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1 | INTRODUCTION
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Summary

This review examined the risk of cardiovascular disease in adults with metabolically
healthy overweight/obesity. A systematic review and meta-analysis using data from
Medline, EMBASE, SCOPUS and Cochrane Library searched from inception up to
31st October 2019. We included prospective cohort studies of adults who are meta-
bolically healthy or unhealthy. Outcomes were fatal and nonfatal cardiovascular
events, all-cause mortality. Pooled relative risk was calculated for each outcome in
populations with metabolically healthy overweight and metabolically healthy obesity
using metabolically healthy normal weight as reference. A random-effects model was
used for meta-analysis, and risk of bias assessment tool for nonrandomized studies
assessed risk of bias within each study. Twenty-three prospective cohort studies with
4,492,723 participants were included. Cardiovascular disease risk was increased in
metabolically healthy groups with overweight (RR = 1.34, Cl: 1.23-1.46, n = 20,
I? = 90.3%) and obesity (RR = 1.58, Cl: 1.34-1.85, n = 21, > = 92.2) compared with a
reference group with metabolically healthy normal weight. Cardiovascular disease
risk was similar irrespective of the number of risk factors used to define metabolically
healthy and the risk remained in the group with no metabolic risk factors. Cardiovas-
cular disease risk is increased in populations with overweight and obesity classified

as metabolically healthy even when there were no metabolic risk factors.
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may not carry an increased risk of CVD.® These subgroups are

referred to as having metabolically healthy overweight (MHOW) and

The global prevalence of obesity has reached epidemic proportions
with an estimated 671 million people having obesity in 2016.* There
is a well-established link between obesity, metabolic abnormalities
(dyslipidaemia, dysglycaemia and hypertension) and cardiovascular
disease (CVD),2 but it has been proposed that a subgroup of people
with overweight/obesity and fewer or no metabolic abnormalities

metabolically healthy obesity (MHO).*> This concept is complex, and
the prevalence of MHO/OW varies between 10% and 40% depending
on the type of population and the definition of metabolic health used
in the study.>%” The definition of the MHO/OW phenotype remains
unclear and contentious.® The number of metabolic parameters (tri-

glycerides, high-density lipoprotein cholesterols, fasting blood glucose,
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systolic and diastolic blood pressure) that need to be within normal
parameters to be considered metabolically healthy has not been
clearly defined. This uncertainty has led to inconsistent results from
studies examining the association between MHO/OW by any defini-
tion and development of CVD.

The available systematic reviews and meta-analyses have con-
cluded that MHO/OW is associated with an increased risk of develop-
ing CVD.?"* Kramer et al. combined the risk of all-cause mortality
and cardiovascular events in their analysis,10 but some studies showed
a stronger association for CVD mortality than all-cause mortality*>¢
or no association between MHO/OW and all-cause mortality.*? Eckel
et al. suggested that the cause of the high heterogeneity and con-
flicting results observed in previous reviews was related to the
absence of a standard definition for metabolic syndrome (MS) and the
use of different outcome definitions.!? Since the review performed in
2016,*? there have been several large prospective cohort studies
examining the relationship between MHO/OW and CVD with strict
definitions of metabolic health (i.e., having no metabolic risk factors).
The earlier systematic review by Eckel et al. pooled relative risk from
three studies with strict definitions of metabolic health,** and Zheng
et al. reported pooled relative risk from two such studies.}? Both stud-
ies reported no association between MHO phenotype with no meta-
bolic risk factors and risk of CVD; however, these findings are
unreliable because of the small number of studies. The latest system-
atic review by Yeh et al. published early in 2019 failed to report on
the risk of CVD in MHO participants who have no risk factors,
included studies with an obesity cut-off less than 30 kg/m? and exam-
ined only four obesity phenotypes.}* Given the conflicting results
from previous studies, the availability of more recent studies, includ-
ing a total of seven studies of MHO/OW populations without meta-
bolic risk factors, and the need to determine if overweight/obesity is
associated with CVD in the absence of metabolic risk factors, we con-
ducted a systematic review of the available literature to examine the
association between MHO/OW and the risk of CVD events in adult

men and women aged 18 years and older.

2 | METHODS AND MATERIAL

This systematic review and meta-analysis were conducted according
to the Meta-analysis of Observational Studies in Epidemiology guide-
lines.r” The study protocol was registered in the International Pro-
spective Register of Systematic Reviews!® registration number:
CRD42019103850.

