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Metabolic syndrome is associated with similar long-term prognosis in non-obese and obese
patients. An analysis of 45 615 patients from the nationwide LIPIDOGRAM 2004-2015

cohort studies.

Kamila Osadnik!*, Tadeusz Osadnik!*, Marek GierlotkaZ, Adam Windak3, Tomasz Tomasik?,
Mirostaw Mastej>, Agnieszka Kuras®, Kacper Jozwiak’, Peter E. Penson®1, Gregory Y.H.
Lip'¥*2, Dimitri P. Mikhailidis'3, Peter P. Toth'*%, Alberico L. Catapano®'’, Kausik K. Ray??,
George Howard®®, Maciej Tomaszewski?®?!, Fadi J. Charchar??, Naveed Sattar??, 2*Bryan
Williams, Thomas M. MacDonald?®, Maciej Banach426-28%  jacek Jézwiak®®* on behalf of the

LIPIDOGRAM Investigators**

*KO, TO - equally first contributed authors; ?MB, JJ - equally senior contributed authors

!Department of Pharmacology, Medical University of Silesia, Katowice, Poland; 2Department
of Cardiology, University of Opole, Opole, Poland; 3Department of Family Medicine,
Jagiellonian University Medical College, Krakow, Poland; “Department of Family Medicine,
Jagiellonian University Medical College, Krakow, Poland; *Mastej Medical Center, Jasto,
Poland; ®Multiprofile Medical Simulation Center, University of Opole, Opole, Poland: “Faculty
of Health Sciences, Jagiellonian University Medical College, Krakow, Poland’ Clinical
Pharmacy & Therapeutics Research Group, School of Pharmacy and Biomolecular Sciences,
Liverpool John Moores University, Liverpool, UK; °Liverpool Centre for Cardiovascular
Science, University.of Liverpool, Liverpool, UK; 1°Department of Cardiovascular and Metabolic
Medicine, Institute of Life Course and Medical Sciences, University of Liverpool, Liverpool, UK;
Y jverpool Centre for Cardiovascular Science (LCCS) at University of Liverpool, Liverpool Heart
and Chest Hospital, Liverpool John Moores University, Liverpool, UK; *?Department of Clinical
Medicine, Aalborg University, Aalborg, Denmark; 3 Department of Clinical Biochemistry, Royal
Free Hospital Campus, University College London Medical School, University College London
(UCL), London, UK; *Cicarrone Center for the Prevention of Cardiovascular Disease, Johns
Hopkins University School of Medicine, Baltimore, MD, USA; >CGH Medical Center, Sterling,
IL, USA; *Department of Pharmacological and Biomolecular Sciences, University of Milan,
Milan, Italy; IRCCS MultiMedica, Sesto S. Giovanni, Milan, Italy; ®imperial Centre for
Cardiovascular Disease Prevention, Department of Primary Care and Public Health, Imperial
College London, London, UK; °University of Alabama at Birmingham, Birmingham, AL, USA;
20Djvision of Cardiovascular Sciences, Faculty of Medicine, Biology and Health, University of
Manchester, Manchester, UK; 2!Manchester Academic Health Science Centre, Manchester
University NHS Foundation Trust, Manchester, UK; ?2School of Health and Life Sciences,
Federation University Australia, Ballarat, VIC, Australia; ZInstitute of Cardiovascular and
Medical Science, University of Glasgow, Glasgow, UK; ?*NIHR University College London

© The Author(s) 2023. Published by Oxford University Press on behalf of the European Society of Cardiology.
All rights reserved. For permissions, please e-mail: journals.permissions@oup.com This article is published and
distributed under the terms of the Oxford University Press, Standard Journals Publication Model
(https://academic.oup.com/pages/standard-publication-reuse-rights) 1

€20z 1udy || uo1senb Aq 08S¢e L 1 2/1.01pemz/odline/ee0 L 0| /10p/e[onte-eoueape/odiine/wod: dno olwepese//:sdpy woly peapeojumoq



O 00N O Ul A WN P

I
2 W N RO

N NN R B R R R
N P O O 0 N OO U»n

A D B D B D DWW WWWWWWWWNNNDNNDNDNDN
OO U WNPFPOOOONOODOULE WNPREPE O OOKLOWNOO UV PA~AW

Biomedical Research Centre, University College London and University College London
Hospitals NHS Foundation Trust, London, UK; MEMO Research, Ninewells Hospital and
Medical School, University of Dundee, Dundee, UK; Department of Preventive Cardiology
and Lipidology, Medical University of Lodz (MUL), Lodz, Poland; ?’Department of Cardiology
and Adult Congenital Heart Diseases, Polish Mother’s Memorial Hospital Research Institute
(PMMHRI), Lodz, Poland ?Cardiovascular Research Centre, University of Zielona Gora, Zielona
Gora, Poland; ?°Department of Family Medicine and Public Health, Faculty of Medicine,
University of Opole, Opole, Poland.

