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Abstract

Purpose  The objectives were to assess the prevalence of
overweight/obesity, abdominal obesity and metabolic syn-
drome (MetS), and to evaluate the characteristics of the
metabolically unhealthy lean (MUHL) and metabolically
healthy overweight/obese (MHO) phenotypes in a Roma-
nian population-based sample from the PREDATORR
study.

Methods PREDATORR was an epidemiological study
with a stratified, cross-sectional, cluster random sampling
design. Participants were classified into four cardiometa-
bolic phenotypes based on the BMI, the cut-off value being
25 kg/m?, and the presence of MetS (defined according
to the Harmonization definition 2009): MUHL, MHO,
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metabolically healthy lean (MHL) and metabolically
unhealthy overweight/obese (MUHO).

Results  Overall, 2681 subjects aged 20-79 years were
included in the analysis. The overall age and sex-adjusted
prevalence of obesity was 31.90 %, overweight was
34.7 %, abdominal obesity was 73.90 % and MetS was
38.50 %. The age- and sex-adjusted prevalence of MHO
phenotype was 31.60 %, while MUHL phenotype preva-
lence was 3.90 %. MUHL and MHO participants had a
cardiometabolic profile, kidney function and CVD risk
intermediary between MHL and MUHO. MUHL had
higher odds of being associated with CVD risk (OR 5.8;
p <0.001), abdominal obesity, prediabetes, diabetes, hyper-
triglyceridemia and hypo-HDL cholesterolemia than MHL,
while MHO phenotype was associated with hypo-HDL
cholesterolemia (OR 3.1; p = 0.002), prediabetes (OR 2.9;
p < 0.001) and abdominal obesity.

Conclusions PREDATORR study showed a high preva-
lence of obesity/overweight, abdominal obesity and MetS
in the adult Romanian population, and their association
with kidney function and several cardiometabolic factors.

Keywords PREDATORR study - Obesity/overweight -
Metabolic syndrome - Metabolically unhealthy lean
phenotype - Metabolically healthy overweight/obesity
phenotype - Romania

Introduction

Overweight/obesity represents a major challenge and a
public health problem worldwide. According to the World
Health Organization (WHO), 39 % of adults >18 years
of age were overweight (Body mass index BMI > 25 kg/
m?) and more than five hundred million had obesity
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(BMI > 30 kg/m?) in 2014 [1]. Despite its recognition
as a major contributor to the epidemic of diabetes and as
a risk factor for other chronic diseases [2, 3], the preva-
lence of obesity has grown continuously. If in 1980 5 %
of men and 8 % of women worldwide were reported to
have obesity, these figures increased to 11 % of men and
15 % of women in 2014 [1, 4]. For Romania, the preva-
lence of obesity in the adult population, ranges between
7.9 [5] and 21.7 % [1], obesity rates being self-reported
through estimates of anthropometric data. Two epidemio-
logical studies performed in 2005 and 2006 [6, 7] indicated
an obesity prevalence of 24 % and, respectively, 26.3 %
(estimates derived from health examinations). It has been
shown that obesity represents a major risk factor for dia-
betes, cardiovascular diseases and different types of cancer
[2, 3, 8—10]. However, in the past years, a separate obesity
phenotype has been described (‘metabolically healthy over-
weight/obese’, MHO) that is not associated with the usual
obesity-related cardiometabolic profile [11]. MHO preva-
lence in the populations with obesity varied widely from
10 to 30 %, depending on the study population and defini-
tion criteria for MHO [12-14]. The data from the White-
hall II study (7122 participants aged 39-63 years) showed
that 26.9 % of the participants were MHO and 9.1 % were
metabolically unhealthy lean (MUHL) [15]. MHO and
MUHL prevalence have been shown to vary according to
the population enrolled in different studies, the prevalence
of MHO and MUHL phenotype being 8.1 % and, respec-
tively, 2.6 % for a population from the United States [16],
and 34.9 % for MHO and 3.5 % for MUHL phenotype in
a Swedish population 50 years of age [17]. This high vari-
ability in the MHO and MUHL prevalence has been shown
to result from the lack of harmonized classification crite-
ria for studies. Thus, “metabolically healthy” was defined
based on insulin sensitivity (assessed by hyperinsulinemic-
euglycemic clamp, HOMA-IR, Matsuda index) or absence
of metabolic syndrome (MetS) with study specific MetS
criteria, while obesity was defined based on BMI or waist
circumference or body fat [12—17]. Available literature on
the cardiovascular risk, diabetes risk and mortality associ-
ated with different phenotypes reported conflicting results,
with studies showing the MHO phenotype to have both
similar or higher risks when compared to the metabolically
healthy lean (MHL) phenotype, and similar or lower risks
when compared to the metabolically unhealthy overweight/
obese (MUHO) phenotype [15, 18, 19].

