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Background/aims:  Metabolically  healthy  obesity  (MHO)  remains  controversial,  since  the  underlying  mech-
anisms behind  this  phenotype  remain  unclear.  We  aimed  to investigate  the  characteristics  of  MHO,  as
well  as prospective  risks.
Method:  A  cross-sectional  analysis  was  carried  out in  a  subsample  of  3812  obese  subjects  selected  from  the
Malmo  diet  cancer  study  (n = 28,403).  Subjects  with  MHO  (n  =  1182)  were  defined  by having  no  records  of
hospitalization  for  somatic  disorders  prior  to baseline  examination.  MHO  subjects  were  further  compared
to subjects  with  metabolically  unhealthy  obesity,  MUO  (obese  individuals  with  at  least  one recorded
hospitalization:  n = 2630),  and  all non-obese  cohort  controls  (NOC;  n  =  24,591).  Moreover,  prospective
risk  analyses  for  incident  cardiovascular  (CV)  morbidity  and  mortality  were  carried  out.
Results:  Compared  to  MUO  individuals,  MHO  individuals  reported  a  significantly  lower  proportion  of
sedentary  life  style  (p  = 0.009),  but  also  significantly  lower  HbA1c (p  =  0.012),  fasting  glucose  (p  =  0.001)
and  triglyceride  levels  (p  =  0.011)  than  MUO.  Cox-regression  analysis  (follow-up  20  ± 6 years)  showed
both  a significantly  lower  all-cause  mortality  risk  for MHO  individuals  as  compared  to  MUO  (p  = 0.001),
as  well  as  lower  incident  CV  morbidity  risk  (p  =  0.001).  When  comparing  MHO  individuals  to  NOC,  there
were  no  significant  differences  in  neither  mortality  risk  nor  incident  CV  morbidity  risk.

Conclusion:  Compared  to  MUO  individuals,  MHO  individuals  presented  with  a higher  level  of physical
activity,  a  more  favorable  lipid-  and  glucose  profile  and  a  lower  prospective  risk  of  total  mortality  and  CV
morbidity  during  20-years  follow-up.  Notably,  no  significant  differences  could  be  seen  in  mortality  and
CV  morbidity  risks  when  comparing  MHO  subjects  to non-obese  controls.

©  2019  Asia  Oceania  Association  for the  Study  of Obesity.  Published  by  Elsevier  Ltd.  All  rights
reserved.
ntroduction
Obesity has become a growing global epidemic, contributing
o the risk of developing numerous chronic diseases including

Abbreviations: BMI, body mass index; CVD, cardiovascular disease; CV, cardio-
ascular; DM2, diabetes type 2; HF, heart failure; IR, Incidence rate; MDCS, Malmö
iet cancer study; MDCS-CV, Malmö  diet cancer study – cardio vascular arm; MHO,
etabolically healthy obesity; MHNW,  Metabolically healthy normal weight; MUO,
etabolically unhealthy obesity; MUNW,  Metabolically unhealthy normal weight;
OC, Non-obese cohort controls; SBP, Systolic blood pressure; SD, Standard devia-

ion.
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cardiovascular disease (CVD) and diabetes type 2 (DM2) [1]. Fur-
thermore, it has been well established that overweight and obesity
are associated with a higher all-cause mortality risk compared to
normal-weight subjects [2]. At least since the 1980s the prevalence
of obesity and overweight individuals has been steadily increasing,
today representing more than one third of the general population
[3]. The definition of obesity is a Body Mass Index (BMI) ≥30 kg/m2.
Even if this measurement is not without critical remarks, it still is
one of the most accurate assessment for predicting CVD mortality
in overweight individuals [4].

In recent years, a controversial debate has arisen, discussing the

heterogeneity of obesity and that some obese individuals might
be less negatively influenced by their excess weight than others
[5–7]. A phenomenon, known as the obesity paradox, suggests that

er Ltd. All rights reserved.
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Fig. 1. Flow charts of (a) the MDCS baseline cohort and (b) the MDCS-CV sub-cohort
stratified for obese and non-obese subjects respectively.
J. Korduner et al. / Obesity Researc

any types of CVD, especially heart failure (HF), may  have a bet-
er prognosis in the overweight or even obese patients compared
o their leaner counterparts [8]. This could in part be explained
y the fact that many of these disease conditions (e.g. HF) are
ssociated with a chronic catabolic state, where lean body mass
oss carries a negative prognosis, hence the term cardiac cachexia
9].

