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Abstract

Background
Alterations of glucose metabolism have a detrimental effect on cardiovascular risk parameters, even
before overt diabetes, especially in obesity contexts. We aimed to evaluate whether progressively higher
fasting plasma glucose (FPG) is associated to thickening of the interventricular septum (IVS) among non-
diabetic subjects with obesity.

Methods
We studied 227 consecutive non diabetic patients (155 women and 72 men, age range 18–72 years) with
overweight or obesity (BMI ≥ 25 Kg/m2), taking no medication or supplement. Hormonal, metabolic and
routine laboratory parameters were collected. Echocardiography and ultrasonography echo-color Doppler
of intima-media thickness of the common carotid artery (IMT-CCA) were performed to evaluate intima-
media thickness of the common carotid artery (IVST) and early signs of atherosclerosis, respectively, in
all enrolled subjects.

Results
Of the 227 subjects, 48.9% had higher IVST values. Age (p 0.04), waist circumference (p 0.01), systolic (p 
< 0.01) and diastolic blood pressure (p < 0.01), FPG (p < 0.01), insulin (p 0.04), HOMA IR (p = 0.01), uric
acid (p < 0.01) serum levels, IMT-CCA (p < 0.01), and left atrial diameter (LAD) (p < 0.01) were signi�cantly
higher in subjects with pathological IVST. Logistic regression models demonstrated an independent
relation of FPG to IVST, both in semi and fully adjusted models (ORs 1.045 and 1.039, respectively).
Moreover, graph presentation of the ORs and 95% CIs by FPG quintiles showed a positive risk trend for
pathological IVST.

Conclusions
Higher FPG levels represent an independent sensitive predictor of IVS thickening in subjects with obesity,
even before overt diabetes. These results emphasize the importance of preventive management of the
diabetes risk in obesity.

Background
From the perspective of curbing the economic burden weighing down the health-care system, research
efforts are focusing on interventions intended to prevent the onset of irrecoverable pathological
conditions. From this point of view, obesity, especially the visceral phenotype, plays a pivotal role in the
development of multiple cardiometabolic risk factors including dyslipidemia [1, 2], hypertension [3, 4],
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impaired glucose metabolism [5], and a prothrombotic state [6, 7]. As regards cardiovascular diseases
(CVDs), visceral obesity is responsible for a higher prevalence of acute coronary syndromes, atrial
�brillation, and heart failure [8]. Thickening of the arterial wall [9], commonly evaluated on the intima-
media thickness of the common carotid artery (IMT-CCA), is an early sign of vascular alterations in
obesity [9], as well as of a greater interventricular septal thickening (IVST). This latter, commonly
measured by echocardiography, is numbered among early signs of heart deformation in obesity [10].
Higher IVST values result from hypertrophic cardiomyocytes, and occur together with an increased
thickness of the left ventricular wall [11].

Asymptomatic pre-diabetes phenotypes such as impaired fasting glucose (IFG), impaired glucose
tolerance (IGT) and higher hemoglobin A1c (HbA1c) levels still within the normal range [12], are
responsible for carotid atherosclerosis and a higher risk of cardiovascular diseases (CVDs) [13],
especially in subjects with obesity. In this context, we previously found that a threshold value of only
90 mg/dl is an independent predictor of higher IMT-CCA [14]. We also reported that in subjects with
overweight and obesity, the IMT-CCA is directly associated to insulin resistance [15], a family history of
type 2 diabetes mellitus [16] and lower free testosterone levels in men [17].

As to the heart structure and physiology, glucose metabolism alterations have an impact on
cardiovascular risk parameters and, in particular, a prolonged exposure to higher glucose levels and
insulin-resistance has proved to foster adverse cardiac remodeling and subclinical dysfunctions, even
before the diagnosis of diabetes [18, 19]. In this regard, the multi-center community-based ECHO-SOL
Study on Hispanics/Latinos in the United States, that collected the largest dataset of echocardiographic
parameters, reported a close relationship between glucose intolerance, insulin resistance and increased
left ventricular mass, that is a preclinical marker of an impaired cardiac structure among pre-diabetic
subjects [20]. Accordingly, a previous report had demonstrated that fasting plasma glucose (FPG) may be
prognostic for incident congestive heart failure (CHF) hospitalization and the combined endpoint of
CHF/CV death, regardless of the presence of diabetes [21, 22].

