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Abstract

Background: Recent studies reveal that metabolically healthy obesity, which is free from the metabolic complications of
obesity at present, is a risk of incident diabetes or cardiovascular disease (CVD). It may be because many metabolically
healthy obesity individuals transit to metabolically abnormal obesity over time. However, the association between maintain-
ing metabolically healthy obesity and incident diabetes or CVD is still unclear.

Methods: 2190 patticipants without diabetes and/or CVD werte examined at baseline and at 5-year follow-up, using a
retrospective cohort study design. Metabolically abnormal was defined as having = 2 of metabolic abnormalities, hyperten-
sion, hypertriglyceridemia, low HDL cholesterol and impaited fasting glucose. Overweight was defined as BMI = 23 kg/
m?, which is recommended by WHO for Asian. Adjusted odds ratio (OR) and 95% confidence interval (CI) for incident
diabetes or CVD at follow-up were estimated adjusting for potential confounders, compared to maintaining metabolically
healthy non-overweight (MHNO).

Results: At the follow-up examination, 82 participants developed diabetes. Crude incident proportions of diabetes were
0.6% in maintained MHNO (case/N = 5/859) and 1.3% in maintained metabolically healthy overweight (MHO)(4/314).
Adjusted OR for incident diabetes of maintaining MHO was 1.71 (95% CI 0.42-6.57, P = 0.438). At the follow-up examina-
tion, 51 patticipants developed CVD. Crude incident proportions of CVD wete 0.8% in maintained MHNO (7/859) and
1.6% in maintained MHO (5/314). Adjusted OR for incident CVD of maintaining MHO was 1.42 (95% CI 0.41-4.56, P
= 0.565).

Conclusions: Maintaining MHO phenotype was not associated with higher risk of incident diabetes or CVD.
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Introduction

Obesity [1] and metabolic syndrome [2] are major public health
problems worldwide and frequently co-exist. Recent studies have
identified a subset of obese individuals who have a low burden
of adiposity-related metabolic abnormalities compared with at
risk obese individuals, the so-called metabolically healthy obesity
phenotype [3-5]. Metabolically healthy obesity phenotype is char-
acterized by high levels of insulin sensitivity, low prevalence of
hypertension and a favorable fasting glucose, lipid, and inflamma-
tion profile, compared with metabolically abnormal obesity phe-
notype [6]. In fact, we previously reported that not metabolically
healthy obesity but metabolically abnormal obesity phenotype
was associated with incident chronic kidney disease [7].

However, recent studies revealed that metabolically healthy obesi-
ty phenotype was also a risk of incident Type 2 diabetes [8-10] and
cardiovascular disease (CVD) [10-12]. On the other hand, among
the metabolically healthy obesity individuals, about half of them
transit to metabolically abnormal obesity phenotype over time
[7, 13, 14]. Thus, there is a possibility that metabolically healthy
obesity individuals, who developed Type 2 diabetes or CVD, tran-
sitioned to metabolically abnormal obesity phenotype before in-
cident Type 2 diabetes or CVD. However, evidence of whether
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maintaining metabolically healthy overweight (MHO) phenotype
is associated with incident Type 2 diabetes or CVD is currently
limited. Only a few studies have shown data on the incidence rate
of Type 2 diabetes in relation to maintaining metabolically healthy
obesity over time [15, 16]. Thus, it is still controversial whether
maintaining MHO phenotype is associated with incident Type 2
diabetes. In addition, it is still unclear whether maintaining MHO
phenotype is associated with incident CVD. Therefore, the pur-
pose of this cohort study was to investigate whether maintaining
MHO phenotype was associated with incident Type 2 diabetes or
CVD.

Methods
Study Participants and Study Design

The Oike Health Survey is an ongoing cohort investigation of
risk factors for chronic diseases including hypertension, diabe-
tes and chronic kidney disease. The Oike Clinic (Kyoto, Japan)
provides regular health check-up for the employees of various
companies. In Japan, yeatly routine examination for employees is
legally mandated and all or most of the costs for the health check-
up are usually paid by their employers.