Recently the concept of ‘Metabolically Healthy Obesity’ (MHO)
as been described, based on the absence of risk factors of
he Metabolic syndrome [5,10], reporting obese but metaboli-
ally healthy individuals with a more favorable inflammatory and
etabolic profile [11]. Other studies that support this notion, fur-

her describe MHO  individuals having a higher degree of physical
ctivity (PA) and cardiorespiratory fitness (CRF) compared to their
nhealthy counterparts – thus supporting a concept known as fat
ut fit [12]. Additionally, obesity has been linked to a state of chronic
nflammation, leading to insulin resistance and disruption of other
spects of the energy homeostasis [13] – this may  be downreg-
lated in obese individuals considered metabolically healthy, but

s yet to be proven. Nevertheless, a systematic review and meta-
nalysis showed that MHO  individuals did run an increased risk
f future CV events, compared to Metabolically Healthy Normal
eight (MHNW) individuals, but not increased risk of all-cause
ortality [6]. However, other studies reported that relative risks

or developing CVD was not significantly higher among individuals
ith MHO, compared to MHNW individuals [14]. Lastly, a recent

ystematic review and meta-analysis did show that MHO  subjects
ad an increased risk for all-cause mortality as well as development
f CV disease compared to MHNW subjects [15].

Thus, when considering the aforementioned contradicting stud-
es, there is a need to better understand the underlying mechanisms
ehind obesity, as well as its heterogeneity, to be able to address
he increasing prevalence and incidence of obesity in the world. By

apping MHO, we can gain a deeper understanding of risk deter-
inants for obesity as well as biological mechanisms, life style and

ocial factors, and in the extension how it could be treated causally
nd individualized.

The aim of this observational study is to describe determinants,
haracterizing patterns and prognosis for CVD and mortality among
iddle-aged individuals with MHO. We  will compare individuals
ith MHO  and metabolic unhealthy obese (MUO) individuals, when

roups are defined by a history of long-term non-hospitalization for
omatic disease versus hospitalization, respectively, but also with
on-obese controls (NOC).

ubjects

The Malmö  Diet Cancer Study (MDCS) started with base-
ine examination between 1991 and 1996 at the University
ospital in Malmö, Sweden, with the main goal to study the
ontribution of dietary patterns to cancer incidence and mor-
ality. Men  born 1923–1945 and women born 1923–1950, at
he time residing in Malmö, were invited to participate. In
ll, 28,098 subjects participated (2/3 women, 41% attendance
ate) [16] (see Fig. 1). At baseline, the participants were exam-
ned with anthropometric measurements, dietary assessment, a
elf-administered questionnaire and blood samples. A detailed
escription of the baseline investigations has been previously pub-

ished [16,17].
Every second individual of MDCS was re-invited to partici-

ate in a cardiovascular sub-cohort of MDCS, between 1992 and

994, (MDC-CV; n = 6103). The primary aim was  to study the
pidemiology of carotid artery disease, including ultrasound exam-
nation and laboratory analyses of additional fasting blood samples
18,19].
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etabolically healthy obesity (MHO)

All obese individuals (BMI ≥ 30 kg/m2) from the MDCS base-
ine examination, were selected to be included in the study
n = 3812; 13.5%) (see Fig. 1). These individuals were sub-divided
nto two different groups, depending on absence or presence of
ospitalization for somatic disease, as recorded in the Swedish
ational Hospital Inpatient Register, up until the baseline inclu-

ion in MDCS. Hospitalization due to normal deliveries and external
njuries/intoxications were considered non-hospitalization for our
im. Obese individuals with no recorded history of hospitaliza-
ion before baseline were considered MHO  (n = 1182; 4%), whereas
bese individuals with at least one recorded history of hospital-
zation were considered MUO  (n = 2630; 9.5%). These two  groups

ere further compared with non-obese controls, NOC (n = 24,591),
rom the cohort. This novel approach of defining MHO  individuals,
as been previously applied in another local cohort from the same
opulation [20].

