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Abstract

Purpose This meta-analysis aimed to assess the association of different categories of weight and metabolic status with risk
of heart diseases including myocardial infarction (MI), cardiovascular diseases (CVDs), and heart failure (HF).

Methods Data from relevant studies were identified systematically by searching PubMed and Scopus search engines up to
29 May 2018. Prospective studies were included in the analyses with metabolically healthy normal weight (MHNW) as the
reference. Pooled RRs and 95% CI were calculated using random-effects or fixed-effect models when appropriate. Subgroup
analysis was applied to define possible sources of heterogeneity.

Results Overall, 21 studies (n = 778,401 participants) were eligible for the present meta-analysis. Generally, the risk of
CVDs for all metabolic phenotypes in metabolically unhealthy obese increased compared with the MHNW group. A
significant positive association between all metabolic phenotypes and the risk of HF was also observed expect for MHOW
(RR =1.10, 95% CI: 0.60-2.00, P =0.76) and MHO phenotypes (RR =0.96, 95% CI: 0.25-3.77, P =0.95). Moreover,
MUHO phenotype was associated with greater risk of MI compared with the MHNW phenotype (RR =1.82, 95% CI:
1.50-2.22, P <0.001, respectively).

Conclusions Our findings showed that all metabolically unhealthy phenotypes in different categories of weight were
associated with increased incident of CVDs/HF and MI. Furthermore, healthy overweight and obese subjects had increased
risk of CVDs.

Keywords BMI - Obesity * Metabolic healthy * Metabolic unhealthy - Cardiovascular diseases * Risk * Myocardial infarction *
Heart failure
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ATPIII Adult Treatment Panel III

BMI body mass index

BP blood pressure

BF body fat
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IR insulin resistance

LDL-C low-density lipoprotein cholesterol
IDF International Diabetes Federation
MI myocardial infarction

MH metabolically healthy

MHNW  metabolically healthy normal weight
MHO metabolically healthy obese

MHOW  metabolically healthy overweight
MUH metabolically unhealthy

MUHNW metabolically unhealthy normal weight
MUHO  metabolically unhealthy obese

MUHOW metabolically unhealthy overweight

MOOSE  meta-analysis of observational studies in
epidemiology

MetS metabolic syndrome

NW normal weight

NOS Newcastle-Ottawa scale

ORs odds ratios

OB obesity

ow overweight

RRs relative risks

2D type 2 diabetes

TG triglyceride

G triglyceride glucose

wC waist circumference

WHO World Health Organization

Introduction

Obesity is considered to be one of the most important risk
factors for heart diseases [1, 2]. There are many adverse
effects of obesity including disturbances in metabolic
components: insulin resistance (IR), blood pressure (BP),
and blood lipids [3-5], which are associated with heart
diseases.

Recently, it is reported that a subgroup of obese (OB)
individuals did not show metabolic abnormalities, despite
their increased adiposity. This subgroup has been referred to
as metabolically healthy OB (MHO) [6, 7]. The prevalence
of MHO is 10-34% based on the criteria and populations
used in studies. These individuals are characterized by
preserved insulin sensitivity, normal BP, inflammation, and
lipid profiles [8, 9]. Moreover, there exist normal-weight
subjects who display abnormal metabolic profiles and
increased risk of cardiovascular diseases (CVDs). Thus, a
spectrum of metabolic healthy (MH) phenotypes according
to body mass index (BMI) or body composition exists,
ranging from metabolically healthy normal weight
(MHNW) to metabolically unhealthy OB (MUHO). In
short-term follow-ups, MHO was considered to be a benign
condition [10] but, the development of clinical CVD events
from the associated risk factors usually requires a long
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period of time [11]. Generally, there is no evidence that
these individuals are permanently protected from the risk of
obesity-related comorbidities [12]. Finding of studies
investigating the effect of different obesity phenotypes on
risk of CVDs are conflicting. Some studies have reported
that MHO individuals are not at increased risk of devel-
oping CVDs compared to the MHNW group [13-16] while
other studies report that MHO subjects are at increased risk
of CVDs [11, 17, 18]. Findings of a meta-analysis involving
584,799 participants confirmed a positive association
between the MHO phenotype and risk of CVDs, although,
this study did not evaluate the association of CVDs with
metabolically unhealthy normal weight (MUHNW)/
MUHO/metabolically unhealthy overweight (MUHOW)
phenotypes [19]. Another meta-analysis [20] of 14 cohort
studies with a total of 299,059 participants also reported
people with metabolically healthy overweight (MHOW)/
MHO phenotypes and MUHNW were at increased risk for
CVDs. However, they did not assess risk of heart failure
(HF) and myocardial infarction (MI) in different metabolic
phenotypes.

Finding of prospective studies reporting the risk heart
disease events were associated with the different pheno-
types metabolic with conflicting results. This systematic
review and meta-analysis of cohort observational studies
aimed to determine the effect of metabolic status (healthy
and unhealthy) on risk of heart diseases (MI, CVDs, and
HF) in normal weight (NW), overweight (OW), and OB
subjects.

Methods

This meta-analysis was conducted according to the Meta-
analysis of Observational Studies in Epidemiology guide-
lines[21].