Running Title: Lean metabolic syndrome and long-term prognosis

Corresponding authors:

Prof. Maciej Banach, MD, PhD, FNLA, FAHA, FESC, FASA, Head, Department of Preventive
Cardiology and Lipidology, Medical University of Lodz (MUL), Rzgowska 281/289; 93-338 Lodz,
Poland. Phone: +48 42 639 37 71, Fax: 448 42 639 37 71, E-mail:
maciej.banach@umed.lodz.pl

Prof. Jacek J. Jozwiak, MD, PhD; Head, Department of Family Medicine and Public Health,
Faculty of Medicine, University of Opole,Oleska 48, 45-052 Opole, Poland; Phone: +48 77
4527557; Fax: +48 77 4527557, E-mail: jacek.jozwiak.1234@gmail.com

€20z 1udy || uo1senb Aq 08S¢e L 1 2/1.01pemz/odline/ee0 L 0| /10p/e[onte-eoueape/odiine/wod: dno olwepese//:sdpy woly peapeojumoq



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

ABSTRACT:

Aims: We aimed to evaluate the association between metabolic syndrome (MetS) and long-
term all-cause mortality.

Methods: The LIPIDOGRAM studies were carried out in the primary care in Poland in 2004,
2006 and 2015. MetS was diagnosed based on the National Cholesterol Education Program,
Adult Treatment Panel Ill (NCEP/ATP IIl) and Joint Interim Statement (JIS) criteria. The cohort
was divided into four groups: non-obese patients without MetS, obesepatients without MetsS,
non-obese patients with MetS and obese patients with MetS. Differences in all-cause
mortality was analyzed using Kaplan-Meier and Cox regression analyses.

Results: 45,615 participants were enrolled (mean_age 56.3, standard deviation: 11.8 years;
61.7% female). MetS was diagnosed in 14,202 (31%) by NCEP/ATP Ill criteria, and 17,216
(37.7%) by JIS criteria. Follow-up was available for44,620 (97.8%, median duration 15.3 years)
patients. MetS was associated with increased mortality risk among the obese (hazard ratio,
HR: 1.88 [95% Cl, 1.79-1.99] and HR:'1.93 [95% Cl 1.82-2.04], according to NCEP/ATP Il and
JIS criteria, respectively) and non-obese individuals (HR: 2.11 [95% Cl 1.85-2.40] and 1.7 [95%
Cl, 1.56-1.85] according to NCEP/ATP Ill and JIS criteria respectively). Obese patients without
MetS had.a higher'mortality risk than non-obese patients without MetS (HR: 1.16 [95% ClI
1.10-1.23] and HR: 1.22 [95%CI 1.15-1.30], respectively in subgroups with NCEP/ATP IIl and
JIS criteria applied).

Conclusions. MetS is associated with increased all-cause mortality risk in non-obese and
obese patients. In patients without MetS obesity remains significantly associated with
mortality. The concept of metabolically healthy obesity should be revised.

Keywords: Metabolic syndrome, Lean metabolic syndrome, obesity
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Lay summary.

Metabolic syndrome (MetS) is used to describe a constellation of metabolic disturbances such
as elevated blood glucose, increased levels of triglycerides (TG) and decreased level of high-
density lipoprotein cholesterol (HDL-C). They are often accompanied by elevated blood
pressure and central obesity, defined as increased waist circumference. Usually, those
metabolic disturbances occur in obese individuals, but sometimes they can alsooccur in lean
subjects. This relatively recent concept is often referred to as lean MetS.

A key conclusion from our paper is that MetS, when it occurs in lean patients, is associated
with similarly unfavorable long-term prognosis as in obese patients:"Additionally, our analysis
shows that, lean patients with MetS are less often.treated with lipid lowering drugs despite
having higher low-density lipoprotein cholesterollevels (LDL-C).

An additional finding, that is important from a public health perspective, is that obese patients
who do not fulfill MetS criteria_have higher long-term all-cause mortality than their lean
counterparts without MetS: This finding should be an argument to encourage maintenance

of normal body weight.
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INTRODUCTION

Obesity is a growing epidemic worldwide.! Overweight and obesity affects almost 60% of
adults in the European Union (EU).2 Obesity does not simply represent a state of excess
weight, it is also associated with higher rates of insulin resistance, type 2 diabetes mellitus
(T2DM), hypertension (HTN), dyslipidemia, coronary heart disease (CHD), obstructive sleep
apnea, non-alcoholic fatty liver diseases and some malignancies, including endometrial,
breast, and colon cancer. It is also the leading risk factor for disability.>*Abnormal body mass
index (BMI) and waist circumference (WC) have consistently been associated with adverse
health outcomes over long term follow-up>~ including those secondary to the development

of the metabolic syndrome (MetS). 34

Definitions of MetS have been proposed by World:Health Organization (WHO), European
Group for the Study of Insulin Resistance (EGIR)?, National Cholesterol Education Program
Adult Treatment Panel IIl (NCEP/ATP 111)>°, American Association of Clinical Endocrinology
(AACE)®, International ~Diabetes’ Federation (IDF)}* and the American Heart
Association/National Heart, Lung and Blood Institute (AHA/NHLBI)2 . The first definition was
created by WHO in1998 with insulin resistance as an obligatory criterion of MetS as for the
EGIR definition.'34n 2005, IDF proposed a definition with central obesity or BMI 230 kg/m? as
an obligatory criterion for the diagnosis of MetS.'* In the remaining definitions (NCEP/ATP IlI,
AACEand AHA/NHLBI), and Joint Interim Statement Consensus (JIS) 2009 definition® central
obesity, along with impaired glucose tolerance, elevated blood pressure, and dyslipidemia,

were no longer obligatory criteria for diagnosing MetS.8212.15

Obesity is not synonymous with MetS, because some obese patients do not have metabolic

disorders that meet the criteria of the syndrome. On the other hand, some lean patients