2.1 | Data source and searches

A systematic literature search was performed using Medline,
EMBASE, SCOPUS databases and Cochrane Library from inception up
to the 31st October 2019. Each database was searched using the
same comprehensive search terms (Table S1). Hand-search of refer-

ences from relevant publications was also performed.

Two independent reviewers analysed citations from the elec-
tronic databases for relevant studies based on their title and
abstract after removal of duplicate articles. Any disagreements
were resolved by consensus or through consultation with a third

investigator.

2.2 | Study selection

Studies were considered eligible for inclusion if they met the following

criteria:

e prospective cohort design;

e population included adult men and women 18 years and older
without pre-existing CVD, diabetes mellitus, cancer or chronic kid-
ney disease;

e exposure consisted of a combination of body mass index (BMI) cat-
egories or waist circumference and metabolic health and BMI cate-
gories included: normal weight (BMI = 18.5-24.9 kg/m?),
overweight (BMI = 25-29.9 kgm?) and obese (BMI = 30kgm?);

e metabolic health was defined in three separate ways as (i) absence
of or (ii) presence of <1 or <2 metabolic abnormalities according to
NCEP ATP Il or IDF criteria of MS definition or (iii) other criteria
(absence of hypertension, diabetes mellitus and dyslipidaemia);

o reference group was individuals with metabolically healthy normal
weight (MHNW);

e exposure groups stratified according to metabolic health status
and weight classification as follows:
metabolically healthy normal weight (MHNW),
metabolically healthy overweight (MHOW),
metabolically healthy obese (MHO),
metabolically unhealthy normal weight (MUNW),
metabolically unhealthy overweight (MUOW) and
metabolically unhealthy obesity (MUO);

e included outcomes consisting of fatal and nonfatal cardiovascular
events and all-cause mortality. Fatal and nonfatal CV events were
defined as death due to CVD or one of the following: myocardial
infarction, acute coronary syndrome, angina, coronary revasculari-
zation, coronary artery bypass surgery, congestive heart failure,
stroke and transient ischaemic attack;

o if multiple studies were available from the same cohort, the most
recent study was included.

Studies were excluded using the following criteria:

e subjects younger than 18 years;

e subjects not human or with BMI in the underweight range;

o studies with abstract or full text missing;

e studies not stratified according to BMI categories and metabolic
health;

e cross-sectional studies, case studies, case reports, case series and
letter to editors;

e studies in languages other than English.
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MS components (risk factors) used to define metabolic
health according to National Cholesterol Education Program Adult
Treatment Panel IIl (NCEP ATP Ill) and International Diabetes Fed-
eration (IDF):

systolic BP, 2130 mmHg, and diastolic BP, 285 mmHg;

triglycerides, 21.7 mmol/L;

high-density lipoprotein cholesterol (HDL cholesterol), <1.03 mmol/L
(men) and £1.29 mmol/L (women);

fasting glucose, 26.1 mmol/L (ATP Ill) and 25.6 mmol/L (IDF);

waist circumference, 2102 cm (men) and 288 cm (women) for ATP lIl
and 294 cm (men) and >80 cm (women) for IDF.

MS was defined as the presence of three or more of the above

metabolic risk factors.

2.3 | Quality assessment

Two independent reviewers assessed the quality of included cohort
studies using the validated risk of bias assessment tool for non-
randomized studies (ROBANS).Y? The tool contains a table with six
domains: participant selection, confounding variables, intervention
measurement, blinding of outcome assessment, incomplete out-
come data and selective outcome reporting. Each study was allo-
cated low, high or unclear RoB in each domain. Studies with a low
risk of bias for all six domains were considered high quality, studies
with a low risk of bias for five domains were considered moderate
quality and studies with a low risk of bias for four or less domains
were considered low quality. The RoB scores are presented in
(Table S2).

2.4 | Data extraction
Two independent reviewers carried out data extraction using a stan-
dardized form. The variables extracted are described in Table 1.

2.5 | Data analysis

The pooled relative risk (RR) of CVD, all-cause mortality and car-
diovascular mortality were calculated from the outcomes for the
MHOW and MHO phenotypes with MHNW used as the reference
population.

