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of women, while obesity in 24.4% and 25.0%, 
respectively. Moreover, the upward trend has 
been constantly observed, particularly in men.2 
The gravity of the problem is emphasized by 
the close relationship of overweight / obesity 

INTROduCTION Overweight and obesity are ma‑
jor public health problems, also among the Polish 
population.1 As shown in subsequent WOBASZ 
and WOBASZ II population studies,2 overweight 
is currently diagnosed in 43.2% of men and 30.5% 
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INTROduCTION Adiposity has a few phenotypes associated with various levels of risk for diabetes 
mellitus (DM), but their exact predictive value is not well understood.
ObjECTIvEs We aimed to assess the predictive value of anthropometric parameters, vascular ultrasound 
indexes, and fat depots for long ‑term cardiometabolic risk.
PATIENTs ANd mEThOds A total of 150 patients with chronic coronary syndrome (CCS) scheduled for 
elective coronary angiography were enrolled and a comprehensive clinical and ultrasound assessment 
of adiposity was performed (2012–2013). Of them, 143 individuals were followed for 8 years for insulin 
resistance (IR) and / or DM development.
REsuLTs At baseline, DM and prediabetes were found in 22% and 8% of the patients, respectively. It 
was established that 11.7% of the participants died during the follow ‑up. The rate of DM increased to 
46% with a decrease in the prediabetes rate (3.5%). Significant correlations with the Homeostatic Model 
Assessment of Insulin Resistance and glycated hemoglobin were observed for major anthropometric and 
ultrasound variables. In the multivariable analysis, independent predictors of IR were preperitoneal fat 
thickness (PreFT) (per 10  mm increase: odds ratio [OR], 1.63; 95% CI, 1.22–2.33; P = 0.003) and body 
surface area (per 0.1  m2 increase: OR, 1.59; 95% CI, 1.11–2.39; P = 0.02). DM was independently pre‑
dicted by the high ‑density lipoprotein cholesterol concentration (OR, 0.93; 95% CI, 0.87–0.97; P = 0.005) 
and body fat mass (OR, 1.09; 95% CI, 1.03–1.17; P = 0.003).
CONCLusIONs A complex assessment of the adipose tissue in patients with CCS is a valuable method 
for improving metabolic risk stratification. Some anthropometric and ultrasound parameters, such as 
PreFT or body surface area, were associated with IR and DM development.
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parameters, as well as evaluation of ultrasound 
vascular indexes and parameters of fat depots as 
described earlier.4

Afterwards, all the patients were invited for 
prospective follow ‑up visits in 2020. A total of 
143 patients signed an informed consent and 
agreed to participate in the current study. The pro‑
spective follow ‑up visit included an evaluation of 
the medical history as well as the clinical, anthro‑
pometric, and laboratory parameters.

The study aimed to assess the predictive val‑
ue of ultrasound indexes and anthropometric 
parameters for cardiometabolic risk in patients 
with a high cardiovascular risk profile in an 8 ‑year 
follow ‑up. The primary outcome was a new di‑
agnosis of DM and / or insulin resistance (IR). 
The secondary outcome was all ‑cause mortality.

The study protocol complied with the Decla‑
ration of Helsinki and was approved by the local 
Medical University of Silesia Ethics Committee 
(KNW/0022/KB1/127/I/13/14 and KNW/0022/
KB1/77/17).

Clinical characteristics and anthropometric mea-
surements Hypertension was defined ac‑
cording to blood pressure (BP) levels (systolic 
BP ≥140 mm Hg and / or diastolic BP ≥90 mm Hg) 
or a history of hypertension and current anti‑
hypertensive treatment.14 The presence of hy‑
perlipidemia was established based on ab‑
normal plasma lipid levels (total cholester‑
ol [TC]  >190  mg/dl, low ‑density lipoprotein 
cholesterol [LDL ‑C] >115 mg/dl, triglycerides 
[TG] >150 mg/dl, high ‑density lipoprotein cho‑
lesterol [HDL ‑C] <40 mg/dl in men and <50 mg/dl 
in women) or prior diagnosis and / or current 
treatment of hyperlipidemia.14 The diagnoses of 
the analyzed cardiovascular diseases and risk fac‑
tors were defined according to the European Soci‑
ety of Cardiology guidelines15 and identified based 
on a prior diagnosis and / or current treatment of 
these diseases. DM was determined based on fast‑
ing plasma glucose levels greater than or equal to 
126 mg/dl and / or glycated hemoglobin (HbA1c) 
concentration greater than or equal to 6.5% or 
current antidiabetic treatment.16

Overweight and obesity were diagnosed 
based on the body mass index (BMI; calculated 
as body mass [kg] / height [m2]) as normal weight 
(18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2), 
and obesity (≥30.0 kg/m2), which was further 
divided into class I (30.0–34.9 kg/m2), class II 
(35.0–39.9 kg/m2), and class III (≥40.0 kg/m2) 
obesity.

