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A B S T R A C T

Aim. – To investigate the relationship between metabolically healthy and unhealthy weight statuses

and a wide range of related health issues, and healthcare and loss-of-productivity costs.

Methods. – A total of 693 men and 729 women, aged 25–64 years, took part in the European Health

Examination Survey conducted in Luxembourg between 2013 and 2015. Metabolically unhealthy

normal-weight profiles were defined as having two or more cardiometabolic abnormalities (high blood

pressure, high fasting glucose or triglycerides, low HDL cholesterol and/or previously diagnosed

hypertension or diabetes) in people with normal weight. Metabolically healthy overweight/obesity was

defined as having fewer than two of the above-mentioned abnormalities in people with overweight or

obesity. For the present report, the participants’ anthropometric, clinical, biological, sociodemographic,

lifestyle and health-related data were analyzed.

Results. – Of the participants with normal weight, 20% had a metabolically unhealthy profile, whereas

60% with overweight and 30% with obesity had a metabolically healthy profile. Comparisons between

metabolically healthy and unhealthy normal weight, overweight and/or obesity status revealed that

participants presented with a metabolically unhealthy profile independently of weight status

(P < 0.0001). People with a metabolically healthy profile were more likely to perceive their health as

good (66%; P < 0.0001), and to report no physical pain (64%; P = 0.03), no limitations in daily activities

(66%; P = 0.0008), no difficulties getting in or out of a bed or chair (63%; P = 0.02) or dressing and

undressing (63%; P = 0.003), going shopping (63%; P = 0.053) or doing occasional heavy housework (64%;

P = 0.007); they also displayed fewer gastrointestinal (63%; P = 0.02), arthrosis (64%; P = 0.001) and sleep

apnoea issues (63%; P = 0.002) compared with those with a metabolically unhealthy profile. Healthcare-

and loss-of-productivity-related costs were higher with a metabolically unhealthy profile, with

differences of up to s 3000 (P = 0.02).

Conclusion. – The present work has highlighted that, independently of weight status, people may

develop a metabolically unhealthy profile associated with several health issues as well as higher

healthcare and loss-of-productivity costs.
�C 2017 Elsevier Masson SAS. All rights reserved.
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Introduction

Overweight and obesity have been widely associated with
several medical conditions; especially cardiometabolic comorbi-
dities, linked to increased healthcare expenditures and loss of
productivity, and are frequently explained in the literature by poor
nutritional status and lack of physical activity [1–4]. Yet, the latest
research has highlighted the existence of metabolically healthy
overweight (MHOV) and metabolically healthy obesity (MHO)
profiles, characterized by high body mass index (BMI) scores
(� 25 kg/m2) but, otherwise, no cardiometabolic issues in particu-
lar [5–8]. Metabolically unhealthy normal weight (MUNW)
profiles have also been found with lower scores of BMI (18.5–
25 kg/m2) displaying poor cardiometabolic profiles [5–8]. Although
no consensus has yet been established to define the cardiometa-
bolic profile characteristics amongst those with metabolically
healthy and unhealthy weight statuses, most definitions have
included at least two of the following cardiometabolic risk factors:
insulin resistance, inflammation, hyperglycaemia, dyslipidaemia,
hypertension and/or abdominal obesity [5–11]. However, a clear
definition is crucial in terms of public health, especially in order to
better prevent and treat cardiometabolic complications indepen-
dently of weight. Indeed, while the management of MUNW people
is still often neglected, those with overweight or obesity but
metabolically healthy profiles are not necessarily in need of
intervention [9–12]. In fact, some interventions, such as energy-
restricted diets, may even damage metabolic health in the MHOV
and MHO, resulting in type 2 diabetes (T2D), even though this
therapeutic approach is supposed to improve glucose and insulin
abnormalities [6–9].

Beyond cardiometabolic considerations, the relationships
between metabolically unhealthy normal-weight, overweight
and obesity profiles, and other physical and mental health issues,
are also being investigated, although such studies are still either
only just beginning, or are scarce or controversial [10,13–16].

Furthermore, while certain authors argue for reinforcement of
healthy lifestyle interventions to treat MHO, and for bariatric
surgery as a strategic treatment for metabolically unhealthy
obesity (MUO), there is still no consensus regarding the potential
implication of dietary habits and physical activity in the
development of metabolically healthy or unhealthy weight status
[9,17–21]. Cardiometabolic health management should also be
cost-effective [9]. Yet, no health-related costs of MUNW, metabol-
ically unhealthy overweight (MUOV) or MUO profiles have been
investigated thus far.

Therefore, the present report aimed to investigate: (1) the
relationships between MUNW, MUOV and MUO, and a wide range
of physical and mental health issues; and (2) the costs related to
healthcare and loss of productivity. The prevalence and associated
correlates of these three profiles in the adult population residing in
Luxembourg were also examined.

Methods

Participants

The European Health Examination Survey (EHES-LUX2013–2015)
was conducted between 2013 and 2015 in 1529 adult residents of
Luxembourg, aged 25–64 years, who were randomly selected from
the national population registry as previously described [22]. Of
these 1529 randomly selected participants, data from 21 pregnant
women, 24 participants with BMI scores< 18.5 kg/m2, and 62 who
were missing values defining metabolically healthy/unhealthy
weight status (one had no information on diabetes diagnosis, six
had no information on blood pressure, and 55 had no data on

triglycerides, high-density lipoprotein [HDL] and/or glycaemia
concentrations) were excluded. For the present report, data from
693 men and 729 women (n = 1422) who had complete informa-
tion on anthropometrics, clinical measurements, biomarkers,
sociodemographic characteristics, lifestyle patterns and health
status were ultimately analyzed. The study was authorized by our
national committees for research ethics and data protection, and
informed consent was obtained from each participant.

Anthropometric, clinical and biological assessments

Weight, height, BMI, blood pressure, fasting glucose, triglycer-
ides and HDL cholesterol concentrations were assessed according
to the EHES protocol [22,23].