Data sources and searches

We searched for all published observational studies that
described the associations of heart diseases with different
metabolic phenotypes and different categories of weight. A
systematic literature search was performed using the elec-
tronic databases supplemented with the manual review of
the reference list of obtained articles in PubMed and Scopus
up to May 29, 2018, using the following relevant keywords:
“Cardiovascular Diseases” OR “CVD” OR “ coronary
artery disease OR ““ coronary artery stenosis” OR “CAD”
OR “ angina” OR “Stroke” OR “coronary artery blockage”
OR “Atherosclerosis” OR “Ischemia” OR “myocardial
infarction” OR” MI” OR “acute coronary syndrome” OR
“st elevation myocardial infarction” OR “non-st elevation
myocardial infarction” OR “heart failure” OR “heart failure,
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congestive” OR “HF” AND “Obesity” OR “Body Mass
Index” OR “BMI” OR “Overweight” OR “Adiposity” OR
Metabolically benign” OR “benign obesity” OR ‘“healthy
obesity” OR “metabolically healthy obesity” OR “metabo-
lically benign obesity” OR “Metabolically healthy”. The
search was restricted to the published English articles. In the
next step, literature searches were downloaded into End-
Note (version x6, for Windows, Thomson Reuters, Phila-
delphia, PA, USA) to merge retrieved citations, remove
duplications, and to comfort the review process.

Study selection

Two independent authors (A.M. and S.S.-B.) reviewed the
titles and abstracts of all the studies identified. Relevant
articles of cohort were obtained and included in the present
review if they: (1) were conducted in general population
aged more than 18 years; (2) reported the incidence of heart
diseases as the outcome including MI, CVDs, and HF; (3)
reported criteria used for definition of metabolically healthy/
unhealthy (MH/MUH) phenotypes; (4) reported risk esti-
mates including relative risks (RRs), hazard ratios (HRs), or
odds ratios (ORs), and the corresponding 95% confidence
intervals (ClIs) of heart diseases for each category; (5)
reported the duration of follow-up; and (6) reported criteria
used to definite the weight of subjects.

Studies were excluded if they were: literature reviews,
cross sectional studies, republished data, case reports, cell
and animal studies, gray literature, congress abstracts, dis-
sertations, and patents, the information could not be
extracted, were non-English studies, and did not report risk
of heart diseases.

Data extraction and quality assessment

A .M. reviewed the full texts of the selected eligible studies and
extracted the following information: first author’s last name,
year of publication, number of participants/cases in each
category, mean age and/or age range of participants, sex,
country, criterion used to define weight of participant, con-
tinent, duration of follow-up, criterion used to define MH/
MUH phenotypes, sample size, diagnosis criteria for heart
diseases, confounding factors that were adjusted for in the
multivariable analysis, and reported HRs/RRs/ORs with their
corresponding 95% Cls of heart diseases incidence for each
category. Where further details were required, we contacted
study authors for additional information. If there was dis-
agreement, the third investigator  resolved it
Newcastle—Ottawa Scale was used to assess quality of cohort
studies. Studies with a score of 7 or higher were considered as
high quality and those with a score of 3—7 as moderate quality.

Inigo et al. reported the risk of MI in relation to meta-
bolic phenotypes was investigated based on different

criteria. To conduct meta-analysis and avoid double-
counting, we combined risk estimates to obtain a pooled
effect size for each phenotypes [22].

Data synthesis and analysis

The category of MHNW group was used as the reference
group to assess the risks of heart diseases. RRs and 95% Cls
were considered the effect size in all studies. The reported
ORs or HRs from studies was considered the equivalent of
RRs. Pooled RRs with 95% CIs were calculated for heart
diseases based on MUHNW, MHOW/MHO, and
MUHOW/MUHO phenotypes. Heterogeneity among the
studies was evaluated by the Cochran Q test and I statistics.
The heterogeneity was considered significant if either the Q
statistic had P<0.1 or I>>50% [24]. When heterogeneity
was significant, the random-effects model was conducted
[25, 26]. To find possible sources of heterogeneity, we
carried out subgroup analyses based on sex (female, male,
and both) and continent, sample size, and duration of
follow-up. Sensitivity analysis was also used to evaluate the
unusually large influence of an individual study or a group
of studies on the results. Publication bias was tested for by
funnel plots, and Egger’s and Begg’s tests (P <0.10). All
statistical analyses for the current meta-analysis were per-
formed with STATA version 14.0 (Stata Corporation,
College Station, TX). P values < 0.05 were considered sta-
tistically as significant.

Results
Study screening

The flowchart of article selection is shown in Fig. 1. In all,
760 references were identified through electronic searches
and 10 by manual searches, of which 300 were duplicates
and 365 non-relevant, and thus excluded on the initial
screening of titles and abstracts. Of the remaining, another
84 articles we excluded (detailed reasons for the exclusions
are given in Fig. 1). Finally, 21 studies involving a total of
778,401 participants and 14,629 cases were included in our
meta-analysis.

Study characteristics

The general demographic characteristics of the subjects in
this meta-analysis are summarized in Table 1. Twenty-one
studies reported the incident of heart diseases [3, 11, 13, 18,
22-38] that included 778,401 participants and 14,629 cases,
however, because of the different types of heart diseases, we
separately analyzed studies according to the incident of HF,
MI, and CVDs. Two studies assessed incident of HF with
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Records identified through
Scopus database searching

(n=10)

Exclusion based on duplication
records (n=300)

Records screened
(n=470)

Records were excluded based on title

and abstract (n = 365)
Reasons:

Animal study (n=38)
Editorial (n=35)
Duplicate (n=18)
Review article (n=69)

Full-text articles assessed

Unrelated topic (n= 205)

for the eligibility
(n =105)

Full-text articles were excluded (n
=84)

