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The separate and combined effects of adiposity
and cardiometabolic dysfunction on the risk of
recurrent cardiovascular events and mortality in
patients with manifest vascular disease

J van der Leeuw," Y van der Graaf,? H M Nathoe,> G J de Borst,* L J Kappelle,
F L J Visseren," on behalf of the SMART study group

ABSTRACT

Objectives A remarkable variation exists in the
cardiometabolic consequences of obesity. We evaluated
the separate and combined effects of adiposity and
cardiometabolic dysfunction on the occurrence of
cardiovascular events and mortality in patients with
vascular disease.

Methods We prospectively followed 5231 patients
with a history of clinical cardiovascular disease without
diabetes from the Second Manifestations of ARTerial
disease (SMART) study. Patients were classified
according to body mass index and cardiometabolic
function. The presence of cardiometabolic dysfunction
was defined as >3 of the modified National Cholesterol
Education Program (NCEP) metabolic syndrome

criteria (waist circumference replaced by elevated
C-reactive protein). Cox proportional-hazards analysis
was used to estimate HRs for cardiovascular events and
mortality.

Results The prevalence of cardiometabolic dysfunction
was 40% in normal weight, 58% in overweight and
75% in obese patients. During a median follow-up of
6.1 years, 769 patients died and 705 patients
experienced a major cardiovascular event. In the absence
of cardiometabolic dysfunction, overweight (HR 1.18,
95% C1 0.90 to 1.55) and obese patients (HR 0.93,
95% Cl 0.53 to 1.64) were not at increased risk of
recurrent major cardiovascular events compared with
normal weight patients without cardiometabolic
dysfunction. An increased cardiovascular risk was
observed in patients with cardiometabolic dysfunction
and normal weight (HR 1.58, 95% Cl 1.23 to 2.04),
overweight (HR 1.35, 95% Cl 1.07 to 1.70) and obesity
(HR 1.50, 95% CI 1.12 to 2.00) compared with normal
weight patients without cardiometabolic dysfunction.

A similar pattern was observed for vascular and all-cause
mortality.

Conclusions In patients with vascular disease, the
cardiometabolic consequences of adiposity rather than
adiposity per se increase the risk of recurrent
cardiovascular events and mortality.

INTRODUCTION

Obesity is a growing worldwide health problem
associated with excess risk of morbidity and mortal-
ity.! Obesity relates to metabolic changes such as

cardiovascular disease (CVD) and type 2 diabetes.”
A remarkable variation exists in the cardiometa-
bolic consequences of obesity. Some obese patients
have minor or no metabolic abnormalities, the
so-called metabolically healthy obese,> whereas
normal weight individuals may suffer from numer-
ous metabolic disturbances typically seen in obesity,
the so-called metabolically obese with normal
weight.* As much as 30% of overweight and obese
individuals are metabolically healthy and up to
24% of normal weight adults are metabolically
abnormal.” ° Different criteria have been used to
define such phenotypes, but all refer to a common
set of traditional cardiovascular risk factors, inflam-
matory markers and markers of insulin resistance.’
The heterogeneity in obesity subtypes has been
related to differences in body fat distribution,
showing higher intra-abdominal fat content in
metabolically abnormal compared with metabolic-
ally normal obese individuals.> ¢ Accumulation of
intra-abdominal fat is known to be particularly det-
rimental and precedes adipose tissue dysfunction,
resulting in impaired insulin signalling, disordered
lipid metabolism and increased secretion of proin-
flammatory cytokines.” ® Furthermore, abnormal
metabolic profiles have been linked to lower birth
weight, later onset of obesity and decreased cardio-
respiratory fitness.” °

The clinical impact of metabolic phenotypes is
underscored by prospective studies demonstrating
that obesity in the absence of cardiometabolic dys-
function is not, or to a lesser extent, associated
with increased cardiovascular risk in populations
without prevalent diseases.'®™'* In patients in the
chronic phase of vascular disease, the effect of adi-
posity subtypes is unknown and obesity is not or
even inversely related to recurrent CVD risk or
mortality, referred to as the obesity paradox.
However, risk factor clustering showed to increase
the risk of new events in vascular patients.'* We
hypothesise that the cardiometabolic consequences
of adiposity and not adiposity per se explain the
variation in cardiovascular risk associated with
obesity in patients with vascular disease. Therefore,
the aim of the present study is to determine the
separate and combined effects of adiposity and car-
diometabolic dysfunction on the occurrence of car-
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METHODS

Study population

The Secondary Manifestations of ARTerial disease (SMART)
study is an ongoing prospective single-centre cohort study at the
University Medical Centre Utrecht, the Netherlands. Study
patients were newly referred to the hospital with manifest ath-
erosclerotic disease or for the management of cardiovascular
risk factors (ie, hypertension, hyperlipidaemia or diabetes).
Patients were screened for manifestations of atherosclerotic dis-
eases and risk factors other than the qualifying diagnosis.
Exclusion criteria were age under 18 years, malignancy, depend-
ency in daily activities and insufficient fluency in the Dutch lan-
guage. The Ethics Committee of the University Medical Centre
Utrecht approved the study, and all participants gave their
written informed consent. A detailed description of the study
has been published previously.'