€20z 1udy || uo1senb Aq 08S¢e L 1 2/1.01pemz/odline/ee0 L 0| /10p/e[onte-eoueape/odiine/wod: dno olwepese//:sdpy woly peapeojumoq



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

suffer from disorders of carbohydrate and lipid metabolism; have elevated blood pressure,
and fulfill the criteria for the diagnosis of MetS. Recent studies suggest that metabolic
disorders are also highly prevalent in lean individuals. In an Italian cohort, Buscemi et al.'®
using a definition of MetS not based on anthropometric parameters, observed that 27.4% of
the overweight-obese participants were metabolically healthy while 36.7% of the normal-
weight participants were metabolically unhealthy. As a result, the concepts.of metabolically
healthy obesity and lean MetS have emerged.’’"*® Moreover, recent research has also
revealed that an abnormal metabolic profile, rather than elevated BMlI,_is linked with higher

risk of T2DM, coronary heart disease?°22 and stroke. 2326

The present analysis aimed to assess the association"between metabolic health and obesity
with mortality in an adult cohort representative of Polish patients in a primary care setting

over a 15-year follow-up period.

METHODS

Study design

A nationwide cohort study was conducted in 2004, 2006 and 2015 in primary health care
practices in Poland with follow-up to assess all-cause mortality. Information about the deaths
of the recruited patients, based on a unique identification number for each participant, was
extracted from the database of the Central Statistical Office. Death registration is mandatory
in_Poland. The study protocol complied with the Declaration of Helsinki and was approved by
the Bioethical Committee of the Polish Chamber of Physicians (no. 51/2004/U) for years 2004/
2006 and by the Bioethical Commission of the District Medical Chamber in Czestochowa (no

K.B.Cz.—0018/2015) for years 2015.
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Study Population

LIPIDOGRAM is a nationwide survey of cardiovascular risk factors carried out through primary
care outpatient centers in Poland in 2004, 2006 and 2015. The methodology of each of the
LIPIDOGRAM surveys has been described in detail. 2728 Briefly, physicians were selected
randomly, using Medical Data Management Software. The number of physicians in.each of
the administrative regions in Poland was selected in a manner proportionalto the number of
inhabitants. Patients aged >18 years were eligible for recruitment. Exclusion criteria included
an inability to provide informed consent and incomplete clinical or biochemical data (e.g., due
to blood sample loss). In 2004, a total of 675 primary.care physicians actively enrolled 17,522
individuals in 444 towns/cities. In 2006, 556 primary care practitioners from 402 Polish cities
recruited a total of 15,465 patients, while in 2015 a group of 438 physicians also in primary
care practices recruited an additional 13,724 patients. We excluded patients that were
recruited more than once in the:subsequent LIPIDOGRAM surveys, including 1627 from the
LIPIDOGRAM PLUS substudy and 113 patients that were recruited in 2004 or 2006 and 2015.
Additionally, we excluded 43 patients that were mistakenly recruited twice during the same
LIPIDOGRAM edition. Follow-up data was collected up to December 2021. A study flow chart
is presented.in Figure 1.

Anthropometric measurements and physical examination.

Height and weight measurements were carried out by nurses or physicians on patients in their
underwear and barefoot. The BMI was calculated by dividing body weight in kilograms (kg) by
squared height in meters (m) [kg/m?]. WC was measured at the midpoint between the lower
margin of the ribs and the anterior superior iliac crest spine in centimeters (cm). In 2015

physicians also measured heart rate and office BP.?22 They used standard
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sphygmomanometers and implemented a procedure compliant with the European guidelines
for the management of arterial hypertension. 2°

Biochemical analyses

Blood samples were collected after fasting (>12h following last meal). After centrifugation,
blood samples were transferred to a core facility for processing. Biochemical analyses were
performed within 12h after blood sample collection. Serum concentrations of total
cholesterol were measured using a photometric method. High density lipoprotein (HDL)
cholesterol (HDL-C) and triglycerides were measured by immunoseparation-based
homogenous assay and colorimetric enzymatic test with glycerol-3-phosphateoxidase,
respectively (DiaSys — Diagnostic Systems, Holzheim, Germany). Low density lipoprotein
cholesterol (LDL-C) was calculated using the Friedewald formula (2004 and 2006 LIPIDOGRAM
surveys) or was measured directly (2015 LIPIDOGRAM surveys). Fasting blood glucose levels,
for patients recruited in LIPIDOGRAM 2015 edition, was measured using a glucometer
(Bionime, Taichung City, Taiwan).iand Rightest strip tests (Bionime Taichung City, Taiwan).
Definitions