Waist circumference (WC; midpoint between 
the lowest rib and the iliac crest) and hip circum‑
ference were assessed using a measuring tape at the 
end of expiration. Increased WC was defined as per 
the World Health Organization (WHO; ≥102 cm 
in men and ≥88 cm in women) and the Interna‑
tional Diabetes Federation (IDF; ≥94 cm in men 
and ≥80 cm in women) criteria. Additional mea‑
surements included: neck circumference, thigh 
circumference, and upper limb circumference 

with cardiometabolic diseases, including diabe‑
tes mellitus (DM), and their impact on long ‑term 
prognosis.1

Despite similar cardiovascular risk factors, 
obese patients may have a considerably differ‑
ent cardiovascular risk profile and clinical prog‑
nosis.1,3 A recent large body of evidence suggested 
that the adipose tissue quantity, distribution, and 
location, as well as the bioactive function of adipo‑
cytes in the whole body and specific fat depots are 
strongly associated with the risk of a new ‑onset 
DM and total cardiovascular risk.1,4-6 Obesity and 
genetic predisposition are among the significant 
risk factors of DM but their predictive value is not 
well understood.7,8

A few major ultrasound indexes representing 
various tissue components of the arterial wall 
or fat depots associated with cardiovascular risk 
were previously described.5,9 However, their prog‑
nostic ability with respect to the risk of DM is un‑
known. Thus, we aimed to assess the predictive 
value of anthropometric parameters, vascular 
ultrasound indexes, and fat depots to determine 
the cardiometabolic risk in a high ‑risk population.

PATIENTs ANd mEThOds study population All 
consecutive patients with chronic coronary syn‑
dromes (CCSs) scheduled for elective coronary an‑
giography at the Department of Cardiology (Med‑
ical University of Silesia in Katowice, Poland) were 
screened between 2012 and 2013 using the study 
criteria.4 Finally, 150 patients were prospectively 
enrolled into the study group.

The main exclusion criteria were similar to 
those described previously,4 and the most im‑
portant ones included acute coronary syn‑
drome, heart failure, chronic inflammatory dis‑
eases, neoplastic diseases, severe kidney or liv‑
er failure, secondary causes of obesity, and 
an unintentional weight loss of 10% in the prior 
3 months or malnutrition.

Pharmacotherapy in all patients was standard‑
ized according to the appropriate European So‑
ciety of Cardiology guidelines.10-13 The baseline 
study visit (2012–2013) comprised a clinical as‑
sessment and measurement of anthropometric 

whAT’s NEw?

The adipose tissue quantity, distribution, location, and bioactive function in 
the body are associated with the risk of new ‑onset diabetes and total cardio‑
vascular risk. Abdominal obesity is a well ‑known risk factor for diabetes, but 
its predictive value is not entirely understood. We showed one of the most 
complex assessments of fat distribution in patients with chronic coronary 
syndromes. Moreover, for the first time, we analyzed the predictive role of 
ultrasound indexes, such as extra ‑media thickness, in diagnosing insulin 
resistance or diabetes. Some anthropometric and ultrasound measures can 
be helpful in the prediction of insulin resistance and diabetes development. 
A complex assessment of the adipose tissue in patients with chronic coronary 
syndromes represents a valuable predictive method for improving cardiovas‑
cular risk stratification.
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with a 1.5–4.5 MHz transducer according to 
the established method (GE Vivid 9, GE Ving‑
med Ultrasound AS, Horten, Norway).5,18 Epicar‑
dial fat thickness (EFT) was defined as the dis‑
tance between the epicardium and the visceral 
layer of the pericardium. Pericardial fat thick‑
ness (PFT) was measured as the distance be‑
tween the visceral and parietal pericardial lay‑
ers. The maximum values were measured dur‑
ing the end ‑diastole phase in 5 consecutive heart 
cycles and mean values were obtained (intra‑ 
and interobserver coefficients of variation, 3.3% 
and 3.9% for EFT and 3.5% and 4% for PFT, re‑
spectively). As described before,4,5 visceral adi‑
pose tissue measurements were performed using 
a 3.5 MHz transducer, and for subcutaneous fat 
(SF; to determine the maximal SF layer) assess‑
ment, using a 7.5 MHz transducer placed verti‑
cally on the skin as lightly as possible to prevent 
compression and to perform breath ‑hold assess‑
ments of fat layers. Intra ‑abdominal thickness 
was measured in a transversal projection 1 cm 
above the umbilicus as the interspace between 
the internal surface of the rectus abdominis mus‑
cle and the anterior wall of the abdominal aorta 
(intra‑ and interobserver coefficients of variation, 
4.1% and 4.8%, respectively). The maximal lay‑
er of preperitoneal fat (PreFT) was assessed be‑
low the xiphoid process in a transverse view. Fi‑
nally, the ultrasound fat measurements were in‑
dexed by body weight through dividing the mean 
values by the BMI.