Heterogeneity was investigated using Cochrane's Q test and I?
statistic. If heterogeneity was present (p value of Q test < 0.1 and
I? > 25%) a random-effects model was used. Sources of heterogeneity
were explored by fitting each covariate (outcome definition, study
quality, criteria for defining metabolic health, geographic location,
duration of follow-up, number of risk factors in metabolically healthy
and sample size) into a meta-regression model if these data were

available. If the p value after adding the variable was less than 0.05,

then that variable was considered a source of heterogeneity and sub-
group analysis was performed accordingly.

Publication bias was assessed using funnel plots and Egger's test.
If the funnel plot was asymmetrical, a contour enhanced funnel plot
was constructed to distinguish whether heterogeneity or publication
bias was the cause of asymmetry. All analyses were conducted using
STATA version 16.

3 | RESULTS
3.1 | Study characteristics

There were 4,353 citations identified from the Medline, PubMed,
EMBASE, SCOPUS and Cochrane Library databases. One hundred
seven-eight studies were identified after screening abstracts and
removing duplicates. Five studies were identified through manual
searching, resulting in 183 studies receiving full-text review. Of the
183 studies, 23 prospective cohort studies with a total of 4,492,723
participants were eligible for systematic review and meta-analysis
(Figure 1).

Of the 23 studies analysed (Table 1), 18 studies included data for

6,7,16,20-34

both male and female subjects with three studies providing

data separated by sex.2>?7°2 Two studies reported data for female

35,36

participants, and three reported data for male subjects

only.2>%7:38 participants were from diverse geographical locations:

7,16,20-22,25,30-33,38 six from North

11 studies were from Europe,
America, 124283436 three from the Middle East,?>?7°7 two from
Asia?®?” and one from Oceania (Australia).® No studies detailed the
ethnic origins of their subjects. Sample size ranged from 1,650 to
3.5 million subjects.2°

Studies used different criteria to define metabolic health. Nine
studies”1>26-288336-38  ;cad the NCEP ATP Il criteria,®® nine

6,16,21-23,29-32

studies used IDF criteria®® and the remaining five stud-

ieSQO,24,25,34,35 used

absence of hypertension, diabetes and
dyslipidaemia to define metabolic health.

All studies used BMI = 25-<30 kgm? and BMI 2 30 kg/m? as the
definition of overweight and obesity, respectively. Metabolic health
was defined differently across studies: Nine used the absence of MS,
three used the presence of two or less risk factors, four studies used
one or less risk factors and seven studies used the absence of any risk
factors.
reported CVD as the only

outcome,®”20-8032.35-37 ¢4y r studies reported cardiovascular mortal-

Seventeen  studies
ity in addition to combined CVD and all-cause mortality as out-
comes. 15163138 Ty o studies reported all-cause mortality as the only

outcome.33’34 Most Studiesé,?,15,16,20,22—24,27—2‘?,31,35—38,41

reported
CVD as a composite outcome that included the following presenta-
tions of CVD: coronary artery disease (angina, ischaemic heart dis-
ease and myocardial infarction), cerebrovascular disease or heart
failure.

RoB was evaluated using the RoBANS tool.?? All studies included

in the meta-analysis achieved an overall quality score of 5-6/6.
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(Continued)

TABLE 1

Number of
metabolic

Obesity

risk factors in
metabolically
healthy

0

Mean or

measurement
(cut-off)

Criteria for definition
of metabolic health

Mean age
(years)
31.2

median years
of follow-up

6.1

Outcome
CHD

%Male

Sample size

Study design
Cohort

Country

Year

Author

BMI = 30 kg/m?

Presence of none of the

100

31,684

Israel

2015

Twig et al.

metabolic abnormalities
according to ATP IlI

criteria

ACM

0 Waist

Presence of no risk factors

Not reported

45.8

Prospective 134 20,299

The Netherlands

2014

van der A

circumference
2102 cm in men
288 cmin

according to ATP

Il criteria

cohort

OPIO ET AL.

women

Abbreviations: ACM, all-cause mortality; ATP Ill, Adult Treatment Panel Ill; CAD, coronary artery disease; CHD, coronary heart disease; CVD, cardiovascular disease; CVM, cardiovascular mortality; IDF, Interna-

tional Diabetes Federation; IHD: ischaemic heart disease; MI, myocardial infarction.

Median age.