In this scenario, early screening for echocardiographic signs of cardiac hypertrophy may be very useful.
However, no study has yet explored the role of higher glucose levels still within normal range on
preclinical markers of alterations of cardiac structure and function in subjects with obesity. This study
was aimed at investigating this aspect, focusing on the relationship between FPG levels and IVST in a
population of apparently healthy non-diabetic subjects with overweight and obesity.

Methods

Study patients
From January 2019 to January 2020, 227 consecutive patients (155 females and 72 males, aged 42.4 ± 
13.3 years) were recruited at the “Population Health Unit” of the National Institute of Gastroenterology "S.
de Bellis," Research Hospital, Castellana Grotte, Apulia, Italy. All data were collected at the baseline
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examination. Inclusion criteria were overweight or obesity (BMI ≥ 25 Kg/m2), in subjects taking no
supplements or medication, including oral contraceptives or medicines for osteoporosis. Exclusion
criteria were any history of endocrinological diseases (diabetes mellitus, hypo or hyperthyroidism,
hypopituitarism, etc.), chronic in�ammatory diseases, stable hypertension, angina pectoris, stroke,
transient ischemic attack, atrial �brillation, heart infarction, congenital heart disease, any malignancies,
renal and liver failure and inherited thrombocytopenia.

The study protocol (ClinicalTrials.gov Identi�er: NCT04264091) met the principles in the Declaration of
Helsinki and was approved by the Ethics Committee of the National Institute of Gastroenterology “S. De
Bellis” Research Hospital (Castellana Grotte, Apulia, Italy). All participants gave informed consent prior to
enrollment in accordance with the Helsinki Declaration of 1964 and subsequent revisions.

Physical examination and laboratory biomarkers collection
At baseline, hormonal, metabolic and routine biochemistry parameters were closely examined in all
subjects. A brief interview, including questions on medical history and lifestyle, was conducted by a
senior physician. Extemporaneous outpatients diastolic (DBP) and systolic blood pressure (SBP) was
determined in a sitting position after at least a 10-min rest, a minimum of three different times, using an
OMRON M6 automatic Blood Pressure monitor. Blood samples were drawn between 08:00 and 09:00 h
am, after overnight fasting. Fasting blood glucose, insulin, total cholesterol, high- and low-density
lipoprotein (HDL, LDL) cholesterol, and triglycerides serum levels were assayed. Serum insulin
concentrations were measured by radioimmunoassay (Behring, Scoppito, Italy) and all samples were
analyzed in duplicate. Plasma glucose was determined using the glucose oxidase method (Sclavus,
Siena, Italy), while the concentrations of plasma lipids (triglycerides, total cholesterol, HDL cholesterol)
were quanti�ed by automated colorimetric method (Hitachi; Boehringer Mannheim, Mannheim, Germany).
LDL cholesterol was calculated using the Friedewald equation [23]. TSH, FT3 and FT4 serum
concentrations were measured by a competitive luminometric assay based on the SPALT (solid-phase
antigen luminescence technique) principle (LIAISON FT3, FT4, TSH, DiaSorin, Saluggia, Italy). Serum uric
acid was measured by the URICASE/POD method implemented in an autoanalyzer (Boehringer
Mannheim, Mannheim, Germany). Insulin resistance was assessed using the Homeostasis Model
Assessment – Insulin Resistance (HOMA-IR) [24].

Anthropometric assessment
Clinical procedures were carried out by two quali�ed nutritionists (RZ and FC), trained for equivalent
measuring performances. All anthropometric measurements were taken with participants dressed in
lightweight clothing and without shoes. Variables were all collected at the same time between 7:00 and
10:00 a.m. in the morning, after overnight fasting. Height was measured to the nearest 0.5 cm using a
wall-mounted stadiometer (Seca 711; Seca, Hamburg, Germany). Body weight was determined to the
nearest 0.1 kg using a calibrated balance beam scale (Seca 711; Seca, Hamburg, Germany). BMI was
calculated by dividing body weight (Kg) by the square of height (m2) and classi�ed according to World
Health Organization criteria for normal weight (18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2), grade I
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obesity (30.0–34.9 kg/m2), grade II obesity (35.0–39.9 kg/m2), and grade III obesity (≥ 40.0 kg/m2) [25].
Waist circumference (WC) was measured at the narrowest part of the abdomen, or in the area between
the tenth rib and the iliac crest (minimum circumference).