In Romania, scarce data are available regarding the
obesity and metabolic syndrome prevalence and the asso-
ciation of obesity with chronic kidney disease. No data
on the prevalence of different phenotypes is available for
Romania.

In this context, a study that would evaluate the preva-
lence of cardiometabolic diseases in Romania is needed.
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The PREvalence of DiAbeTes mellitus, prediabetes, over-
weight, Obesity, dyslipidemia, hyperuricemia and chRonic
kidney disease in Romania (PREDATORR) study was
a population-based study coordinated by the Romanian
Society of Diabetes, Nutrition and Metabolic Diseases,
and the Romanian Society of Nephrology which investi-
gated the prevalence of cardiometabolic diseases, chronic
kidney disease (CKD) and cardiovascular disease (CVD)
risk in Romanian participants aged 20-79 years [20]. Here,
we present the results on the prevalence of overweight
(BMI = 25-29.9 kg/m?), obesity (BMI > 30 kg/m?),
abdominal obesity (waist circumference >80 cm in women
and >94 cm in men), and MetS (Harmonization definition
2009). We also investigate the prevalence of MUHL and
MHO phenotypes, and their association with kidney func-
tion, cardiometabolic, socio-demographic and lifestyle risk
factors.

Materials and methods
Study design and participants

The PREDATORR study (EudraCT num-
ber:2012-004803-12) was a cross-sectional, population-
based study conducted between 2012 and 2014. The study
design was described elsewhere [20]. Briefly, participants
were enrolled through an automated random computer
decision from the databases of 101 general practitioners
(GPs) affiliated with the National Health Insurance House.
Enrollment was based on the following inclusion criteria:
age between 20 and 79 years, born in Romania, living for
the past 10 years mainly in Romania, included on the list of
a GP, no pregnancy or lactation. To have representativeness
of the sample for the adult Romanian population, 2728 par-
ticipants aged 20-79 years were enrolled based on the 2002
Romanian Census.

Socio-demographic and lifestyle data

Information regarding socio-demographic (sex, age, mari-
tal status, education level), lifestyle characteristics (physi-
cal activity, alcohol drinking, sleep duration), and personal
medical history were collected using an interviewer-admin-
istered questionnaire. The education level was categorized
as low (secondary/primary school) or high (university, high
school, college). Low sleep duration was considered in par-
ticipants with an average amount of sleep of less than 7 h
per night. Participants who declared no alcohol consump-
tion during the past month were considered non-drinkers.
A sedentary lifestyle was considered when participants
underwent physical activity (at least 30 min of brisk walk-
ing daily) less than 4 days per week.
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Clinical and biochemical data

The physical examination consisted in the measurement of
the height, weight, waist circumference, systolic (SBP) and
diastolic blood pressure (DBP) using standard procedures.
The participants with a BMI = 25-29.9 kg/m? were con-
sidered as having overweight and those with BMI >30 kg/
m? were categorized as having obesity. Abdominal obesity
was defined as a waist circumference >80 cm in women
and >94 cm in men [21].