MetS was diaghosed according to the NCEP/ATP IIl definition!® and for the purpose of
comparison according to JIS 2009 definition®. To fulfill definition of MetS according to the
NCEP/ATP Ill-and JIS definition of MetS >3 out of 5 criteria had to be met (Table 1). Patients
within BMI categories of <25, 25-29.9 or >30 kg/m? were considered as lean, overweight, and
obese, respectively. Central obesity was defined as waist circumference (WC) > 102 cm in
men and = 88cm in women. Based on the presence of MetS and obesity (defined as BMI > 30
kg/m? or central obesity), the study cohort was divided into four groups: 1) non-obese
patients without MetS, 2) non-obese patients with MetS, 3) obese patients, without MetS

and, 4) obese subjects with MetS.
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Patients were also grouped into five age categories. Young adults were defined as participants
between 18-35 years old, early middle-aged adults were defined as 36-49 years, old late
middle-aged adults were defined as 50-64 years old.3° Patients between 65-74 years were
defined as early elderly, and those aged 75 years or older were described as late elderly:3!
Statistical analyses

Continuous variables are presented by means and standard deviations (SD)..The comparison
of continuous variables was performed using Student’s t-testss"The comparison of
dichotomous variables was performed using the chi-squaretest. Associations between
obesity (BMI > 30 kg/m? or central obesity) and presence of MetS defined according to
NCEP/ATP 1II° and JIS*® criteria and long-term outcome in.the whole cohort and predefined
age groups were analyzed using Kaplan-Meier estimates. Kaplan-Meier analysis was also
carried out in patients with MetS to explore associations between BMI categories and
mortality in patients with MetS. To assess the magnitude of influence of different clinical
variables on long-term outcome, after checking the proportional hazards assumption, a
univariate Cox regression model was used. Associations between clinical variables and age
groups were tested using the Jonckheere-Terpstra test for trend in continuous data and the
Cochrane-Armitage“test for trend in categorical data. As data on glucose level and blood
pressure were only available for patients recruited in the 2015 LIPIDOGRAM survey (Figure
1), to.verify results from the whole cohort a separate survival analysis was performed only in
patients recruited in 2015. A Two-sided p <0.05 was considered statistically significant.
RESULTS

Clinical characteristics

Whole cohort
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45,615 participants were enrolled in the study (mean age 56.3 (SD -11.8) years and 61.7%
were female). MetS was diagnosed in 14,202 (31%) by NCEP/ATP Ill criteria and 17,216
(37.7%) by JIS 2009 JIS criteria (Table 2). Patients with MetS were older, more likely to be
female and less likely to have secondary or higher education (Table 2, Table S1, Table S2).
Individuals in late middle age were about twice as likely as young adults to meet.the criteria
for MetS. Elderly patients were about three times as likely as young adults and early middle-
aged individuals to meet the criteria for MetS (Table S4). The prevalence of obesity (BMI >
30 kg/m? or central obesity), hypertension and dyslipidemia were higher'in the MetS group
regardless of definition Table 2. Patients with MetS were less likely'to report physical activity,
were more likely to receive lipid-lowering therapy, and.had a higher blood pressure and
glucose levels. HDL-C levels were lower and triglycerides levels were higher in patients with
MetS. No significant differences (JIS definition), or very small differences (NCEP/ATP IlI
definition) in LDL-C were observed. TC levels were slightly higher among patients without
MetS (Table 2, Table S1, S2).

Clinical characteristics of patients with MetS according to BMI categories.

Out of the entire cohort 11,307 (24.8%) patients had BMI below 25 kg/m2, 19,134 (41.9%)
were overweight and 15,174 (33.3%) had BMI > 30 kg/m?. Application of NCEP/ATP Il
definition as.compared to JIS definition led to less frequent diagnosis of MetS especially in
lean (7:1% vs. 12.5%) and overweight (25.9% vs. 35.6%) patients. Table 4.

In the group of lean patients with MetS, there were more females, while diabetes and
hypertension were less prevalent in this subgroup of patients with MetS. Triglycerides were
higher in lean patients with MetS diagnosed according to NCEP/ATP Il criteria. Lean patients
with MetS were also less likely to be treated with statins and fibrates despite significantly

higher triglyceride and LDL-C levels compared participants with overweight and obese MetS.

10
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Smoking was most prevalent in lean subjects compared with obese and overweight
individuals (Table 4).