Ultrasound Measurement of Carotid Intima–Media
Thickness
All subjects underwent high-de�nition vascular ultrasound according to the following protocol to measure
IMT-CCA, a useful tool for evaluating early atherosclerosis. Ultrasonographic echo-color Doppler studies
of the left and right common carotid arteries were performed by the same physician with a Philips Sonos
5500 using a 7.5 MHz high-resolution probe. Patients were placed in supine position, with the neck
extended and rotated contralaterally by 45°, and the common carotid arteries were examined on the
sagittal axis with a lateral view. We used the Pignoli et al. [26] method to de�ne IMT-CCA, as described in
our previous studies [6]: by focusing and freezing images on the distal wall of the common carotid artery
on the lengthwise axis during end-diastole, the IMT-CCA was calculated as the distance between the
leading borders of the �rst hyperechoic line and of the second hyperechoic line, separated by a
hypoechoic space (“double- track pattern”). The measurements were performed bilaterally 1 cm
proximally to the carotid bulb, three times, and the IMT-CCA value was calculated as the arithmetical
mean of each side. The IMT-CCA value considered for statistical analyses was the mean of right and left
measurements. For IMT detection, we excluded arterial segments presenting atherosclerotic plaque.

Echocardiography
All patients underwent a full echocardiographic evaluation in line with international guidelines [27]. To
avoid bias, only one experienced cardiologist performed all the echocardiographic examinations, using a
GE Vivid T8 (Health Care, Italy) with a standard phase-array multi-frequency transducer, 3.5 MHz, and
ECG trigger. Transthoracic echocardiography was performed with the patient in left lateral decubitus, after
10 min resting, with the exam table slanted to 30°. The examination included measurements of the
diastolic interventricular septum (IVS) and anteroposterior diameter of the left atrium (LAD). Cardiac
valves were evaluated by color Doppler to detect regurgitation and/or stenosis. Apical views were
adopted in order to evaluate the left ventricle ejection fraction (LVEF) by means of Simpson’s method.
Subjects were divided according to the IVST cut-off set by the latest ASE/EACVI guidelines: >9 mm in
women and > 10 mm in men [22].

Statistics
We performed statistical analysis of baseline variables, expressed as mean ± standard deviation (SD),
median and range for continuous variables, and proportion (%) for the frequency of categorical variables.
The whole sample (N = 227) was divided into two groups according to the diagnosis of pathological IVST.
The normality of distribution was assessed for each variable using Shapiro's test. Wilcoxon sum rank test
and independent samples t-test were performed on the basis of methodological suitability, to assess
differences in variables between groups. Spearman’s correlation matrix was built for all continuous
biochemical and anthropometric variables to check for interrelated variables, to avoid co-linearity effects
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in the model. P-values less than or equal to 0.05 were considered statistically signi�cant, with 95%
con�dence intervals. Logistic regression analyses were built to de�ne the Odds Ratio (OR) for
pathological IVST. To avoiding known confounding effects, two models were run: 1) Partially adjusted
model including age, and WC; 2) Fully adjusted model including age, WC, uric acid, SBP, DBP and IMT-CCA
(Table 2).

Table 2
Logistic regression models on IVST categories as dependent variable

  Variables OR CI 95% P value

Semi

adjusted*

FPG (mg/dl) 1.039 1.010 to 1.068 0.01

Age (years) 1.012 0.990 to 1.034 0.27

WC (cm) 1.019 0.996 to 1.042 0.09

Fully

adjusted†

FPG (mg/dl) 1.039 1.008 to 1.072 0.01

Age (years) 0.984 0.957 to 1.011 0.25

WC (cm) 0.998 0.972 to 1.025 0.93

Uric Acid (mg/dl) 1.317 1.049 to 1.653 0.01

DBP (mmHg) 1.014 0.977 to 1.052 0.45

SBP (mmHg) 1.020 0.993 to 1.048 0.13

IMT-CCA (cm) 67.180 5.240 to 86.12 < 0.01

Insulin (UI/ml) 0.995 0.966 to 1.025 0.76

Signi�cance shown in bold

*corrected for age and WC

†corrected for semi adjusted plus SBP, DBP, IMT-CCA, uric acid, and insulin levels

To assess the dose-response effect of FPG on IVST, FPG was divided into quintiles. Two multivariate
models (partially and fully adjusted) were run, using quintiles as regressors to assess an increasing trend
of the Odds Ratio (OR) for pathological IVST (Fig. 1). Statistical analyses were performed using RStudio
software, Version 1.2.5042 (RStudio, Inc., Boston, MA, USA).