Hypertension was defined as SBP >140 mmHg and/or
DBP >90 mmHg and/or personal history of hypertension
and/or taking antihypertensive therapy.

All samples were collected in a fasting state, and the
biochemical assays were performed at the Synevo Roma-
nia SRL laboratories according to standardized procedures.
Fasting plasma glucose (FPG), triglycerides (TG), total
cholesterol (TC), high-density lipoprotein (HDL) cho-
lesterol, uric acid, creatinine and urinary creatinine levels
were determined using enzymatic methods. The low-den-
sity lipoprotein (LDL) cholesterol levels were calculated
using the Friedwald formula (LDL = TC-HDL-TG/5.0) if
total TG levels were <400 mg/dL. Albuminuria and HbAlc
were determined using the immunoturbidimetric method,
and serum insulin was assessed with a chemiluminiscent
immunoassay. Insulin resistance (HOMA-IR) was esti-
mated using the equations proposed by Matthews DR et al.
[22].

The impaired glucose regulation (IGR)—previously
known and unknown diabetes, prediabetes—was defined
according to the 2012 American Diabetes Association
guidelines [23], based on FPG, HbAlc and 2 h plasma
glucose during oral glucose tolerance test or self-reported
diagnosis.

Hypertriglyceridemia was considered when TG
>150 mg/dL or drug treatment for hypertriglyceridemia,
and hypo-HDL cholesterolemia was considered when HDL
levels were <40 mg/dL in men or <50 mg/dL in women
or drug treatment for reduced HDL [21]. Hypercholester-
olemia was considered when TC >200 mg/dL and/or sta-
tin therapy was used, and hyper-LDL cholesterolemia was
considered when LDL >100 mg/dL and/or statin therapy
was used [24]. CKD was defined according to the KDIGO
2012 guidelines [25] using as criteria estimated glomeru-
lar filtration rate (eGFR) <60 mL/min/1.73 m?> (CKD-
EPI equation) and/or urinary albumin to creatinine ratio
>30 mg/g.

The risk of developing CVD was estimated with the
Framingham 10-year CVD risk score [26]. The CVD
risk was stratified into low (Framingham CVD risk score
<10 %) and moderate/high (Framingham CVD risk score
>10 %).

Table 1 Cardiometabolic phenotypes of obesity

BMI <25 kg/m? BMI >25 kg/m?

MetS absent
MetS present

MHL
MUHL

MHO
MUHO

MHL metabolically healthy lean (MetS absent and BMI < 25 kg/
m?), MUHL metabolically unhealthy lean (MetS present and
BMI < 25 kg/m?), MHO metabolically healthy obese (MetS absent
and BMI > 25 kg/m?), MUHO metabolically unhealthy obese (MetS
present and BMI > 25 kg/mz), BMI body mass index , MetS meta-
bolic syndrome (Harmonization definition 2009)

MetS was defined according to the Harmonization defi-
nition 2009 [21].

Participants were classified into four cardiometabolic
phenotypes based on the BMI, the cut-off value being
25 kg/mz, and the presence of MetS, MUHL, MHO,
MUHO and MHL (Table 1).

Statistical analysis

The PREDATORR study used a cluster sampling design
to select participants. Sample size calculations were per-
formed only for the primary objective of PREDATORR
(IGR prevalence).

The global age- and sex-adjusted prevalence of over-
weight/obesity, abdominal obesity, MetS and cardiometa-
bolic phenotypes of obesity was calculated using data from
2011 Census of Romania.

Kruskal-Wallis and Chi-squared tests were used for
comparisons between cardiometabolic obesity phenotypes
of continuous and categorical variables. Multivariate analy-
sis by multinomial logistic regression was performed to
assess the association of renal and cardiometabolic param-
eters (independent variables) with MUHL and MHO phe-
notypes (dependent variable). The analysis was adjusted
for covariates (age, sex, educational level, marital status,
alcohol drinking, sedentariness, sleep duration), and MHL
was considered reference category. p < 0.05 (two-tailed)
was considered significant. Analyses were performed using
SPSS software v19.0.