Reasons:
Inadequate information (n= 25)
Unrelated topic (n=24)
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[37, 38] 61,849 individuals and 1386 cases, 5 studies
reported incident of MI [22, 26, 28, 36, 38] with
166,009 subjects and 3854 cases and 18 assessed incident
of CVDs [3, 11, 13, 18, 23-36] with 711,375 subjects and
9389 cases. These studies were published between 2004 and
2017. The age of subjects was over 18 years. Among the
included studies, 7 were from the Asian populations [27,
29-31, 34-36], 5 were from American populations [18, 23—
26], 8 were from European populations [3, 11, 22, 28, 32,
33, 37, 38], and 1 was from Australian populations [13].
According to World Health Organization criteria [41] sub-
jects classified based on their BMI as NW (18.5-24.9 kg/
m?) or OW (25-29.9 kg/m?) and OB (230.0 kg/m?> [11, 13,
27, 30, 33] but other studies used other cutoffs for cate-
gories of BMI: in study of Luo et al. [36], body fat per-
centage (BF%) >25% for men or BF% >35% for women
were defined as being OB. Keihani et al. [35] was defined
obesity using national waist circumference (WC) cutoff
points >102cm for men and 288 cm for women. The
duration of follow-up was from 3 to 30 years. The results in
the most of the studies were adjusted for the potential
confounders, including age, sex, physical inactivity, and
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smoking status. Furthermore, the reference category was a
MHNW group in all studies. The definition of MH/MUH
phenotypes was based on criteria by the Adult Treatment
Panel III (ATPIN) [11, 18, 22, 23, 25, 29, 37], International
Diabetes Federation (IDF) [13, 27, 30, 35, 38], joint com-
mittee for developing Chinese guidelines [36], components
metabolic syndrome (MetS) [24, 32, 34], modified ATPIII
[3, 26], harmonized metabolic syndrome [28], triglyceride
glucose index [22], Joint Interim Statement [31, 33], and
Homeostatic model assessment-insulin resistance [31].
Based on quality control, 8 studies received 10 score [11,
18, 22, 28, 30, 31, 35, 38] and all other studies received
8-9 score [3, 13, 23-27, 29, 32-34, 36, 37].

Results for metabolic phenotypes

MUHNW phenotype

There were 17 studies [3, 11, 13, 18, 23-33, 35, 36] con-
cerning MUHNW phenotype and risk of CVDs with 16,349

participants and 798 cases. The association between
MUHNW and the risk of CVDs based on random-effects
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Study %
ID ES (95% Cl) Weight
Kip et al. (2004) —. 2.21(0.84, 5.81) 2.19
St-Pierre et al. (2005) 'i_°— 3.01(1.70,5.32) 453
Meigs et al. (2006) ———— 331(1.84,504) 4.40
Song et al. (2007) 4 2.33 (1.66, 3.28) 717
Arnlov et al. (2010) — 1.63 (1.12, 2.38) 6.66
Hoseinpanah et al. (2011) + 2.10 (1.36, 3.25) 5.93
Appleton et al. (2013) — 1.15 (0.50, 2.63) 2.77
Aung etal. (2014) : » 2.90 (1.31, 6.43) 2.93
Hinnouho et al. (2014) —— 2.08 (1.66, 2.60) 8.77
Thomsen et al. (2014) —_ | 1.03 (0.82, 1.30) 8.69
Luo et al. (2015) ——— 1.58 (0.83, 3.02) 3.89
Keihani et al. (2015) —_— 1.56 (1.07, 2.27) 6.70
Twig etal. (2015) —_— 2.01(1.03, 3.93) 3.73
Dahana et al. (2016) —o—i 1.35(1.02, 1.79) 7.95
Mirzaei et al. (2017) —— 1.69 (1.18, 2.43) 6.89
Hansen et al. (2017) —l—— 240(1.23,4.70) 3.71
Hansen et al. (2017) + 1.90 (0.97, 3.70) 3.74
Lassale et al. (2017) — 2.15 (1.79, 2.58) 9.34
Overall (I-squared = 63.3%, p = 0.000) ¢ 1.86 (1.58, 2.18) 100.00

NOTE: Weights are from random effects analysis

|
155

[
6.43

Fig. 2 Forest plot for the association between metabolically unhealthy normal weight phenotypes and the risk of cardiovascular diseases using a

random-effects model

model (Fig. 2) was provided. There was a strong positive
link between MUHNM and the risk of CVDs (pooled effect
size: 1.86, 95% CI: 1.58-2.18, P <0.001, I* = 63.3%, P
terogencity < 0.001). Subgroup analysis showed that gender,
sample size, and continent were as potential sources of
between studies heterogeneity (Table 2). The association
between MUHNW and the risk of CVDs was significant in
all subgroups, except in one study, which conducted in
Australia.

There were five studies [22, 26, 28, 36, 38] with
5541 subjects and 201 cases, regarding MUHNW pheno-
type and risk of MI. The association between all metabolic
phenotypes and the risk of MI based on random-effects
(Fig. 3) models was investigated. There were a strong
positive association between MUHNW (pooled effect size:
1.44, 95% CI: 1.22-1.70, P<0.001, PP =31.6%, Ppeer
ogencity = 0.21), with the risk of ML

There were two studies [37, 38] with a total of 89 cases
and 1100 participants in MUHNW phenotype and risk of

HF. The association between all metabolic phenotypes and
the risk of HF based on random-effects (Fig. 4) model was
investigated. There was also a strong positive association
between MUHNW (pooled effect size: 2.11, 95% CI:
1.18-3.77, P=0.01, > = 0%, Pheterogencity = 0.39) with the
risk of HF.