3.2 | MHOW and risk of cardiovascular events

As one study®' did not report raw data for MHOW, data were
pooled from 20 studies, which investigated the risk of CVD in
those with MHOW compared with MHNW (Table S3). There was
an increased risk of CVD in the group with MHOW compared with
the group with MHNW (RR = 1.34, Cl: 1.23-146, n = 20,
I? = 90.3%); however, heterogeneity was high (Figure 2). The risk
of CVD did not differ significantly from the overall risk regardless
of whether the CVD outcome was defined as composite
(RR = 1.36, Cl: 1.20-1.53, n = 15, I> = 91.8%) or single entities of
CVD (noncomposite) (RR = 1.30, Cl: 1.18-1.43, n = 5, I? = 62.8%).
Relative risk did not differ according to study quality (high quality:
RR = 143, Cl: 1.29-1.58, n = 11, I?> = 80.1%: moderate quality:
RR = 1.22, Cl: 1.07-1.38, n = 9, I? = 82.5%); sample size (26,000:
RR = 1.33, Cl: 1.19-1.47, n = 14, I? = 93.6%; <6,000: RR = 1.36,
Cl: 1.14-1.64, n = 6, I> = 50.7%); geographic location (Europe:
RR = 1.34, Cl: 1.18-152, n = 9, I? = 93.7%; North America:
RR = 1.54, Cl: 1.18-2.03, n = 5, > = 78.3%); or study follow-up
duration (<10 years: RR = 1.34, Cl: 1.08-1.68, n = 7, ? = 86.8%;
210 years: RR = 1.34, Cl: 1.22-1.47, n = 13, P? = 82.6%). Interest-
ingly, the relative risk was similar irrespective of the quantity of
risk factors used to define metabolically healthy (0: RR = 1.51, Cl:
1.21-1.88, n = 5, I = 86.2%; <1: RR = 1.25, Cl: 0.87-1.80, n = 3,
I? = 74.8%; <2: RR = 1.29, Cl: 1.21-1.38, n = 12, I> = 54.5%). The
risk of CVD remained high even when there were no metabolic
risk factors. The risk of CVD was different if the study used the

ATP 1l or IDF criteria when compared with those studies that used

‘absence of hypertension, diabetes and dyslipidaemia’ (‘other’
criteria) to define metabolic health (NCEP ATP Ill: RR = 1.31, CI:
1.20-1.44, n = 8, > = 44.6%; IDF: RR = 1.22, CI: 1.07-1.39,
n =8, 1> = 74.5%; ‘Other’ criteria: RR = 1.68, Cl: 1.53-1.85, n = 4,
I? = 33.5%). There was a statistically significant subgroup difference
for criteria used to define metabolic health (Q = 20.15, p < 0.01)
(Figure 2). Furthermore, the pooled effect size for risk of CVD in
MHOW compared with MHNW did not change when the study by
Caleyachetty et al. (2017) with the greatest weighting was
removed from analysis (data not shown). However, these results
should be interpreted with caution because of the small number of
studies used in the subgroup analysis.

The pooled relative risk from studies with disaggregated data
for females and males was different (females: RR = 1.46, ClI:
1.26-1.69, n = 3, I> = 44.3%; males: RR = 1.22, Cl: 1.14-1.30,
n =3, 2 = 0.0%). There was a statistically significant subgroup dif-
ference for gender (Q = 4.75, p = 0.03) (Figure S1). However, cau-
tion is needed in the interpretation because of the small number
of studies.

There was a significantly increased risk of all-cause mortality
(RR = 1.22, Cl: 1.02-1.46, n = 5, 1> = 48.8%) and CVD mortality
(RR = 1.34, CI: 1.12-1.61 n = 4, 1> = 0.0%) in the group with
MHOW compared with the group with MHNW (Figures S2 and
S3); however, there were too few studies to reliably assess
this risk.
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FIGURE 1 Flow chart for literature search,
study selection and reasons for exclusion

Studies added through hand

search.
(n=5)