In this retrospective cohort study, we enrolled 2522 participants
who received health check-up examinations at Oike Clinic both
in 2009 and in 2014. We excluded participants with missing data
of covariates and patticipants who had Type 2 diabetes and/ot
CVD at baseline examination which was performed in 2009. The
Ethical Committee of the Oike Clinic approved this study and the
study was conducted in accordance with Declaration of Helsinki.
Each participant provided informed consent.

Data Collection and Measurements

All participants provided details of their demographics. Par-
ticipants were classified as non-smokers, ex-smokers or current
smokers according to a self-administered questionnaire. Habit of
alcohol was defined as daily alcohol consumption. Regular exer-
cise was defined as performing any kind of sports at least once
a week. Body mass index (BMI) was calculated as weight in kilo-
grams divided by height in meters squared. After an overnight
fast, venous blood was collected for the measurement of the lev-
els of various factors, including fasting plasma glucose (FPG),
triglycerides and high-density lipoprotein (HDL) cholesterol.
HbATlc was assayed using high-performance liquid chromatog-
raphy. The value for HbAlc (%) was estimated as the National
Glycohemoglobin Standardization Program value (%) calculated
by the formula HbAlc (%) = HbAlc (Japan Diabetes Society)
(%) X 1.02 + 0.25% [17]. Diagnosis of Type 2 diabetes was made
according to the American Diabetes Association (ADA) criteria
of a FPG level of > 7.0 mmol/], self-reported clinician-diagnosed
diabetes or HbAlc = 6.5% [18]. The incidence of cardiovascular
events among the study participants was assessed by a self-admin-
istered questionnaire when they visited the center for their health
check-ups. Cardiovascular disease was defined as unstable angina,
acute myocardial infarction, silent myocardial infarction, ischemic
stroke or cerebral hemorrhage.

Definitions of Metabolic Phenotypes

We used a cut-off point of body mass index (BMI) 23 kg/m? to
define overweight (= 23.0 kg/m?) or non-overweight (< 23.0 kg/
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m?) according to the ctitetia proposed by the Regional Office for
the Western Pacific Region of WHO (WPRO), the International
Association for the Study of Obesity and the International Obesi-
ty Task Force [19]. The validity of definition was confirmed previ-
ously [20, 21]. In addition, the ADA also recommended a cut-off
point of BMI 23 for the Asian American population, because this
population was susceptible to overweight on incident Type 2 dia-
betes [22]. We used four metabolic factors (hypertension, hyper-
triglyceridemia, low HDIL-cholesterol concentration and impaired
fasting glucose), which were defined by International Diabetes
Federation (IDF) [23], to determine whether the participant was
metabolically healthy or metabolically abnormal. Participants with
a systolic blood pressure (BP) > 130 mm Hg and/or a diastolic
BP = 85 mm Hg or who were under medical treatment were con-
sidered to have hypertension. Elevated triglycerides was indicated
by > 1.70 mmol/L ot treatment of hypetlipidemia and reduced
HDL-cholestetol was indicated by < 1.03 mmol/L in men and <
1.29 mmol/L in women. Participants with FPG > 5.6 mmol/L
or who were under medical treatment were consider to impaired
fasting glucose. A metabolically healthy state was considered if
none or 1 of the metabolic factors based on the IDF definition
was present and a metabolically abnormal state was declared if 2
or more metabolic factors were present [23]. The validity of this
definition was confirmed previously [7]. Then, participants were
categorized into 4 phenotypes: 1) metabolically healthy non-over-
weight (MHNO), 2) metabolically healthy overweight (MHO), 3)
metabolically abnormal non-overweight (MANO) or 4) metaboli-
cally abnormal overweight (MAO) at examinations in 2009 and
in 2014. Then we categorized participants into 16 groups based
on combinations of the four phenotypes at examinations in 2009
and those in 2014.