MUHOW phenotype

There were 15 studies [3, 13, 18, 23-33, 39] that concerning
MUHOW phenotype and risk of CVDs with 31,386 sub-
jects and 1770 cases. The association between MUHOW
and the risk of CVDs based on random-effects model (Fig.
5) was shown. There was a significant positive association
between MUHOW and CVD (pooled effect size: 2.04, 95%
CL: 1.73-2.41, P<0.001, > =76.3%, Preterogencity < 0.001).
Gender, follow-up duration, sample size, and continent
were found as sources of between studies heterogeneity
(Table 2).
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Table 2 Subgroup analysis based on fixed-effects models for the association between metabolic phenotypes and risk of CVDs and MI

Phenotypes Subgroup Number of effect sizes RRs (95% CI) Patve P (%) Prithin heterogeneity Pretween heterogeneity
CVDs
MUHNW
18 1.79 (1.65-1.95) <0.001 63.3 <0.001
Gender 0.15
Female 3 2.23 (1.67-2.98) <0.001 0 0.86
Male 4 2.03 (1.56-2.65) <0.001 10.6 0.34
Both 11 1.72 (1.57-1.89) <0.001 74.3 <0.001
Follow-up <0.001
<5 3 1.12 (0.91-1.38) 0.29 42.8 0.17
5-10 4 2.01 (1.48-2.73) <0.001 0 0.45
>10 11 1.96 (1.78-2.16) <0.001 42.8 0.06
Sample size 0.29
<5000 9 2.08 (1.69-2.55) <0.001 13.2 0.32
5000-10,000 5 1.75 (1.53-2.01) <0.001 38.9 0.16
>10,000 4 1.72 (1.52-1.96) <0.001 89.3 <0.001
Continent 0.005
America 5 2.63 (2.07-3.35) <0.001 0 0.83
Europe 6 1.75 (1.57-1.96) <0.001 82.5 <0.001
Asia 6 1.60 (1.36-1.89) <0.001 0 0.63
Australia 1 1.15 (0.50-2.63) 0.74 0 0
MUHOW
16 1.83 (1.70-1.96) <0.001 76.3 <0.001
Gender <0.001
Female 3 2.48 (1.90-3.24) <0.001 0 0.74
Male 4 2.01 (1.64-2.48) <0.001 30.3 0.23
Both 9 1.76 (1.63-1.90) <0.001 84.5 <0.001
Follow-up <0.001
<5 2 1.31 (1.15-1.50) <0.001 0 0.38
5-10 4 2.39 (1.84-3.09) <0.001 0 0.91
210 10 2.02 (1.85-2.20) <0.001 70.3 <0.001
Sample size 0.24
<5000 8 2.05 (1.72-2.43) <0.001 0 0.61
5000-10,000 4 1.86 (1.66-2.09) <0.001 85 <0.001
>10,000 8 1.73 (1.57-1.92) <0.001 91.5 <0.001
Continent 0.14
America 5 2.22 (1.82-2.72) <0.001 0 0.86
Europe 6 1.82 (1.67-1.99) <0.001 88.4 <0.001
Asia 4 1.67 (1.45-1.92) <0.001 77.8 0.004
Australia 1 1.39 (0.25-7.69) 0.70 0 0
MUHO
18 2.07 (1.92-2.22) <0.001 66.3 0.0001
Gender 0.12
Female 3 2.07 (1.45-2.96) <0.001 0 0.72
Male 4 2.66 (2.06-3.42) <0.001 37.8 0.18
Both 11 2.02 (1.87-2.18) <0.001 75.5 <0.001
Follow-up <0.001
<5 3 1.66 (1.44-1.90) <0.001 0 0.70
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Table 2 (continued)

Phenotypes Subgroup Number of effect sizes RRs (95% CI) Patve P (%) Pryithin heterogeneity Phetween heterogeneity
5-10 4 2.66 (2.09-3.38) <0.001 37.5 0.18
>10 11 2.19 (2.00-2.39) <0.001 65.9 0.001
Sample size 0.15
<5000 9 2.31 (1.95-2.74) <0.001 10.8 0.34
5000-10,000 5 1.88 (1.65-2.14) <0.001 75.5 0.003
>10,000 4 2.10 (1.90-2.31) <0.001 86 <0.001
Continent 0.09
America 5 2.22 (1.75-2.81) <0.001 0 0.41
Europe 6 2.18 (1.99-2.38) <0.001 76 0.001
Asia 6 1.77 (1.54-2.03) <0.001 73.9 0.002
Australia 1 2.23 (1.31-3.79) <0.001 0 0
Mi
MUHO
5 1.80 (1.66-1.96) <0.001 66.5 0.01
Gender 0.24
Female 1 1.05 (0.42-2.64) 0.91 0 0
Male 0 0 0 0 0
Both 4 1.81 (1.66-1.97) <0.001 71.7 0.01
Follow-up 0.05
<5 2 2.16 (1.70-2.76) <0.001 76.5 0.03
5-10 1 1.65 (1.47-1.85) <0.001 0 0
>10 2 1.97 (1.69-2.28) <0.001 45.2 0.17
Sample size 0.01
<5000 1 0.90 (0.38-2.14) 0.81 0 0
5000-10,000 1 1.65 (1.47-1.85) <0.001 0 0
>10,000 3 2.05 (1.81-2.34) <0.001 35.6 0.21
Continent 0.14
America 1 1.05 (0.42-2.64) 0.91 0 0
Europe 3 1.82 (1.67-1.98) <0.001 85.3 0.01
Asia 1 0.90 (0.38-2.14) 0.81 0 0
Australia 0 0 0 0 0
MHOW
3 1.25 (1.10-1.42) 0.001 50.3 0.13
Gender 0.04
Female 1 0.72 (0.41-1.26) 0.24 0 0
Male 0 0 0 0 0
Both 2 1.29 (1.13-1.47) <0.001 0 0.82
Follow-up 0.93
<5 1 1.26 (0.99-1.60) 0.05 0 0
5-10 0 0 0 0 0
>10 2 1.25 (1.07-1.45) 0.004 75.1 0.04
Sample size 0
<5000 0 0 0 0 0
5000-10,000 0 0 0 0 0
>10,000 3 1.25 (1.10-1.42) 0.001 50.3 0.13
Continent 0.04
America 1 0.72 (0.41-1.26) 0.24 0 0

@ Springer



454

Endocrine (2019) 63:439-462

Table 2 (continued)