3.3 | MHO and risk of CVD

Twenty-one studies investigated the association between MHO
and risk of CVD (Table S3). There was an increased risk of CVD in
the group with MHO compared with the group with MHNW
(RR = 158, Cl: 1.34-1.85; I> = 92.2%); however, heterogeneity
was high (Figure 2). This risk of CVD did not differ significantly
from the overall effect size regardless of whether the CVD out-
come was defined as composite (RR = 1.64, Cl: 1.37-1.96, n = 16,
> = 88.4%) or single entities of CVD (noncomposite) (RR = 1.43,
Cl: 0.99-2.07, n = 5, I> = 91.8%). The pooled RR did not differ sig-
nificantly according to study quality (high: RR = 1.58, CI
1.38-1.81, n = 12, I> = 69.8%: moderate: RR = 1.67, Cl:
1.07-2.62, n = 9, I? = 96.4%); sample size (26,000: RR = 1.57, Cl:
1.31-1.88, n = 15, I = 93.9%; <6,000: RR = 1.65, Cl: 1.12-2.42,
n = 6, 1> = 67.8%); geographic location (Europe: RR = 1.47, Cl:
1.22-1.76, n = 10, I> = 90.8%; North America: RR = 1.95, Cl:
1.36-2.80, n = 5 [|> = 78.0%): or study follow-up duration
(<10 years: RR = 1.89, Cl: 1.13-3.17, n = 7, ? = 94.5%: =10 years:
RR = 1.51, CI: 1.27-1.79, n = 14, I?> = 83.8%). As for the MHOW
group, the risk in the MHO group was similarly increased

_WILEY_l

Studies identified through
databases of Medline, PubMed,
EMBASE, SCOPUS.

(n=4353)

Studies excluded on the basis of title and abstract

screening.
—

(n=4175)

\4
Studies retrieved for full-text
screening.

(n=183)

Studies excluded on the basis of full-text
screening: (n=114)

Wrong study design (82)
Wrong setting(3)

Wrong patient population(21)
Wrong outcome(3)

Wrong intervention(5)

\ J
Potential relevant studies
retrieved for detailed full-text
assessment.

(n=69
Studies excluded after detailed full-text
assessment: (n=46)

Obesity is not categorized(28)

Obesity is categorized as normal weight/
overweight or not obese/obese(10)

No raw data(3)

Heart failure due to non artherosclerotic
CVD(1)

Obesity cut off=25kg/m*(3)
Low quality(1)

\4
Studies included for Systematic
Review and Meta-Analysis,

(n=23)

irrespective of the quantity of risk factors used to define metaboli-
cally healthy (0: RR = 2.18, CI: 1.28-3.71, n = 5, > = 94.7%; <1:
RR = 1.29, CI: 1.10-1.52, n = 4, I> = 0.0%; <2: RR = 1.54, ClI:
1.26-1.88, n = 12, I?> = 86.6%). The risk of CVD remained high
even when there were no metabolic risk factors.

The risk of CVD differed according to whether ATP Il or IDF
criteria were used, compared with those studies that used absence
of hypertension, diabetes and dyslipidaemia (‘other’ criteria) to
define metabolic health (NCEP ATP Ill: RR = 1.68, Cl: 1.36-2.08,
n =8, > = 632% IDF: RR = 1.25, Cl: 1.04-1.51, n = 9,
> = 70.9%: other criteriax RR = 2.32, Cl: 1.55-3.49, n = 4,
I? = 91.8%). There was a statistically significant subgroup difference
for criteria used to define metabolic health (Q = 9.23, p = 0.01)
(Figure 2). Furthermore, the pooled effect size for risk of CVD in
MHO compared with MHNW did not change when the study by
Caleyachetty et al. (2017) with the greatest weighting was removed
from analysis (data not shown). Again, these results should be
interpreted with caution because of the small number of studies.

The pooled RR from studies with disaggregated data for females
and males were similar (females: RR = 1.71, Cl: 1.28-2.28, n = 3,
I? = 61.1%; males: RR = 2.15, ClI: 1.88-2.46, n = 3, I? = 0.0%). Although
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FIGURE 2 A, Meta-analysis of risk of cardiovascular events in participants with metabolically healthy overweight compared with
metabolically healthy normal weight participants. B, Meta-analysis of risk of cardiovascular events in participants with metabolically healthy
obesity compared with metabolically healthy normal weight participants. C, Meta-analysis of risk of cardiovascular events in participants with
metabolically healthy overweight compared with metabolically healthy normal weight participants by criteria for defining metabolic health. D,
Meta-analysis of risk of cardiovascular events in participants with metabolically healthy obesity compared with metabolically healthy normal
weight participants by criteria for defining metabolic health

the risk of CVD appears to be greater in males than females, the num- There was a significantly increased risk of all-cause mortality
ber of studies was too few to reliably comment on the difference. (RR = 159, CI: 1.02-247, n = 6, I? = 86.2%) but not of
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cardiovascular mortality (RR = 2.22, Cl: 0.96-5.11, n = 4, I> = 81.9)
in the group with MHO compared with the group with MHNW
(Figures S4 and S5).