For the current study, we used a sample of the 9737 patients
enrolled between 1996 and 2012. We selected 5431 patients
with either a history or recent diagnosis of clinically manifest
vascular disease without diabetes. Diabetes was defined as a
referral diagnosis of diabetes, self-reported diabetes, the use of
glucose-lowering agents or a baseline plasma glucose concentra-
tion of >7.0 mmol/L with initiation of glucose-lowering treat-
ment within 1 year after inclusion. We excluded patients with
diabetes as they were considered to be at the far end of cardio-
metabolic dysregulation and have a well-established increased
risk of cardiovascular events. Patients with a body mass index
(BMI) <20 kg/m?* (n=145) were excluded as the risk of mortal-
ity strongly increases with lower BMI in patients with vascular
disease. Lastly, patients with high-sensitive C-reactive protein
(hsCRP) >20 mg/L (n=54) were excluded as these hsCRP levels
more likely reflect an acute inflammatory response rather than
chronic low-grade inflammation associated with adipose tissue
dysfunction. The remaining 5232 patients were eligible for ana-
lyses; 3120 patients had coronary heart disease, 1531 cerebro-
vascular disease, 972 peripheral arterial disease and 464
abdominal aortic aneurysm. A total of 855 patients suffered
from multiple sorts of vascular disease.

Baseline examination

Participants completed a questionnaire on cardiovascular
history, risk factors, medication use and physical activity. BMI,
weight in kilograms divided by the square of height in metres,
was computed after a standardised anthropometric measurement
protocol. Waist circumference was measured halfway between
the lower rib and the iliac crest. Fasting venous blood samples
were taken to determine serum lipids, glucose, creatinine and
hsCRP levels. The techniques used for the laboratory tests have
been described previously."® Additionally, visceral and subcuta-
neous abdominal fat were measured in a subset (81% of study
population) using ultrasonography, a technique validated for
this purpose.'® Visceral fat was estimated by measuring the dis-
tance between the peritoneum and the lumbar spine or psoas
muscles. The distance between the linea alba and the skin was
used to estimate the amount of subcutaneous fat. Each distance
was measured three times at three different positions providing
a mean that was used in the analyses.

Definitions

Adiposity subtypes were based on the presence or absence of
cardiometabolic dysfunction and BMI level. Cardiometabolic
dysfunction was defined as the presence of three or more of five
cardiometabolic  risk factors: elevated blood pressure

(>130 mm Hg systolic or >85 mm Hg diastolic or use of blood
pressure-lowering agents), hypertriglyceridaemia (>1.70 mmol/L
or treatment for elevated triglycerides), low high-density lipo-
protein (HDL)-cholesterol (<1.03 mmol/L for men and <1.30
in women), a high fasting glucose (>5.6 mmol/L or use of
glucose-lowering agents) or elevated hsCRP (>2 mg/L). The first
four criteria are similar to the National Cholesterol Education
Program (NCEP) revised criteria,!” whereas waist circumference
was replaced by elevated hsCRR Normal weight was defined as
a BMI of >20 and <25 kg/mz, overweight as a BMI >25 and
<30 kg/m?* and obesity as a BMI >30 kg/m®. An integrated
measure of physical activity was calculated based on type and
duration of physical activity. The time spent on a specific activity
per week was multiplied by its metabolic equivalent intensity
level (metabolic equivalent of task (MET))'® and summed if
more than one type of activity was reported.

Follow-up and clinical endpoints

Patients were biannually asked to complete a questionnaire on
hospitalisations and outpatient clinic visits. Outcomes of interest
for this study were myocardial infarction, stroke, vascular death,
major cardiovascular events as a composite of these three and
all-cause mortality. Definitions of events are shown in online
supplementary appendix 1. When a possible event was reported,
hospital discharge letters and results of relevant laboratory and
radiology examinations were collected. Death and cause of
death were reported by relatives of the participant, the general
practitioner or the medical specialist. All events were adjudi-
cated by three members of the SMART study Endpoint
Committee, comprising physicians from different departments.
Follow-up duration was defined as the period between study
inclusion and first cardiovascular event or death from any cause,
date of loss to follow-up or the preselected date of 1 March
2012. Of the 5232 participants, 187 (3.6%) were lost to
follow-up due to migration or discontinuation of the study.