Metabolically healthy and unhealthy weight statuses

Normal weight, overweight and obesity were defined as BMI
scores of 18.5–25 kg/m2, > 25–30 kg/m2 and > 30 kg/m2, respec-
tively. According to the Ortega et al. [7] definition derived from the
Alberti et al. [24] definition, metabolically unhealthy profiles are
defined as the presence of two or more cardiometabolic
abnormalities: high blood pressure (� 130/85 mmHg); high
fasting glucose (� 100 mg/dL); high triglycerides (� 150 mg/dL);
low HDL cholesterol (< 40 mg/dL in men, < 50 mg/dL in women);
and/or previously diagnosed hypertension or diabetes by a
physician [7]. However, the Ortega et al. [7] definition did not
include treatment for diabetes, lipids or hypertension, as did the
Alberti et al. [24] definition, but instead used a wider definition
based on physician-diagnosed diseases.

On this basis, six profiles were defined: metabolically healthy
normal weight (MHNW); MUNW; MHOV; MUOV; MHO; and MUO
[5,25]. Metabolically healthy profiles were also identified in people
having none of the cardiometabolic components to test the
sensitivity of Ortega et al. [7] definition.

Demographic and socioeconomic characteristics

The present study collected data on age, gender, administrative
district of residence (Diekirch [north], Luxembourg [centre],
Grevenmacher [south]), country of birth (Luxembourg, Portugal
[whose nationals comprise the largest group in Luxembourg’s
overall migrant population], other European Union [EU] countries,
non-EU countries), marital status (never married nor in civil
partnership; married and/or in civil partnership; divorced and/or
in dissolved civil partnership; widowed and/or surviving partner
death), education (pre-primary, primary, lower secondary, upper
secondary, post-secondary non-tertiary, tertiary), employment
(‘professionally active’ in a job or profession, ‘professionally inactive’
including the unemployed, pupils, students, further traineeships or
in unpaid work experience, in retirement, permanently disabled, in
compulsory military or community service and/or fulfilling domes-
tic tasks) and income (replaced by income-bracket medians in cases
of missing data) [22,23].

Lifestyle variables

Data on lifestyle included the following variables: daily
consumption of fruit and vegetables (daily number of fruit and
vegetable portions consumed, daily frequency of consumption:
once or more a day or less than once a day); work-related physical
activity (WRPA; rates of people physically active at work: usually
walking at work and/or having moderate to physically demanding
work); transport-related physical activity [TRPA; quintiles of
metabolic equivalents of task (METs) per min of weekly walking/
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Table 1
Metabolically healthy (MH) and unhealthy (MU) weight statuses from the European Health Examination Survey in Luxembourg in 2013–2015 (EHES-LUX2013–2015): general characteristics.

EHES-LUX2013–2015

(n = 1422)

Normal weight

(n = 594)

Overweight

(n = 536)

Obesity

(n = 292)

Phenotypes (%) MU

n = 534 (37%)

MH

n = 888 (63%)

Pa MUNW

n = 109 (18%)

MHNW

n = 485 (82%)

Pa MUOV

n = 222 (41%)

MHOV

n = 314 (59%)

Pa MUO

n = 203 (70%)

MHO

n = 89 (30%)

Pa

Demographic and anthropometric characteristics

Age (years, mean� SD) 48�10 43�10 <0.0001 47�10 42�10 <0.0001 47�10 45�10 0.02 50�9 43�9 <0.0001

Gender (%)

Male

Female

51%

24%

49%

76%

<0.0001 33%

10%

67%

90%

<0.0001 51%

26%

49%

74%

<0.0001 79%

60%

21%

40%

0.0005

BMI (kg/m2, mean� SD) 29�5 25�4 <0.0001 23�1 22�2 <0.0001 27�1 27�1 0.01 35�4 33�3 0.001

+Waist circumference (cm, mean� SD) 100�13 87�11 <0.0001 85�7 80�7 <0.0001 96�7 92�7 <0.0001 112�11 105�10 <0.0001

Socioeconomic characteristics

District of residence (%)

Diekirch

Grevenmacher

Luxembourg

36%

38%

38%

64%

62%

62%

0.90 15%

21%

18%

85%

79%

82%

0.64 42%

36%

42%

58%

64%

58%

0.56 62%

70%

71%

38%

30%

29%

0.57

Country of birth (%) 0.53 0.45

Luxembourg

Portugal

Other European Union

Non-European Union

37%

46%

35%

33%

63%

54%

65%

64%

0.03 80%

74%

86%

88%

20%

26%

14%

12%

0.07 62%

56%

57%

53%

38%

44%

43%

47%

31%

30%

25%

44%

69%

70%

75%

56%

Marital status (%)

Single

Married/in registered partnership

Widowed/surviving partner death

Divorced/dissolved partnership

33%

39%

28%

39%

67%

61%

72%

61%

0.29 20%

18%

20%

18%

80%

82%

80%

82%

0.93 69%

70%

75%

56%

60%

56%

80%

68%

0.21 60%

71%

60%

74%

40%

29%

40%

26%

0.42

Immigration (%)

Not immigrants

First-generation

Second-generation

37%

38%

37%

63%

62%

63%

0.93 23%

16%

13%

77%

84%

87%

0.03 35%

44%

46%

65%

56%

54%

0.07 69%

70%

70%

31%

30%

30%

0.96

Education level (%)

Pre-primary, primary, lower secondary

Upper secondary, post-secondary,

no tertiary

Tertiary

48%

40%

28%

52%

60%

72%

<0.0001 26%

20%

14%

74%

80%

86%

0.018 47%

42%

36%

53%

58%

64%

0.16 73%

71%

63%

27%

29%

37%

0.37

Employment (%)

Professionally active

Professionally inactive

43%

36%

57%

64%

0.01 21%

18%

79%

82%

0.33 44%

41%

56%

59%

0.51 77%

67%

23%

33%

0.10

Income

Medianb (euros)

(Q1, Q3)

(n = 481)

4970

(3500, 7000)

(n = 796)

5000

(3500, 7500)

0.42 (n = 92)

5500

(4000, 7500)

(n = 431)

5500

(3750, 7500)

0.60 (n = 205)

4750

(3500, 7000)

(n = 284)

5000

(3330, 7500)

0.70 (n = 184)

4525

(3500, 6800)

(n = 81)

4500

(3250, 7000)

0.92

Lifestyle characteristics

Work-related physical activity

1: Yes

2: No

3: Not working

37%

35%

46%

63%

65%

54%

0.006 18%

18%

23%

82%

82%

77%

0.43 39%

41%

45%

61%

59%

55%

0.70 67%

65%

80%

33%

35%

20%

0.08

Transport-related physical activity

(metabolic equivalents/min)