It is important to note that although overweight/obesity increases
the risk of CVD in individuals who are metabolically-healthy, this
study also determined that metabolic abnormality confers an even
greater risk of CVD in individuals with normal weight (pooled
RR = 3.07; Cl: 2.27-4.15, n = 20, I? = 99.17%) (data not shown).

3.4 | Investigating heterogeneity and publication
bias

The results of the meta-analysis for MHOW had high heterogeneity
except for studies with a sample size <6,000 (I? = 50.68%) and those
studies that used ATP Ill criteria to define metabolic health
(I? = 44.62%). High heterogeneity was also observed in the MHO
analysis except in studies where metabolic health was defined by <1
risk factor (12 = 0.00%) and the high-quality studies where the hetero-
geneity was moderate (1% = 69.81%). Despite the high heterogeneity,
the overall effect size did not significantly differ across subgroups in
both the MHOW and MHO analyses; meta-regression and analysis of
subgroup difference identified that the criteria used to define meta-
bolic health in both MHOW and MHO populations, and gender in
MHOW populations as a cause of heterogeneity (Tables 2 and 3).

The MHOW analysis showed no evidence of publication bias
using a funnel plot and contour-enhanced funnel plot (Figures S6 and
S7) or Egger's test (Table 2). The MHO analysis showed no evidence
of publication bias using a funnel plot and contour-enhanced funnel
plot (Figures S8 and S9) or Egger's test, except within studies grouped
according to the criteria used to define metabolic health in which a
small study effect was observed for studies using ‘absence of hyper-
tension, diabetes and dyslipidaemia’ to define metabolic health
(Egger's test Coef = 4.67; p value = 0.001) and studies with sample
size <6,000 (Egger's test Coef = 3.19; p value = 0.001) (Table 3).

4 | DISCUSSION

This systematic review is the most up to date meta-analysis per-
formed in the field with obesity categorized into six phenotypes
and includes nine new studies with an additional 4,012,796
participants.20-22252629.343537 5o me previous reviews included stud-
ies which classified obesity into two categories by either combining
normal weight and overweight or using obesity cut-off of 25 kg/m?.
Unlike previous reviews this review did not include individuals with
overweight in the comparator population.”** The use of a comparator
group with MHNW enabled a more accurate estimate of the risk of
CVD, cardiovascular mortality and all-cause mortality attributable to
having MHOW/MHO.

The data confirmed an increased risk of CVD in people classified
as having MHOW or MHO when compared with a cohort with normal
weight and metabolically healthy, consistent with literature by Kramer
et al.,’® Fan et al.’ Eckel et al.,'* Zheng et al.,*? Ortega et al.’® and

Yeh et al.** However, this data also identified an increased risk of

CVD in the population with MHOW/MHO in the absence of any met-
abolic risk factors, perhaps the most robust definition of optimal met-
abolic health. This could be interpreted as evidence that the concept
of MHOW(/obesity does not exist. This is a new finding, and previous
studies by Eckel'! and Zheng? did not identify a statistically signifi-
cant increased risk of CVD in populations with MHOW and MHO
without metabolic risk factors. This finding may have practical implica-
tions where individuals with overweight or obesity without
established CVD should be encouraged to achieve normal weight to
decrease the risk of developing CVD even in the absence of cardio-
metabolic risk factors.

However, caution is needed when interpreting these new data
because of the high heterogeneity and limited numbers of studies.
There was no clear dose-response curve established, that is, no
graded increase in CVD risk when O, <1 or <2 MS risk factor criteria
were used for defining metabolically healthy within the groups with
MHOW or MHO. However, the limited power from the small number
of studies in each group could have resulted in a failure to detect a
difference in effect size. Many studies reported the outcome data for
participants without risk factors together with those having one or
two risk factors in the definition of metabolic health, making it a chal-
lenge to relate the magnitude of cardiovascular risk directly to the
number of risk factors with certainty.

This study revealed evidence of an increased risk of cardiovascu-
lar mortality and all-cause mortality in people with MHOW/MHO.