Statistical Analysis

Continuous variables were expressed as mean * standard devia-
tion and categorical variables were expressed as number (percent).
The differences of continuous or categorical variables among
four phenotypes was determined by Tukey HSD (honestly signifi-
cant difference) test and y2 test. We performed logistic regression
analyses to assess the association of combinations of the four
phenotypes at examinations in 2009 and in 2014 with incident
Type 2 diabetes, adjusting for covariates, including age, sex, smok-
ing status, habit of alcohol, regular exercise and family history of
diabetes. Then, we also performed logistic regression analysis to
assess the association of combinations of the four phenotypes at
examinations in 2009 and in 2014 with incident CVD, adjusting
for covariates, including age, sex, smoking status, habit of alcohol
and regular exercise. The statistical analyses were performed using
the JMP software version 10.0 software (SAS Institute Inc., Cary,
North Carolina) and P value < 0.05 was considered to represent a
statistically significant difference.

Results

In 2009, we enrolled 2522 participants (1521 men and 1001
women) (Figure 1). Among them, 78 participants (53 men and 25
women) were excluded because of missing data and 254 partici-
pants (208 men and 46 women) were excluded because of Type
2 diabetes and/or CVD at baseline examination. Thus, the study
population consisted of 2190 participants (1260 men and 930
women).

The characteristics of participants were shown in Table 1. The
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Figure 1. Inclusion and exclusion flow chart.

Initial subjects
N=2522 (1521 men and 1001 women)

Exclusion: N=332 (261 men and 71
womern)

missing data N=78 (53 men and 25
womern)

Type 2 diabetes N= 167 (142 men and
25 women)

CVD N= 102 (80 men 22 women)

Study subjects
N=2190 (1260 men and 930 women)

Table 1. Characteristics of study participants.

MHNO MHO MANO MAO

N 1110 550 184 346
Age (years) 524492 | 5304100 | 594 %925 | 583+ 9.8%
Male § 474 (42.7%) | 402 (73.1%) | 107 (58.2%) 277 (80.1%)
BMI (kg/m?) 204+17 | 251 £1.9% | 212+ 155 | 259 %23t

Wiaist circumstance (cm) 74.6 £ 6.3 86.8 £ 6.4* 78.6 £ 5.9*%F 89.9 + 6.2%+
Systolic BP (mmHg) 1135+ 13.6 | 123.0 £ 12.7% | 129.5 + 12.4%F | 134.0 £ 13.0%t
Diastolic BP (mmHg) 70.9 £9.7 77.6 £ 8.9% 81.0 £ 8.8} 83.9 + 8.6%%

Fasting plasma glucose 49+ 0.4 5.1+ 0.4* 5.4 £ 0.6%f 5.5 £ 0.5%f
(mmol/L)
HbATc (%) 53%03 53104 5.5+ 0.3%f 5.6 £ 0.4%f
Total cholesterol (mmol/L) [ 5.4 % 0.8 541038 5409 53+0.8
Triglycerides (mmol/L) 0.9%0.5 1.2+ 0.5* 1.6 £ 1.0%t 1.9 £ 1.2%F
HDL cholesterol (mmol/L) | 1.9+ 0.4 1.6 £ 0.4* 1.6 £ 0.5* 1.4 £ 045t
Smoking status §

Past smoker 95 (8.5%) 98 (17.8%) 24 (13.0%) 59 (16.4%)
Cutrent smoker 150 (13.5%) | 99 (18.0%) 24 (13.0%) 64 (18.5%)
Regular exercise 654 (58.9%) | 339 (61.6%) 117 (63.6%) 218 (63.0%)

Habit of alcohol § 355 (32.0%) | 219 (39.9%) 76 (41.3%) 151 (43.6%)
Family history of diabetes | 192 (17.3%) [ 105 (19.1%) 40 (21.7%) 80 (23.1%)

Metabolic phenotype of
the follow-up examination

MHNO 859 (77.4%) | 57 (10.4%) 41 (22.3%) 9 (2.6%)
MHO 83 (7.5%) | 314 (57.1%) 9 (4.9%) 64 (18.5%)