Results
The whole sample featured a majority of women (68.3%). Mean age was 42.4 ± 13.3 years. Mean BMI
was 32.9 ± 5.4 Kg/m2. Table 1 summarizes the general, anthropometric, hormonal, metabolic and routine
laboratory parameters of the enrolled subjects, subdivided by pathological IVST (yes/no), expressed as
mean ± SD, median and range for continuous variables, and as percentage (%) for proportions. The
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prevalence of pathological IVST was 48.9% (N = 111), dominated by men (55%, N = 61). The pathological
IVST group were signi�cantly older (p 0.04), with higher WC (p 0.01), SBP (p < 0.01), DBP (p < 0.01), HOMA
IR (p 0.01), FPG (p < 0.01), insulin (p 0.04), acid uric (p < 0.01) serum levels, IMT-CCA (p < 0.01), IVST (p < 
0.01) and LAD (p < 0.01). Table 2 shows the linear regression models (partially and fully adjusted) for
pathological IVST. In both models, the results demonstrated an independent relationship between FPG
and IVST (OR 1.039, CI 95% 1.010 to 1.068 and OR 1.039, CI 95% 1.008 to 1.072, respectively, for the semi
and fully adjusted models). IMT-CCA and uric acid both showed independent associations with IVST (OR
67.180 CI 95% 5.240 to 86.12 and OR 1.317 CI 95% 1.049 to 1.653, respectively). By contrast, the other
variables showed no signi�cance. Figure 1 clearly shows the increasing dose-response effect, fully
adjusted for confounders, of the association between FPG quintiles and pathological IVST.
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Table 1
Characteristics of the whole sample divided by IVST pathological cut-offs

  Normal IVST Pathological IVST    

Variables Mean/Median Range/SD Mean/Median Range/SD P
Value *

Proportion (%) 116.00
(51.10)

-- 111.00
(48.90)

-- --

Age (years) 42.00 18.00 to
71.00

46.00 18.00 to
72.00

0.04

Gender (Male) 11.00 (9.50) -- 61.00 (55.00) -- < 0.01†

WC (cm) 105.90 11.68 110.00 13.46 0.01‡

BMI (Kg/m2) 31.30 25.10 to
47.30

32.00 25.10 to
47.60

0.79

SBP (mmHg) 124.80 14.82 134.00 16.97 < 0.01‡

DBP (mmHg) 80.16 10.18 86.05 12.56 < 0.01‡

Total Cholesterol
(mg/dl)

192.00 97.00 to
297.00

194.00 118.00 to
310.00

0.88

HDL-Cholesterol
(mg/dl)

53.00 24.00 to
116.00

49.00 29.00 to
89.00

0.06

LDL-Cholesterol
(mg/dl)

117.50 32.00 to
216.00

121.00 52.00 to
262.00

0.44

Triglycerides (mg/dl) 84.50 34.00 to
361.00

101.00 33.00 to
541.00

0.06

FPG (mg/dl) 86.00 66.00 to
122.00

90.00 65.00 to
121.00

< 0.01

Insulin (UI/ml) 9.55 2.90 to
112.00

10.90 2.40 to 46.50 0.04

* Wilcoxon sum rank test, †Chi squared test, ‡Two Sample t-test,

Data are shown as mean ± SD, median and range for continuous variables and as (%) for proportions

Signi�cance shown in bold

Abbreviations: BMI (Body Mass Index); WC (Waist Circumference); SBP (Systolic Blood Pressure);
DBP (Diastolic Blood Pressure); FPG (Fasting Plasma Glucose); HOMA IR (Homeostasis Model
Assessment for Insulin- Resistance); TSH (Thyroid-Stimulating Hormone); FT3 (Free Triiodothyronine);
FT4 (Free Thyroxine); IMT-CCA (Intima-Media Thickness of Common Carotid Artery); IVST
(Interventricular Septal Thickening); LVFE (Left Ventricle Ejection Fraction); LAD (Left Atrium
Diameter)
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  Normal IVST Pathological IVST    