statistical analysis The distribution of variables 
was checked with the Kolmogorov–Smirnov test. 
Baseline clinical parameters and measures were 
compared between the groups using the t test for 
the normally distributed continuous variables and 
the Mann–Whitney test for the variables that did 
not follow normal distribution. Associations of in‑
dividual parameters with the Homeostatic Mod‑
el Assessment of Insulin Resistance (HOMA ‑IR) 
and HbA1c were assessed using the Spearman cor‑
relation analysis and were shown as R correlation 
coefficients. All demographic data, baseline char‑
acteristics, anthropometric parameters, vascu‑
lar ultrasound indexes, and fat depots were ana‑
lyzed as potential predictors of de novo DM using 
univariable logistic regression models. For each 
variable, receiver operating characteristic analy‑
sis was performed with the area under the curve 
estimation and selection of the cutoff value for 
the best binary prediction that maximized both 
sensitivity and specificity. Of all these variables, 
the ones with clinical importance or those indi‑
cating a possible impact were included in a multi‑
variable logistic regression model. The final model 
was obtained using forward / backward stepwise 
regression with minimization of the Bayesian In‑
formation Criterion as the target. The final mod‑
el vas validated using bootstrap resampling with 
1000 iterations; then, a bias ‑corrected C statistic 
was calculated as a measure of goodness ‑of ‑fit. 
A P value below 0.05 was considered significant. 

(evaluated together as total circumference [TCirc]). 
Moreover, we measured the following skinfold 
thicknesses: chest, abdominal, and thigh (evalu‑
ated together as total skinfold thickness) as pre‑
viously described.4

We used the bioelectric impedance analysis 
method (Bodystat 1500, Bodystat, Douglas, Isle 
of Man) to measure the patients’ body composi‑
tion, including body fat percentage, similarly to 
the method used before.4 All measurements were 
performed according to the manufacturer’s manu‑
al. The intraobserver variability of measurements 
in the same patient was below 1%.

sample collection and routine laboratory tests Fast‑
ing blood samples (15 ml) were obtained at base‑
line and after 8 years of follow ‑up. At both time 
points, the blood was drawn from an antecubital 
vein between 8 and 10 am after overnight fast‑
ing. The samples were processed 30 to 60 minutes 
after collection. Routine blood tests, including 
the evaluation of complete blood count and lip‑
id profile (TC, LDL ‑C, HDL ‑C, and TG), were per‑
formed using automated laboratory techniques. 
HbA1c levels were measured with a turbidimetric 
inhibition immunoassay.

ultrasound indexes The ultrasound indexes were 
evaluated as described before.4,5,17 Briefly, all 
the ultrasound examinations were performed 
by a single experienced physician using constant 
and standardized settings. After the enrollment, 
single images of an individual ultrasound index 
of interest were randomly analyzed by 1 observer 
blinded to the patients’ data. Additionally, a ran‑
dom number of 40 scans were analyzed again 
by a second experienced observer to determine 
the intra‑ and interobserver variability and coef‑
ficients of variation.

Before electrocardiogram ‑gated ultrasound mea‑
surements of both carotid arteries, all the patients 
rested in a supine position for at least 5 minutes. 
The examination was performed using a high‑
‑resolution ultrasound device (GE Vivid 9, Milwau‑
kee, Wisconsin, United States) with a linear trans‑
ducer (9–12 MHz). The common carotid artery 
(CCA) intima ‑media thickness (IMT) was measured 
on a 10 ‑mm segment starting 5 mm proximal‑
ly to the carotid bulb, as stated in the Mannheim 
Consensus guidelines,6 using a semiautomated GE 
software (intra‑ and interobserver coefficients of 
variation, 2.6% and 3.1%, respectively). The carot‑
id IMT was measured on both sides, and average 
values were calculated. As defined before,5 extra‑
‑media thickness (EMT) was the distance between 
the carotid media ‑adventitia border and the jug‑
ular wall lumen area, averaged from both CCAs. 
The EMT evaluation was performed after zoom‑
ing the interface between the wall of the distal seg‑
ment of the CCA and the neighboring jugular vein 
(intra‑ and interobserver coefficients of variation, 
3.3% and 3.9%, respectively).