Phenotypes Subgroup Number of effect sizes RRs (95% CI) Patve P (%) Pryithin heterogeneity Phetween heterogeneity
Europe 2 1.29 (1.13-1.47) <0.001 0 0.82
Asia 0 0 0 0 0
Australia 0 0 0 0 0
MHO
5 1.09 (0.99-1.20) 0.09 67 0.01

Gender 0.50
Female 1 0.82 (0.35-1.92) 0.64 0 0
Male 0 0 0 0 0
Both 4 1.09 (0.99-1.21) 0.08 74.3 0.009

Follow-up 0.003
<5 2 1.79 (1.32-2.44) <0.001 0 0.56
5-10 1 1.03 (0.93-1.15) 0.58 0 0
>10 2 0.89 (0.43-1.83) 0.75 0.72

Sample size 0.01
<5000 1 1.44 (0.69-3.00) 0.33 0 0
5000-10,000 1 1.03 (0.93-1.15) 0.58 0 0
>10,000 3 1.64 (1.22-2.23) 0.001 43.2 0.17

Continent 0.61
America 1 0.82 (0.35-1.92) 0.64 0 0
Europe 3 1.09 (0.98-1.20) 0.10 82 0.004
Asia 1 1.44 (0.69-3.00) 0.32 0 0
Australia 0 0 0 0 0

MUHO metabolically unhealthy obese, MUHNW metabolically unhealthy normal weight, MUHO metabolically unhealthy obese, MHO

metabolically healthy obese, MI myocardial infarction, HF heart failure, CVDs cardiovascular diseases

There were three studies [26, 28, 38] with 20,241 parti-
cipants and 799 cases that have addressed the association of
MUHOW phenotype and risk of MI. There were a strong
positive association between MUHOW (pooled effect size:
1.69, 95% CI: 1.53-1.88, P =0.0001, I* = 0%, Pheterogeneity
=0.92) with the risk of stroke.

There were only two studies [37, 38] on the association
of MUHOW phenotype and risk of HF with 8071 partici-
pants and 319 cases. Significant positive association was
observed between MUHOW and HF (pooled effect size:
1.88, 95% CI: 1.00-3.51, P=0.04, > = 85%, Pheterogencity
=0.01).

MUHO phenotype

Seventeen studies [3, 11, 13, 18, 23-33, 35, 36] related with
risk of CVDs that including of 1975 cases and 22,996
participants in MUHO phenotype. The association between
MUHO and the risk of CVDs based on random-effects
model (Fig. 6) was examined. Significant association was
observed between MUHO and the increased risk of CVDs
(pooled effect size: 2.16, 95% CI: 1.87-2.50, P <0.001)
with significant heterogeneity (12:66.3%, Pheterogeneity <
0.001). Gender, follow-up duration, sample size, and
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continent were found as sources of between studies het-
erogeneity (Table 2).

There were five studies [22, 26, 28, 36, 38] with 15,771
participants and 666 cases, regarding risk of MI in MUHO
phenotype. Significant positive relationship was found
between MUHO and increased risk of MI (pooled effect
size: 1.82, 95% CI: 1.50-2.22, P<0.001, I* = 66.5%, Ph.
terogeneity — 0.01).

There were two studies [37, 38] for risk of HF that
regarding MUHOW phenotype with 6676 participants and
306 cases. MUHO was significantly associated with
increased risk of HF (pooled effect size: 1.78, 95% CI:
1.45-2.18, P<0.001) (I* = 0%, Pheterogencity = 0-38).

MHOW phenotype

There were 16 studies [3, 11, 13, 18, 23-34], regarding the
association of MHOW phenotype and risk of CVDs with
42,946 subjects and 2103 cases. The association between
MUHO and the risk of CVDs based on random-effects
model has been shown in Fig. 7. A significant positive
association was observed between MHOW and the risk of
CVDs (pooled effect size: 1.20, 95% CI: 1.12-1.27, P<
0.001, I* = 14%, Pheterogencity = 0.28).
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Study %
ID ES (95% Cl) Weight
MUHNM :
song et al. (2007) *—t 1.21 (0.63, 2.33) 2.51
Thomsen et al. (2014) -—0!— 1.39 (0.96, 2.02) 4.81
Morkedal et al. (2014) +—— 1.90 (1.42, 2.54) 5.80
Luo et al. (2015) :0 1.54 (0.60, 3.92) 1.45
Sa’nchez-Inigo et al. (2017) - 1.32(1.22, 1.43) 8.23
Subtotal (I-squared = 31.6%, p =0.211) 1.44 (1.22,1.70) 22.81
. |
MUHOW :
song et al. (2007) e G 1.50 (0.83, 2.71) 2.89
Thomsen et al. (2014) —_—— 1.70 (1.35, 2.15) 6.55
Morkedal et al. (2015) :—0— 1.70 (1.51, 1.91) 7.91
Subtotal (I-squared = 0.0%, p = 0.920) .O 1.69 (1.53, 1.88) 17.34
|
MUHO :
song et al. (2007) : 1.05 (0.42, 2.64) 1.48
Morkedal et al. (2014) | —— 2.00 (1.72, 2.33) 7.56
Thomsen et al. (2014) : —_— 2.33 (1.81, 3.00) 6.29
Luo et al. (2015) +- T 0.90 (0.38, 2.14) 1.64
Sa’nchez-Inigo et al. (2017) :—0— 1.65 (1.47, 1.85) 7.96
Subtotal (I-squared = 66.5%, p = 0.018) 10 1.82(1.50, 2.22) 24.93
1
MHOW :
song et al. (2007) —_— : 0.72 (0.41, 1.26) 3.13
Morkedal et al. (2014) ——t 1.30 (1.11, 1.52) 7.51
Thomsen et al. (2014) —0+ 1.26 (0.99, 1.60) 6.48
Subtotal (I-squared = 50.3%, p = 0.134) <<>: 1.19 (0.96, 1.48) 17.12
MHO :
song et al. (2007) < : 0.82 (0.35, 1.92) 1.70
Morkedal et al. (2014) —+ 1.10 (0.28, 4.34) 0.74
Thomsen et al. (2014) —i—o— 1.88 (1.34, 2.63) 5.22
Luo et al. (2015) ¢| 1.44 (0.69, 3.00) 213
Sa’nchez-Inigo et al. (2017) - 1.03 (0.93, 1.15) 8.02
Subtotal (I-squared = 67.0%, p = 0.016) <<|> 1.26 (0.87, 1.82) 17.81
. |
Overall (I-squared =81.6%, p = 0.000) Q 1.47 (1.30, 1.66) 100.00
NOTE: Weights are from random effects analysis :
| |