MANW 138 (12.4%) | 12 (2.2%) 116 (63.0%) 25 (7.2%)
MAO 30 (2.7%) | 167 (30.4%) 18 (9.8%) 248 (71.7%)

MHNO; Metabolically healthy non-overweight, MHO; Metabolically healthy overweight, MANO; Metabolically abnormal non-
overweight, MAO; Metabolically abnormal overweight. Habit of exercise was defined as performing any kind of sports at least once a
week. Habit of alcohol was defined as daily alcohol consumption. Data are number (%) or mean * standard deviation. The analyses of
continuous variables among four groups were performed by Tukey HSD test. *P < 0.05 vs. MHNO, 1P < 0.05 vs. MHO, 1 P < 0.05 vs.
MANO. The analyses of categorical variables among four groups were performed by x2 test. §P < 0.05.

prevalence of MHNO, MHO, MANO and MAO at baseline ex- them transitioned to MANO and 30.4% (n = 167/550) of them

amination were 50.7% (n = 1110), 25.1% (n = 550), 8.4% (n = transitioned to MAO phenotype.
184) and 15.8% (n = 340), respectively. At the follow-up exami-
nation, which was performed 5 years after baseline examination, Incident Type 2 Diabetes

among the participants who were MHO phenotype at baseline ex-
amination, 10.4% (n = 57/550) of them transitioned to MHNO, At the follow-up examination, 82 participants developed Type 2
57.1% (314/550) of them maintained MHO, 2.2% (12/550) of diabetes. Among the participants who were MHO phenotype at
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baseline examination, none of them who transitioned to MHNO
(case/n = 0/57), 1.3% of them who maintained MHO (4/314),
8.3% of them who transitioned to MANO (1/12) and 4.8% of
them who transitioned to MAO (8/167) phenotype developed
Type 2 diabetes at follow-up examination.

Odds ratios for incident Type 2 diabetes at 5 years after baseline
examination according to combination of metabolic phenotypes
at baseline and follow-up examinations are shown in Table 2.
Compared with maintaining MHNO, the adjusted OR for inci-
dent Type 2 diabetes of maintaining MHO, transitioning from
MHO to MANO and transitioning from MHO to MAO were
1.71 (95% CI 0.42-6.57, P = 0.438), 17.5 (95% CI 0.87-123.6, P =
0.058) and 6.78 (95% CI 2.19-23.0, P=0.001), respectively.

Incident Cardiovascular Disease

www.scidoc.org/ jjdvr.php

At the follow-up examination, 51 participants developed CVD.
Among the participants who were MHO phenotype at baseline
examination, 1.8% of them who transitioned to MHNO (case/n
=1/57), 1.6% of them who maintained MHO (5/314), 25% of
them who transitioned to MANO (3/12) and 2.4% of them who
transitioned to MAO (4/167) phenotype developed CVD at fol-
low-up examination.

Odds ratios for incident cardiovascular disease at 5 years after
baseline examination according to combination of metabolic
phenotypes at baseline and follow-up examinations are shown in
Table 3. Compared with maintaining MHNO, the adjusted OR
for incident CVD of transitioning from MHO to MHNO, main-
taining MHO, transitioning from MHO to MANO or transition-
ing from MHO to MAO were 1.50 (95% CI 0.08-8.92, P = 0.720),

Table 2. Odds ratios for incident Type 2 diabetes at 5 years after baseline examination according to combination of meta-
bolic phenotypes at baseline and follow-up examinations.

| Case of diabetes|  Modell | Pvalue| Model2 | Pvalue| Model3 | Pvalue
Metabolic phenotype of the baseline and follow-up examinations (baseline-follow-up)
MHNO-MHNO 5/859 1 (Reference) - 1 (Reference) - 1 (Reference) -
MHO-MHNO 0/57 NEE - NEE - NEE -
MHO-MHO 4/314 2.20 (0.54-8.38) | 0.253 | 1.85(0.45-7.12) | 0.373 | 1.71 (0.42-6.57) | 0.438
MHO-MANO 1/12 15.5 (0.78-107.5) | 0.066 | 13.6 (0.68-95.5) [ 0.077 |17.5(0.87-123.6) | 0.058
MHO-MAO 8/167 8.59 (2.83-28.7) | <0.001 | 7.21 (2.33-24.5) [ < 0.001 | 6.78 (2.19-23.0) | 0.001