We performed meta-regressions and subgroup analyses to investi-
gate heterogeneity and demonstrated that the risk of CVD in groups
with MHO and MHOW compared with MHNW was not affected by
the outcome definition, sample size, duration of follow-up, geographic
location or quantity of metabolic risk factors used in the definition. The
pooled effect size for risk of CVD in groups with MHOW/MHO com-
pared with MHNW did not change when the study by Caleyachetty
et al. (2017) with the greatest weighting was removed from analysis. All
included studies were of high (n = 11) or moderate quality (n = 10) and
there was no indication that quality affected the overall effect sizes;
however, there was less heterogeneity in high-quality studies examin-
ing the risk of CVD in populations with MHO (12 = 69.81%). The results
suggest that males and females with MHOW or MHO are at increased
risk of CVD. The risk appeared to be greater for MHOW in females
than males but was greater for MHO in males than females; this raises
the possibility of differential effects between men and women, but this
would need to be confirmed with much larger samples.

A limitation of these findings is the high heterogeneity observed
for each pooled relative risk. Meta-regression analysis in both
groups with MHO and MHOW identified that the criteria used by
each study for defining metabolic health were a cause of some het-
erogeneity. There was a noticeable difference in the pooled relative
risk according to whether ATP Il or IDF criteria were used to define
metabolic health compared with those studies that used absence of
hypertension, diabetes and dyslipidaemia to define metabolic health.
This emphasizes the need for a standard criteria that can be used to
define metabolic health in future research. Another limitation was

that most studies did not include cardiorespiratory fitness (CRF) and
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TABLE 2 Subgroups analysis of the risk of cardiovascular disease in participants with metabolically healthy overweight compared with

participants with metabolically healthy normal weight

Subgroup Effect size RR (95% Cl) Number of studies
Overall 1.34 (1.23-1.46) 20
Outcome

Composite 1.36 (1.20-1.53) 15

Noncomposite 1.30(1.18-1.43) 5
Quality

High 1.43(1.29-1.58) 11

Moderate 1.22 (1.07-1.38) 9
Sample size

<6,000 1.36 (1.14-1.64) 6

26,000 1.33(1.19-1.47) 14
Criteria for defining metabolic health

ATP Il 1.31(1.20-1.44) 8

IDF 1.22(1.07-1.39)

Other 1.68 (1.53-1.85) 4
Number of risk factors in metabolically healthy

0 1.51(1.21-1.88) 5

1 or less 1.25 (0.87-1.80) 3

2 orless 1.29(1.21-1.38) 12
Geographic location

Asia 1.27 (1.00-1.63) 2

Australia 1.53(0.92-2.53) 1

Europe 1.35(1.23-1.48) 9

Middle East 0.99 (0.67-1.46) 3

North America 1.54 (1.20-1.96) 5
Duration of follow up

<10 years 1.34 (1.08-1.68) 7

10+ years 1.34(1.22-1.47) 13
Gender

Female 1.46 (1.26-1.69) 3

Male 1.22(1.14-1.30) 3

Egger's test for small study effects: Test of group difference:

Statistic & p value Statistic & p value
=-0.22 _
p=0.83
=-0.05,p=0.96 Q, =0.32
z=-0.19,p=0.85 p =057
z=-0.58,p=0.56 Q,=3.72
z=0.60,p =0.55 p =0.05
z=1.55p=0.12 Q, =0.07
z=-149,p=0.14 p =0.80
z=045,p=0.66 Qy, =20.15
z=-123,p=0.22 P <0.001
z=0.90,p=0.37
z=-0.00,p = 0.99 Q,=1.87

z=-0.19,p=0.85 p=0.39
z=0.00,p =0.99

Qb =3.92
p=042
Europe: z=-0.99,p = 0.32
North America: z=0.82, p = 0.41
z=0.62, p = 0.5360 Q, = 0.00
z=-0.53,p = 0.5947 p=0.98
p =094 Q,=475
p=0.46 p=0.03

Note: Egger's test of small study effects and meta-regression analysis were not done for geographic location because of small numbers in some groups.
Gender: studies with mixed females and males participants. z Test statistics for Egger's test. Q, Test statistics for test of group difference. p = p Value. ATP
lll: Adult Treatment Panel Il criteria for metabolic syndrome. IDF: International Diabetes Federation criteria for metabolic syndrome. Other: metabolic

health defined by absence of hypertension, diabetes and dyslipidaemia.

