) 361 (41.6) 494 (46.9) 0.044 2494 (46.0)
Heavy drinking (n, %) 1339 (46.4) 352 (52.1) 525 (56.1) 648 (55.6) <0.001 2864 (50.7)
Physical activity, none (n, %) 1598 (50.1) 397 (51.6) 518 (50.8) 656 (54.0) 0.377 3169 (51.2)
BMI (kg/m?) 22.1 (0.0) 23.2 (0.1) 26.8 (0.1) 27.7 (0.1) <0.001 24.2 (0.1)
Waist circumference (cm) 79.4 (0.1) 85.5 (0.3) 89.6 (0.2) 94.3 (0.2) <0.001 84.9 (0.2)
Waist to height ratio 0.47 (0.00) 0.51 (0.00) 0.53 (0.00) 0.55 (0.00) <0.001 0.5 (0.0)
Systolic blood pressure (mmHg) 118.0 (0.4) 132.2 (0.7) 120.0 (0.5) 128.2 (0.5) <0.001 122.0 (0.3)
Diastolic blood pressure (mmHg) 774 (0.3) 84.1 (0.5) 80.5 (0.4) 85.5 (0.4) <0.001 80.3 (0.2)
Fasting blood glucose (mg/dL) 96.0 (0.4) 114.7 (1.4) 95.5 (0.6) 110.9 (1.1) <0.001 101.0 (0.4)
Triglyceride (mg/dL) 124.0 (2.5) 248.9 (6.9) 140.7 (3.0) 243.5 (6.6) <0.001 165.3 (2.2)
HDL-C (mg/dL) 49.5 (0.3) 40.2 (0.4) 46.0 (0.3) 40.6 (0.3) <0.001 46.0 (0.2)
Presence of chronic disease (n, %)
Hypertension 488 (10.6) 386 (40.9) 176 (13.5) 502 (33.4) <0.001 1552 (19.1)
Diabetes mellitus 215 (5.1) 201 (20.9) 36 (2.9) 211 (12.5) <0.001 663 (8.0)
Cardiovascular disease 157 (3.2) 76 (7.0) 50 (3.4) 93 (4.6) <0.001 376 (4.0)
Musculoskeletal disease 218 (5.1) 61 (7.0) 64 (4.5) 90 (5.2) 0.295 433 (5.2)
Lung disease 355 (9.7) 80 (8.3) 60 (6.1) 68 (4.0) <0.001 563 (7.7)
Cancer 94 (2.0) 13 (1.4) 12 (1.0) 12 (0.5) 0.003 131 (1.5)

2 MHNW metabolically healthy normal weight, ® MANW metabolically abnormal but normal weight, © MHO metabolically healthy obesity,

4 MAO metabolically abnormal obesity, ¢ overall Chi-square test

other types, MANW men statistically significantly had the
highest proportion of subjects who responded “some or
extreme problems” in the three domains (mobility, self-
care, and wusual activities) (p < 0.001, p = 0.008,
p = 0.001) and impaired HRQoL category (p < 0.001).
MHNW men had slightly higher percentages in all domains
than MHO men. In contrast, MANW and MAO women
similarly represented the most in all domains, and the
MHO group had a lower percentage than the MHNW
group. More than 30 % of both the MANW and MAO
women reported “some and severe problems” in the
domains of mobility and pain/discomfort, and almost 40 %

in each group (38.8 and 37.6 %, respectively) belonged to
the impaired HRQoL group.

Effects of body health types on HRQoL

Table 4 presents the odds ratio (OR) of having some or
severe problems relative to no problems and 95 % confi-
dence interval (95 % CI) of each type against MHNW as a
reference group. In unadjusted analysis, metabolically
abnormal normal weight (MANW) men were associated
with a higher OR of having some or severe problems than
the reference group (MHNW) in all of the five domains of
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Table 2 Baseline characteristics of female study subjects