Long term prognosis

Whole cohort

Follow-up data were available for 44,620 (97.8%) of patients. Median follow-up was 15.3
years [interquartile range IQR 5.7-17.2]. There were 7559 (16.9%) deaths during follow-up.
Mortality risks for each of the metabolic health categories are given'in Table 3. The most
important predictors of all-cause mortality were history of myocardial infarction (HR: 3.08,
95%Cl 2.89-3.28, p<0.0001) and diabetes (HR: 2.71, 95% Cl 2.66-2:86, p <0.0001). Table S3.
Irrespective of diagnostic criteria, MetS was associated with worse long-term outcomes in
obese (BMI =30 or central obesity) and non-obeseiindividuals as compared to obese and non-
obese patients without MetS (Figure 2 A, B, Table 3 and Table S4). MetS was associated with
higher risk of death in obese and non-obese patients after the first five years of follow-up
according to NCEP/ATP Il criteria (HR: 1.7, 95% Cl, 1.53 —1.89, p <0.0001 and HR: 1.93, 95%
Cl 1.55 - 2.4, respectively), andJIS definition (HR: 1.74, 95% Cl, 1.56 — 1.93, p <0.0001 and HR:
1.57,95% Cl, 1.34 — 1.84, p <0.0001, respectively). Throughout the whole observation period,
obese and.non-obese patients with MetS had a similarly increased risk of death when MetS
diagnosed based on both the NCEP/ATP Il definition (HR: 1.88, 95% Cl 1.78-1.98, p<0.0001
and.HR:2.11, 95% Cl 1.85-2.39, p<0.0001 respectively) and JIS criteria (HR: 1.93,95% Cl 1.82
—2.04, p <0.0001 and HR: 1.7, 95%CI 1.56 —1.85, p <0.0001).

In the first five years of observation obese (BMI > 30 kg/m? or central obesity) patients
without MetS had similar prognosis as their non-obese counterparts regardless of MetS
definition applied (HR: 0.96, 95% Cl, 0.85 — 1.09, p=0.51, NCEP/ATP Il criteria and HR: 1.0,

95% Cl 0.88 — 1.14, p=0.98, JIS criteria). In contrast to the initial five years of observation,

11
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obese patients without MetS diagnosed according to NCEP/ATP Il or JIS criteria had a higher
risk of dying throughout the whole observation period, than non-obese patients without MetS
(HR: 1.16, 95% Cl, 1.10 — 1.23, p<0.0001 and HR: 1.22, 95% CI 1.15-1.30 p<0.0001) (Figure 2,
Table S3). The results of the landmark analysis performed at a 5 year cut-off point for patients
without MetS according to obesity status is presented in Figure S1.

Similar results were obtained for men and women (Figure 3 and 4) and for all age groups
except for young adults and late elderly were there were no significant'differences in
mortality in long-term follow-up (Figures S2-57).

Long term outcome in patients with MetS across BMI categories

Among patients with MetS (NCEP/ATPIII criteria), lean patients (BMI <25 kg/m?) had worse
long-term outcome as compared to overweight (BMI 25-30 kg/m?) and obese (>30 kg/m?).
individuals (HR = 1.36, 95% Cl —1.16 — 1.61, p=0.0001 and HR — 1.31, 95%CI — 1.12-1.53, p =
0.0008 respectively) (Figure 2C). Lean patients with MetS diagnosed according to JIS had

less favorable prognosis as.compared to overweight (HR —1.13, 95%CI — 0.99-1.3, p=0.05),
but not to obese individuals (HR — 1.05, 95% Cl 0.92-1.19, p=0.49) (Figure 2D).

DISCUSSION

The results of this cohort study show that MetS is present in a third of primary care patients
in Poland and is more common in women, older and less educated patients. Second, MetS is
associated with higher risk of all-cause death in both obese and non-obese people and the
magnitude of long-term risk is similar in these both groups. Third, obese subjects without
MetS also have a greater risk of death than their non-obese counterparts.

The prevalence of MetS ranges from 13-43% in European countries 3233, with an average of
24.3% (NCEP/ATP Il criteria), which is lower than in our population.3? Those differences can

be partly explained by difference in age between study participants as well as the fact that

12
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the prevalence of MetS is constantly increasing.3* The incidence of MetS, depends not only
on the region, but also on the definition of MetS used in the study. 3>37 Heverinen et al.
showed that using different MetS definitions led to different estimates of prevalence, ranging
from 18-43%.38 Regardless of the definition used, the prevalence of MetS in our population,
although high, is consistent with data from other epidemiological studies conducted in our
country.3® As in other studies*® we also observed an increase in the prevalence of MetS and a
greater proportion of people with MetS in rural residents and those with primary and
vocational education. However, the differences related to the place of residence were smaller
than in other countries.41™43

Non-obese patients with MetS had similarly unfavorable long-term prognosis as patients with
BMI >30 kg/m? and/or with central obesity. This was true regardless of MetS definition used,
and was the same for women and men and for all age groups. Obese patients without MetS
had a similar 5-year prognosis as.their non-obese counterparts. This is in line with possible
early follow-up bias reported in some epidemiologic studies examining the association
between obesity and mortality.® However, importantly, our analysis similarly to other
analyses with long term follow-up®~’, demonstrated that during a median follow-up of 15
years, mortality rate in this group of patients was significantly higher and got closer to that
observed in patients with MetS. This might be due to the fact that obesity without MetS is
not.a stable phenotype and progresses to MetS over time**, which was also pointed out in
the recent ESC guidelines on cardiovascular disease prevention.** In the previous analysis, we
demonstrated that metabolome of so called metabolically healthy obese patients resembles
that of obese patients with MetS.*® Therefore, we are the opinion that the term metabolically

healthy obesity is not appropriate and may undermine the importance of body weight
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reduction in subject not fulfilling MetS criteria. We believe that it is worth considering
replacing it with other term in official documents regarding cardiovascular prevention.