HOMA IR 1.99 0.61 to 30.14 2.49 0.52 to 10.90 0.01

HbA1c (%) 5.30 4.50 to 6.40 5.35 4.35 to 6.45 0.12

Uric acid (mg/dl) 4.15 2.10 to 8.70 4.90 2.20 to 10.40 < 0.01

TSH (mU/l) 1.79 0.29 to 6.37 1.58 0.33 to 5.49 0.06

FT3 (pg/ml) 2.91 1.64 to 3.95 3.00 2.05 to 4.60 0.08

FT4 (pg/ml) 10.20 7.10 to 16.50 10.30 6.80 to 13.80 0.41

IMT-CCA (cm) 0.65 0.30 to 1.15 0.73 0.44 to 1.20 < 0.01

IVST (mm) 9.00 7.00 to 10.00 12.00 10.00 to
15.00

< 0.01

LVFE (%) 65.00 41.00 to
74.00

64.00 41.00 to
75.00

0.09

LAD (mm) 36.00 28.00 to
44.00

38.00 28.00 to
44.00

< 0.01

* Wilcoxon sum rank test, †Chi squared test, ‡Two Sample t-test,

Data are shown as mean ± SD, median and range for continuous variables and as (%) for proportions

Signi�cance shown in bold

Abbreviations: BMI (Body Mass Index); WC (Waist Circumference); SBP (Systolic Blood Pressure);
DBP (Diastolic Blood Pressure); FPG (Fasting Plasma Glucose); HOMA IR (Homeostasis Model
Assessment for Insulin- Resistance); TSH (Thyroid-Stimulating Hormone); FT3 (Free Triiodothyronine);
FT4 (Free Thyroxine); IMT-CCA (Intima-Media Thickness of Common Carotid Artery); IVST
(Interventricular Septal Thickening); LVFE (Left Ventricle Ejection Fraction); LAD (Left Atrium
Diameter)

Discussion
The present study had the goal of evaluating whether progressively higher FPG is associated with
interventricular septum (IVS) thickening among non-diabetic subjects with overweight and obesity. The
�ndings clearly demonstrate that FPG is one of the determinant factors for subclinical cardiac alterations
in subjects with excessive body weight, even before overt diabetes. In particular, we found that higher FPG
levels, even within a non-diabetic range, in�uence IVS thickening, regardless of the major risk factors
commonly associated with early signs of cardiac wall thickening.

Thus, our investigation demonstrates that a direct in�uence of FBG on IVST begins early in the natural
history of diabetes, before the clinical diagnosis. The role of FBG was con�rmed by a positive dose-
response effect of FBG on IVST, expressed by a positive trend of ORs through the FBG quintiles. A further
remarkable �nding was that pathological IVST values, diagnosed according to the latest ASE/EACVI
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guidelines [11], were present in almost half of our population sample (48.9%, N = 111 of 227), despite
their being apparently free of overt CVDs. It is noteworthy that we recently found hypertension in 69% of a
population of apparently healthy subjects with obesity [4] and this �nding, together with the results of the
present study showing a high percentage of patients with greater IVST, emphasize the importance of
preventing obesity, and supporting weight loss in subjects with obesity.

Our �ndings on FBG are in line with accumulated evidence from population-based studies focused on
cardiovascular outcomes. A bi-racial report from the Atherosclerosis Risk In the Community (ARIC) Study
reported that both diabetes and pre-diabetes are associated with an increased LV mass, worse diastolic
function, and an insidious reduction in left ventricular systolic function in subjects without prevalent
coronary heart disease or heart failure (HF), suggesting that hyperglycemic status may contribute to an
insidious subclinical impairment of cardiac structure and function [28]. Likewise, the Multi-Ethnic Study
of Atherosclerosis (MESA), investigating four ethnic cohorts, found a progressive increase in wall
thickness from normal glucose metabolism to IFG and type 2 diabetes in Caucasian subjects, but the
differences were not signi�cant after adjustment for other cardiovascular risk factors [29]. Again in pre-
diabetes contexts, the CARDIA study highlighted that in middle-aged subjects, a longer exposure to
glycemic abnormalities, with poor glucose and insulin resistance, may adversely in�uence cardiac
remodeling and function over a 25-year period, predisposing to HF in later life [18]. Consistently, major
�ndings from the ECHO-SOL study reinforce the concept that alterations in cardiac structure and function
may begin even in pre-diabetes conditions [20].