Normal weight Obese p values® Overall
Metabolically Metabolically Metabolically Metabolically
healthy abnormal healthy (MHO)®  abnormal
(MHNW)? (MANW)® (MAO)*
N (%) 4524 (54.9) 1145 (13.9) 994 (12.1) 1580 (19.2) 8243 (100.0)
Age (year) 46.8 (0.3) 62.8 (0.5) 48.8 (0.5) 56.5 (0.4) <0.001 50.8 (0.2)
Household income/month, in 4656.4 (162.5) 3142.1 (241.6) 4159.6 (309.9) 3509.0 (263.3) <0.001 4190.1 (128.4)
won (1000 won =$10 USD)
Education (n, %)
Elementary 984 (18.2) 722 (61.3) 303 (24.7) 845 (46.5) 2854 (29.7)
Middle 439 (10.1) 146 (12.1) 136 (14.3) 224 (15.2) <0.001 945 (11.8)
High 1557 (37.7) 193 (18.5) 364 (41.0) 370 (27.3) 2484 (33.8)
University 1544 (33.9) 84 (8.1) 191 (20.0) 141 (11.0) 1960 (24.7)
Marital status (%)
Single 222 (5.7) 7 (0.8) 29 (4.4) 18 (1.3) 276 (4.1)
Married 3699 (82.1) 748 (64.4) 809 (82.5) 1124 (72.7) <0.001 6380 (78.2)
Widowed/divorced/separated 603 (12.2) 390 (34.8) 156 (13.2) 438 (26.0) 1587 (17.7)
Menopause 1910 (34.6) 1008 (83.2) 523 (44.0) 1210 (66.9) <0.001 4651 (47.8)
Currently smoking (n, %) 212 (5.8) 50 (5.7) 41 (6.0) 66 (5.8) 0.997 369 (5.8)
Heavy drinking (n, %) 454 (12.0) 57 (6.3) 107 (13.6) 121 (9.9) <0.001 739 (11.1)
Physical activity, none (n, %) 2511 (55.9) 697 (61.9) 558 (56.1) 904 (56.2) 0.037 4670 (56.7)
BMI (kg/m?) 21.6 (0.0) 23.0 (0.1) 27.3 (0.1) 28.1 (0.1) <0.001 23.7 (0.1)
Waist circumference (cm) 73.4 (0.1) 81.4 (0.2) 86.7 (0.3) 91.0 (0.3) <0.001 79.3 (0.2)
Waist to height ratio 0.47 (0.00) 0.53 (0.00) 0.56 (0.00) 0.59 (0.00) <0.001 0.5 (0.0)
Systolic blood pressure (mmHg)  112.1 (0.3) 132.3 (0.7) 116.1 (0.6) 128.6 (0.6) <0.001 118.2 (0.3)
Diastolic blood pressure 72.6 (0.2) 78.0 (0.4) 74.8 (0.4) 79.5 (0.3) <0.001 74.8 (0.2)
(mmHg)
Fasting blood glucose (mg/dL) 90.4 (0.2) 107.4 (1.1) 92.9 (0.5) 110.6 (1.0) <0.001 96.6 (0.3)
Triglyceride (mg/dL) 90.3 (0.9) 172.7 (3.3) 95.6 (1.9) 183.7 (5.6) <0.001 118.6 (1.5)
HDL-C (mg/dL) 54.5 (0.2) 43.7 (0.3) 53.4(0.3) 44.1 (0.3) <0.001 51.1 (0.2)
Presence of chronic disease (n, %)
Hypertension 488 (8.6) 598 (50.4) 174 (13.8) 816 (45.6) <0.001 2076 (21.3)
Diabetes mellitus 93 (1.7) 233 (19.1) 17 (2.1) 307 (17.2) <0.001 650 (6.8)
Cardiovascular disease 93 (1.7) 92 (7.2) 32 (2.3) 120 (6.2) <0.001 337 (3.3)
Musculoskeletal disease 655 (12.0) 368 (29.5) 224 (19.6) 572 (31.5) <0.001 1819 (18.7)
Lung disease 321 (6.7) 94 (9.5) 66 (5.8) 125 (7.7) 0.035 606 (7.1)
Cancer 138 (2.5) 40 (3.1) 35 (3.6) 65 (3.2) 0.313 278 (2.9)

* MHNW metabolically healthy normal weight, ® MANW metabolically abnormal but normal weight, © MHO metabolically healthy obesity,