231

-

4.34

Fig. 3 Forest plot for the association between metabolic phenotypes and the risk of myocardial infarction using a random-effects model

There were three studies [26, 28, 38] that regarding the
association of MHOW phenotype and risk of MI with 42,582
participants and 854 cases. There was no association between
MHOW phenotype and risk of MI (pooled effect size: 1.19,
95% CI: 0.96-1.48, P =0.10, P = 50.3%, Preterogencity = 0.13).

There were two studies [37, 38] for risk of HF with
18,573 cases and 280 participants that addressed the asso-
ciation of MHOW phenotype. MHOW did not show any
relation regarding HF (pooled effect size: 1.10, 95% CI:
0.60-2.00, P =0.76, I = 0%, Preierogencity = 0.88).

MHO phenotype

There were 18 studies [3, 11, 13, 18, 23-36] with 1119
cases and 14,397 participants in MHO group that reported
risk of CVDs. The association between MHO and the risk
of CVDs based on random-effects model has been shown in
Fig. 8. There was a strong link between MHO phenotype
and the increased risk of CVDs (pooled effect size:
1.46, 95% CI: 1.27-1.67, P<0.001, P =42.6%, Pheer.
ogeneity — 0.02).
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Study %
ID ES (95% Cl) Weight

[}
MUHNM !
voulgari et al. (2011) ——— 2.33 (1.25,4.35) 7.03
Morkedal et al. (2014) — 1.10 (0.22, 5.42) 1.36
Subtotal (I-squared = 0.0%, p = 0.390) S 2.11 (1.18, 3.77) 8.39

|
. |
MUHOW :
voulgari et al. (2011) —— 2.66 (1.72,4.11) 11.51
Morkedal et al. (2014) —— 1.40 (1.13,1.74) 20.92
Subtotal (I-squared = 85.0%, p = 0.010) <:> 1.88 (1.00, 3.51) 32.43
. |
MUHO |
voulgari et al. (2011) e 2.13 (1.36, 3.34) 11.06
Morkedal et al. (2014) —— 1.70 (1.36, 2.13) 20.48
Subtotal (I-squared = 0.0%, p = 0.380) <> 1.78 (1.45,2.18) 31.54
. |
MHOW i
voulgari et al. (2011) —_— 1.12 (0.57,2.18) 6.35
Morkedal et al. (2014) l 1.00 (0.25, 4.03) 1.75
Subtotal (I-squared = 0.0%, p = 0.886) 1T 1.10 (0.60, 2.00) 8.11

[}
. [}
MHO !
voulgari et al. (2011) o ! 0.41(0.11, 1.48) 2.04
Morkedal et al. (2014) —— 1.70 (1.28,2.26) 17.49
Subtotal (I-squared = 77.7%, p = 0.034)<_j|> 0.96 (0.25, 3.77) 19.53
. |
Overall (I-squared = 43.3%, p = 0.069) <> 1.68 (1.39, 2.03) 100.00

|
NOTE: Weights are from random effects analysis :

T |
113 1 8.83

Fig. 4 Forest plot for the association between metabolic phenotypes and the risk of heart failure using a random-effects model

Five studies [22, 26, 28, 36, 38] addressed the associa-
tion of MHO phenotype and risk of MI with 12,171 parti-
cipants and 227 cases. No association was observed
between MHO and the risk of MI in random-effects model
(pooled effect size: 1.26, 95% CI: 0.87-1.82, P =0.22, r
=67%, Phelerogeneily =0.01).

There were only two studies [37, 38] that related with
risk of HF in MHO phenotype with 3522 participants and
101 cases. MHO was not associated with increased risk of
HF (pooled effect size: 0.96, 95% CI: 0.25-3.77, P =0.95,
F= 717%, Pheterogeneity =0.03).

Sensitivity analysis
Findings demonstrated that the link between all kinds of
metabolic phenotype and the risk of CVDs (Supplemental

Fig. 1) and MI (Supplemental Fig. 2) did not depend on a
single or couple of studies.

@ Springer

Publication bias

Visual inspection of funnel plot together with results of
Egger test were applied to consider publication bias among
studies. No evidence of publication bias was observed
regarding the association of MUHNW (P =0.42),
MUHOW (P =0.10), and MUHO (P = 0.30), MHOW (P
=0.67), and MHO (P=0.11) with the risk of CVDs
(Supplemental Fig. 3). In addition, we did not detect any
publication bias regarding the association between
MUHNW (P = 0.44), MUHOW (P = 0.33), and MUHO (P
=0.73), MHOW (P =0.19), and MHO (P = 0.50) with the
risk of MI (Supplemental Fig. 4).