Among the confounding variables included in the logistic regression model, IMT-CCA maintained an
independent association with IVST, regardless of other confounders. This relationship suggests that
progressive thickening of the arterial wall may be responsible for a parallel thickening of the IVS in
subjects affected by obesity, even in the absence of diabetes, hypertension and other diseases known to
affect heart structure and function. In line with the concept of possible cardiovascular alterations induced
by higher FBG levels still in the normal range, we had previously found that even a threshold value of
90 mg/dl is an independent predictor of early signs of atherosclerosis, as evaluated by the IMT-CCA (13).
Accordingly, a retrospective study of 2052 non-diabetic participants, whose coronary artery calcium (CAC)
score was measured repeatedly over 4 years, demonstrated that subjects with a higher baseline
haemoglobin glycation index (HGI), de�ned as the difference between measured and predicted HbA1c
levels, had a higher risk for incident CAC than those with a low baseline HGI [30].

As regards the other metabolic parameters, this study shows that subjects with pathological IVST have
higher uric acid levels, and this association was maintained in the fully adjusted logistic regression
models with IVST as the dependent variable, corroborating previous data reporting hyperuricemia to be
an independent driver of left ventricular hypertrophy (LVH) [31].

Insulin levels and insulin resistance, evaluated by HOMA IR, were signi�cantly higher in subjects with
greater IVST and since insulin is a well-known growth factor, it may well be that hyperinsulinemia and
insulin resistance may contribute to IVS thickening, as demonstrated in previous studies conducted in
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women with obesity [32]. However, the association between insulin and IVST was not maintained after
adjustment of data for FBG, uric acid and IMT-CCA, thus excluding a strong independent in�uence of
insulin and insulin-resistance on IVS thickening in subjects with uncomplicated obesity.

Lastly, systolic and diastolic BP were signi�cantly higher in subjects with greater IVST and, since
hypertension is a well-known factor leading to interventricular septum and left ventricular hypertrophy
[33], it could well be that higher SBP and BDP may contribute to greater IVST. However, the association
between SBP and DBP and IVST was not maintained after logistic regression and adjustment of data
either, excluding a strong independent in�uence of BP on IVS thickening in subjects with uncomplicated
obesity.

Some limitations of this study should be considered. Because of the cross-sectional setting, the direction
of any causal relationship could not be established, so our data provide a description rather than an
explanation. Prospective studies are needed to clarify a causal relationship. A strong point is that we
examined only individuals taking no medication, thus avoiding a possible interference with biomarkers
assays and hence investigated outcomes.

Conclusions
This study demonstrates that higher FPG levels within a non-diabetic range represent an independent
sensitive predictor of IVS thickening in subjects with overweight and obesity, even before the onset of
diabetes. Given the current obesity epidemic and consequently increased prevalence of glycemic
disturbances, these results have important public health implications. They emphasize the point that
delaying or halting progression from IGF to diabetes may prevent harmful thickening of the ventricular
walls and the subsequent onset of cardiovascular complications.

Abbreviations
BMI (Body Mass Index), CHF (Congestive Heart Failure), CVDs (Cardiovascular Diseases), DBP (diastolic
blood pressure), FPG (Fasting Plasma Glucose), FT3 (Free Triiodothyronine), FT4 (Free Thyroxine), HbA1c
(hemoglobin A1c), HDL (High Density Lipoprotein), HF (Heart Failure), HOMA IR (Homeostasis Model
Assessment
Insulin Resistance), IFG (Impaired Fasting Glucose), IGT (Impaired Glucose Tolerance), IMT-CCA (Intima-
Media Thickness of the Common Carotid Artery), IVST (Interventricular Septal Thickening), LAD (Diameter
of the Left Atrium), LDL (Low Density Lipoprotein), LVEF (Left Ventricle Ejection Fraction), LVH (Left
Ventricular Hypertrophy), SBP (Systolic Blood Pressure), TSH (Thyroid-Stimulating Hormone), WC (Waist
Circumference).