9 MAO metabolically abnormal obesity, ® overall Chi-square test

EQ-5D and impaired HRQoL, with an OR range from 1.33
to 1.87 (Model 1), and when adjusting for age, all signifi-
cant ORs of MANW men disappeared except impaired
HRQoL (Model 2). When adjusting for relevant covariates,
the ORs for the metabolically healthy obesity (MHO)
group were significantly increased in the dimension of
mobility in the EQ-5D (OR 1.43, 95 % CI 1.00-2.05). In
contrast, the effects on HRQoL of types differed in the
women participants. In Model 1, compared to the reference
group (MHNW), three types showed higher odds ratios of
having some or severe problems in all domains of the EQ-

@ Springer

5D and impaired HRQoL, with an odds ratio range from
1.33 to 4.54. The significant higher ORs of the metaboli-
cally healthy obesity (MHO) women remained in all
domains of the EQ-5D (Model 2). Mobility still was worse
among the MHO (OR 1.69, 95 % CI 1.31-2.18) and MAO
(OR 1.68, 95 % CI 1.33-2.11) groups, and the significant
OR on the domain of usual activities in the MAO group
was persistent (OR 1.29, 95 % CI 1.00-1.67) (Model 3).
Finally, both the MHO and MAO groups showed signifi-
cantly a higher odds ratio of impaired HRQoL, 1.40 (95 %
CI 1.13-1.74) and 1.43 (95 % CI 1.17-1.74), respectively.
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Table 3 HRQoL by body health type (men and women)
Normal weight Obese p values Overall
Metabolically Metabolically Metabolically Metabolically
healthy (MHNW)® abnormal (MANW)d healthy (MHO)® abnormal (MAO)r
Men
N 3185 786 1005 1241 6217
Mobility® 377 (8.7) 145 (14.7) 98 (8.3) 149 (9.3) <0.001 769 (9.4)
Self-care® 123 (3.1) 48 (4.8) 20 (1.5) 36 (2.9) 0.008 227 (3.0)
Usual activities® 245 (6.2) 92 (8.9) 44 (3.5) 90 (6.3) 0.001 471 (6.0)
Pain/discomfort® 576 (15.8) 171 (20.0) 162 (14.6) 220 (17.8) 0.056 1129 (16.5)
Anxiety/depression” 251 (7.3) 73 (10.1) 62 (6.4) 87 (6.9) 0.133 473 (7.4)
Impaired HRQoL" 463 (11.3) 175 (19.3) 118 (10.2) 186 (12.4) <0.001 942 (12.2)
Women
N 4524 1145 994 1580 8243
Mobility® 566 (10.2) 393 (32.7) 210 (18.8) 559 (32.2) <0.001 1728 (18.2)
Self-care® 143 (2.5) 127 (10.3) 47 (3.9) 153 (8.4) <0.001 470 (4.7)
Usual activities® 356 (6.2) 254 (21.2) 118 (9.6) 332 (18.6) <0.001 1060 (10.8)
Pain/discomfort® 1108 (22.5) 442 (36.6) 303 (28.1) 597 (34.7) <0.001 2450 (27.2)
Anxiety/depression” 570 (12.4) 199 (16.2) 168 (15.8) 287 (16.7) <0.001 1224 (14.1)
Impaired HRQoL" 807 (15.4) 462 (38.8) 265 (23.7) 646 (37.6) <0.001 2180 (23.5)

2 N, % of having some or severe problems, ® N, % of having <0.89 EQ-5D index, * MHNW metabolically healthy normal weight, 4 MANW
metabolically abnormal but normal weight, © MHO metabolically healthy obesity, * MAO metabolically abnormal obesity

Discussion

In this study, we used a nationally representative sample of
Korean adults, 30 years or older, to examine the relation-
ship between body health types, classified by BMI category
and metabolic health status, and HRQoL. Under the defi-
nition of obesity from the National Cholesterol Education
Program Adult Treatment panel III, 16.2 % of the men and
12.1 % of the women were considered metabolically
healthy obesity (MHO), with it being more prevalent
among the men. Those men in the metabolically healthy
obesity (MHO) category were younger, more educated, less
likely to be currently smoking, and drank more heavily
than men in other groups. The MHO women were the
heaviest drinkers of the participating females. In the pre-
vious studies, MHO is more prevalent among women [57—
59] who are young, currently smoke, drink moderately, and
have a high level of physical activity in relation to other
groups [57]. These differences of MHO prevalence by
gender and relating factors between the previous studies
and this study may be derived from the definition of
metabolic health status and central obesity that is used in
each study. This study indicates that both Korean males
and females who drink heavily may be at risk of becoming
MHO.