Results

Of the 2728 participants enrolled in the PREDATORR
study, 11 participants were lost to follow-up and 36 par-
ticipants had incomplete data and were not included in the
analyses. Overall, 2681 (55.8 + 13.9 years, 47.4 % males)
were included in the analysis by cardiometabolic pheno-
types of obesity.
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Table 2 Prevalence of metabolic syndrome, overweight/obesity and abdominal obesity in Romanian population aged 20-79 years

Age groups

20-39 years

40-59 years

60-79 years

Overall

Total population
MetS
Men
MetS
Women
MetS
Total population
Underweight
Overweight
Obesity
Men
Underweight
Overweight
Obesity
Women
Underweight
Overweight
Obesity
Total population
Abdominal obesity
Men
Abdominal obesity
Women

Abdominal obesity

20.00 (18.54-21.46)
26.50 (25.04-27.96)
13.80 (12.34-15.26)
4.40 (2.94-5.86)
27.20 (25.74-28.66)
20.90 (19.44-22.36)
1.49 (0.03-2.95)
40.20 (38.74-41.66)
20.70 (19.24-22.16)
7.60 (6.14-9.06)
14.80 (13.34-16.26)
21.10 (19.64-22.56)
52.10 (50.64-53.56)

47.30 (45.84-48.76)

52.10 (50.64-53.56)

45.20 (43.74-46.66)
52.00 (50.54-53.46)
39.40 (37.94-40.86)
1.59 (0.13-3.05)
36.60 (35.14-38.06)
39.40 (37.94-40.86)
1.47 (0.01-2.93)
45.00 (43.54-46.46)
37.70 (36.24-39.16)
1.70 (0.24-3.16)
29.40 (27.94-30.86)
40.90 (39.44-42.36)
84.10 (82.64-85.56)

82.80 (81.34-84.26)

84.10 (82.64-85.56)

56.60 (55.14-58.06)
56.70 (55.24-58.16)
56.40 (54.94-57.86)
1.47 (0.01-2.93)
43.10 (41.64-44.56)
37.40 (35.94-38.86)
1.53 (0.07-2.99)
47.50 (46.04-48.96)
31.10 (29.64-32.56)
1.54 (0.08-3.00)
39.20 (37.74-40.66)
43.10 (41.64-44.56)
91.00 (89.54-92.46)

82.60 (81.14-84.06)

91.00 (89.54-92.46)

38.50 (37.04-39.96)
43.20 (41.74-44.66)
34.20 (32.74-35.66)
2.20 (0.74-3.66)
34.70 (33.24-36.16)
31.90 (30.44-33.36)
1.51 (0.05-2.97)
43.70 (42.24-45.16)
29.40 (27.94-30.86)
3.50 (2.04-4.96)
26.40 (24.94-27.86)
34.10 (32.64-35.56)
73.90 (72.44-75.36)

68.90 (67.44-70.36)

73.90 (72.44-75.36)

Data show adjusted percentages, with 95 % CI in parentheses

MetS, metabolic syndrome (Harmonization definition 2009). Abdominal obesity: waist circumference >80 cm in women and >94 cm in men.

Underweight: BMI < 25 kg/m? , Overweight: BMI = 25-29.99 kg/m? , Obesity: BMI > 30 kg/m>

The age- and sex-adjusted overall prevalence of MetS
in Romanian adult population was 38.50 % (95 % CI
37.04-39.96 %), and prevalence of abdominal obesity
was 73.90 % (95 % CI 72.44-75.36 %), with the highest
percentage in the 60-79 age group (Table 2). There was a
higher prevalence of MetS in men than in women, whereas
abdominal obesity was predominant in women (Table 2).