Epicardial and pericardial adipose tissue was 
quantified using transthoracic echocardiography 
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to very ‑high cardiovascular risk population with 
a mean (SD) of 3.7 (1.0) risk factors, primari‑
ly arterial hypertension (85%), dyslipidemia 
(100%), and smoking (73%). Over one ‑third of 
the study group were overweight (36.7%), and 
almost half (48.4%) were obese (obesity class I: 
28.9%; class II: 12.5%; class III: 7%, respectively). 
Increased WC based on both the WHO and IDF 
definitions was found in 74 (59%) and 100 (80%) 
study participants, respectively. Detailed charac‑
teristics of anthropometric and ultrasound mea‑
sures are presented in TAbLE 2.

On baseline evaluation (2012–2013), DM 
was found in 28 patients (22%), and prediabe‑
tes (preDM) in 10 individuals (8%) (TAbLE 1). All 
medications used initially in the study popula‑
tion are showed in TAbLE 1.

study follow -up After 8 years of follow ‑up, death 
from any cause occurred in 15 patients (11.7%). 
Additionally, the number of DM cases increased 
to 52 (46%), and preDM was found only in 4 pa‑
tients (3.5%). Moreover, 42 patients (37%) were 
treated with oral antidiabetic medications, and 
18 (16%) used insulin.

Insulin resistance The median HOMA ‑IR was 
3.02 (interquartile range [IQR], 2.02–4.98). There 
were 94 patients (73%) with a HOMA ‑IR greater 
than or equal to 2.0 and 59 patients (46%) with 
a HOMA ‑IR greater than or equal to 3.0. Among 
the ultrasound indexes, carotid EMT, IMT, and ab‑
dominal PreFT were found to significantly corre‑
late with the HOMA ‑IR. With respect to the an‑
thropometric measures, BMI, WC, TCirc, total 
skinfold thickness, and body fat mass signifi‑
cantly correlated with the HOMA ‑IR (TAbLE 3). In 
the univariable analysis of ultrasound measures, 
a significant association between EMT and PreFT 
was found. Moreover, BMI, WC, waist ‑to ‑hip ra‑
tio (WHR), TCirc, and total skinfold thickness 
were also significantly linked with IR develop‑
ment (TAbLE 4). Subsequently, in the multivariable 
analysis, only PreFT (per 10  mm increase; odds ra‑
tio [OR], 1.63; 95% CI, 1.22–2.33; P = 0.003) and 
a higher body surface area (per 0.1  m2 increase; 
OR, 1.59; 95% CI, 1.11–2.39; P = 0.02) were inde‑
pendently associated with IR occurrence (TAbLE 4). 
The positive (PPV) and negative (NPV) predictive 
values for the model were 0.71 and 0.84, respec‑
tively. The bias ‑corrected C statistic was 0.87.

Type 2 diabetes The median HbA1c concentra‑
tion was 5.9% (IQR, 5.6%–6.7%). Among the ul‑
trasound indexes, a significant association be‑
tween EMT or PreFT and HbA1c was found. Ad‑
ditionally, among the anthropometric measures, 
BMI, TCirc, and body fat mass significantly cor‑
related with HbA1c levels (TAbLE 3). In the univari‑
able analysis, significant associations were dem‑
onstrated for EMT, IMT, PreFT, HDL ‑C, BMI, WC, 
WHR, TCirc, total skinfold thickness, and body fat 
mass (TAbLE 5). However, in the multivariable mod‑
el, the correlation was only confirmed for HDL ‑C 

Statistical analysis was performed using MedCalc 
software (version 19.1, Ostend, Belgium).