Women had a poorer HRQoL compared to men in all
domains (Table 3), a finding consistent with many previous
studies examining the association between HRQoL and

obesity or metabolic syndrome separately [9, 10, 15, 16,
29]. However, the interaction effect of obesity and meta-
bolic health status on HRQoL differs by gender.
Metabolically abnormal normal weight (MANW) men
showed the worst blood serum markers (Table 1) and a
poorer HRQoL than healthy obese men (MHO) (Table 3).
Impaired HRQoL (EQ-5D index <0.89) still remains
higher in MANW men than the reference group, meaning
that a metabolically unhealthy status is associated with
stronger negative effects on HRQoL than an obese status.
In a previous study, obesity-related HRQoL for overweight
Korean men was not worse than that of those at a normal
weight [16]. Obesity paradox, meaning those obese indi-
viduals who have healthy metabolic and cardiorespiratory
fitness or appear to have a good quality of life [60], may be
present among the men in this study [61]. That previous
studies found no relationship between obesity and HRQoL
among Korean men [14-16] may support this account.

In the case of women, the HRQoL of the metabolically
unhealthy normal weight (MANW) and unhealthy obesity
(MAO) groups was similarly worse than that of the refer-
ence group (Tables 3, 4). Meaningfully, it was found that
healthy obesity (MHO) remains statistically significant and
has as large of a negative impact as unhealthy obesity
(MAO) in women. Unlike men, the odds ratio of an
impaired HRQoL for metabolically unhealthy normal
weight (MANW) women was not significantly higher when
compared to metabolically healthy normal weight

@ Springer
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Table 4 continued

Women

Men

EQ-5D*

Obese

Normal weight

Obese

Normal weight

Metabolically

Metabolically Metabolically Metabolically

Metabolically

Metabolically Metabolically

Metabolically

healthy (MHOY  abnormal (MAO)*  healthy (MHNW)"  abnormal (MANW)' healthy (MHOY  abnormal (MAO)*

abnormal (MANW)!

healthy (MHNW)"

1.15 (0.86-1.54) 1.26 (0.93-1.70)  1.12 (0.84-1.48) 1.00 (reference) 1.04 (0.85-1.27) 1.40 (1.13-1.74)  1.43 (1.17-1.74)

1.00 (reference)

Impaired

HRQoL?

* BuroQoL-5D, ° having <0.89 EQ-5D index, © odds ratio, ¢ confidence interval, ¢ adjusted for age,  adjusted for age, monthly household income, marriage status, education, smoking,

drinking, physical activities, hypertension, diabetes, cardiovascular disease, muscular skeletal disease, cancer, lung disease, £ adjusted for variables in the female model including menopause,

" MHNW metabolically healthy normal weight, ! MANW metabolically abnormal but normal weight, i MHO metabolically healthy obesity, X MAO metabolically abnormal obesity

Italic values indicate that when 95 % CI does not include “1”, the OR is significant

(MHNW) women, but the odds ratios for both the
metabolically healthy obesity (MHO) and unhealthy obe-
sity (MAO) groups were high. These findings may imply
that obesity among women is more strongly associated
with a decreased HRQoL than metabolic health or other
confounding factors. Major symptomatic consequences of
abdominal obesity, such as excessive daytime sleepiness
and fatigue, may also decrease the HRQoL of women [62].
There was an interaction effect on EQ-5D scores between
gender and abdominal obesity, indicating that women with
abdominal obesity had a lower HRQoL compared to those
with what is considered a normal waist circumference, but
this effect was not apparent for men [15].