Medianb (Q1, Q3)

(n = 533)

396

(66, 1002)

(n = 886)

396

(132, 1040)

0.88 (n = 109)

445.5

(132, 1040)

(n = 483)

396

(132, 1040)

0.74 (n = 221)

445.5

(66, 1040)

(n = 314)

390

(66, 834)

0.41 (n = 203)

330

(0, 864)

(n = 89)

396

(132, 1040)

0.56

Aerobic physical activity (%)

1: Yes

2: No

29%

43%

71%

57%

<0.0001 17%

20%

83%

80%

0.34 34%

46%

66%

54%

0.009 58%

73%

42%

27%

0.02

Muscle-strengthening

physical activity (%)

1: Yes

2: No

28%

40%

72%

60%

0.0002 15%

19%

85%

81%

0.29 34%

44%

66%

56%

0.06 61%

71%

39%

29%

0.24
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cycling to reach workplace]; frequency of people performing at
least 150 min of aerobic physical activity (APA) per week;
frequency of people doing, on at least 2 days a week, muscle-
strengthening physical activity (MSPA) such as stretching,
gymnastics, yoga, resistance training; weekly consumption of
standard alcoholic drinks; and sleep duration during the week
(threshold of 6 h/night, the minimum of sleep duration recently
recommended by the US National Sleep Foundation [22,23,26–28].

Self-reported health status

Participants were asked how they perceived their health,
physical pain intensity during the past month, potential long-
standing limitations in their daily activities because of physical or
mental health problems during the last 6 months, particularly
functional physical limitations (walking half a kilometre without
aid, walking up or down 12 stairs), limitations in personal-care
activities (getting in and out of a bed or chair, dressing and
undressing, using the toilet, bathing or showering) and/or
limitations in household activities (shopping, preparing meals,
doing light housework or occasional heavy housework).

Participants were also asked to self-report on the presence of
several chronic diseases, if any, over the past 12 months, such as
cardiometabolic (arterial hypertension, hypercholesterolaemia,
diabetes, coronary heart disease, myocardial infarction, stroke),
gastrointestinal (stomach or duodenal ulcer), liver (cirrhosis or
other disease), renal (urinary incontinence), osteoarticular (osteo-
porosis, arthrosis, rheumatoid arthritis, lower-back disorders),
respiratory (asthma, sleep apnoea) and mental (chronic anxiety)
disorders [23]. For more accurate evaluation of hypertension,
hypercholesterolaemia and/or diabetes in participants with
metabolically healthy and/or unhealthy weight statuses, partici-
pants were asked if they were taking any medications related to
these three comorbidities. Their self-reported responses were then
matched with their clinical and biological assessments, as well as
their self-declared medications.

The Berlin Questionnaire (BQ) was used to calculate sleep
apnoea risk (BQ score � 1: presence of snoring; feeling drowsy or
tired during the day; having hypertension and obesity) [29]. Also
assessed was the presence of depressive symptoms, according to
the depression module of the Patient Health Questionnaire (PHQ-
9): scores < 4, no depression; � 5 but � 14, mild-to-moderate
depression; and � 15 but � 27, moderately severe-to-severe
depression [30].

Direct and indirect costs of disease

Healthcare use was reported in the EHES following the
guidelines of Drummond et al. [31]. Both healthcare-related costs
(visits to the general practitioner [GP], dentist, specialist,
physiotherapist, psychologist, and inpatient and day-patient days)
and indirect costs (cost of loss of productivity associated with days
absent from work) were included. Healthcare-related costs were
calculated by multiplying unit use by unit costs, while the cost of
loss of productivity was estimated using the human capital
approach, multiplying reported days of absence with the average
per capita gross domestic product (GDP), including employer
insurance premiums, for Luxembourg. Where Luxembourger unit
costs [32] were not available (of the eight unit costs investigated,
four Luxembourger unit costs were missing; Appendix B; see
supplementary materials associated with this article online),
Dutch unit costs [33] were used instead, and adjusted for inflation
and purchasing power parity (PPP). Dutch average unit costs are
available from their national costing guidelines [33]. When
Luxembourger data were available, the figures were comparable
to the Dutch ones. For dentists, psychologists and physiotherapists,
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data for healthcare resource use only indicated whether a service
was used in the last 12 months. When a service was used, it was
assumed to have been used only once. Where data were available
for 4 weeks, they were linearly extrapolated to 52 weeks. Detailed
unit costs are presented in Appendix D (see supplementary
materials associated with this article online). Statistical signifi-
cance was calculated by bootstrapping the t test with 10,000
samples, as cost data are generally heavily skewed [34].

Statistical analyses

Descriptive statistics of the participants and the prevalence
of metabolically healthy and unhealthy weight statuses were
analyzed, and the results presented as percentages and as
means � SD (min–max). For both TRPA and income variables, quartile
(Q) medians (Q1, Q3) were calculated, and the medians used to divide
ranked data into two groups surrounded by the confidence interval
(CI): Q1 (with 25% of the data below this) and Q3 (with 25% of data
above this). Chi-square, Student’s t and Fisher’s exact tests were
performed to analyze associations between metabolically healthy and
unhealthy weight statuses, as well as the potentially related
comorbidities, risk factors, total health costs and health costs ignoring
productivity. Bonferroni adjustment of the descriptive statistics
for the study population was performed, as the whole group and
each group separately had been analyzed. Univariate and multivari-
able logistic regression analyses were conducted to estimate the odds
ratios (ORs) for MUNW (reference category: MHNW), MHOV
(reference category: MUOV) and MHO (reference category: MUO).
For each multivariable analytical model, variables were based on
statistical criteria (only variables with P < 0.20 on univariate analyses
were considered). To evaluate the multicollinearity of variables
within the model, variance inflation factors were measured for each
independent variable. When the variance inflation factor was equal to
1, that variable was considered independent of the remaining
predictors. Results were considered significant at the 5% critical level
(P < 0.05). All analyses were performed with SAS version 9.4 software
(SAS Institute Inc., Cary, NC, USA).