REsuLTs Clinical characteristics of the study 
group Detailed baseline (2012–2013) clinical 
characteristics of the study group are present‑
ed in TAbLE 1. The participants comprised a high 

TAbLE 1 Baseline clinical characteristics of the study group (n = 128)

Parameter Value

Age, y 61.0 (6.3)

Male sex, n (%) 77 (60)

Weight, kg 86.3 (18.2)

BMI, kg/m2 30.5 (5.7)

History of myocardial infarction, n (%) 43 (34)

STEMI, n (%) 23 (18)

NSTEMI, n (%) 19 (15)

Both STEMI and NSTEMI, n (%) 1 (1)

History of PCI, n (%) 52 (59)

History of CABG, n (%) 11 (9)

History of stroke, n (%) 6 (5)

Hypertension, n (%) 109 (85)

Dyslipidemia, n (%) 128 (100)

Smoking, n (%) 93 (73)

Chronic kidney disease, n (%) 8 (6)

Peripheral artery disease, n (%) 28 (22)

Type 2 diabetes, n (%) 28 (22)

Prediabetes, n (%) 10 (8)

HOMA ‑IR 3.02 (2.02–4.98)

HbA1c, % 5.88 (5.57–6.69)

TC, mg/dl 173.5 (42.9)

LDL ‑C, mg/dl 99.0 (38.0)

HDL ‑C, mg/dl 45.5 (14.2)

Non–HDL ‑C, mg/dl 128.0 (40.2)

TG, mg/dl 125.5 (99–165.75)

Pharmacotherapy, n (%)

Acetylsalicylic acid 112 (87.5)

P2Y12 inhibitor 58 (45.3)

ACEI/ARB 118 (92.2)

β ‑Blocker 106 (82.8)

Statin 110 (85.9)

Fibrates 10 (7.8)

Metformin 22 (17.2)

Sulfonylureas 16 (12.5)

Insulin 6 (4.7)

Data are shown as mean (SD) or median (interquartile range) unless indicated 
otherwise.

SI conversion factors: to convert TC, LDL‑C, HDL‑C, and non‑HDL‑C to mmol/l, multiply 
by 0.0259, TG to mmol/l, by 0.0113.

Abbreviations: ACEI, angiotensin ‑converting enzyme inhibitor; ARB, angiotensin 
receptor blocker; BMI, body mass index; CABG, coronary artery bypass grafting; HbA1c, 
glycated hemoglobin; HDL ‑C, high ‑density lipoprotein cholesterol; HOMA ‑IR, 
Homeostatic Model Assessment of Insulin Resistance; LDL ‑C, low ‑density lipoprotein 
cholesterol; NSTEMI, non–ST ‑segment elevation myocardial infarction; PCI, 
percutaneous coronary intervention; STEMI, ST ‑segment elevation myocardial 
infarction; TC, total cholesterol; TG, triglycerides
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(OR, 0.93; 95% CI, 0.87–0.97; P = 0.005) and body 
fat mass (OR, 1.09; 95% CI, 1.03–1.17; P = 0.003) 
(TAbLE 5). The PPV and NPV for the model were 0.9 
and 0.86, respectively, whereas the bias ‑corrected 
C statistic was 0.80.

multivariable regression analysis adjusted for clinical 
confounders Finally, in a multivariable regres‑
sion analysis of both anthropometric parameters 
and ultrasound indexes adjusted for age, estimat‑
ed glomerular filtration rate, TC, LDL‑C, HDL‑C, 
and TG, we demonstrated that WC, WHR, total 
skinfold thickness, body fat, and body fat mass 
as well as EMT and PreFT were positively asso‑
ciated with the HOMA ‑IR (TAbLE 6). In turn, only 
WHR and body fat mass predicted an unfavor‑
able increase in HbA1c (TAbLE 6).

dIsCussION Our study evaluated the clinical sig‑
nificance of anthropometric parameters, vascular 
ultrasound indexes, and adipose tissue depots for 
cardiometabolic risk among patients at high car‑
diovascular risk in an 8 ‑year prospective obser‑
vational, single ‑center cohort study. To our best 
knowledge, we are the first to present a compre‑
hensive assessment of the predictive role of sev‑
eral ultrasound parameters.

We found that carotid EMT, abdominal PreFT, 
and certain anthropometric parameters (BMI, 
WC, TCirc) were significantly associated with 
the HOMA ‑IR and / or HbA1c levels. We estab‑
lished that the independent predictors of IR were 
PreFT and body surface area, whereas for DM 
the predictive factors were lower HDL ‑C values 
and body fat mass. Other vascular ultrasound 
indexes and anthropometric parameters failed 
to be recognized as independent predictors of 
IR and / or DM.