Data analyses

Central estimators and variance measures were calculated for
baseline characteristics. Normally distributed data were com-
pared using Student’s t-test, skewed data with the Mann-
Whitney test and proportions with the x> test. Subsequently,
Cox proportional hazards analysis was used to estimate HRs
and 95% CIs for the occurrence of new vascular events and
mortality associated with adiposity subtypes. If a patient had
multiple events, the first recorded event was used. The age and
gender-adjusted associations were examined in model 1. To
account for other extraneous risk factors for atherosclerosis,
current smoking, current alcohol consumption, physical activity
(low, moderate or high), use of lipid-lowering agents, use of
antiplatelet agents, years since first vascular event and number
of affected vascular territories (one or more) were additionally
included in model II. The proportional hazards assumption was
verified by correlating Schoenfeld’s residuals with time and no
departures from proportionality were observed. Effect modifica-
tion between age and both BMI and cardiometabolic dysfunc-
tion was evaluated. We further estimated the effect of
cardiometabolic dysfunction independent of BMI and aforemen-
tioned covariables. Next, the effect of an increase in level of car-
diometabolic dysfunction was studied by grouping individuals
according to the number of cardiometabolic risk factors (0-1,
2-3 or 4-5). For this purpose, overweight and obese patients
were combined to avoid subgroups with too little events.
Sensitivity analyses were performed to compare classification
according to the modified and the original NCEP-revised
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Table 1 Baseline characteristics (n=5232)

Normal weight Overweight Obesity

Without CMD (n=1056)  With CMD (n=717) p Value  Without CMD (n=1084)  With CMD (n=1524) p Value  Without CMD (n=212)  With CMD (n=639) p Value

Proportion of BMI category (%) 60 40 42 58 25 75
Age (years)* 59+11 61+10 <0.01 59+11 60+10 0.02 58+11 58+10 0.40
Females (%) 233 (31) 193 (27) 0.12 226 (21) 308 (20) 0.73 76 (36) 201 (32) 0.27
BMI (kglmz)* 23.1+£1.3 23.3+1.3 <0.01 27.0+£1.3 27.3+1.4 <0.01 32.6+2.8 33.1+2.8 0.03
Metabolic dysfunction criteria
Systolic blood pressure (mm Hg)* 137+22 141£21 <0.01 138+20 14221 <0.01 140+19 142+20 0.20
Diastolic blood pressure (mm Hg)* 80+12 81+12 0.06 82+11 82+11 0.40 83+11 84+12 0.42
Triglycerides (mmol/L)t 1.0 (0.8-1.3) 1.7 (1.1-2.3) <0.01 1.1 (0.9-1.4) 1.8 (1.3-2.5) <0.01 1.1 (0.9-1.4) 1.8 (1.4-2.5) <0.01
HDL-cholesterol (mmol/L)* 1.5+0.4 1.1+0.3 <0.01 1.4+0.3 1.1+0.3 <0.01 1.4+0.3 1.1+0.3 <0.01
Fasting glucose* 5.4+0.6 5.9+0.7 <0.01 5.5+0.6 6.0£0.7 <0.01 5.7£0.7 6.2+0.9 <0.01
hs-CRP (mg/L)t 1.0 (0.5-1.9) 3.3 (1.6-5.7) <0.01 1.2 (0.7-1.9) 3.0 (1.8-5.1) <0.01 1.4 (0.8-2.4) 3.4 (1.8-6.2) <0.01
Other risk factors
LDL-cholesterol (mmol/L)* 2.9+1.0 3.2+1.1 <0.01 2.8+1.0 3.1+1.0 <0.01 2.6+0.9 3.0+1.0 <0.01
Current smoking, n(%) 321 (30) 346 (48) <0.01 271 (25) 521 (34) <0.01 55 (26) 230 (36) <0.01
Current alcohol consumption, n(%) 614 (58) 301 (42) <0.01 704 (65) 721 (47) <0.01 127 (60) 314 (49) <0.01
Physical activity (hours*MET*week ")t 40 (19-67) 26 (9-53) <0.01 39 (21-66) 30 (11-59) <0.01 43 (21-74) 26 (10-55) <0.01
Years since first vascular event (years)t 0 (0-1) 0 (0-4) 0.05 0 (0-2) 0 (0-4) <0.01 0 (0-2) 0 (0-4) 0.11
Adiposity measures
Waist circumference (cm)* 86+9 88+8 <0.01 95+8 98+7 <0.01 106+10 109+10 <0.01
Hip circumference (cm)* 98+5 99+5 0.34 104+5 10545 <0.01 114+7 11448 0.72
Subcutaneous fat (cm)*+ 2.1+1.0 2.1+0.9 0.10 2.5+1.1 24413 0.23 3.2+1.4 3.2+15 0.72
Visceral fat (cm)*#+ 7.2+1.8 8.0+1.8 <0.01 8.7+2.0 9.7+2.0 <0.01 10.2+2.6 11.3+£24 <0.01
Medlications
Lipid-lowering agents, n(%) 654 (62) 401 (56) 0.01 752 (69) 984 (65) 0.01 173 (82) 434 (68) <0.01
Blood pressure-lowering agents, n(%) 606 (57) 528 (74) <0.01 755 (70) 1179 (77) <0.01 163 (77) 529 (83) 0.07
Antiplatelet agents, n(%) 771 (73) 521 (73) 0.91 864 (80) 1153 (76) 0.02 179 (84) 475 (75) <0.01
*Mean+SD.