Results

Prevalence of MHNW, MUNW, MHOV, MUOV, MHO and MUO

According to the Ortega et al. [7] definition, > 22% of
participants to the EHES-LUX2013�2015 had an MHOV profile,
around 6% were MHO and almost 8% had an MUNW profile. The
prevalence of the three other profiles was 15.6% for MUOV, 14.3%
for MUO and 34.1% for MHNW [7] (Appendix A; see supplementary
materials associated with this article online). Using the definition
restricted to zero metabolic components to characterize metaboli-
cally healthy profiles, rates of prevalence were: 21.3% for MUNW
and 20.4% for MHNW; 30.7% for MUOV and 7.4% [7] for MHOV; and
18.6% for MUO and 1.5% for MHO (Appendix A; see supplementary
materials associated with this article online).

Finally, when each weight category was considered separately
and cardiometabolic health was defined according to Ortega et al.
[7], it appears that almost 20% of participants with normal weight
had a metabolically unhealthy profile, whereas 60% of those with
overweight and 30% with obesity had metabolically healthy
profiles. General characteristics are detailed in Table 1.

Demographic, socioeconomic and lifestyle correlates

Univariate analyses are detailed in Appendices B1–B3.
Multivariable logistic regression showed that, for each year of
greater age, there were 6% greater odds of having MUNW than

MHNW. There were also fourfold greater odds of having MUNW in
men than in women. On the other hand, for every 100 METs of
higher TRPA, there were 2% lower odds of having MUNW than
MHNW. Also, for each year of greater age, there were 2% lesser
chances of having a metabolically healthy profile in people with
overweight, and 6% lesser chances in those with obesity. In
addition, there was a threefold lesser chance of having MHOV and/
or MHO in men than in women. For overweight people doing APA
for at least 150 min/week, there was a two-fold greater chance of
having a metabolically healthy profile (Fig. 1a–c).

As for our three models, there was no important collinearity.
Variance inflation factors are detailed in Appendix C (see
supplementary materials associated with this article online).

Associated comorbidities

Self-perceived health, longstanding illness and physical pain

Metabolically healthy people were more likely to perceive
their health as good or very good (66%; P < 0.0001) and to not be
experiencing any physical pain or discomfort (64%; P = 0.03),
although no significant differences were observed between
metabolically healthy and unhealthy profiles regarding self-
perceived health and physical pain in either the normal-weight
or overweight or obese participants (not statistically significant;
Table 2). Also, MHOV profiles were less likely to be associated with
longstanding illness than MUOV profiles (62%; P = 0.0055; Table 2).

Longstanding limitations in daily activities

People with metabolically healthy profiles were less likely to
experience any limitations in performing their usual daily activities
(66%; P = 0.0008), although no significant difference was observed
within any weight category (normal weight, overweight or obesity).
In terms of functional physical limitations, MHNW subjects seemed
to have less difficulty walking half a kilometre with no aid compared
with MUNW subjects (82%; P = 0.002).

Regarding limitations in personal-care activities, people with
metabolically healthy profiles were less likely to have any difficulty
getting in or out of a bed or chair (63%; P = 0.02) or dressing and
undressing (63%; P = 0.003) than those with metabolically un-
healthy profiles, although no significant difference was observed
within the three weight categories. Daily limitations in terms of
bathing or showering were not significantly different between those
with metabolically healthy and unhealthy weight statuses.

However,participants withMUOVseemedtohavemoredifficulty
doing light housework than those with MHOV profiles (57%;
P = 0.03). Also, metabolically healthy people were, in general, less
likely to have any difficulty doing their shopping (63%; P = 0.053) or
the occasional heavy housework (64%; P = 0.07; Table 3).

Chronic diseases

Several diseases were significantly associated with metaboli-
cally unhealthy weight categories. In terms of cardiometabolic
comorbidities, those with MUNW profiles were three times more
likely to have high cholesterol than MHNW, whereas the MHOV
and MHO were two times less likely to have high cholesterol than
the MUOV and MUO (P < 0.0001). While stroke prevalence was not
significantly associated with either MUNW or MHNW profiles, no
stroke cases were reported in participants with overweight and/or
obesity. Gastrointestinal disorders such as stomach and duodenal
ulcers were more likely with metabolically unhealthy than
metabolically healthy profiles (65%; P = 0.02), but there was no
significant difference according to weight category.

Participants with MUNW profiles had urinary incontinence four
times more frequently (P = 0.004) than those with MHNW. There
was also a tendency towards a greater prevalence of urinary
incontinence with MUOV than with MHOV (73%; P = 0.06),

H. Samouda et al. / Diabetes & Metabolism 45 (2019) 140–151144



[(Fig._1)TD$FIG]

Fig. 1. Multivariable logistic predictive models for: (a) metabolically unhealthy normal weight vs. metabolically healthy normal weight; (b) metabolically healthy overweight

vs. metabolically unhealthy overweight; and (c) metabolically healthy obesity vs. metabolically unhealthy obesity. Data are from the European Health Examination Survey in

Luxembourg in 2013–2015 (EHES-LUX2013–2015).
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whereas no significant relationship was observed in the prevalence
of urinary incontinence between MUO and MHO.

Arthrosis prevalence was significantly different in metabolical-
ly healthy vs. unhealthy profiles (P = 0.001), although no signifi-
cant relationship was observed within the three weight categories.

Self-reported sleep apnoea was significantly more frequent
with metabolically unhealthy profiles (65%; P = 0.002), but no
significant relationship was detected across the three weight
categories. However, when the BQ score was applied, significant
weight-category-related differences were observed for sleep
apnoea risk, which was more prevalent in the MUHN than in
the MHNW, and less prevalent in the MHOV and MHO compared
with MUOV and MUO (P < 0.0001). Nevertheless, having hyper-
tension and obesity in the BQ may interfere with the diagnosis of
healthy/unhealthy phenotypes.

According to PHQ-9 scores, participants with MUOV profiles
were more likely to report depressive symptoms than those with
MHOV profiles (52%; P = 0.06 for a statistical tendency).

Finally, no significant relationship was observed between a
cardiometabolically healthy or unhealthy weight status and
coronary heart disease, myocardial infarction, cirrhosis or other
liver disease, osteoporosis, rheumatoid arthritis, lower-back
disorders, asthma and chronic anxiety (Table 4).

Direct and indirect costs of disease

The direct and indirect costs of disease (healthcare-related
costs + cost of productivity loss) were lower for participants with
metabolically healthy profiles in general, with differences of up to
s 3000 (cost of metabolically unhealthy profiles = s 4563 vs. cost
of metabolically healthy profiles = s 2739; P = 0.02). Within the
different BMI groups, the direct and indirect costs of disease were
generally lower for those showing metabolically healthy profiles,
although the results were not statistically significant except for
obesity (costs of MUO = s 6400 vs. MHO = s 3533; P = 0.056;
Table 5).