The relationship between coronary artery dis‑
ease (CAD) and DM is a well ‑known paradigm. 
In brief, as established previously, DM increas‑
es the risk for CAD by 2‑ to 4 ‑fold.19 At the same 
time, ischemic events and other cardiovascular 
disorders are the leading cause of death in around 
two ‑thirds of the patients with DM.20 The devel‑
opment of DM and CAD is a long process, and 
the 8 ‑year analysis enabled us to trace its dynam‑
ics. Subclinical atherosclerosis seems to start to 
develop even a few years before the evident clin‑
ical diagnosis of CAD.21 Furthermore, there is 
a high risk of preDM progressing to overt DM in 
the following 10 years of follow ‑up.22,23

Obesity is a common link between CAD and 
DM. As repeatedly shown, adipose tissue is a met‑
abolically active structure that, apart from adipo‑
cytes, consists of numerous cells representing its 
stromal fraction and various classes of inflamma‑
tory cells.24 Through autocrine, paracrine, and en‑
docrine interactions, the adipose tissue contrib‑
utes to the induction of a proinflammatory sta‑
tus and IR in obese patients.25-27 Perivascular adi‑
pose tissue plays a vital role in modifying the en‑
dothelial function and vascular activity, especially 
in individuals with CCS.28 By directly adhering to 

TAbLE 2 Baseline anthropometric, ultrasound, and adiposity parameters of the study 
group (n = 128)

Parameter Value

Waist circumference, cm 103.37 (13.8)

Waist to hip ratio 0.99 (0.11)

Total circumference, cma 123.2 (11.5)

Total skinfold thickness, cmb 71.0 (16.5)

Body fat percentage, % 31.0 (9.3)

Body fat mass, kg 27.04 (11.23)

Intima ‑media thickness, μm 960 (48)

Extra ‑media thickness, μm 801.72 (133.6)

Epicardial fat thickness, mm 3.4 (1.4)

Pericardial fat thickness, mm 8.3 (2.7)

Maximal subcutaneous fat, cm 27.0 (10.2)

Preperitoneal fat thickness, mm 74.2 (27.9)

Data are shown as mean (SD).

a Total circumference refers to the sum of the neck, thigh, and upper limb 
circumferences.

b Total skinfold thickness refers to the sum of chest, abdominal, and thigh fold 
thicknesses.

TAbLE 3 Correlation between clinical and anthropometric parameters, ultrasound 
indexes, and values of Homeostatic Model Assessment of Insulin Resistance and 
glycated hemoglobin

Parameter HOMA ‑IR HbA1c

Ra P value Ra P value

Clinical and anthropometric parameters

Age –0.170 0.07 –0.181 0.06

BMI 0.355 <0.001 0.334 0.001

Waist circumference 0.256 0.007 0.132 0.18

Total circumferenceb 0.243 0.01 0.279 0.005

Total skinfold thicknessc 0.191 0.045 0.043 0.67

Body fat percentage (BC) 0.084 0.38 –0.073 0.47

Body fat percentage (BS) –0.014 0.88 0.037 0.71

Body fat mass 0.200 0.04 0.244 0.01

Triglycerides 0.321 0.001 0.295 0.002

HDL ‑C –0.367 <0.001 –0.451 <0.001

HbA1c 0.521 <0.001 – –

Ultrasound indexes

Extra ‑media thickness 0.212 0.03 0.322 0.001

Intima ‑media thickness 0.196 0.04 0.142 0.16

Epicardial fat thickness 0.017 0.86 0.048 0.63

Pericardial fat thickness 0.104 0.28 0.134 0.18

Maximal subcutaneous fat 0.053 0.58 –0.148 0.14

Preperitoneal fat thickness 0.447 <0.001 0.264 0.007

Differences were considered significant at P <0.05.

a Spearman correlation coefficient

b Total circumference refers to the sum of the neck, thigh, and upper limb circumferences.

c Total skinfold thicknesss refers to the sum of chest, abdominal, and thigh fold 
thicknesses.

Abbreviations: BC, Body Fat Caliper; BMI, body mass index; BS, Bodystat; others, see 
TAbLE 1
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TAbLE 4 Regression analysis for the predictors of insulin resistance