Declarations
Ethics approval and consent to participate



Page 12/16

The study protocol was approved by the was approved by the Ethics Committee of the National Institute
of Gastroenterology “S. De Bellis” Research Hospital (Castellana Grotte, Apulia, Italy). Written informed
consents were obtained from all participants before data collection.

Consent for publication

All authors have declared their consent for this publication.

Availability of data and materials

Data can be obtained on request and are not publicly available.

Competing interests

The authors declare that they have no competing interests.

Funding

Not applicable.

Authors' contributions

GDP, RS and GG contributed to the planning of the study; FC had access to data and conducted analyses;
RZ wrote the �rst draft; All authors critically reviewed the intellectual content of manuscript drafts and
approved the �nal version for submission. GDP is the guarantor of this work and, as such, had full access
to all the data in the study and takes responsibility for the integrity of the data and the accuracy of the
data analysis.

Acknowledgements:

Not applicable.

References
1. Neeland IJ, Poirier P, Després J-P. Cardiovascular and Metabolic Heterogeneity of Obesity: Clinical

Challenges and Implications for Management. Circulation. 2018 Mar;27(13):1391–406. 137(.

2. Vekic J, Zeljkovic A, Stefanovic A, Jelic-Ivanovic Z, Spasojevic-Kalimanovska V. Obesity and
dyslipidemia. Metabolism. 2019 Mar 1; 92:71–81.

3. De Pergola G, Nardecchia A, Guida P, Silvestris F. Arterial hypertension in obesity: relationships with
hormone and anthropometric parameters. Eur J Cardiovasc Prev Rehabil. 2011 Apr;18(2):240–7.

4. Zupo R, Castellana F, Boninfante B, Lampignano L, Lattanzio A, Sardone R, et al. Uric Acid and
Potassium Serum Levels Are Independent Predictors of Blood Pressure Non-Dipping in Overweight or
Obese Subjects. Nutrients. 2019 Dec 5;11(12).



Page 13/16

5. White U, Ravussin E. Dynamics of adipose tissue turnover in human metabolic health and disease.
Diabetologia. 2019 Jan;62(1):17–23.

�. De Pergola G, De Mitrio V, Giorgino F, Sciara�a M, Minenna A, Di Bari L, Pannacciulli N, Giorgino R.
Increase in both pro-thrombotic and anti-thrombotic factors in obese premenopausal women:
relationship with body fat distribution. Int J Obes Relat Metab Disord. 1997 Jul;21(7):527–35.

7. De Pergola G, Zupo R, Cecere A, Bartolomeo N, Triggiani V, Paradiso S, Lampignano L, Silvestris F,
Ciccone MM. Platelet number is negatively and independently associated with carotid intima-media
thickness in apparently healthy overweight/obese subjects. Nutrition, Metabolism and
Cardiovascular Diseases. 2018 Dec 1;28(12):1217-21.

�. Badimon L, Bugiardini R, Cenko E, et al Position paper of the European Society of Cardiology–
working group of coronary pathophysiology and microcirculation: obesity and heart disease.
European Heart Journal (2017) 38, 1951–1958, 2017.

9. Ciccone M, Vettor R, Pannacciulli N, Minenna A, Bellacicco M, Rizzon P, et al. Plasma leptin is
independently associated with the intima-media thickness of the common carotid artery. Int J Obes
Relat Metab Disord. 2001 Jun;25(6):805–10.

10. Tumuklu MM, Etikan I, Kisacik B, Kayikcioglu M.Tumuklu MM, et al. Effect of obesity on left
ventricular structure and myocardial systolic function: assessment by tissue Doppler imaging and
strain/strain rate imaging. Echocardiography. 2007;24(8):802–9.

11. Lang RM, Badano LP, Mor-Avi V, A�lalo J, Armstrong A, Ernande L, et al. Recommendations for
Cardiac Chamber Quanti�cation by Echocardiography in Adults: An Update from the American
Society of Echocardiography and the European Association of Cardiovascular Imaging. European
Heart Journal – Cardiovascular Imaging. 2015;Vol. 16:233–71.

12. Nathan DM, Davidson MB, De Fronzo RA, Heine RJ, Henry RR, Pratley R, et al. Impaired fasting
glucose and impaired glucose tolerance: implications for care. Diabetes Care. 2007 Mar;30(3):753–
9.