Discussion

The present work suggests that a non-negligible number of
people displayed MUNW (8%), MHOV (22%) and MHO (6%) profiles

between 2013 and 2015 in Luxembourg. This was the first attempt
to investigate this specific issue in the Grand Duchy of Luxembourg
in a nationally representative sample of adult residents aged 25–64
years. One-fifth of those with normal weight displayed metaboli-
cally unhealthy profiles. On the other hand, around one-third of
those with obesity and two-thirds of those with overweight
showed metabolically healthy profiles.

Investigating metabolically unhealthy profiles within the
normal-weight category is usually neglected despite the impor-
tance of treating and preventing their complications. Indeed, just
like people with MUOV or MUO profiles, those with MUNW
similarly show high levels of non-alcoholic fatty liver disease, high
abdominal-visceral obesity, low leg-fat adiposity, insulin resis-
tance and/or low cardiorespiratory fitness, all of which are major
risk factors of cardiometabolic disorders [35]. As such, they need to
be properly managed, particularly in terms of body composition, to
prevent future complications [35]. It is also crucial to investigate
metabolically healthy profiles in the overweight and obesity
categories to better characterize those who are not necessarily in
need of intervention, but who may need to preserve their
cardiometabolic health [6,8,9,12], whereas people with MUOV
and MUO are already generally being properly managed.

Age and gender (male) were significantly associated with
metabolically unhealthy profiles independently of weight status.
Aerobic exercise was significantly associated with the MHNW
profile, and TRPA was significantly associated with the MHOV
profile. Distinguishing between the physical-activity categories to
investigate the relationship between weight status and cardio-
metabolic health was an innovative approach applied in the
present study.

This work also highlights the idea that people with metaboli-
cally unhealthy profiles are more likely to have poorer perceived
health, functional physical limitations, metabolic, gastrointestinal
and renal complications, arthrosis, sleep apnoea and depression, all
independently of their weight status. Yet, very few studies have
previously explored the relationships between metabolically
healthy and unhealthy weight statuses and such a wide range of
health conditions. Instead, the majority of studies have focused on
the relationship with cardiometabolic health and found contro-
versial results.

In addition, our present findings reveal that any direct and
indirect costs of disease are more likely to be associated with

Table 2
Self-perceived health, longstanding illness and physical pain in people with metabolically healthy and unhealthy normal weight, overweight and obesity in the European

Health Examination Survey in Luxembourg in 2013–2015.

Total

(n = 1422)

Normal weight

(n = 594)

Overweight

(n = 536)

Obesity

(n = 292)

Unhealthy

n = 534

(37.5%)

Healthy

n = 888

(62.5%)

Pa Unhealthy

n = 109

(18.3%)

Healthy

n = 485 (81.7%)

Pa Unhealthy

n = 222

(41.4%)

Healthy

n = 314

(58.6%)

Pa Unhealthy

n = 203

(69.5%)

Healthy

n = 89

(30.5%)

Pa

Self-perceived

health (%)

Very good to good

Fair

Bad to very bad

(n = 533)

34%

47%

50%

(n = 888)

66%

53%

50%

<0.0001 (n = 109)

17%

25%

25%

(n = 485)

83%

75%

75%

0.17 (n = 222)

40%

50%

41%

(n = 314)

60%

50%

59%

0.20 (n = 202)

71%

66%

74%

(n = 89)

29%

34%

26%

0.65

Longstanding

illness (%)

Yes

No

(n = 533)

45%

33%

(n = 888)

55%

67%

<0.0001 (n = 109)

21%

17%

(n = 485)

79%

83%

0.31 (n = 222)

47%

38%

(n = 314)

53%

62%

0.055 (n = 202)

74%

65%

(n = 89)

26%

35%

0.08

Physical pain,

discomfort (%)

None/very mild

to mild

Moderate

Severe or very severe

(n = 533)

36%

39%

48%

(n = 887)

64%

61%

52%

0.03 (n = 109)

18%

18%

27%

(n = 485)

82%

82%

73%

0.37 (n = 222)

41%

39%

45%

(n = 314)

59%

61%

55%

0.83 (n = 202)

66%

75%

78%

(n = 89)

34%

25%

22%

0.26

a P<0.025 threshold significance value for individual analyses, based on Bonferroni correction (two comparisons) with P<0.05 significance threshold.
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cardiometabolic health in general than with weight status. To our
knowledge, this is the first population-based study to consider
such a health-economics approach in the field.

Prevalence

Depending on the studied population and definitions adopted,
previous prevalence estimates of metabolically healthy/unhealthy
weight status have varied from 8% to 24% for MUNW, and from 3%
to 75% for MHOV and MHO [5,7,36,37]. The wide ranges observed
may be due to the differing definitions used to investigate the
prevalence of these weight statuses. In fact, no consensus has yet
been established to permit a standardized definition, and various
definitions are still used by different authors, thereby preventing
full comparability of their findings. Nevertheless, in spite of the
multitude of definitions previously used, our present findings are
in agreement with the available literature [5,7,36,37]. Our study

chose the Ortega et al. [7] definition to define metabolically
unhealthy profiles because of its restrictive features, including no
more than two cardiometabolic abnormalities and the widespread
use of this threshold in the current literature [9]. However, as the
Ortega et al. definition stipulates that people with metabolically
unhealthy profiles represent those with � 2 cardiometabolic
abnormalities, it is therefore not unusual to find participants with
some such disorders, in particular diabetes, despite being
metabolically healthy (Table 4). Indeed, of our 76 participants
with diabetes, six showed metabolically healthy profiles according
to Ortega’s definition; of these six, two women with a mean age of
47.5 years had an average BMI of 25.1 kg/m2 and mean waist
circumference of 91 cm. However, none of them had elevated
blood pressure or coronary disease, although three had high
cholesterol levels, and one had depression and cirrhosis.

Nevertheless, it seems inappropriate to consider subjects as
metabolically healthy when they have diabetes and/or coronary

Table 3
Longstanding limitations in daily activities in people with metabolically healthy and unhealthy normal weight, overweight and obesity in the European Health Examination

Survey in Luxembourg in 2013–2015.