Parameter Univariable analysis Multivariable model; C = 0.87a

OR (95% CI)b P value OR (95% CI) P value

Clinical and anthropometric parameters

BMI, kg/m2 1.17 (1.08–1.28) <0.001 – –

BSA, 0.1 m2 1.35 (1.07–1.69) 0.003 1.59 (1.11–2.39) 0.02

Waist circumference, cm 1.13 (1.08–1.20) <0.001 – –

Waist to hip ratio, 0.01 1.14 (1.06–1.23) <0.001 – –

Total circumferencec, cm 1.052 (1.012–1.10) 0.01 – –

Total skinfold thicknessd, cm 1.04 (1.006–1.07) 0.02 – –

Body fat (BC), % 1.05 (0.97–1.14) 0.22 – –

Body fat (BS), % 1.02 (0.98–1.07) 0.33 – –

Body fat mass, kg 1.06 (1.02–1.11) 0.004 – –

Ultrasound indexes

Extra‑media thickness, μm 1.006 (1.002–1.009) 0.001 – –

Intima‑media thickness, μm 1.60 (0.71–4.15) 0.24 – –

Epicardial fat thickness, mm 1.25 (0.94–1.68) 0.12 – –

Pericardial fat thickness, mm 1.15 (0.99–1.35) 0.07 – –

Maximal subcutaneous fat, cm 0.99 (0.95–1.04) 0.92 – –

Preperitoneal fat thickness, 10 mm 1.92 (1.42–2.59) <0.001 1.63 (1.22–2.33) 0.003

Differences were considered significant at P <0.05.

a Bias ‑corrected

b Per 1 unit increase, unless stated otherwise

c Total circumference refers to the sum of the neck, thigh, and upper limb circumferences.

d Total skinfold thicnkess refers to the sum of chest, abdominal, and thigh fold thicknesses.

Abbreviations: OR, odds ratio; others, see TAbLEs 1, 2, and 3

TAbLE 5 Regression analysis for the predictors of type 2 diabetes

Parameter Univariable analysis Multivariable model; C = 0.80a

OR (95% CI)b P value OR (95% CI)b P value

Clinical and anthropometric parameters

BMI, kg/m2 1.18 (1.06–1.35) 0.001 – –

Waist circumference, cm 1.09 (1.04–1.16) 0.003 – –

WHR, 0.01 1.09 (1.01–1.17) 0.02 – –

Total circumferencec, cm 1.11 (1.05–1.20) <0.001 – –

Total skinfold thicknessd, cm 1.04 (1.0001–1.08) 0.04 – –

Body fat (BC), % 1.06 (0.96–1.17) 0.28 – –

Body fat (BS), % 1.03 (0.97–1.08) 0.34 – –

Body fat mass, kg 1.06 (1.02–1.13) 0.009 1.09 (1.03–1.17) 0.003

HDL ‑C, mg/dl 0.95 (0.90–0.99) 0.009 0.93 (0.87–0.97) 0.005

Ultrasound indexes

Extra‑media thickness, μm 1.01 (1.00–1.01) 0.01 – –

Intima‑media thickness, 0.1 μm 1.32 (1.01–1.71) 0.007 – –

Epicardial fat thickness, mm 1.02 (0.71–1.43) 0.91 – –

Pericardial fat thickness, mm 1.19 (0.95–1.50) 0.14 – –

Maximal subcutaneous fat, cm 0.99 (0.94–1.05) 0.81 – –

Preperitoneal fat thickness, mm 1.04 (1.01–1.07) 0.005 – –

Differences were considered significant at P <0.05.

a Bias ‑corrected

b Per 1 unit increase, unless stated otherwise

c Total circumference refers to the sum of the neck, thigh, and upper limb circumferences.

d Total skinfold thickness refers to the sum of chest, abdominal, and thigh fold thicknesses.

Abbreviations: see TAbLEs 1, 2, 3, and 4
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Moreover, as shown by Kamiya et al,32 an in‑
creased arm circumference, but not calf circum‑
ference, was an independent predictor of surviv‑
al in older patients with cardiovascular diseases. 
In contrast, as shown in our study, the risk of IR 
and / or DM development was strictly associated 
only with PreFT, body surface area, and body fat 
mass, which are quantitative and more accurate 
indicators of the body fat distribution. Notably, 
in our analysis, the predictive value was not ob‑
served for BMI, WHR, or WC, which are widely 
used in clinical practice. We assume that a more 
complex clinical analysis, as proposed herein, us‑
ing anthropometric, ultrasound, and bioimped‑
ance methods, could enable an objective assess‑
ment of the true metabolic risk and eliminate  
the abovementioned “obesity paradox.”