The age- and sex-adjusted overall prevalence of obe-
sity (BMI >30 kg/m?), in Romanian adult population was
31.90 % (95 % CI 30.44-33.36 %) and that of overweight
(BMI = 25-29.9 kg/m?), was 34.70 % (95 % CI 33.24-
36.16 %). The highest percentage of obesity was in the
40-59 age group and in men, whereas, overweight was pre-
dominant in the 60—79 age group and in women (Table 2).

Only 2.20 % (95 % CI 0.74-3.66 %) of participants
had underweight (BMI <18.5 kg/m?), most of them being
young women (Table 2).

@ Springer

In the Romanian population aged 20-79 years, the age-
and sex-adjusted overall prevalence of MHO phenotype
was 31.60 % (95 % CI 30.14-33.06 %), with the highest
percentage observed in the 60-79 year age group, while
only 3.90 % (95 % CI 2.44-5.36 %) of participants had
MUHL phenotype (Table 3).

Both MUHL and MHO participants had a higher
Framingham 10-year CVD risk, worse kidney function and
cardiometabolic profile (FPG, HbAlc, HOMA-IR, lipid
profile, uric acid, blood pressure) than MHL participants
(Table 4).

MUHL participants had significantly higher actual BMI
(p <0.001) and maximum reported BMI (p < 0.001), higher
waist circumference (p < 0.001) and higher IGR preva-
lence compared to MHL participants (Table 4). Despite a
lower BMI, lower maximum BMI and waist circumference
compared to MHO participants, MUHL participants had
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Table 3 Prevalence of cardiometabolic phenotypes of obesity in Romanian population aged 20-79 years

Overall

Age groups
20-39 years 40-59 years 60-79 years
Total population
MUHL 3.00 (1.54-4.46) 3.90 (2.44-5.36) 5.40 (3.94-6.86)
MUHO 17.00 (15.54-18.46) 41.40 (39.94-42.86) 51.10 (49.64-52.56)
MHO 30.30 (28.84-31.76) 34.70 (33.24-36.16) 29.20 (27.74-30.66)
Men
MUHL 4.00 (2.54-5.46) 3.10 (1.64-4.56) 6.00 (4.54-7.46)
MUHO 22.40 (20.94-23.86) 49.00 (47.54-50.46) 50.60 (49.14-52.06)
MHO 36.80 (35.34-38.26) 34.70 (33.24-36.16) 28.00 (26.54-29.46)
Women
MUHL 1.90 (0.44-3.36) 4.50 (3.04-5.96) 4.90 (3.44-6.36)
MUHO 11.80 (10.34-13.26) 34.90 (33.44-36.36) 51.60 (50.14-53.06)
MHO 24.00 (22.54-25.46) 34.70 (33.24-36.16) 30.40 (28.94-31.86)

3.90 (2.44-5.36)
34.60 (33.14-36.06)
31.60 (30.14-33.06)

4.20 (2.74-5.66)
39.00 (37.54-40.46)
33.80 (32.34-35.26)

3.60 (2.14-5.06)
30.50 (29.04-31.96)
29.70 (28.24-31.16)

Data show adjusted percentages, with 95 % CI in parentheses

MHL metabolically healthy lean (MetS absent and BMI < 25 kg/m?), MUHL metabolically unhealthy lean (MetS present and BMI < 25 kg/m?),
MHO metabolically healthy obese (MetS absent and BMI >25 kg/m?), MUHO metabolically unhealthy obese (MetS present and BMI > 25 kg/m?)

a higher Framingham 10-year CVD risk (p < 0.001) and
lower eGFR (p = 0.023) (Table 4).

Compared to MUHO participants, MUHL individu-
als had higher HbAlc and a similar Framingham 10-year
CVD risk.

MHO participants had better kidney function
(p < 0.001), cardiometabolic profile (except for LDL-cho-
lesterol which was higher for the MHO participants), and
had a lower Framingham 10-year CVD risk (p < 0.001)
than MUHO participants.

The frequency of CKD was higher in the metabolically
unhealthy phenotypes (MUHL and MUHO) compared to
the metabolically healthy phenotypes (MHL and MHO);
however, the difference between MHO and MUHL pheno-
types was not statistically significant (Table 4).