ethods

hysical examination

At the MDCS baseline, all participants were examined for weight
kg) and height (cm) without shoes and in light indoor clothing and
MI  was calculated (kg/m2). Waist and hip circumference (cm),

ncluding waist-to-hip ratio, was measured in the standing posi-
ion without clothing. Moreover, lean body mass and body fat was
ssessed by a bioelectrical impedance method. Furthermore, right
rm blood pressure (mmHg) was measured twice in the recum-
ent position after a 5-minute rest, using the Korotkoff phase V
16,17,21].

aboratory data

Fasting venous blood samples were drawn and stored at the
iological bank −80 ◦C, but only in participants (n = 5540) from
DCS-CV. Laboratory blood tests for high sensitivity (hs) C-reactive

rotein (hsCRP) (mg/L), HbA1c (%), fasting blood glucose (mmol/L),
riglycerides, total cholesterol, LDL and HDL cholesterol (mmol/L),
ere analysed at the Department of Clinical Chemistry, Skåne
niversity Hospital in Malmö, participating in a national standard-

sation and quality control system [19].

uestionnaire

The participants filled out a questionnaire including family his-
ory, demographic and socio-economic variables (including marital
tatus and educational level), social network and support, previous
nd current occupation, recent stress exposure or mental prob-
ems, smoking status (yes, regularly/yes, occasionally/no, stopped
moking/no, never smoked), alcohol usage (g/day), medical history
previous and current diseases), and medications [21].

eisure time physical activity

Method used, at the MDCS-baseline, was adapted from the
innesota Leisure Time Physical Activity Questionnaire. The par-

icipants were asked, in the questionnaire, to report the amount
f physical activity during their leisure time by being presented a
ist of eighteen different activities – they were then asked to fill
n how many minutes per week they spent, on average, on each

ctivity. The result was then multiplied using an activity-specific
ntensity coefficient, where the product was called a physical activ-
ty score. The variable for physical activity during leisure time
rovided the following answer alternatives: sedentary spare time
inical Practice 13 (2019) 548–554

(category 1), moderate exercise in spare time (category 2), regular
exercise and training (category 3), and hard training or compe-
tition sport (category 4). This was further computed into binary
(sedentary = 1/active = 2–4), creating a variable called sedentary
spare time (%) [21].

Register end-point data

All individuals were followed from baseline until the first CV-
event, death (obtained from Swedish total population register
Statistics Sweden [SCB]), migration or end of study December 31st
2016. Endpoints were retrieved through the Swedish Inpatient Reg-
istry and the Causes of Death register, administrated by the Swedish
National Board of Health and Welfare. Furthermore, the definition
of a stroke event was additionally supplemented by informa-
tion through the local STROMA-register with its Relapse-register
[22]. The definition of an incident CV-event (fatal or non-fatal)
included myocardial infarction and ischaemic heart disease (ICD-9
codes 411–414; and ICD-10 codes I20, I24, I251–I259), stroke (ICD-
9 430–434, 436 and ICD-10 I60–I64), heart failure (ICD-9 428 and
ICD-10 I50, I11.0) and atrial fibrillation/flutter (ICD-9 427D, 4273
and ICD-10 I48).

Statistical methods

De-identified epidemiological data was  analyzed using descrip-
tive statistical methods, comparing MHO  individuals to both MUO
individuals and NOC. Analysis of the difference in continuous vari-
ables was made by one-way ANOVA, whereas dichotomous and
category variables were analyzed through using Mann–Whitney
U-test and Chi-squared test.

The values of the variables for smoking habits (1–4) were com-
puted into binary (No: 1/ Yes: 2–4). Moreover, the variable for
physical activity in free time (1–4) variable was  computed into
binary (sedentary: 1/ active: 2–4). In addition, a prospective risk
analysis of mortality incidence and incident cardiovascular mor-
bidity, from the time of start-up until the end of follow-up, was
performed using Cox-regression analysis. All statistical analyses
were made using IBM SPSS Statistics version 25 (SPSS, Chicago, IL,
USA). Statistically significance level was set at p-value less than
0.05.