tMedian with IQR
$Pearson’s r for BMI and subcutaneous fat was 0.32, and for BMI and visceral fat 0.56.
BMI, body mass index; CMD, cardiometabolic dysfunction; HDL, high-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein, LDL, low-density lipoprotein; MET, metabolic equivalent of task.
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criteria inclusive of abdominal obesity (waist circumference
>102 cm in men and >88 cm in women).'” Further, adiposity
subgroups were constructed based on sex-specific tertiles of
ultrasonically measured visceral fat instead of BMI.

To reduce bias and increase statistical rigour, missing values
were completed by single regression imputation using predictive
mean matching; fasting glucose (n=30; 0.6%), triglycerides
(n=34; 0.6%), HDL-cholesterol (n=36; 0.7%), systolic blood
pressure (n=37; 0.7%), diastolic blood pressure (n=40; 0.8%),
hsCRP (n=99; 1.9%), physical activity (n=61; 1.2%), waist cir-
cumference (n=757, 14.5%), BMI (n=10; 0.2%) and years
since first vascular event (n=15; 0.3%). Statistical analyses were
performed with the open source statistical package R, V.2.15.2.

RESULTS

Baseline characteristics

The study population comprised mainly Caucasian patients
(>95%) with an average age of 61=10 years. The majority of
patients were male (75%). Baseline characteristics stratified
according to adiposity and cardiometabolic dysfunction are pre-
sented in table 1. Within these strata, BMI was comparable
among patients with and without cardiometabolic dysfunction.
The prevalence of cardiometabolic dysfunction was 40%

(n=717) in normal weight patients, 58% (n=1524) in over-
weight and 75% (n=639) in obese patients. During a median
follow-up of 6.1years (IQR 3.1-9.3 years) with a total
follow-up of 33 797 person-years, 769 participants died, of
whom 399 died from a vascular cause. The composite of major
cardiovascular events occurred in 705 participants, 376 experi-
enced a myocardial infarction and 214 a stroke.

Risk of adiposity subtypes on cardiovascular events and
all-cause mortality

In the absence of cardiometabolic dysfunction, overweight (HR
1.18, 95% CI 0.90 to 1.55) and obese patients (HR 0.93, 95%
CI 0.53 to 1.64) did not have an increased risk of major cardio-
vascular events compared with normal weight patients without
cardiometabolic dysfunction (table 2). Similarly, overweight
(HR 1.03, 95% CI 0.80 to 1.33) and obese patients (HR 0.88,
95% CI 0.51 to 1.53) without cardiometabolic dysfunction
did not appear to be at increased risk of all-cause mortality
(table 3). Alternatively, normal weight patients with cardiometa-
bolic dysfunction were at increased risk of major cardiovascular
events (HR 1.58, 95% CI 1.23 to 2.04) and all-cause mortality
(HR 1.41, 95% CI 1.12 to 1.78) compared with normal weight
patients without cardiometabolic dysfunction (tables 2 and 3).