Discussion

Our results showed that there was a positive association
between MUH phenotypes and risk of heart diseases
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Study %
ID ES (95% ClI) Weight
1
Kip et al. (2004) :: 1.88 (0.82, 4.30) 2.92
St-Pierre et al. (2005) —C:— 1.98 (1.29, 3.04) 6.10
Meigs et al. (2006) + 2.02 (1.33, 3.06) 6.26
song et al. (2007) -;—0— 2.50 (1.82, 3.43) 7.49
Arnlov et al. (2010) —0—5— 1.74 (1.32, 2.30) 8.00
Hoseinpanah et al. (2011) —ILO— 2.35(1.71, 3.22) 7.50
Appleton et al. (2013) * : > 1.39 (0.25, 7.69) 0.87
Hinnouho et al. (2014) -5-0— 2.33 (1.92, 2.82) 9.04
Thomsen et al. (2014) —— : 1.30 (1.13, 1.49) 9.59
Aung et al. (2014) —:—0— 2.50 (1.29, 4.85) 3.91
Twig et al. (2015) —i—o— 2.65 (1.36, 5.17) 3.88
Dahana et al. (2016) — : 1.32 (1.09, 1.60) 9.04
Mirzaei et al. (2017) —+— 2.04 (1.47, 2.83) 7.38
Hansen et al. (2017) —{—0— 3.30 (1.81, 6.02) 4.40
Hansen et al. (2017) —:—‘— 2.80 (1.52, 5.16) 4.31
Lassale et al. (2017) '5-0— 2.33 (1.97, 2.76) 9.29
Overall (I-squared = 76.3%, p = 0.000) @ 2.04 (1.73, 2.41) 100.00
|
NOTE: Weights are from random effects analysis E
| |
A3 7.69

Fig. 5 Forest plot for the association between metabolically unhealthy overweight phenotypes and the risk of cardiovascular diseases using a

random-effects model

(CVDs, HF, and MI) compared with MHNW phenotype.
Overweight/OB individuals had significantly higher risk of
CVDs regardless of the presence of MetS components while
MHO/MHOW phenotypes were not associated with an
increased risk of MI and HF.

Our finding showed that MUHO phenotype increased
risk of CVDs. In agreement with recently published studies
indicated that obesity and OW led into increased risk of
CVDs in adults [2, 40, 41]. However, the pathophysiologic
mechanism of this association is uncertain. This possibility
is biologically acceptable because obesity is associated with
IR, which appears to be the underlying cause of the MetS,
hypertension and type 2 diabetes and to be an important link
between components of the metabolic abnormalities [42,
43], which all are critical in promoting atherogenesis and fat
deposits in the vessels. The present findings also indicate
that normal-weight subjects with the MetS have a sig-
nificantly increased CVDs risk. Meigs et al. [25], in an 11-
year follow-up study of 2902 men and women, reported
increased risk for CVDs events in normal-weight subjects
with MetS compared to OB subjects without MetS (RR =

3.01 vs 1.48). In our study the risk for CVDs events in
MUHNW phenotype was higher than MHO group was 86%
(RR=1.86 vs 1.40). Our finding also showed that MHO
and MHOW phenotypes increased risk of CVDs compared
to the MHNW group. One study showed that the MHO
group had a significantly greater prevalence of coronary
atherosclerosis compared with MHNW counterparts [44].
Khan et al. [45] found that MHO subjects had a sig-
nificantly greater subclinical CVD burden, like common
carotid artery intima-media thickness, and aortic and cor-
onary calcification, compared with NW individuals.

In contrast to our results, Kip et al. [23] indicated that
OW and OB women with normal metabolism have a rela-
tively lower risk of CVDs (OR=0.76, 95% Cl=
0.23-2.56; OR =0.74, 95% CI=0.19-2.84, respectively)
and suggested that the clinical evaluation of abnormal
metabolism (ie, MetS and diabetes) should play a important
role rather than the diagnosis of obesity per se in cardio-
vascular risk stratification in women.

Our results are in agreement with recently published
studies. Aung et al. [18] reported that incidence of CVDs
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Study
ID

Kip et al. (2004)

St-Pierre et al. (2005)
Meigs et al. (2006)

song et al. (2007)

Arnlov et al. (2010)
Hoseinpanah et al. (2011)
Appleton et al. (2013)
Hinnouho et al. (2014)
Thomsen et al. (2014)
Aung et al. (2014)

Luo et al. (2015) -1

keihani et al. (2015)

Twig etal. (2015)

Dahana et al. (2016)

Mirzaei et al. (2017)

Hansen et al. (2017)

Hansen et al. (2017)

Lassale et al. (2017)

Overall (I-squared = 66.3%, p = 0.000)

NOTE: Weights are from random effects analysis

%

[
.0849
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|
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Fig. 6 Forest plot for the association between metabolically unhealthy obese phenotypes and the risk of cardiovascular diseases using a random-

effects model

was increased in MHO individuals (RR =3.9, 95% CI=
1.9-7.8). We believe that gender, sample size, continent,
and follow-up duration differences may be responsible for
the conflicting results among studies. Results were con-
sistent across gender and continent categories except in one
study that conducted in Australia with no association with
an increased risk of CVDs in MUHNW/MUHOW
phenotypes.

The present findings also indicate that MUH phenotypes
in different categories of weight have a significantly
increased risk of MI while in MHOW/MHO phenotypes the
risk of MI increased, which was not statistically significant.
One study reported that [28] risk of MI in MHOW and
MHO individuals increased compared to NW subjects
without MetS (OR =1.26, 95% CI=1-1.61, OR = 1.88,
95% CI=1.34-2.63, respectively). In contrast, Sanchez-
Inigo et al. [22] reported that in subjects with MHO the
greater risk of MI was not observed while MU participants,
OB and non-OB, had an increased risk of MI, which was in
line with our findings.