Results

MHO versus MUO  subjects

Compared to MUO  individuals (one-way ANOVA) MHO  individ-
uals were younger (58 ± 7 years vs. 60 ± 7 years; p = 0.001) and
more likely to be male (41.2% vs. 37.1%; p = 0.016). Additionally,
MHO  individuals had a significantly lower BMI  (MHO 32.6 kg/m2

vs. MUO  33.1 kg/m2; p = 0.001) as well as lower waist and hip
circumference (p = 0.001), but no significant differences could be
seen in the waist/hip ratio. No statistically significant difference
in mean blood pressure was  seen between the two groups. More-
over, MHO  individuals reported a significantly lower proportion
of sedentary life style than MUO  (17.4% vs. 21.9%; p = 0.009), and
were more likely to hold a university degree (13.4% vs. 9.4%;
p = 0.003). MUO  individuals were more likely to be ever smokers
(MUO 61.8% vs. MHO  56.3%; p = 0.008) but no significant difference
was seen in alcohol consumption (p = 0.3). Furthermore, MHO indi-
viduals had significantly lower HbA1c (p = 0.012), fasting plasma

glucose (p = 0.001) and triglyceride levels (p = 0.011), as compared
to their MOU  counterparts. No significant difference could be seen
in cholesterol (total cholesterol, HLD-C and LDL-C) or hsCRP levels.
See Table 1 for more detailed results.
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Table  1
Descriptive comparison and significance testing for MHO  (n = 1182) compared to MUO  subjects (n = 2630); and MHO  compared to NOC subjects (n = 24,591), with standard
deviation (SD) or percentage (%) for metric and categorical variables, respectively.

Variable MHO MUO p-Value NOC p-Value

Anthropometric data (MDCS)
N 1182 2630 24,591
Gender (men, %) 487 (41.2) 975 (37.1) 0.016 9,754 (39.7) 0.306
Age  (years, SD) 58 (7.2) 60 (7.4) <0.001 58 (7.61) 0.026
BMI  (kg/m2, SD) 32.6 (2.6) 33.13 (3.06) <0.001 24.64 (2.76) <0.001
Waist (cm, SD) 99.7 (11.7) 101.22 (11.42) 0.002 81.66 (13.17) <0.001
Hip  (cm, SD) 111.2 (7.7) 112.47 (9.36) <0.001 96.33 (6.7) <0.001
Waist/hip ratio (n (25–75)) median (25–75)a 0.88 (0.82–0.98) 0.89 (0.83–0.98) 0.185 0.83 (0.77–0.92) <0.001
SBP  (mmHg, SD) 149 (18.6) 148 (19.13) 0.889 140 (19.9) <0.001
DBP  (mmHg, SD) 91 (9.4) 90 (9.59) 0.061 85 (9.84) <0.001

Outcomes (MDCS)
Mortality (n, %) 422 (36.3) 1201 (46.6) <0.001 8,178 (33.6) 0.066
Incident CV-event (n, %) 260 (22.3) 749 (29) <0.001 4,957 (20.4) 0.109
Incident rate for CV-eventb 18.1 25.3 – 17.0 –
Prevalent diabetes (n, %) 82 (6.9) 296 (11.3) <0.001 883 (3.6) <0.001

Social  and lifestyle data (MDCS)
N 800 1612 17,837
Smoking current or past, (n, %)c 450 (56.3) 997 (61.8) 0.008 10,896 (61.1) 0.006
Regular smoking (years, SD) 21.2 (13.5) 24.5 (13.8) <0.001 23.2 (14.1) 0.006
Alcohol intake (g/day) 11.08 (14.8) 10.25 (15.44) 0.282 11.14 (12.25) 0.988
Sedentary leisure time, (n, %)d 139 (17.4) 353 (21.9) 0.009 1 899 (10.6) <0.001
Physical Activity Score (SD) 7933 (5660) 7300 (5881) 0.079 8,417 (6759) 0.119
University degree, (n, %)e 107 (13.4) 152 (9.4) 0.003 2 825 (15.8) 0.065
Married, n (%)f 506 (63.2) 997 (61.8) 0.503 11,504 (64.5) 0.472