Table 2 The risk of adiposity in the presence or absence of cardiometabolic dysfunction on recurrent cardiovascular events

Age and sex adjusted HR

Multivariable adjusted HR*

Events/n
Major cardiovascular eventst
Normal weight
Without CMD 102/1056
With CMD 150/717
Overweight
Without CMD 109/1084
With CMD 243/1524
Obese
Without CMD 141212
With CMD 87/639
Myocardial infarction
Normal weight
Without CMD 4711056
With CMD 721117
Overweight
Without CMD 61/1084
With CMD 141/1524
Obese
Without CMD 5/212
With CMD 50/639
Stroke
Normal weight
Without CMD 33/1056
With CMD 4717117
Overweight
Without CMD 37/1084
With CMD 65/1524
Obese
Without CMD 71212
With CMD 25/639

1
1.93 (1.50 to 2.48)

1.13 (0.86 to 1.48)
1.53 (1.22 to 1.93)

0.85 (0.49 to 1.49)
1.66 (1.24 to 2.21)
1

2.03 (1.41 to 2.93)

1.31 (0.89 to 1.92)
1.87 (1.35 to 2.61)

0.65 (0.26 to 1.62)
1.94 (1.30 to 2.89)
1

1.90 (1.21 to 2.96)

1.18 (0.74 to 1.89)
1.28 (0.84 to 1.94)

1.28 (0.56 to 2.89)
1.42 (0.84 to 2.40)

1
1.58 (1.23 to 2.04)

1.18 (0.90 to 1.55)
1.35 (1.07 to 1.70)

0.93 (0.53 to 1.64)
1.50 (1.12 to 2.00)
1

1.68 (1.16 to 2.44)

1.33 (0.91 to 1.95)
1.62 (1.16 to 2.26)

0.69 (0.27 to 1.73)
1.69 (1.13 to 2.53)
1

1.58 (1.01 to 2.48)

1.25 (0.78 to 2.01)
1.17 (0.77 to 1.78)

1.36 (0.60 to 3.08)
1.33 (0.79 to 2.25)

CMD, cardiometabolic dysfunction (>3 risk factors). Risk factors: (i) elevated blood pressure (>130 mm Hg SBP and/or >85 mm Hg DBP, (ii) hypertriglyceridaemia (>1.70 mmol/L),
(iii) low HDL (<1.03 mmol/L for men and <1.30 for women), (iv) high fasting glucose (>5.6 mmol/L) and (v) elevated hsCRP (>2 mg/L).
*Multivariable model adjusted for age, sex, smoking status, alcohol consumption, physical activity, use of lipid lowering agents, use of antiplatelet agents, number of affected vascular

territories and years since first vascular event.

tMajor cardiovascular events is a composite of stroke, myocardial infarction, retinal infarction and vascular mortality.

hsCRP, high-sensitivity C-reactive protein.
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Table 3 The risk of adiposity in the presence or absence of cardiometabolic dysfunction on vascular and all-cause mortality

Events/n Age and sex adjusted HR Multivariable adjusted HR*

All-cause mortality
Normal weight

Without CMD 128/1056 1 1

With CMD 176/717 1.73 (1.38 t0 2.17) 1.41 (1.12 to 1.78)
Overweight

Without CMD 114/1084 1.00 (0.78 to 1.29) 1.03 (0.80 to 1.33)

With CMD 252/1524 1.27 (1.03 to 1.57) 1.13 (0.91 to 1.40)
Obese

Without CMD 14/212 0.81 (0.47 to 1.41) 0.88 (0.51 to 1.53)

With CMD 85/639 1.51 (1.15 to 2.00) 1.37 (1.04 to 1.82)
Vascular mortality
Normal weight

Without CMD 56/1056 1 1

With CMD 100/717 2.26 (1.63 to 3.14) 1.74 (1.25 to 2.42)
Overweight

Without CMD 57/1084 1.14 (0.79 to 1.65) 1.18 (0.82 to 1.71)

With CMD 1311524 1.52 (1.11 to 2.09) 1.29 (0.94 to 1.77)
Obese

Without CMD 81212 1.05 (0.50 to 2.21) 1.20 (0.57 to 2.53)

With CMD 471639 1.94 (1.31 t0 2.87) 1.70 (1.15 to 2.52)

CMD, cardiometabolic dysfunction (>3 risk factors). Risk factors: (i) elevated blood pressure (>130 mm Hg SBP and/or >85 mm Hg DBP, (ii) hypertriglyceridaemia (>1.70 mmol/L),

(iii) low HDL (<1.03 mmol/L for men and <1.30 for women), (iv) high fasting glucose (>5.6 mmol/L) and (v) elevated hsCRP (>2 mg/L).

*Multivariable model adjusted for age, sex, smoking status, alcohol consumption, physical activity, use of lipid lowering agents, use of antiplatelet agents, number of affected vascular
territories and years since first vascular event.

hsCRP, high-sensitivity C-reactive protein.

Irrespective of adiposity, the presence of cardiometabolic dys- 1.08 to 1.48). Similar trends were observed for myocardial
function increased the risk of major cardiovascular events (HR infarction, stroke and vascular mortality (tables 2 and 3). Age
1.35, 95% CI 1.15 to 1.60) and mortality (HR 1.26, 95% CI did not modify these relations (p>0.11).