@ Springer

The other finding was a significant association between
MUHNW, MUHOW, and MUHO phenotypes with increased
risk of HF. Although one study reported the effect of MetS on
risk of incident of HF in a cohort of older adults failed to
demonstrate a significant relationship between MetS and risk
of incident HF [46], while a study by Ingelsson et al. [47]
determined MetS as a significant and independent predictor of
HF incidence in a population of middle-aged men without a
baseline CVD history. There are numerous potential patho-
physiologic mechanisms underlying the relationship between
IR and HF. The heart may become less energy efficient in the
setting of IR, with decreased glucose use and increased free
fatty acid use. This metabolic deregulation may increase
susceptibility to injury, such as pressure overload or ischemia
and thus promote deleterious renin-angiotensin-aldosterone
system activation [48].

Our results showed no significant association between
MHOW/MHO phenotypes with increased risk of HF
and MI. Overall, OW and obesity are risk factors for MI and
HF; on the other hand, there is a time lag with regard to the
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ID ES (95% CI) Weight
Kip et al. (2004) : 0.76 (0.23,2.54) 0.27
St-Pierre et al. (2005) —_— 1.01 (0.70, 1.45) 2.78
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Hinnouho et al. (2014) —j— 1.24 (1.01, 1.52) 8.01
Thomsen et al. (2014) -*—E- 1.08 (0.95,1.23) 14.93
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Twig et al. (2015) E 1.42 (0.61,3.31) 0.54
Dhana et al. (2016) T+ 1.08 (0.89,1.32) 8.28
Mirzaei et al. (2017) ——:¢— 1.22(0.73,2.04) 1.44
Kim et al. (2017) e 1.13 (1.00, 1.28) 16.51
Hansen et al. (2017) E * 1.40 (0.67,2.95) 0.70
Hansen et al. (2017) : g 1.90 (0.94,3.85) 0.77
Lassale et al. (2017) T 1.26 (1.14, 1.40) 20.57
Overall (I-squared = 14.0%, p = 0.289) é 1.20(1.12,1.27) 100.00
[}
NOTE: Weights are from random effects analysis i
T T
0.228 1 439

Fig. 7 Forest plot for the association between metabolically healthy overweight phenotypes and the risk of cardiovascular diseases using a random-

effects model

long-term effect of MHO phenotype on risk of MI. Recent
data have shown that MHO phenotype had intermediate
burden of subclinical atherosclerosis between MHNW and
MUHO groups, suggesting that these persons might be at
increased risk but likely develop overt disease more slowly
than their at-risk individuals [45].

This is the first meta-analysis to assess the risk of heart
diseases including CVDs, MI and HF separately among
metabolic phenotypes of different weight categories. The
main strength of the current study is its large pooled sample
size (n="778,401) among adults, and this study has been
conducted on large-scale prospective studies, which enabled
the natural observation without intervention among strati-
fied subgroups. Data for the pooled analysis were derived
from fully adjusted models in the primary studies, which
should reduce the likelihood of confounding.

However, there are some limitations in our study that
should be noted. First, in some subgroups only a limited
number of studies were identified, which made it difficult to
draw a firm conclusion. Second, significant heterogeneity
was observed in the analysis of MHOW/MHO and
MUHNW/MUHOW/MUHO individuals. In addition, the
studies also differed in definitions for MH/MUH status and

criteria used for definition of obesity, which may partly
result in between-study heterogeneity. Finally, however
visual inspection of a funnel plot and the Egger’s test for
publication bias did not show that bias considerably affec-
ted our overall results; we recognize that this bias might still
exist despite best efforts to perform a comprehensive search.

Conclusion

In the present meta-analysis, we summarized the combined
effects of different categories of weight with the presence/
absence of Mets on the risk of heart diseases (CVDs, HF,
and MI). MUHO/MUHOW/MUHNW phenotypes had
significantly increased incident of CVDs/MI and HF.
MHOW/MHO individuals showed a remarkably higher risk
for CVDs, while MHO/MHOW phenotypes was no asso-
ciated with an increased risk of MI and HF. Screening for
obesity and other metabolic abnormalities should be
routinely performed in clinical practice to institute appro-
priate preventive measures. Additionally, we reaffirmed
that a MH profile did not completely protect OB individuals
from heart disease events.
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Study %
ID ES (95% CI) Weight
Kip et al. (2004) - : 0.74 (0.19,2.86) 0.95
St-Pierre et al. (2005) -T—— 1.53(0.79,2.98) 3.31
Meigs et al. (2006) - 1.48 (0.86,2.53) 4.59
song et al. (2007) —'—i- 1.05(0.66,1.67) 5.66
Arnlov et al. (2010) ——— 1.95(1.14,3.34) 4.59
Hoseinpanah et al. (2011) —_— 1.07 (0.59,1.95) 3.90
Appleton et al. (2013) —t— 1.16 (0.58,2.30) 3.16
Hinnouho et al. (2014) -i—‘— 1.95(1.37,2.77) 17.77
Thomsen et al. (2014) —+ 1.45(1.19,1.76) 12.17
Aung et al. (2014) | ——— 390(1.92,790) 3.02
Luo et al. (2015) —'—i— 1.03 (0.61,1.75) 4.69
keihani et al. (2015) —— 1.64(1.09,2.47) 6.58
Twig et al. (2015) | ————— 4.74(1.65, 13.61) 1.51
Dahana et al. (2016) —O—E' 1.07 (0.75,1.53) 7.67
Mirzaei et al. (2017) —T 1.74 (0.68,4.45) 1.86
Kim et al. (2017) - 1.28 (1.09,1.51) 13.14
Hansen et al. (2017) —i—‘— 3.00(1.18,7.60) 1.89
Hansen et al. (2017) T 2.20(0.88,5.49) 1.95
Lassale et al. (2017) —o-- 1.28(1.03,1.59) 11.56
Overall (I-squared =42.6%, p = 0.026) (P 1.46 (1.27,1.67) 100.00
NOTE: Weights are from random effects analysis i
T T
0.0735 1 13.6

Fig. 8 Forest plot for the association between metabolically healthy obese phenotypes and the risk of cardiovascular diseases using a random-

effects model
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