Laboratory data (MDCS-CV)
N 224 424 4459
Total cholesterol (mmol/L, SD) 6.25 (1.13) 6.30 (1.13) 0.845 6.14 (1.06) 0.293
hsCRP (mg/L, SD) 0.37 (0.44) 0.45 (0.58) 0.215 0.24 (0.42) <0.001
HDL-C (mmol/L, SD) 1.24 (0.30) 1.20 (0.29) 0.287 1.41 (0.37) <0.001
LDL-C (mmol/L, SD) 4.96 (0.88) 4.31 (1.04) 0.989 4.15 (0.98) 0.105
Triglycerides (mmol/L, SD) 1.59 (0.72) 1.76 (0.76) 0.011 1.26 (0.60) <0.001
Fasting glucose (mmol/L, SD) 5.49 (1.36) 5.90 (1.92) <0.001 5.06 (1.19) <0.001
HbA1c (%, SD) 5.09 (0.78) 5.77 (1.08) 0.012 4.85 (0.67) <0.001

Drug  treatment and diabetes (MDCS-CV)
BP-lowering drugs (n, %) 53 (52 %) 178 (57 %) 0.108 676 (33 %) 0.003
Lipid-lowering drugs (n, %) 2 (2 %) 22 (7 %) 0.083 105 (5 %) 0.235

a Interquartile range (IQR) 25–75.
b Incident rate for any cardiovascular event per 1000 person-years.
c Dichotomized to 0 = no, never. 1 = yes, regularly; yes, occasionally; no, stopped smoking.
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d Dichotomized to 0 = moderate exercise in leisure time; regular exercise and tra
e Dichotomized to 0 = no university degree. 1 = university degree.
f Dichotomized to 0 = unmarried. 1 = married.

HO  versus NOC subjects

When comparing MHO  individuals to NOC subjects, differences
ould be seen in blood pressure, where NOC had a significantly
ower systolic and diastolic blood pressure (140/85 ± 19.9/9.8 vs.
49/91 ± 18.6/9.4 mmHg; p = 0.001). Furthermore, NOC had a more
avorable glycaemic profile with both significantly lower HbA1c
NOC 4.85% ±0.67 vs. MHO  5.09% ±0.78; p = 0.001) and fasting
lood glucose (p = 0.001). The inflammatory status, defined by mea-
uring hsCRP, was lower in NOC (0.24 ± 0.42 vs. 0.37 ± 0.44 mg/L;

 = 0.001). More MHO  subjects had antihypertensive drugs and dia-
etes than NOC subjects. See Table 1 for more detailed results.

rospective risk of all-cause mortality and cardiovascular events

Incident rate (IR) for developing cardiovascular disease during
000 person years was significantly lower for MHO  individu-
ls (18.1) compared to MUO  subjects (25.3). Additionally, when
omparing the IR between MHO  and NOC (17.0), there were no

ignificant differences. Cox-regression analysis adjusted for age,
ender, smoking, blood pressure, sedentary behavior and waist/hip
atio (mean follow-up time 20 ± 6 years) showed a significantly
ower all-cause mortality risk for MHO  individuals as compared to
 hard training or competition sport. 1 = sedentary leisure time.

MUO, HR 0.74 (95% CI: 0.66-0.82; p = 0.001), as well as lower total
incident CV morbidity risk, HR 0.69 (95% CI: 0.60-0.80; p = 0.001).
Interestingly, when comparing MHO  individuals to NOC, there were
no significant differences in neither mortality risk (p = 0.9), nor inci-
dent CV morbidity risk (p = 0.7), see Table 2 for additional data.
Unadjusted Kaplan Meier curves presenting all-cause mortality risk
and incident CV-event risk for MHO, MUO  and NOC are shown in
Figs. 2 and 3 respectively.

Discussion

The concept of MHO  was approached by a newly adopted defi-
nition as previously described [20]: i.e. obese individuals with the
absence of hospitalization for somatic disease up until approxi-
mately 60 years of age (the average age of MHO  individuals being
58 ± 7 years). The key findings from our study include MHO  individ-
uals having a more metabolically favorable profile (lower levels of
fasting blood glucose and HbA1c, as well as lower triglyceride levels)
than their MUO  counterparts. There were no significant differences

in the waist/hip ratio between MHO  and MUO  individuals, imply-
ing that the abdominal fat distribution did not significantly differ
between the two  groups. Furthermore, when examining social and
lifestyle data, MHO  subjects were characterized by less seden-
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Table  2
Mortality risk in MHO  (n = 1182) vs. MUO  (n = 2630) and NOC (n = 24,591) subjects until end of follow-up. Cox regression analysis with 95% confidence intervals.