Mobility was the most adversely affected domain for
both men and women among the metabolically healthy
obesity (MHO) and unhealthy obesity (MAO) groups.
Obesity may negatively affect mobility more than other
domains of the EQ-5D. In both men and women, obesity
had the biggest impact on impaired mobility [10]. The
lower quality of life of obese men and women was attrib-
uted to the physical functioning aspect of HRQoL [11, 13].
The anxiety/depression dimension in MHO women showed
the highest odds ratio compared to all other body health
types, while the negative effect disappeared among those in
the MAO group, and this finding needs special attention.
Mental health quality scores were significantly lower for
obese women than normal weight women but not for obese
men when compared to normal weight men. Korean
scholars have suggested that this should be interpreted in a
sociocultural context; elderly Korean men recognize being
overweight is not as a negative but as a symbol of wealth,
whereas body image may negatively influence self-esteem
and depression for women [16, 29]. In many Asian coun-
tries, including Taiwan, being moderately overweight for
men is still valued as a symbol of good health and pros-
perity [13]. Some studies in non-Asian settings also
showed that the adverse effect of obesity on mental health
quality was more apparent among obese women compared
to obese men [63-66], suggesting that obesity may make
women more anxious, depressive, and psychologically
distressed irrespective of culture. The impairment of usual
activity appeared as a problem to unhealthy obese women,
but self-care and pain/discomfort did not present any sig-
nificant differences by body health types for either men or
women in this study. The impact of metabolic health on the
dimensions of EQ-5D is not consistent as shown in the
previous studies and this study; pain/discomfort showed an
increased OR in subjects with MetS [25], and men with
MetS had the impaired usual activities while women with
MetS reported problems across all 5 EQ-5D dimensions
[29].

The interaction effects of obesity and metabolically
unhealthy status on HRQoL appeared differently by gender
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in this study. To the best of our knowledge, there was only
one other study looking at the interaction effect between
obesity and metabolic health on HRQoL; a national study
in Scotland reported the impact of obesity as greater among
individuals with metabolic comorbidity than those without
metabolic comorbidity [49]. Thus, further investigation
examining the interaction effect of obesity and meta-
bolic health on HRQoL in different settings should be
conducted.

This study helps us understand the burden of obesity and
metabolic syndrome on HRQoL by body health type,
which is a current medical issue. Metabolically unhealthy
normal weight (MANW) men were the most affected group
for impaired HRQoL when controlled for age. Adversely,
in the case of women, the metabolically unhealthy obesity
(MAO) group had the worst HRQoL status followed by the
metabolically healthy obesity (MHO) group. This study
concludes that metabolically healthy obesity (MHO) is
associated with reduced HRQoL for women but not for
men. Thus, healthcare providers and health policies should
pay attention to the impact that combinations of obesity
and metabolic health have on HRQoL, controlling for
gender, when making and evaluating population-based
health programs. More attention should be given to the
interaction effects of gender when analyzing the impact of
obesity on HRQoL, as well [14]. For example, lifestyle
interventions that engage diet, nutritional counseling, and
weight loss efforts can be made to improve women’s
HRQoL, and management of metabolic health such as
lowing blood pressure and fasting glycemia should be a
focus for men [67]. The impaired quality of life with
obesity and/or metabolic syndrome can be a barrier to
engagement in weight loss efforts. A longitudinal study
demonstrated that subjects with metabolic syndrome and
obesity had increased risk of cardiovascular disease and
mortality [68]. Therefore, a greater understanding of gen-
der differences related to the association between obesity
and metabolic health on HRQoL will be useful in
improving the quality of life for individuals.

This study has both strengths and limitations. This was
the first study to examine the effects of obesity and meta-
bolic status together on HRQoL with adjustment for the
potential confounding factors (sociodemographic variables,
lifestyle factors, and disease comorbidity). A large sample
of a general population allowed for a direct comparison by
gender among body health types. There are a number of
limitations to this study. First, we used a cross-sectional
study design, which may not guarantee a causal relation-
ship between body health types and HRQoL. Second, each
dimension does not take into consideration the importance
of specific aspects of HRQoL to the individual. Third, we
used BMI to determine the obesity group, but BMI cannot
distinguish body fat from muscle. In addition, there was no

@ Springer

distinguishing BMI between 25-30 and >30 kg/m” since
we placed both in the obesity group. Last, the generaliz-
ability of the results is limited to the non-institutionalized
population. Further research examining those factors that
influence gender differences in HRQoL according to the
four body health types is warranted.
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