Table 4 The risk of adiposity in the presence or absence of the traditional metabolic syndrome on recurrent vascular events and mortality

Events/n Age and sex adjusted HR Multivariable adjusted HR*

Major cardiovascular eventst
Normal weight

Without MetS 155/1299 1 1

With MetS 97/474 1.59 (1.23 to 2.05) 1.43 (1.11 to 1.85)
Overweight

Without MetS 146/1207 1.08 (0.86 to 1.35) 1.13 (0.90 to 1.42)

With MetS 206/1401 1.20 (0.98 to 1.48) 1.15 (0.93 to 1.42)
Obese

Without MetS 9/129 0.74 (0.38 to 1.44) 0.85 (0.43 to 1.67)

With MetS 92/722 1.31 (1.01 to 1.69) 1.28 (0.99 to 1.67)
All-cause mortality
Normal weight

Without MetS 188/1299 1 1

With MetS 116/474 1.48 (1.17 t0 1.87) 1.37 (1.08 to 1.73)
Overweight

Without MetS 157/1207 1.00 (0.81 to 1.23) 1.05 (0.85 to 1.30)

With MetS 209/1401 1.02 (0.84 to 1.24) 1.00 (0.82 to 1.21)
Obese

Without MetS 8/129 0.63 (0.31 to 1.28) 0.74 (0.36 to 1.50)

With MetS 91/722 1.26 (0.98 to 1.63) 1.25 (0.97 to 1.62)

MetS: metabolic syndrome (>3 risk factors). Risk factors: (i) elevated blood pressure (=130 mm Hg SBP and/or >85 mm Hg DBP, (i) hypertriglyceridaemia (>1.70 mmol/L), (iii) low HDL
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(<1.03 mmol/L for men and <1.30 for women), (iv) high fasting glucose (>5.6 mmol/L) and (v) abdominal adiposity (waist circumference >102 cm in men and >88 cm in women).
*Multivariable model adjusted for age, sex, smoking status, alcohol consumption, physical activity, use of lipid lowering agents, use of antiplatelet agents, number of affected vascular
territories and years since first vascular event.

tMajor cardiovascular events is a composite of stroke, myocardial infarction, retinal infarction and vascular mortality.
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Classification of adiposity subtypes according to the trad-
itional metabolic syndrome definition showed similar but atte-
nuated effects on risk of major cardiovascular events and
mortality (table 4). Further, categorisation of adiposity subtypes
based on visceral fat showed a trend towards higher risk of
major cardiovascular events across tertiles, both in the presence
and absence of cardiometabolic dysfunction. Moreover, patients
in the intermediate and highest tertile of visceral fat without car-
diometabolic dysfunction were at significantly increased risk of
all-cause mortality compared with patients in the lowest tertile

(table 3).

Risk of adiposity and number of cardiometabolic risk factors
on cardiovascular events and all-cause mortality

Overweight or obese patients with 0 or 1 cardiometabolic risk
factor did not have an increased risk of major cardiovascular
events (HR 1.23, 95% CI 0.75 to 2.03) or all-cause mortality
(HR 1.00, 95% CI 0.61 to 1.64) compared with normal
weight patients with 0 or 1 risk factor (figure 1). In normal
weight patients, the presence of two or three risk factors was
associated with a trend towards higher risk and the presence of
four or five risk factors conferred an increased risk of major
cardiovascular events (HR 2.25, 95% CI 1.47 to 3.45) and
all-cause mortality (HR 1.86, 95% CI 1.26 to 2.74).
Similar trends were seen for myocardial infarction, stroke and
vascular mortality.

DISCUSSION

In patients with clinical vascular disease, cardiometabolic dys-
function was associated with increased risk of cardiovascular
events and mortality irrespective of the presence or severity of
adiposity. Overweight and obesity without cardiometabolic

dysfunction did not appear to confer an increased risk of recur-
rent cardiovascular events and all-cause mortality.