NEE; Not enough events to evaluate, MHNO; Metabolically healthy non-overweight, MHO; Metabolically healthy overweight,
MANO; Metabolically abnormal non-overweight, MAO; Metabolically abnormal overweight. Ex- and current smoker were used with
none smoker as a reference group. Model 1; unadjusted. Model 2; adjusted for age and sex. Model 3; adjusted for Model 2 plus habit

of alcohol, habit of exercise, smoking status and family history of diabetes.

Table 3. Odds ratios for incident cardiovascular disease at 5 years after baseline examination according to combination of

metabolic phenotypes at baseline and follow-up examinations.

| Caseof CVD|  Modell | Pvalue| Model2 [ Pvalue| Model3 | Pvalue
Metabolic phenotype of the baseline and follow-up examinations (baseline-follow-up)
MHNO-MHNO 7/859 1 (Reference) - 1 (Reference) - 1 (Reference) -
MHO-MHNO 1/57 2.17 (0.12-12.5) 0.512 1.61 (0.08-9.49) 0.679 1.50 (0.08-8.92) 0.72
MHO-MHO 5/314 1.97 (0.58-6.21) 0.792 1.43 (0.41-4.58) 0.559 1.42 (0.41-4.56) 0.565
MHO-MANO 3/12 40.6 (7.83-174.6) | <0.001 | 30.1 (5.14-146.9) | <0.001 | 32.0 (5.44-157.6) | < 0.001
MHO-MAO 4/167 2.99 (0.78-10.0) 0.105 1.85 (0.47-6.33) 0.352 1.84 (0.47-6.27) 0.359

CVD; cardiovascular disease, NEE; Not enough events to evaluate, MHNO; Metabolically healthy non-overweight, MHO; Metaboli-
cally healthy overweight, MANOj; Metabolically abnormal non-overweight, MAO; Metabolically abnormal overweight. Ex- and current
smoker were used with none smoker as a reference group. Model 1; unadjusted. Model 2; adjusted for age and sex. Model 3; adjusted
for Model 2 plus habit of alcohol, habit of exercise and smoking status.

1.42 (95% CI 0.41-4.56, P = 0.565), 32.0 (95% CI 5.44-157.6, P<
0.001) and 1.84 (95% CI 0.47-6.27, P= 0.359), respectively.

Discussion

The major finding of our study is that maintaining MHO phe-
notype was not associated with higher risk of incident Type 2
diabetes or CVD. On the other hand, transitioning from MHO
to metabolically abnormal phenotype was associated with inci-
dent Type 2 diabetes. Furthermore, transitioning from MHO to

MANO was associated with incident CVD.

Recent studies reported that metabolically healthy obesity pheno-
type was a risk of incident Type 2 diabetes [8-10] and CVD [10-
12]. However, these studies only evaluated the metabolic pheno-
type of the baseline examination. Only a few studies have shown
the association between maintaining metabolically healthy obe-
sity phenotype and incident Type 2 diabetes |15, 16]. Appleton et
al.[15] showed that the individuals who maintained metabolically
healthy obesity were not associated with incident Type 2 diabetes.
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On the other hand, Heianza et al. [16] showed that the individu-
als who maintained metabolically healthy obesity were associated
with incident Type 2 diabetes. Thus, it has been unclear whether
maintaining MHO phenotype is associated with incident Type 2
diabetes. In addition, it remains to be elucidated whether main-
taining MHO phenotype is associated with incident CVD. Our
study clarified that maintaining MHO phenotype was not associ-
ated with higher risk of incident Type 2 diabetes or CVD. On the
other hand, transitioning from MHO to MANO was associated
with incident Type 2 diabetes, although there was not statistically
significance, and transitioning from MHO to MAO was associ-
ated with incident Type 2 diabetes. In addition, transitioning from
MHO to MANO was associated with incident CVD. Thus, not
obesity but metabolic abnormality might be important for inci-
dent Type 2 diabetes or CVD.