physical activity (PA). The review by Ortega et al. found that the
difference in all-cause mortality and CVD mortality/morbidity
between MHO and MHNW was largely explained by difference in
CRF between the two phenotypes.*® A state-of-the-art-review on
prevention and treatment of obesity indicated the significance of
including CRF and PA as covariates in the models when comparing
risk of CVD in MHO and MHNW.*? Moholdt T et al. showed that
in coronary artery disease, PA was more important than weight for
predicting survival*® and changes in PA were much more important

than changes in weight for predicting survival.**

5 | RECOMMENDATIONS

This research suggests that there is increased risk of CVD in people
with MHOW or MHO. There is a need for a standard definition of
metabolic health. It is recommended that future research examining
the relationship between MHOW, MHO and the risk of CVD:

e categorize metabolic risk factors into discrete groups of no risk fac-
tors, one, two or three or more risk factors and define metaboli-

cally healthy as having no risk factors.
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TABLE 3 Subgroups analysis of the risk of cardiovascular disease in participants with metabolically healthy obesity compared with

participants with metabolically healthy normal weight

Subgroup

Overall

Outcome
Composite
Noncomposite

Quality
High
Moderate

Sample size
<6,000
26,000

Effect size (95%
Cl)

1.58 (1.34-1.85)

1.64 (1.37-1.96)

1.43(0.99-2.07)

1.58 (1.38-1.81)
1.67 (1.07-2.62)

1.65(1.12-2.42)
1.57(1.31-1.88)

Criteria for defining metabolic health

ATP Il
IDF
Other

1.68 (1.36-2.08)
1.25(1.04-1.51)
2.32(1.55-3.49)

Number of
studies

21

16

12

9
4

Number of risk factors in metabolically healthy

0
1 orless

2 or less

Geographic location

Asia
Australia
Europe
Middle East

North
America

2.18(1.28-3.71)
1.29 (1.10-1.52)
1.54 (1.26-1.88)

1.47 (0.71-3.05)
1.36 (0.73-2.54)
1.46(1.23-1.74)
1.67 (0.46-5.98)
1.95(1.36-2.78)

Duration of follow up

<10 years

10+ years
Gender

Female

Male

1.89(1.13-3.17)
1.51(1.27-1.79)

1.71(1.28-2.29)
2.15(1.88-2.46)

5
4
12

14

3
3

Egger's test for small study effects: Statistic &

p value
z=1.46
p=0.14

z=1.12,p=0.26
z=0.58,p=0.56

z=0.32,p=0.75
z=1.10,p=0.27

z=0.78,p=0.44
z=3.19,p =0.001

z=092,p=0.36
z=0.26,p=0.80
z=4.67,p <0.001

z=0.75p=045

z=-0.76,p=0.45
z=148,p=0.14

Europe: z=1.76, p = 0.08

North America: z = 1.23, p = 0.22

z=0.9,p=0.37
z=0.68,p=0.49

p=0.51
p=0.18

Test of group difference: Statistic &
p value

Q, =0.39
p=0.53

Q, =0.05
p=0.82

Q, =0.05
p=0.82

Q,=9.23

p=0.01

Qp = 4.46
p=0.11

Q,=216
p=071

Qb =0.66
p=0.42

Q, =199
p=0.16

Note: Egger's test of small study effects and meta-regression analysis were not done for geographic location because of small numbers in some groups.
Gender: studies with mixed females and males participants. z Statistic for Egger's tests. Qy, Statistics for test of group difference. p = p Value. ATP lIl: Adult
Treatment Panel Il criteria for metabolic syndrome. IDF: International Diabetes Federation criteria for metabolic syndrome. Other: Metabolic health

defined by absence of hypertension, diabetes and dyslipidaemia.

o design prospective cohorts with sufficient sample size and follow- 6 | CONCLUSIONS
up duration to determine CVD risk within population subgroups.

e consider inclusion of other factors associated with metabolic
health (e.g., CRF, PA, hepatic fat and inflammatory status deter-
mined by C-reactive protein levels)

o report changes in metabolic parameters over time.

e include and report data on participants from other regions
(e.g., Oceania, Africa, South America, Asia and Middle East) to

increase diversity of the study population.

This systematic review and meta-analysis found an increased risk
of CVD in populations with overweight and obesity considered

metabolically healthy compared with those classified as normal

weight and metabolically healthy. The risk was similar regardless of

whether the definition of metabolically healthy included those who

had none, one or less, two or less metabolic risk factors. The risk

of CVD remained high even when there were no metabolic
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risk factors. Hence the term ‘metabolically healthy’ may be a

misnomer.
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