In this study, we used a definition of cardiometabolic dysfunc-
tion based on the revised NCEP criteria for the metabolic syn-
drome.'” Waist circumference was omitted as it is highly
correlated with BMI, which would automatically increase the
number of metabolic syndrome criteria in overweight and obese
individuals." Instead, we incorporated hsCRP in the cardiometa-
bolic dysfunction definition as it reflects the functional and sys-
temic consequences of excess visceral fat, typified by an
increased release of free fatty acids and the secretion of proin-
flammatory cytokines.” ® This metabolic situation is referred to
as adipose tissue dysfunction and is considered to be the
‘common soil’ underlying the clustering of cardiometabolic risk
factors.'” Further, elevated plasma concentrations of hsCRP
have been directly related to an increased cardiovascular risk.*’

The distinct pathophysiological role of intra-abdominal fat
was underscored by a higher waist circumference and visceral
fat thickness in patients with cardiometabolic dysfunction. This
is not surprising given the direct association between, among
others, visceral fat and hsCRP in this population.”’ Log hsCRP
levels increased with 0.10 mg/L in men and 0.11 mg/L in
women per SD increase in visceral fat.>! Further, defining adi-
posity subgroups by visceral fat showed an increased risk of all-
cause mortality across higher tertiles, even in the absence of car-
diometabolic dysfunction. These observations support the
notion that both BMI and waist circumference are imperfect
reflections of the detrimental visceral adipose tissue
compartment.*?

This is the first study to evaluate the separate and combined
effects of adiposity and cardiometabolic dysfunction in the
patient with manifest vascular disease. The current findings shed

Table 5 The risk of visceral adiposity measured by ultrasound in the presence or absence of cardiometabolic dysfunction on recurrent vascular

events and mortality

Age and sex adjusted HR

Multivariable adjusted HR*

Events/n

Major cardiovascular eventst
Lowest tertile

Without CMD 54/937

With CMD 49/463
Intermediate tertile

Without CMD 43/640

With CMD 84/732
Highest tertile

Without CMD 33/425

With CMD 138/1022
All-cause mortality
Lowest tertile

Without CMD 43/937

With CMD 52/463
Intermediate tertile

Without CMD 51/640

With CMD 721732
Highest tertile

Without CMD 39/425

With CMD 133/1022

1
1.70 (1.16 to 2.51)

1.10 (0.74 to 1.64)
1.91 (1.36 to 2.69)

1.24 (0.80 to 1.91)
2.07 (1.51 to 2.84)
1

2.24 (1.49 to 3.35)

1.56 (1.04 to 2.34)
2.00 (1.37 to 2.91)

1.72 (1.11 to 2.65)
2.21 (1.57 to 3.12)

1
1.44 (0.97 to 2.12)

1.10 (0.73 to 1.64)
1.60 (1.13 to 2.26)

1.23 (0.80 to 1.91)
1.70 (1.24 to 2.35)
1

1.75 (1.16 to 2.63)

1.53 (1.02 to 2.29)
1.62 (1.1 to 2.38)

1.66 (1.08 to 2.57)
1.73 (1.22 to 2.46)

CMD, cardiometabolic dysfunction (>3 risk factors). Risk factors: (i) elevated blood pressure (>130 mm Hg SBP and/or >85 mm Hg DBP, (ii) hypertriglyceridaemia (>1.70 mmol/L), (iii)
low HDL (<1.03 mmol/L for men and <1.30 for women), (iv) high fasting glucose (>5.6 mmol/L) and (v) elevated hsCRP (>2 mg/L).
*Multivariable model adjusted for age, sex, smoking status, alcohol consumption, physical activity, use of lipid lowering agents, use of anti-platelet agents, number of affected vascular

territories and years since first vascular event.

tMajor cardiovascular events is a composite of stroke, myocardial infarction, retinal infarction and vascular mortality.

hsCRP, high-sensitivity C-reactive protein.
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The risk of adiposity and level of cardiometabolic dysfunction on recurrent cardiovascular events and mortality. HRs adjusted for age, sex,

current smoking, alcohol consumption, physical activity, use of lipid lowering agents, use of antiplatelet agents, years since first vascular event and
number of affected vascular territories. Categorised by normal weight (20-25 kg/m?) and overweight or obesity (>25 kg/m?); p=p for trend.

a different light on the obesity paradox, which suggests a sur-
vival benefit for overweight and obese compared with normal
weight patients with vascular disease.'* We demonstrated that a
subset of overweight and obese patients, that is, those with car-
diometabolic dysfunction, was at higher risk compared with
normal weight individuals without cardiometabolic dysfunction.
By contrast, normal weight patients with cardiometabolic dys-
function were also at high risk of cardiovascular events and mor-
tality, thereby negating a potential risk difference with
overweight and obese patients. The inverse relation between adi-
posity and cardiovascular risk in vascular patients may thus
partly result from the differences in the cardiometabolic burden
of adiposity.