Total

n = 1422

Normal weight

n = 594

Overweight

n = 536

Obesity

n = 292

Unhealthy

n = 534

(37.5%)

Healthy

n = 888

(62.5%)

Pa Unhealthy

n = 109

(18.3%)

Healthy

n = 485

(81.7%)

Pa Unhealthy

n = 222

(41.4%)

Healthy

n = 314

(58.6%)

Pa Unhealthy

n = 203

(69.5%)

Healthy

n = 89

(30.5%)

Pa

Longstanding limitations

in daily activities

Severe limitations

Limitations, but not severe

No limitations at all

n = 533

45%

45%

34%

n = 887

55%

55%

66%

0.0008 n = 109

18%

26%

17%

n = 485

82%

74%

83%

0.08 n = 222

44%

42%

41%

n = 314

56%

58%

59%

0.94 n = 202

67%

76%

67%

n = 88

33%

24%

33%

0.34

Functional physical limitations

Walking half a kilometre

with no aid

No difficulty

Some difficulty

n = 533

37%

63%

n = 886

63%

37%

<0.0001 n = 109

18%

67%

n = 484

82%

33%

0.002 n = 222

42%

43%

n = 313

58%

57%

1.00 n = 202

69%

72%

n = 89

31%

28%

0.83

Walking up or down 12 steps

No difficulty

Some difficulty

n = 533

36%

57%

n = 886

64%

43%

<0.0001 n = 109

18%

44%

n = 484

82%

56%

0.009 n = 222

41%

44%

n = 313

59%

56%

0.78 n = 202

69%

74%

n = 89

31%

26%

0.44

Personal-care activity limitations

Getting in & out of a bed or chair

No difficulty

Some difficulty

n = 533

37%

56%

n = 886

63%

44%

0.02 n = 109

18%

50%

n = 484

82%

50%

0.15 n = 222

42%

43%

n = 313

58%

57%

0.91 (FE) n = 202

70%

67%

n = 89

30%

33%

0.79

Dressing & undressing

No difficulty

Some difficulty

n = 533

37%

62%

n = 886

63%

38%

0.003 n = 109

18%

40%

n = 484

82%

60%

0.23 n = 222

41%

54%

n = 313

59%

46%

0.40 (FE) n = 202

69%

75%

n = 89

31%

25%

0.62 (FE)

Using toilets

No difficulty

Some difficulty

n = 533

37%

50%

n = 886

63%

50%

0.68 (FE) n = 109

18%

100%

n = 484

482%

0%

0.18 (FE) n = 222

41%

100%

n = 313

59%

0%

0.17 n = 202

70%

0%

n = 89

30%

3 (100%

0.03 (FE)

Bathing or showering

No difficulty

Some difficulty

n = 533

37%

56%

n = 886

63%

44%

0.12 n = 109

18%

0 (/)

n = 484

82%

0 (/)

NA n = 222

41%

50%

n = 313

59%

50%

0.72 (FE) n = 202

70%

63%

n = 89

30%

37%

0.70 (FE)

Limitation in household activities

Preparing meals

No difficulty

Some difficulty

Do not need to do

n = 533

37%

53%

42%

n = 887

63%

47%

58%

0.35 (FE) n = 109

18%

50%

14%

n = 484

482%

50%

86%

0.25 (FE) n = 222

41%

57%

53%

n = 314

59%

43%

47%

0.43 (FE) n = 202

70%

50%

50%

n = 89

30%

50%

50%

0.42 (FE)

Shopping

No difficulty

Some difficulty

Do not need to do

n = 533

37%

58%

57%

n = 886

63%

42%

43%

0.053 (FE) n = 109

18%

33%

50%

n = 484

82%

67%

50%

0.23 (FE) n = 222

41%

56%

33%

n = 314

59%

44%

67%

0.78 (FE) n = 202

70%

64%

100%

n = 89

30%

36%

0%

0.89 (FE)

Doing light housework

No difficulty

Some difficulty

Do not need to do

n = 533

37%

47%

83%

n = 887

63%

53%

17%

0.04 (FE) n = 109

19%

0%

0%

n = 484

81%

100%

100%

1.00 (FE) n = 222

41%

57%

100%

n = 314

59%

43%

0%

0.03 (FE) n = 202

70%

56%

100%

n = 89

30%

44%

0%

0.63(FE)

Doing occasional heavy

housework

No difficulty

Some difficulty

Do not need to do

n = 533

37%

45%

55%

n = 887

64%

55%

45%

0.07 (FE) n = 109

18%

24%

0%

n = 484

82%

76%

100%

0.66 (FE) n = 222

42%

35%

40%

n = 314

58%

65%

60%

0.60 (FE) n = 202

69%

70%

100%

n = 89

31%

30%

0%

0.61 (FE)

FE: Fisher’s exact test.
a P<0.025 threshold significance value for individual analyses based on Bonferroni correction (two comparisons) with P<0.05 significance threshold.
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heart disease, myocardial infarction and/or stroke. Indeed, there is
no agreement on how to deal with this group of people, and it may be
an important limitation if they are considered metabolically healthy.
A definition restricted to zero metabolic components to characterize

metabolically healthy phenotypes (and � 1 abnormality for un-
healthy phenotypes) would be more sensitive than the Ortega et al.
[7] definition to determine metabolically unhealthy profiles within
the three categories of weight.

Table 4
Presence of chronic disease in the past 12 months in people with metabolically healthy and unhealthy normal weight, overweight and obesity in the European Health

Examination Survey in Luxembourg in 2013–2015.