Multivariate multinomial logistic regression analysis
showed that the MUHL phenotype had higher odds of being
associated with CVD risk (p < 0.001), prediabetes, diabetes,
hypertriglyceridemia and hypo-HDL cholesterolemia than
the MHL phenotype (Table 5). The MHO phenotype was
associated with prediabetes (p < 0.001) and hypo-HDL cho-
lesterolemia (p = 0.002), but interestingly unrelated with
moderate/high Framingham 10—year CVD risk. Abdominal
obesity was an independent predictor for the presence of the
MUHL and MHO phenotypes, while previous overweight/
obesity (maximum reported BMI >25 kg/m?) was not a pre-
dictor for the MUHL phenotype (Table 5).

Discussion

The PREDATORR study was the first national study to sys-
tematically assess the prevalence of cardiometabolic diseases
in the Romanian adult population. In this population-based
study, we found an increased prevalence of overweight and
obesity (31.90 % and, respectively, 34.70 %). The overall
age adjusted prevalence of obesity in the Romanian adult
population in our study was higher than worldwide estimates
(13 %) [1] and higher than the global European (16.7 %)
obesity prevalence [5], but lower than the obesity prevalence
in the United States (34.9 %) [27]. For the Romanian adult
population, the prevalence of obesity (evaluated based on
measured height and weight), was reported to be 24 % in
SEPHAR study and 26.3 % in CARDIO-Zone study [6, 7].

PREDATORR study found a central obesity prevalence
comparable with the results reported in the international
IDEA Study which used the same definition criteria in 18
to 80 years old participants from 63 countries (overall prev-
alence 56 % in men and 71 % in women) [28].

The differences between our study and the previous
reports may be due to the fact that for most studies, over-
weight/obesity rates are self-reported through estimates
of anthropometric data from population-based health
interview surveys. In our study, BMI was calculated
using anthropometric data measured during the physical
examination.

@ Springer
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Table 4 Clinical and biological characteristics by metabolic phenotypes

Variables MHL MUHL MUHO MHO
No. participants 802 105 927 847
High educational level, % 88.0 86.0 827" 85.6
Marital status, % (overall ac.efy
Married 70.9 75.4 74.5 75.7
Single 15.3 4.1 3.4 7.2
Divorced 6.7 5.7 5.8 5.6
Widowed 7.1 14.8 16.4 11.6
Alcohol drinking (yes), % 51.5 61.2 54.5 59.0¢¢
Sedentarism, % 19.4 16.7 20.0 16.5
Low sleep duration, % 25.1 39.3* 35.3f 35.2¢
BMI (kg/m?), mean (SD) 22.1 (2.1) 23.5 (1.4)*P4 314 @4.7)f 29.8 (4.0)%°
Maximum BMI (kg/m?), mean (SD) 24.4 (3) 25.8 (2.8)P4 33.2 (5.4) 31.4 (4.6)°
Waist (cm), mean (SD) 81.2 (9.8) 90.5 (9.1)>4 106.3 (11.7)F 100.1
(12.1)%¢
FPG (mmol/l), mean (SD) 4.4 (1) 5.9 (2.9)~bd 59 2.1 4.6 (0.6)°*
HbAlc (%), mean (SD) 5.3(0.4) 6.6 (7.1)~4 6.1 (1.1)f 5.5 (0.4)°*
HOMA-IR, mean (SD) 1.5(1.4) 3.8 (2.5)*bd 44 4.1) 2.2 (1.8)%°
Impaired glucose regulation, % 12.1 36,9204 59.5 26.1%¢
Prediabetes, % 9.1 17.2 26.0 24.6
Known diabetes, % 2.7 16.4 26.2 1.3
Unknown diabetes, % 0.3 3.3 7.3 0.2
Uric acid (wmol/l), mean (SD) 261.7 (77.3) 315.2 (166.5)*° 339 (89.2)F 303.3
(83.3)%¢
SBP (mmHg), mean (SD) 125.2 (24.5) 140.7 (18.5)4 142.4 (19.1)f 134.6
(18.6)°°
DBP (mmHg), mean (SD) 74.3 (10.1) 81.0 (11.4)* 82.1 (12.9)" 79.7 (11.4)°°
TC (mmol/), mean (SD) 5.2(1.3) 5.6 (1.5) 552) 5.4 (1.2)%¢
TG (mmol/l), mean (SD) 1.1 (0.6) 2.3 (1.8)% 2201.2)f 1.2 (0.5)%°
HDL (mmol/l), mean (SD) 1.7 (0.4) 1.3 (0.7)™ 1.2 (0.3)f 1.5 (0.3)c¢
LDL (mmol/l), mean (SD) 3.1(1.1) 3.5 (1.2)* 3.3 (1.1)f 3.4 (1.1)%*°
Framingham 10-year CVD risk (%), mean (SD) 9.6 (9.5) 19.6 (9.4) 213 (9.1)f 14.3 (10)°°
eGFR (ml/min/1.73 m?), mean (SD) 99.5 (18.4) 88.2 (20.6)*¢ 87.4 (18.1)f 92.9 (17.4)%°
CKD % 53 12.3 12.4F 7.7°