It is well known that overweight or obesity, which has close as-
sociation with insulin resistance [24], is a risk factor for incident
Type 2 diabetes [25, 26] and CVD [27]. On the other hand, it
has reported that metabolically healthy obesity phenotype has
high levels of insulin sensitivity compared to metabolically ab-
normal obesity phenotype [3-5]. Several studies suggested that
the metabolically healthy obesity phenotype had a more favorable
distribution of low visceral adipose tissue (VAT), although the
total fat mass was similar between metabolically healthy obesity
phenotype and metabolically abnormal obesity phenotype [3, 28].
Subcutaneous adipose tissue (SAT) has less facilitative or even
protective effects on metabolic abnormalities compared to VAT.
In fact, higher VAT/SAT ratio is associated with an incteased cat-
dio metabolic risk [29]. Taking these finding together, maintaining
MHO phenotype was not associated with higher risk of incident
Type 2 diabetes or CVD.

Interestingly, we showed that transitioning from MHO to MANO
phenotype was associated with incident CVD. The possible exam-
ination is described below. Recent studied have elucidated the im-
pact of so-called sarcopenic obesity [30, 31]. These studies identi-
fied a subset of individuals with non-overweight, in whom the
volume of skeletal muscle and its strength decreased [30]. Recent
studies showed the possibility that body weight would decrease by
the loss of lean mass, including muscle, in spite of fat mass gain
in middle and elderly aged individuals [32, 33]. Besides, the peak
of muscle mass was around the age of 45-50 years old and after
that, the volume of muscle gradually decreased at an estimated
rate of 1-2% per year [34]. Thus, visceral fat could increase, al-
though body weight decreased. Sarcopenic obesity is associated
with hypertension [35] and CVD [30]. In fact, the individuals who
transitioning from MHO to MAO phenotype were older and had
higher blood pressure (data not shown). Unfortunately, we did
not have data of lean mass and fat mass; however, transitioning
from MHO to MANO might be higher risk of CVD than transi-
tioning from MHO to MAO.

Strengths of our study include the relatively large number of par-
ticipants both at baseline and at follow-up. However, this study
has some limitations that require consideration. First, because the
number of participants who were MANO or MAO phenotype at
baseline examination was not enough. In addition, small number
of participants were transitioning from MHO to MANO. How-
ever, the main purpose of this study was to investigate the as-
sociation with maintaining MHO phenotype and incident Type
2 diabetes or CVD. Second, the number of Type 2 diabetes and
CVD events is rather small (82 and 51 events respectively). So we
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cannot deny the possibility of the uncertainty of the outcome.
Third, although the average BMI of this study participants was
comparable to that of a much larger scale study reported recently

7

from Japan [37], it was far lower BMI than that reported in West-
ern countries [10]. Thus, it is uncertain whether these findings can
be generalized in other ethnic groups. Fourth, we cannot deny the
possibility of selection bias because our study only included par-
ticipants who underwent a routine health examination and they
might pay more attention to their health than those who do not
take such examinations. Fifth, duration of follow-up may have
been insufficient to allow us to evaluate the risk of incident CVD.
Some clinical outcomes occurred only after a long term follow-up
[11]. Thus, further long-term follow-up study is needed. Sixth, we
did not have date of dietary exposures and socioeconomic sta-
tus. Lastly, our analysis is based on the incidence of self-reported
CVD. Thus, there is possibility that selection biases could have
masked a true association between metabolic phenotypes and
CVD.

Conclusion

Our study showed that maintaining MHO phenotype was not
associated with incident Type 2 diabetes or CVD. On the other
hand, transitioning to metabolically abnormal phenotype might
lead to incident Type 2 diabetes and CVD for MHO phenotype.
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