Our findings are in accordance with previous longitudinal
studies in populations without prevalent diseases showing that
overweight and obesity in the absence of metabolic dysfunction
are not associated with increased cardiovascular risk.'%"'?
Opposite findings were observed by others. A recent report of
the Copenhagen General Population study did not find a
low-risk adiposity subtype, but did not take the inflammatory

component of obesity and atherosclerosis into account.*® Other
studies with opposite findings did not account for the effect of
physical activity.>* #° This is relevant as physical activity may be
a proxy of cardiorespiratory fitness, which is associated with
better prognosis.'’ Two recent meta-analyses of overlapping
studies evaluated the effects of adiposity subtypes and showed
that metabolically healthy overweight patients were not at
increased risk over a short follow-up period (<10 or 15 years),
whereas risk was increased in studies with a long a follow-up
period (>10 or 15 years).”® %7 The long-term results were
largely driven by the study of Flint et al*®, which defined a
normal metabolic phenotype as the absence of hypercholesterol-
aemia, hypertension or diabetes in comparison to the much
stricter definition used in present study. In another long-term
study by Arnlév et al**, waist circumference could not be used
to define the metabolic syndrome and was replaced by BMI,
which is an inaccurate measure of the abdominal adipose tissue
compartment. Although we cannot rule out an increased cardio-
vascular risk for overweight and obese vascular patients without
cardiometabolic dysfunction in the long run, it is likely that the
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existence of a low-risk phenotype depends on the criteria used
to define such a subtype.

The heterogeneity in metabolic consequences of obesity may
affect therapeutic decision making. For example, it was demon-
strated that the benefit of weight loss on cardiovascular risk
reduction is smaller for obese individuals without cardiometa-
bolic dysfunction.?” 3° Alternatively, the steepest increase in risk
associated with a greater number of cardiometabolic risk factors
was observed in normal weight patients. These patients devel-
oped cardiometabolic dysfunction in the absence of excess adi-
posity and indicate that quantity is not the sole indicator of
adipose tissue function. These patients should receive aggressive
therapy to improve their level of modifiable risk factors.

Strengths and potential limitations of our study merit consid-
eration. The strengths are the large cohort of patients with clin-
ical vascular disease with substantial follow-up duration, high
number of events and little loss to follow-up. As a limitation we
consider the relatively small number of events in some sub-
groups that might attenuate the precision of the results and for
these categories conclusion should be drawn with caution. Next,
we could not account for the potentially confounding effects of
dietary factors, socioeconomic status or family history of CVD.
Further, results do not pertain to vascular patients with low-
normal weight (ie, BMI 18.5-20 kg/m?). These few patients
(n=106) were not included in the reference group of normal
weight patients as they were at increased vascular and mortality
risk, negating potential risk differences with overweight and
obese patients. Further, categorisation and analyses relied on
baseline measurements while patients without cardiometabolic
dysfunction could have acquired cardiometabolic abnormalities
during follow-up, thereby attenuating the differences. Further,

Key messages

What is already known on this subject?

A remarkable variation exists in the cardiometabolic
consequences of obesity.

Overweight and obesity are not or even inversely related to risk
of recurrent cardiovascular events in patients with overt vascular
disease.

Cardiometabolic risk factors increase the risk of recurrent events
in patients with overt vascular disease.

What this study adds?

This study shows that variations in cardiometabolic
consequences of adiposity might help to understand the
paradoxical relation between adiposity and cardiovascular risk in
patients with manifest vascular disease.

Overweight or obese vascular patients without cardiometabolic
dysfunction were not at increased risk of recurrent
cardiovascular events.

By contrast, vascular patients with cardiometabolic dysfunction
were at increased risk of recurrent events irrespective of
adiposity. Moreover, risk was highest in normal weight patients
with cardiometabolic abnormalities.

How might this impact on clinical practice?

Risk of recurrent events is better explained by cardiometabolic
dysfunction compared to adiposity per se. Physicians can better
identify vascular patients at high risk of recurrent events by
assessing cardiometabolic status compared with assessment of
the patient’s body mass index.

the threshold of cardiometabolic dysfunction could be reached
by various combinations of cardiometabolic criteria, translating
to heterogeneity in the risk of patients with cardiometabolic
dysfunction. Lastly, the risk associated with an increasing
number of risk factors is likely to be a continuum rather than a
single cut-off point beyond which risk suddenly rises. This con-
tinuous relation was supported by the classification of adiposity
subtypes based the number of cardiometabolic risk factors.

In conclusion, cardiometabolic dysfunction was associated
with increased risk of cardiovascular events and mortality irre-
spective of adiposity level in patients with vascular disease.
Overweight and obesity without cardiometabolic dysfunction
did not appear to confer an increased risk of cardiovascular
events or mortality. Hence, the cardiometabolic consequences of
adiposity rather than adiposity per se increase the risk of cardio-
vascular events and mortality in patients with vascular disease.
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