MHL metabolically healthy lean (MetS absent and BMI < 25 kg/m?), MUHL metabolically unhealthy lean (MetS present and BMI < 25 kg/m?),
MHO metabolically healthy obese (MetS absent and BMI > 25 kg/m?), MUHO metabolically unhealthy obese (MetS present and BMI > 25 kg/
m?), FPG fasting plasma glucose , HOMA-IR , homeostasis model assessment for insulin resistance., SBP systolic blood pressure , DBP dias-
tolic blood pressure , TC total cholesterol , 7G triglycerides , HDL high-density lipoprotein , LDL low-density lipoprotein , CVD cardiovascular
diseases , eGFR estimated glomerular filtration rate , CKD chronic kidney disease

4 p <0.05 for MUHL vs MHL

b p <0.05 for MUHL vs MUHO
¢ p <0.05 for MHO vs MHL

4 p <0.05 for MHO vs MUHL

¢ p <0.05 for MHO vs MUHO

! p <0.05 for MHL vs MUHO

The discrepancies in the prevalence pattern may be also  different populations (specific age groups) included in the
explained by the different time period when the studies  evaluations.
were conducted, diagnostic criteria for overweight/obesity, The prevalence of the MetS in the adult Romanian
or different prevalence of risk factors for excess weight in ~ population reported in PREDATORR study is higher
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Table 5 Factors associated with MUHL and MHO phenotypes (Mul-
tivariate multinomial logistic regression)

MUHL
(105 participants)
OR (95 %CI)

MHO
(847 participants)
OR (95 %CI)

Variables

Framingham 10-year CVD 5.8 (2.3-14.9)* 1.3 (0.8-2.1)
risk > 10 %
Maximum BMI > 25 kg/m2 1.5 (0.6-3.6) 77.1 (29.9-198.7)*

Abdominal obesity 94.7 (35.9-249.5)* 16.8 (10.6-26.6)*

Prediabetes 2.8 (1.2-6.4)* 2.9 (1.7-5.2)*
Known diabetes 26 (2.4-279.9)* 0.4 (0.14.2)
Unknown diabetes 44.7 (12.7-157.3)* 0.9 (0.3-2.8)
Hypertension 0.9 (0.5-1.7) 1.2 (0.8-1.7)
Hypercholesterolemia 2.4 (0.9-6) 1.3 (0.8-2)
Hypertriglyceridemia 59.6 (26.9-132)* 1.3 (0.7-2.3)
Hypo-HDL cholesterolemia 43.2 (18.3-59.5)* 3.1 (1.5-6.5)*
Hyper-LDL cholesterolemia 0.4 (0.2-1.1) 1.2 (0.6-2.1)
Hyperuricemia 0.9 (0.4-2.3) 1.3 (0.7-2.3)
CKD 0.8 (0.2-2.4) 0.8 (0.4-1.7)