Variables HR 95% CI for HR p-Value

Lower Upper

Total mortality risk
MHO  vs. MUO  0.80 0.70 0.92 0.001
Smoking status 1.20 1.05 1.37 <0.001
Gender (female) 0.71 0.62 0.81 <0.001
Age  (years) 1.11 1.10 1.12 <0.001
SBP  (mmHg) 1.01 1.00 1.01 0.003
Sedentary leisure time (%) 1.42 1.24 1.63 <0.001
Waist/hip ratio 3.00 2.03 4.34 <0.001

CV  event riska

MHO  vs. MUO 0.77 0.65 0.92 0.003
Smoking status 0.97 0.82 1.14 0.708
Gender (female) 0.58 0.48 0.69 <0.001
Age  (years) 1.07 1.05 1.08 <0.001
SBP  (mmHg) 1.01 1.01 1.02 <0.001
Sedentary leisure time (%) 1.31 1.10 1.57 0.003
Waist/hip ratio 2.27 1.31 3.92 0.003

Total  mortality risk
MHO  vs. NOC 0.95 0.84 1.07 0.358
Smoking status 1.50 1.42 1.59 <0.001
Gender (female) 0.84 0.78 0.90 <0.001
Age  (years) 1.12 1.12 1.13 <0.001
SBP  (mmHg) 1.01 1.01 1.01 <0.001
Sedentary leisure time (%) 1.71 1.60 1.83 <0.001
Waist/hip ratio 4.29 3.12 5.91 <0.001

CV  event riska

MHO  vs. NOC 0.95 0.82 1.10 0.462
Smoking status 1.29 1.20 1.38 <0.001
Gender (female) 0.68 0.63 0.74 <0.001
Age  (years) 1.08 1.07 1.08 <0.001
Systolic blood pressure (mmHg) 1.01 1.01 1.01 <0.001
Sedentary leisure time (%) 1.38 1.26 1.52 <0.001
Waist/hip ratio 4.38 3.23 5.94 <0.001

Values are presented as hazard ratios (HR) with 95% confidence interval (95% CI). SBP = systolic blood pressure.
a Incident CV-events, excluding individuals with prevalent CV-events.
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ig. 2. All-cause mortality risk for MHO  (n = 1182), MUO  (n = 2630) and NOC
n  = 24,591) respectively.

ary behavior, a lower proportion of smokers and additionally a
igher educational level than MUO  subjects. These traits could play
n important role when analyzing the prospective risks, which
evealed a significantly lower mortality risk for MHO  individuals
long with a lower risk of incident, non-fatal CV events, compared

o MUO.

On the other hand, when comparing MHO  with NOC individuals
he latter displayed a more benign metabolic status, with lower
evels of glucose, inflammatory protein and lipids in their blood and
Fig. 3. Incident CV-event risk for MHO  (n = 1182), MUO  (n = 2630) and NOC
(n  = 24,591) respectively.

additionally lower blood pressure, apart from having a lower BMI.
Despite these differences, prospective risk analyses (mean follow
up-time 20 ± 6 years) for both all-cause mortality and incident CV
events could not detect any significant differences between these
two groups.

The concept of MHO  has been eagerly debated during recent
years, casting doubt on its mere existence. Even the media has

tried to illustrate this phenomenon, citing findings from the Nurses’
Health Study, supporting the notion that there is still a significantly
higher risk of developing CV disease in obese individuals regardless
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f metabolic health status [23]. Furthermore, accumulating evi-
ence is clarifying the MHO  phenotype, based on the absence of risk
actors, to be a transient state [23–25], where MHO with time will
ransform into MUO. We  hypothesize, however, that in some indi-
iduals this phenotype (MHO) is perhaps more stable than in others
ased on a more strict definition of MHO. Thus, an evident pitfall

s how MHO  is defined. In general, the definition of MHO focuses
n the presence or absence of the metabolic syndrome (MetS) or
hether the individual has developed a certain number of risk fac-

ors for MetS or not [26]. Furthermore, another common way  of
efining MHO  is based upon insulin resistance levels by using the

nsulin sensitivity Index (HOMA-IR), with a certain cut-off point
27,28]. The dilemma of these definitions is that many of the risk
actors involved and used to define MetS (i.e. triglyceride- and HDL-

 levels, fasting glucose), shift intra-individually during repeated
easurements at different time points. Moreover, accumulating

vidence points out that the absence of MetS in obese subjects is
ot an entirely harmless condition [5].