When stratified according to BMI categories, worst prognosis was observed for lean patients
(MetS/NCEP ATP lll criteria) or as unfavorable as in patients with BMI > 30 (JIS criteria). Every
12t patient with MetS (defined by the NCEP/ATP IIl and JIS criteria) in our population, had.a
BMI <25 kg/m?. At the same time, in publications that define MetS regardless of WC.or BMI,
the combined presence of at least two of the abnormalities characteristics of MetS
(carbohydrate and lipid metabolism disorders or increased blood pressure values) was found
in nearly 25% to over 37% of normal weight individuals'®4’=4°.“‘Recent ESC guidelines on
cardiovascular disease prevention recommend .screening for MetS in all individuals,
regardless of their BMI.*> The diagnosis of MetS.in a lean person, requires however the
coexistence of increased blood pressure, abnormalities in lipid and carbohydrate metabolism,
and in an obese person diagnosis.of MetS requires only two of these factors. Therefore it
remains an open question.whether the currently used criteria are sensitive enough for the
diagnosis of MetS in lean individuals. Our analysis showed that applying JIS definition instead
of NCEP/ATP lll‘criteria led to 75% increase in percentage of patients diagnosed with MetS
among lean individuals, as more lean patients fulfilled WC criterion. Despite this in the group
of patients with WC values smaller than cut-off values according to JIS criteria, 1399 (25.5%)
men.and 815 (14.1%) women still fulfilled at least two criteria for MetS. Nonetheless in this
in this subgroup of patients only 496 (4.4%) could be diagnosed with MetS. Differences in
clinical characteristics may at least partially account for such high mortality in the lean MetS
group. In particular, in this group of patients, there was a higher percentage of smokers and
higher levels of LDL-C and TG, with significantly less frequent use of statins and fibrates. Less

frequent use of lipid-lowering drugs may be due to the fact that a lean person appears
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healthier and consequently, physicians may be less likely to prescribe pharmacological
treatment for hypercholesterolaemia.>® The poor prognosis of patients with MetS, whether
they are lean, overweight or obese, is primarily due to the pathophysiology of MetS, which
includes insulin resistance, chronic systemic inflammation>! oxidative stress, an increased
thrombotic tendency that aggravates metabolic disorders and accelerated progression of
atherosclerotic disease. *%°3 The quality and caloric value of the diet is also.important. In a
recent analysis of a different patient population, we showed that the Western diet
contributes to the development of MetS regardless of BMI.>

Study strengths and limitations. The main strength of this study“is the inclusion of a large
number of patients and very long-term follow-up. To our knowledge few studies have
explored the area of MetS in such a large population. Importantly, patients involved in the
study were recruited from all 16 regions of Poland and were representative of the population
of primary health care. At this level of care, MetS should be diagnosed and treated. Another
strength of the study is the fact that all the biochemical analyses were conducted in a central
laboratory, which conforms with all the required quality control standards and ensures
reliability of the test results. Data on the medical history and office measurements were
collected.by doctors who knew the patients and looked after them on a daily basis. In 2004
and~2006, the data gathered was the same, but in 2015 was extended to include blood
pressure, heart rate and blood glucose.

A limitation of the study is that it was conducted in only one country. We also do not have
data on other factors that might influence long term prognosis such as lipoprotein a. Primary
healthcare practices were selected at random, but physicians enrolled patients consecutively.
Moreover, we did not gain access to data on the causes of deaths of patients and, therefore,

conducted our analysis based on all-cause deaths. Data on glucose levels and blood pressure
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were available only for patients recruited in 2015. For patients recruited in 2004 and 2006 the
diagnosis of MetS was based on lipid measurements, waist circumference, and the presence
of hypertension and or diabetes. However, the results of the analysis carried out on in the
group of patients recruited in LIPDIOGRAM 2015 edition were similar to those from earlier
years (Figure 8A and S8B).

In conclusions, MetS is associated with elevated long term mortality risk in.both non-obese
and obese patients. Lean patients with MetS, despite having more severe metabolic
disorders, are less often treated with lipid-lowering drugs. Both physicians and patients
should be aware of MetS in lean subjects and should initiate appropriate therapy including
behavioral changes and drug treatment. Obesity. remains significantly associated with
increased mortality risk in patients not fulfilling.MetS criteria, therefore the concept of
metabolically healthy obesity should be revised.
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Table 1. Definition of metabolic syndrome.