Interestingly, lower levels of HDL ‑C corre‑
sponded with a higher risk of new ‑onset DM, as 
previously reported in the literature. As shown 
by Lee et al33 in a population ‑based study, both 
low levels and high variability of HDL ‑C were in‑
dependent and additive predictors of DM. Most 
likely, HDL ‑C is a useful indicator of the diabe‑
togenic potential. However, recently, interesting 
hypotheses were put forward concerning a direct 
influence of HDL ‑C on insulin secretion and IR.34

Our study has some limitations. First, those 
pertaining to the technical aspects of the ultra‑
sound index measurement as described previous‑
ly.4,5 Second, we did not evaluate the ultrasound 
indexes during the follow ‑up visit. Third, we did 
not assess the individual fitness level in the study 

the vessel wall, it significantly regulates the vascu‑
lar tone and wall remodeling, and, as mentioned 
above, its measurement may be particularly im‑
portant in the assessment of cardiovascular risk 
and prognosis in patients with CAD.28

The relationship between obesity and CAD 
with respect to the impact on long ‑term prog‑
nosis remains controversial. The highest surviv‑
al benefit was observed in the overweight and 
obese patients and was named the “obesity par‑
adox.”1 Notably, observations were conducted 
mainly using the definitions based on a simple 
BMI measurement.29 Until now, several poten‑
tial underlying explanations have been proposed.1 
However, the “obesity paradox” also proves the in‑
sufficient reliability of BMI in the assessment 
of patients with CAD. In a systematic review by 
Coutinho et al,30 a simple anthropometric pa‑
rameter, representing the index of central obesi‑
ty, showed an advantage over BMI and ruled out 
the occurrence of this paradox.30 This suggests 
the possibility of using more advanced and ob‑
jective anthropometric measures, including ul‑
trasound indexes, to assess the prognosis in pa‑
tients with CAD more adequately.

The current data regarding the use of individ‑
ual anthropometric measurements, except for 
WC, in assessing the risk of IR and the progno‑
sis of CCS patients are limited. In a prospective 
cohort study of patients at high cardiovascular 
risk, Dai et al31 demonstrated that a greater neck 
circumference indicated a higher incidence of 
cardiovascular events and all ‑cause mortality. 

TAbLE 6 Multivariable regression analysis of anthropometric parameters and ultrasound indexes associated with 
Homeostatic Model Assessment of Insulin Resistance and glycated hemoglobin adjusted for age, estimated glomerular 
filtration rate, total, low ‑density, and high ‑density lipoprotein cholesterol, and triglyceride levels

Parameter HOMA ‑IR HbA1c

OR (95% CI) P value OR (95% CI) P value

Anthropometric parameters

Waist circumference, cm 0.09 (0.03–0.15) 0.006 0.010 (–0.008 to 0.028) 0.28

WHR, 0.01 9.55 (0.14–18.97) 0.047 3.37 (0.77–5.97) 0.01

Total circumferencea, cm 0.051 (–0.015 to 0.117) 0.12 0.011 (–0.007 to 0.030) 0.22

Total skinfold thicknessb, cm 0.050 (0.004–0.095) 0.03 –0.004 (–0.017 to 0.010) 0.59

Body fat (BC), % 0.121 (–0.018 to 0.260) 0.09 –0.013 (–0.053 to 0.026) 0.51

Body fat (BS), % 0.11 (0.03–0.19) 0.005 0.022 (–0.001 to 0.045) 0.054

Body fat mass, kg 0.102 (0.044–0.160) 0.001 0.024 (0.006–0.042) 0.01

Ultrasound indexes

Extra‑media thickness, μm 6.56 (1.17–11.95) 0.02 1.49 (–0.03 to 3.02) 0.06

Intima‑media thickness, 0.1 μm 0.33 (–1.09 to 1.76) 0.64 –0.26 (–0.66 to 0.14) 0.20

Epicardial fat thickness, mm 0.39 (–0.08 to 0.86) 0.10 0.103 (–0.029 to 0.235) 0.12

Pericardial fat thickness, mm 0.22 (–0.03 to 0.47) 0.08 0.047 (–0.024 to 0.117) 0.19

Maximal subcutaneous fat, cm 0.06 (–0.01 to 0.13) 0.08 –0.001 (–0.020 to 0.019) 0.93

Preperitoneal fat thickness, mm 0.041 (0.015 to 0.068) 0.003 0.004 (–0.004 to 0.011) 0.36

Differences were considered significant at P <0.05.

a Total circumference refers to the sum of the neck, thigh, and upper limb circumferences.

b Total skinfold thickness refers to the sum of chest, abdominal, and thigh folds.

Abbreviations: see TAbLEs 2, 3, and 4
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patients, which was proven to modify the risk of 
IR and DM.35 Fourth, we did not perform a sur‑
vival analysis due to limited data on mortality.

Conclusions A complex assessment of the ad‑
ipose tissue in patients with CCS is a valuable 
method for improving cardiovascular risk strat‑
ification. As demonstrated, some anthropomet‑
ric and ultrasound parameters can be helpful in 
the prediction of IR and DM development. There‑
fore, they could be incorporated into cardiovas‑
cular risk assessment algorithms.
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