Total (n = 1422) Normal weight (n = 594) Overweight (n = 536) Obesity (n = 292)

Unhealthy

n = 534

(37.5%)

Healthy

n = 888

(62.5%)

P Unhealthy

n = 109

(18.3%)

Healthy

n = 485

(81.7%)

P Unhealthy

n = 222

(41.4%)

Healthy

n = 314

(58.6%)

P Unhealthy

n = 203

(69.5%)

Healthy

n = 89

(30.5%)

P

Cardiometabolic comorbidities

Arterial hypertension

Yes

No

n = 534

68%

26%

n = 886

32%

74%

<0.0001 n = 109

51%

13%

n = 484

49%

87%

<0.0001 n = 222

61%

33%

n = 313

39%

67%

<0.0001 n = 203

85%

53%

n = 89

15%

47%

<0.0001

High cholesterol

Yes

No

n = 534

65%

19%

n = 888

35%

81%

<0.0001 n = 109

43%

11%

n = 485

57%

89%

<0.0001 n = 222

64%

23%

n = 314

36%

77%

<0.0001 n = 203

84%

46%

n = 89

16%

54%

<0.0001

Diabetes

Yes

No

n = 534

92%

35%

n = 886

8%

65%

<0.0001 n = 109

71%

17%

n = 484

29%

83%

<0.0001 n = 222

94%

40%

n = 313

6%

60%

<0.0001 n = 203

98%

64%

n = 89

2%

36%

<0.0001

Coronary heart disease

Yes

No

n = 533

53%

37%

n = 887

47%

63%

0.18 n = 109

50%

18%

n = 485

50%

82%

0.33 (FE) n = 222

29%

42%

n = 313

71%

58%

0.70 (FE) n = 202

75%

69%

n = 89

25%

31%

1.0 (FE)

Myocardial infarction

Yes

No

n = 533

57%

37%

n = 888

43%

63%

0.43 (FE) n = 109

50%

18%

n = 485

50%

82%

0.33 (FE) n = 222

50%

41%

n = 314

50%

59%

1.0 (FE) n = 202

66%

70%

n = 89

33%

31%

1.0 (FE)

Stroke

Yes

No

n = 533

100%

37%

n = 888

0%

63%

0.37 (FE) n = 109

100%

18%

n = 485

0%

82%

0.18 (FE) n = 222

NA

41%

n = 314

NA

59%

NA n = 202

NA

69%

n = 89

NA

31%

NA

Gastrointestinal disease

Stomach or duodenal ulcer

Yes

No

n = 533

65%

37%

n = 888

35%

63%

0.02 n = 109

0%

18%

n = 485

100%

82%

1.0 (FE) n = 222

70%

41%

n = 314

30%

59%

0.10 (FE) n = 202

100%

69%

n = 89

0%

31%

0.31 (FE)

Liver disease

Cirrhosis or others

Yes

No

n = 533

46%

37%

n = 888

54%

63%

0.35 n = 109

22%

18%

n = 485

78%

82%

0.67 (FE) n = 222

58%

41%

n = 314

42%

59%

0.25 (FE) n = 60%

170%

n = 89

40%

30%

0.64 (FE)

Renal disease

Urinary incontinence

Yes

No

n = 533

63%

37%

n = 888

37%

63%

0.0003 n = 109

47%

18%

n = 485

53%

82%

0.004 n = 222

73%

41%

n = 314

27%

59%

0.058 n = 202

70%

69%

n = 89

30%

31%

0.95

Osteoarticular diseases

Osteoporosis

Yes

No

n = 533

38%

37%

n = 888

62%

63%

0.99 n = 109

25%

18%

n = 485

75%

82%

0.39 (FE) n = 222

46%

41%

n = 314

54%

59%

0.76 (FE) n = 202

56%

70%

n = 89

44%

30%

0.46 (FE)

Arthrosis

Yes

No

n = 533

47%

36%

n = 888

53%

64%

0.001 n = 109

22%

18%

n = 485

78%

82%

0.33 n = 222

42%

41%

n = 314

58%

59%

0.94 n = 202

77.2%

67%

n = 89

22.8%

33%

0.08

Rheumatoid arthritis

Yes

No

n = 532

47%

37%

n = 888

53%

63%

0.08 n = 109

20%

18%

n = 485

80%

82%

0.77 (FE) n = 222

40%

41%

n = 314

60%

59%

0.88 n = 201

74%

69%

n = 89

26%

31%

0.57

Lower-back disorders

Yes

No

n = 533

40%

37%

n = 888

60%

63%

0.19 n = 109

23%

17%

n = 485

77%

83%

0.10 n = 222

37%

43%

n = 314

63%

57%

0.26 n = 202

70%

69%

n = 89

30%

31%

0.84

Respiratory diseases

Asthma

Yes

No

n = 534

31%

38%

n = 888

69%

62%

0.24 n = 109

15%

19%

n = 485

85%

81%

0.80 (FE) n = 222

27%

42%

n = 314

73%

58%

0.09 n = 203

82%

70%

n = 89

18%

31%

0.51 (FE)

Sleep apnoea (self-reported)

Yes

No

n = 534

65%

37%

n = 888

35%

63%

0.002 n = 109

33%

18%

n = 485

67%

82%

0.45 (FE) n = 222

33%

42%

n = 314

67%

58%

0.74 (FE) n = 203

84%

68%

n = 89

16%

32%

0.20 (FE)

Sleep apnoea (BQ scores)

Yes

No

n = 534

66%

29%

n = 888

34%

71%

<0.0001 n = 109

45%

15%

n = 485

55%

85%

<0.0001 n = 222

59%

35%

n = 314

41%

65%

<0.0001 n = 203

84%

58%

n = 89

16%

42%

<0.0001

Mental disorders

Chronic anxiety

Yes

No

n = 534

45%

37%

n = 888

55%

63%

0.22 n = 109

11%

18%

n = 485

89%

82%

0.42 n = 222

52%

41%

n = 314

48%

59%

0.27 n = 202

71%

69%

n = 89

29%

31%

0.91

Depression (PHQ-9 scores)

No depression (0–4)

Mild to moderate (5–14)

Moderately severe to severe

(15–27)

n = 533

37%

40%

47%

n = 887

63%

60%

53%

0.33 n = 109

19%

17%

17%

n = 484

81%

83%

83%

0.91 (FE) n = 222

39%

52%

50%

n = 314

61%

48%

50%

0.06 n = 202

73%

60%

58%

n = 89

27%

40%

42%

0.08

FE: Fisher’s exact test; NA: not available; BQ: Berlin Questionnaire.
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Finally, due to the lack of available data, it was not possible to
test more-sensitive definitions based on inflammation and/or
insulin resistance [5].

Correlates

MUNW and MUO increased with age in the present study,
which is in line with work previously conducted in American and
Korean adult populations [5,37]. Our findings also indicate that
metabolically unhealthy profiles may be more common in men
than in women, which is consistent with the study by Lee et al. [37]
in the Korean population. Wildman et al. [5] also reported that
around 30% of MUNW profiles are present in US men and 21% in
women, and about 29% of MHO profiles are in men and 35.4% in
women.