Parameter

Cut-offs

Central obesity (NCEP/ATP IIl)
Central obesity (2009 JIS)

Blood Pressure

Triglycerides

HDL cholesterol

Glucose

Metabolic Syndrome diagnosis

WC 2102 cm in men and 288 cm in women
WC 294 cm in men and 280 cm in women*
SBP >130 mmHg or DBP >85 mmHg

Or use of antihypertensive medication

>150 mg/dl (1.7 mmol/l)

Or use of triglyceride lowering’ medication
(e.g., fibrate or nicotinic_acid or high dose
omega-3 fatty acids**)

Men <40 mg/dl. (1.0 mmol/l), Women <50
mg/dl (1.3 mmol/l) or use fibrate or nicotinic
acid

>.100 mg/dl (5.6 mmol/l) or diabetes mellitus
type 2

0-1 of the above criteria

>3 of the above criteria

WC — waist circumference, SBP — systolic blood pressure, DBP — diastolic blood pressure, MetS —
metabolic syndrome, NCEP/ATP Ill — National Cholesterol Education Program/Adult Treatment Panel
11, JIS — Jointiinterim Statement. * For triglyceride lowering drugs we had information only on fibrates.
Nicotiniclacid was never available in Poland. ** WC cut-offs for Caucasians.
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Table 2. Clinical characteristics of the study population and patients with MetS* according to NCEP/ATP Ill

criteria and JIS criteria.

Values in tables are given as means (standard deviation) or numbers (%).
Comparison of clinical characteristics between patients with MetS vs without Mets is shown in Table S1.

Whole population MetS MetS
NCEP/ATP Il JIS
(n=45 615) (n=14 202) (n=17 216)
Age (years) 56.3(11.8) 59.9 (10.8) 59.4 (10.9)
Females 28150 (61.7) 9173 (64.6) 10645 (61.8)
Secondary/higher education 26031 (57.1) 6689 (47.1) 8421 (48.9)
Urban place of residence 25266 (55.4) 7536 (53.1) 9625 (54.1)
Obesity 24203 (53.1) 12 812 (90.2) 13 365 (77.6)
Central obesity 22093 (48.4) 12 477 (87.9) 12 477 (72.5)
BMI [kg/m?] 28.3 (4.8) 31.4 (46) 30.7 (4.6)
WC[cm] women 89.8 (13.4) 99.6 (11.2) 97.3 (11.9)
men 98.6 (11.5) 107.6 (10.7) 105.3 (10.3)
Diabetes mellitus 5692 (12.5) 4500 (31.7) 4947 (28.7)
Hypertension 23509 (51.5) 11543 (81.3) 13 751 (79.9)
Previous Ml 2707 (5.9) 1086 (7.6) 1328 (7.7)
Dyslipidemia 22490 (49.3) 8541 (60.1) 10 219(59.4)
Current smoker 8622(18.9) 2273 (16.0) 2878 (16.7)
Physical activity 9175 (30.8) 3304 (29.2) 3992 (29.6)
Statin 13037 (28.6) 5474 (38.5) 6471 (37.6)
Fibrate 1595 (3.5) 771 (5.4) 908 (5.3)
SBP [mmHg]* 132 (18.5) 139 (18.1) 138 (17.9)
DBP [mmHg]* 78 (10.2) 82 (10.5) 83 (10.5)
TC [mg/dl] 215 (45) 212(48) 213 (48)
LDL-C [mg/di] 129 (38) 128 (40) 129 (40)
HDL-C Women 63 (15) 53 (12) 54 (13)
[mg/d] Men 54 (14) 45 (11) 47 (12)
TG [mg/dl] 147 (86) 196 (111) 192 (107)
Glucose* [mg/dl] 103 (25) 114 (29) 112 (28)
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*Data available for patients recruited in 2015. BMI — body mass index, WC — waist circumference, Ml — myocardial
infarction, SBP — systolic blood pressure, DBP — diastolic blood pressure. TC — total cholesterol, LDL-C — low density
lipoprotein cholesterol NCEP/ATP Il - National Cholesterol Education Program, Adult Treatment Panel lll. JIS — Joint
Interim Statement.
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Table 3. Mortality risks according to diagnosis of MetS and presence of obesity during follow-up period.

Obese* patients

Non-Obese patients

Obese* patients

Non-obese

with MetS with MetS without MetS patients without
MetS
NCEP/ATP Ill definition
Mortality risk — 5 747/12 560 92/1367 379/11 164 691/19 529
years (5.9%) (6.7%) (3.4%) (3.5%)
Mortality risk — 15 2553/12 560 258/1367 1929/11 164 2819/19 529
*
years (20.3%) (18.9%) (17.3%) (14.4%)
JIS definition
Mortality risk — 5 765/13 106 200/3778 361/10618 583/17 118
years (5.8%) (5.3%) (3.4%) (3.4%)
Mortality risk — 15 2642/13 106 675/3778 1840/10 618 2402/17 118
%
years (20.2%) (17.9%) (17.3) (14.0%)

MetS — Metabolic Syndrome, NCEP/ATP Il - National Cholesterol Education Program, Adult Treatment Panel Ill, JIS —