The regression analysis was adjusted for covariates (age, sex, edu-
cational level, marital status, alcohol drinking, sedentariness, sleep
duration). MHL was considered reference category

MUHL metabolically unhealthy lean (MetS present and BMI < 25 kg/
m?), MHO metabolically healthy obese (MetS absent and
BMI > 25 kg/mQ), OR odds ratio, CI confidence interval, BMI body
mass index, CVD cardiovascular disease, CKD chronic kidney dis-
ease, HDL high-density lipoprotein, LDL low-density lipoprotein

* p <0.05

than the prevalence reported for Europe, where approxi-
mately one-fourth of the adult population has MetS [29],
but similar with the reports from US where the preva-
lence was 38.5 % [30] (by Harmonization definition
2009).

The MHO phenotype prevalence in PREDATORR study
was 31.60 % (95 % CI 30.14-33.06 %), but as there is no
currently harmonized definition of metabolic health, it is
difficult to compare these results with the prevalence rang-
ing between 3 and 43 % reported in other studies [12, 31].
The prevalence of the MUHL phenotype in the PREDA-
TORR study was 3.90 % (95 % CI 2.44-5.36 %), which
is lower compared to that reported in National Health and
Nutrition Examination Survey (5 %) [32] and in the Finn-
ish type 2 diabetes survey (7.2 %) [14], but higher than
that reported in the Framingham Offspring Study (2.6 %)
[16].

Our study showed that MUHL participants had higher
maximum reported BMI and waist circumference com-
pared to MHL. Therefore, it is plausible that previous
overweight/obesity and excess visceral adipose tissue may
explain, at least partially, the presence of metabolically

unhealthy characteristics and also the impaired kidney
function in lean participants [33].

In our study, CKD prevalence and Framingham 10-year
CVD risk score were higher in participants with unhealthy
metabolic profile, rather than in those with overweight/
obesity. These results are consistent with previous find-
ings from prospective and longitudinal observational stud-
ies [15, 18, 34-36], and indicate that the metabolic changes
rather than excess weight may confer increased CKD and
CVD risk.

Taking into consideration the findings of Eshtiaghi et al.
who showed that over half of MHO subjects progress to the
MUHO phenotype during a 10-year follow-up period [37],
the concept of the MHO phenotype should be interpreted with
caution due to its potential of becoming MUHO phenotype.

The main strengths of the PREDATORR study are the
representativeness of the sample for the adult Romanian
population, and the comprehensive diagnosis criteria of
obesity, overweight and MetS used. Additionally, socio-
demographic, lifestyle and anamnestic data were collected
using an interviewer—administered questionnaire, and all
laboratory measurements were performed in the same certi-
fied laboratory.

Concerning limitations, our study was cross-sectional,
thereby, we cannot explore the future evolution of the car-
diometabolic profile, kidney function and cardiovascular
risk, related to the MUHL and MHO phenotypes. Another
limitation would be the low number of the MUHL subjects
in different subgroups, which may explain the wide con-
fidence intervals in regression analysis. In conclusion, the
PREDATORR study shows an unexpectedly high preva-
lence of obesity/overweight, abdominal obesity and MetS,
in the adult Romanian population.

These results are valuable for the health authorities by
indicating the necessity to initiate the implementation of
prevention programs that may reduce the economic burden
of obesity in Romania.

MUHL phenotype should be actively identified to inter-
vene on the cardiometabolic and cardiovascular risk of lean
subjects.

Future research should focus on a harmonizing defini-
tion and the risks of these two atypical cardimetabolic
phenotypes of obesity, so that physicians can effectively
identify individuals with increased cardiometabolic risk for
tailored therapeutic and preventive interventions.
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