Certain authors have emphasized the negative impact of
sedentary behaviours, such as weekly television-viewing times,
on cardiometabolic health in individuals with MHO [17]. Others,
however, observed no significant difference between MHO and
MUO in screen-watching time (albeit television, videos and
computers), but found a significant positive impact of physical
activity instead [18,38].

Our present findings are in line with the work of Fung et al. [39],
which highlighted the important role played by cardiorespiratory
fitness to preserve metabolic health in overweight people. Our
findings corroborate the notion that regular APA is positively
associated with MHOV. It was also observed that only 100 METs of
TRPA can lower the risk of developing MUNW.

Regarding the role of dietary habits in the development of
metabolically healthy and unhealthy weight statuses, no consen-
sus has yet been established in the literature. While certain authors
have shown that dietary composition did not differ between the
MHO and MUO [19,20], others found a significant positive impact
of a ‘‘healthy dietary pattern’’ on cardiometabolic health in obesity
[21,38]. However, our study could find no significant associations
with dietary habits (fruit, vegetable and/or alcohol consumption)
after adjusting for other correlates.

Comorbidities

Cardiovascular (CV) risk factors and diseases are the most
frequently investigated comorbidities in relation to MHO and MUO
in the literature. However, the previously published findings have
been rather controversial. Appleton et al. [40] found MUO to be a
risk factor for T2D, but not for CV diseases. Hinnouho et al. [41]
showed an increased risk of CV diseases in both MUO and MHO, but
a lower risk of T2D in MHO.

Although less well investigated, the relationship between CV
disturbances and the MUNW profile is now an emerging issue.
Dyslipidaemia, hyperglycaemia and hypertension especially

appear to also arise in people with normal weight, which is in
agreement with our findings [5]. However, Yoo et al. [42] observed
more arterial stiffness and carotid atherosclerosis in Koreans who
were MUNW than in those who were MHO. In the present work, no
significant link was observed with CV diseases, most likely due to
limited statistical power, rendering this something to be assessed
in larger studies including more subjects.

Regarding the relationship between metabolically healthy and
unhealthy profiles and mental health, our findings suggest that
feelings of well-being, anxiety and depression may be significantly
associated with unhealthy metabolic profiles rather than weight
status [14]. Hamer et al. [15] found a significant relationship
between depression and both MHO and MUO, with higher
depression rates in the MUO. On the other hand, our findings
were somewhat in favour of depression with MUOV profiles.

Our present study also investigated the relationships between
metabolically healthy and unhealthy weight statuses and other
health issues less widely explored in the literature, such as
functional physical limitations, and found significantly fewer such
limitations with MHNW profiles compared with MUNW, as
previously reported by Bouchard et al. [13].

Furthermore, our study found that individuals with metaboli-
cally healthy profiles, regardless of weight status, were more likely
to report a better perceived health status, fewer stomach or
duodenal ulcers, and less sleep apnoea, arthrosis, physical pain,
and limitations in daily and personal activities because of a health
problem. To our knowledge, these findings represent novel
observations in the literature.

Direct and indirect costs of disease

Overweight, obesity and their potential related health comor-
bidities have been widely associated in the literature with both
direct healthcare-related costs and the indirect costs of productiv-
ity loss, mostly due to more years of life with physical and mental
disability, as well as more days spent sick in bed and on long-term
sick leaves, more absenteeism from work, decreased live expec-
tancy before retirement and/or earlier pensions [4]. However, as
far as the present authors are aware, this is the first study to
investigate the relationship between metabolically healthy and
unhealthy weight statuses and the direct and indirect costs of
disease. The present findings suggest that the relationship between
weight status and health expenditure is more intricate than a
simple weight consideration, given the fact that the cost of disease
was significantly higher amongst the metabolically unhealthy
profiles independently of weight status. Nevertheless, the diffe-
rences observed in terms of cost should be interpreted with
caution because of assumptions made for both resource use and
unit costs due to the lack of national data. Future studies need to
use more detailed resources such as questionnaires and, ideally,

Table 5
Metabolically healthy and unhealthy weight statuses: Direct and indirect costs of diseasea

Phenotypes EHES-LUX2013–2015

(n = 1422)

Normal weight

(n = 594)

Overweight

(n = 536)

Obesity

(n = 292)

MU

n = 534

(37.5%)

MH

n = 888

(62.5%)

P MUNW

n = 109

(18.3%)

MHNW

n = 485

(81.7%)

P MUOV

n = 222

(41.4%)

MHOV

n = 314

(58.6%)

P MUO

n = 203

(69.5%)

MHO

n = 89

(30.5%)

P

Direct & indirect costs

of disease

s 4563 s 2739 0.02 s 2754 s 2484 0.76 s 3751 s 2905 0.48 s 6400 s 3533 0.056

Healthcare-related costs s 1260 s 954 0.19 s 826 s 885 0.77 s 1303 s 1105 0.66 s 1441 s 800 0.02

Cost of productivity loss s 3303 s 1786 0.04 s 1929 s 1598 0.66 s 2449 s 1803 0.37 s 4959 s 2733 0.11

EHES-LUX2013–2015: European Health Examination Survey in Luxembourg in 2013–2015; MU/MH: metabolically unhealthy/healthy; MUNW/MHNW: metabolically

unhealthy/healthy normal weight; MUOV/MHOV: metabolically unhealthy/healthy overweight; MUO/MHO: metabolically unhealthy/healthy obesity.
a Healthcare-related costs + cost of productivity loss.
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local unit costs. Medication costs were not included in this study,
but should also be included in any future ones.

Conclusion

Our study confirms the need for a paradigm shift in body-
weight management, with a focus on cardiometabolic health
rather than just body weight [43]. In fact, whatever the weight
status, people can develop a metabolically unhealthy profile and be
more likely to experience adverse health outcomes, with higher
healthcare and loss-of-productivity costs. Conversely, a large
proportion of people with overweight and/or obesity may have a
metabolically healthy profile. From a public-health perspective,
interventions focused on improving cardiometabolic health may
also be cost-saving and more cost-effective than those focused
solely on BMI categories. Finally, as this was a cross-sectional
study, no conclusions as to causal relationships could be drawn. For
that, further investigations would need to be performed in
longitudinal studies.
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