Joint Interim Statement. Results are given as death count/number of patients in the given group. *Refers to median
follow-up.* Patients with BMI > 30 kg/m?, or central obesity.
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2 Table 4. Clinical characteristics of patients with MetS according to BMI categories.
’ MetS (NCEP/ATP Il1) Mets (JIS)
n =14 202 n=17 216
Lean Overweight Obese Lean Overweight Obese
n=804 n =4947 n=8451 n=1409 n=6803 n=9004
Age 61.3(12.1) 60.8(11.1)  59.2(10.5) 60.4 (11.9)  59.9(10.6) . 58.9(11.1)
Females 620(77.1)  3319(67.1) 5234(61.9)  1102(78.2) 4176 (59:6) \, 5367 (61.4) _
BMI [kg/m?] 23.3(1.6) 27.9 (1.4) 34.2 (3.6) 23.34(1.5) 27.73(1.4)  34.06 (3.6) §
Diabetes 211 (26.2) 1355 (27.4) 2934 (34.7) 288 (20.4) 1628(23.9) 3031(33.7) %
Hypertension 575 (71.5) 3873(78.3) 7095 (84.0) 975 (69.2) 5230(76.8) 7546 (83.8) g
Previous Ml 55 (6.8) 396 (8.0) 635 (7.5) 89 (6.3) 564 (8.3) 675 (7.5) g
Dyslipidemia 456 (56.7) 2964 (60.0) 5121 (60.6) 786 (55.8) 3999 (58.8) 5434 (60.4) §
Current smoker 204 (25.4)  836(16.9) 1233 (14.6) 355(25.2) 1196 (17.6) 1327 (14.7) ‘é
Physical activity 204 (29.7)  1245(31.2) 1855 (28.1) 344 (29.8) 1677 (31.4) 1971 (28.2) g
Statin 277 (34.5) 1895 (38.3)  3302(39.1) 462 (32.8) 2510(36.9) 3499 (38.8) ;f
Fibrate 39 (4.7) 259 (5.2) 473 (5.6) 54 (3.8) 352 (5.2) 502 (5.6) g
TC [mg/dl] 219219 (52) 213 (47) 210 (47) 220 (51) 215 (48)  210.6 (47.1) g
LDL-C [mg/dI] 134 (45) 130 (41) 127 (40) 135 (44) 131 (41) 127.0 (39.5) g
HDL-C  Women 54 (14) 53 (13) 53(12) 56 (142) 55 (13) 53(12) 4
[mg/dl] Men 43 (12) 45 (12) 45 (11) 48 (14) 48 (12) 46 (11) é
TG [mg/dl] 208208 (176) 192 (92) 197 (114) 188 (142) 187 (89) 197 (112) §
Glucose [mg/dl] 110 (24) 110 (24) 116 (32) 107 (23) 109 (24) 116 (32) %
:

10

11

12

13

BMI — body mass index, Ml —myocardial infarction, TC — total cholesterol, LDL-C — low density lipoprotein cholesterol.
NCEP/ATP Ill - National Cholesterol Education Program/Adult Treatment Panel Ill. JIS — Joint Interim Statement. Values
in tables are given as means (standard deviation) or numbers (%).
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Figure 1. Study flow-chart

LIPDIOGRAM 2004, 2006 and 2015 databases.

47 398 records

e Exclusion of 1627 patients that were
recruited in 2006 as a part of
LIPIDOGRAM PLUS substudy*.

- * e Exclusion of 113 patients recruited in
2004 or 2006 and 2015 editions

e Exclusion of 43 patients whowwere
recruited twice during each of
LIPIDOGRAM editions.

v

Data used for this analysis

Demographic and anthropometric characteristics:

e Age, BMI, waist circumference, education level, placeof residence, smoking
status. (n=45 615).
e Blood pressure measured at the time of recruitment (n=13 611)

Presence of comorbidities and cardiovascular risk factors:

e Hypertension, diabetes, coronary artery disease, history of myocardial
infarction, smoking and dyslipidemia (n=45 615)

Laboratory parameters:

e TC, LDL-C, HDL-C, TG (n=45 615)
e Glucose (n=13 611)

Pharmacological treatment:

e Treatment with statin or fibrate or no treatment (n=45 615)

Follow.up:

e  Patients with follow-up on all-cause mortality (n=44 620)

BMI— body mass index, TC — total cholesterol, LDL-C — low density lipoprotein cholesterol, HDL-C — high density
lipoprotein cholesterol, TG — triglycerides. *LIPIODOGRAM PLUS was a planned follow-up of a subset of patients
(n=1627) recruited in 2004 and then again in 2006.
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Figure 2. A) Long term outcome in patients with or without MetS (NCEP/ATP Ill criteria), with respect to obesity. B) Long term outcome in patients with or without MetS g

(¢
(JIS criteria) with respect to obesity. C) Long term outcome in patients with MetS (NCEP/ATPIII) criteria stratified by BMI categories. D) Long term outcome in patients
with MetS (JIS criteria) stratified by BMI categories. NCEP/ATP Il - National Cholesterol Education Program, Adult Treatment Panel ll1, JIS — Joint interim statemen
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Figure 3. A) Long term outcome in women with or without MetS (NCEP/ATP lll criteria), with respect to obesity. B) Long term outcome in women
with or without MetS (JIS criteria) with respect to obesity.
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Figure 4. Long term outcome in men with or without MetS (NCEP/ATP Ill criteria), with respect to obesity. B) Long term outcome in men with or
without MetS (JIS criteria) with respect to obesity.
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