By using this definition of MHO  as being non-hospitalized for
omatic disease up until midlife in spite of obesity, i.e. the MDCS
aseline examination, we were able get an objectively defined phe-
otype which could serve as an alternative to the conventional way
f defining MHO. Not to be overlooked, some individuals might be
reated for chronical illnesses in a primary care unit and thus avoid-
ng inpatient care; however, the outpatient care in Sweden up until
he 1990’s was limited [29] and not as developed as presently.

There are several limitations of this study. First, the poor over-
ll attendance rate at the MDCS baseline examination (41%) could
mply a health selection bias. Furthermore, there is an imbalance
f gender, with a majority of women (61%) adding to the selection
ias and thus not being fully representative of the local popula-
ion. When gathering social and lifestyle information at baseline,
eporting biases cannot be excluded. We  also acknowledge that
MI  was only measured at the baseline examination and that this
ariable indeed could shift intra-individually over time, but mostly
s an increase in mid-life. Additionally, BMI  does neither measure
ody composition nor fat distribution [30]. Lastly, another limita-
ion of the study was that subjects with non-hospitalisation prior
o baseline could still have prevalent hypertension or diabetes, two
isk factors for clinical events and not really compatible with the
oncept of MHO. On the other hand, these conditions could have
een milder or counterbalanced by protective mechanisms in the
ffected subjects leading to a status of “non-hospitalisation” in our
nalyses. Furthermore, we do not include data on risk factors during
ollow-up as the analyses were focused on clinical events only.

On the other hand, the MDCS is a large (n = 28,098), well-
haracterized prospective cohort, and not to forget, population-
ased, with a follow-up time of 20 years. Moreover, the
DCS-baseline and MDCS-CV sub-cohort have been linked to

xcellent national and well validated register data on hospitaliza-
ion, why it was possible to apply our new approach to define MHO.
ospitalization as a marker of poor health could serve as a better

ndicator to describe an individual’s health status than changing
isk factor levels.

In this observational study we have shown obesity to be a
eterogenous phenomenon, where certain obese individuals that
scape hospitalization for somatic disease up until mid-life have a
ore benign prognosis than other obese subjects. At the same time,

ndividuals characterized as MHO  do not seem to have an increased
isk of developing CV-disease, during a follow up time period of
pproximately 20 years, compared to non-obese individuals. This
uggests an alternative interpretation as compared to several other

tudies [6,12,23,25,31], where subjects with MHO  had an increased
isk of developing CV-disease, when compared to MHNW individu-
ls. What characterizes MHO, when compared to MUO  (apart from

 more favorable metabolic profile) is a less sedentary lifestyle. This
inical Practice 13 (2019) 548–554 553

supports the notion of MHO  individuals being fat but fit,  which is in
line with a recent systematic review [12].

It would indeed be interesting to define MHO  with a higher
cut-off BMI  value (i.e. BMI  ≥ 35 kg/m2), like in our previous study
in another cohort [20], but too few individuals could be included
when studying the MDCS-CV population. Likewise, it would be
compelling to analyze MHO  individuals with more precise body
measurements, such as CT- and MRI-scanning for fat and muscle
distribution. Furthermore, a meta-analysis describing MHO  indi-
viduals’ prospective risks would likewise be interesting; however,
this requires additional studies adopting the same concept of a non-
hospitalization status. Another interesting research aim would be
to examine differences regarding socioeconomic factors, biomark-
ers and genetic variants between MHO  and MUO  subjects.

Conclusion

By applying a novel approach to define MHO  as non-
hospitalization for somatic disease individuals up until approxi-
mately 60 years of age, we observed a more favorable metabolic
profile, a less sedentary lifestyle and a higher educational level
compared to their MUO  counterparts. Prospective risk analyses for
all-cause mortality and incident CV morbidity confirmed this phe-
notype as more benign, as MHO  individuals had, for both outcomes,
a decreased risk compared to MUO. Interestingly, when comparing
MHO  to non-obese individuals, there were no significant differ-
ences in neither total mortality nor incident CV risk. Our results
are in line with previous research in this field, based on other def-
initions, but differ regarding a more favorable incident CV risk for
MHO individuals.
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