13. Marini MA, Succurro E, Castaldo E, Cufone S, Arturi F, Sciacqua A, et al. Cardiometabolic risk pro�les
and carotid atherosclerosis in individuals with prediabetes identi�ed by fasting glucose,
postchallenge glucose, and hemoglobin A1c criteria. Diabetes Care. 2012;35:1144–9.

14. Ciccone MM, Cortese F, Gesualdo M, Donvito I, Carbonara S, De Pergola G. A glycemic threshold of
90 mg/dl promotes early signs of atherosclerosis in apparetly healthy overweight/obese subjects.
Endocrine, Metabolic & Immune Disorders - Drug Targets (Formerly Current Drug Targets - Immune.
Endocrine Metabolic Disorders). 2016;16(4):288–95.

15. De Pergola G, Ciccone M, Pannacciulli N, Modugno M, Sciara�a M, Minenna A, et al. Lower insulin
sensitivity as an independent risk factor for carotid wall thickening in normotensive, non-diabetic,
non-smoking normal weight and obese premenopausal women. Int J Obes Relat Metab Disord.
2000;24(7):825–9.

1�. Pannacciulli N, De Pergola G, Ciccone M, Rizzon P, Giorgino F, Giorgino R. Effect of family history of
type 2 diabetes on the intima-media thickness of the common carotid artery in normal-weight,



Page 14/16

overweight, and obese glucose-tolerant young adults. Diabetes Care. 2003;26(4):1230–4.

17. De Pergola G, Pannacciulli N, Ciccone M, Tartagni M, Rizzon P, Giorgino R. Free testosterone plasma
levels are negatively associated with the intima-media thickness of the common carotid artery in
overweight and obese glucose-tolerant young adult men. Int J Obes Relat Metab Disord. 2003
Jul;27(7):803–7.

1�. Kishi S, Gidding SS, Reis JP, Colangelo LA, Venkatesh BA, Armstrong AC, et al. Association of Insulin
Resistance and Glycemic Metabolic Abnormalities With LV Structure and Function in Middle Age:
The CARDIA Study. JACC Cardiovasc Imaging. 2017 Feb;10(2):105–14.

19. Zhang X, Wei X, Liang Y, Liu M, Li C, Tang H. Differential Changes of Left Ventricular Myocardial
Deformation in Diabetic Patients with Controlled and Uncontrolled Blood Glucose: A Three-
Dimensional Speckle-Tracking Echocardiography–Based Study. Vol. 26, Journal of the American
Society of Echocardiography. 2013. p. 499–506.

20. Demmer RT, Allison MA, Cai J, Kaplan RC, Desai AA, Hurwitz BE, Newman JC, Shah SJ, Swett K,
Talavera GA, Thai A. Association of impaired glucose regulation and insulin resistance with cardiac
structure and function: results from ECHO-SOL (Echocardiographic Study of Latinos). Circulation:
Cardiovascular Imaging. 2016 Oct;9(10):e005032.

21. Held C, Gerstein HC, Yusuf S, Zhao F, Hilbrich L, Anderson C, et al. Glucose Levels Predict
Hospitalization for Congestive Heart Failure in Patients at High Cardiovascular Risk. Vol. 115,
Circulation. 2007. p. 1371–5.

22. Nakamura M, Sadoshima J. Cardiomyopathy in obesity, insulin resistance and diabetes. The Journal
of physiology. 2019 Mar 14.

23. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-density lipoprotein
cholesterol in plasma, without use of the preparative ultracentrifuge. Clinical chemistry. 1972 Jun
1;18(6):499–502.

24. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC. Homeostasis model
assessment: insulin resistance and beta-cell function from fasting plasma glucose and insulin
concentrations in man. Diabetologia. 1985 Jul;28(7):412–9.

25. Ulijaszek SJ. Obesity: Preventing and Managing the Global Epidemic. Report of a WHO Consultation.
WHO Technical Report Series 894. Pp. 252 (World Health Organization, Geneva, 2000.) SFr 56.00,
ISBN 92-4-120894-5, paperback. Journal of biosocial science. 2003;35(4):624-5.

2�. Pignoli P, Tremoli E, Poli A, Oreste P, Paoletti R. Intimal plus medial thickness of the arterial wall: a
direct measurement with ultrasound imaging. Circulation. 1986 Dec;74(6):1399–406.

27. Mitchell C, Rahko PS, Blauwet LA, Canaday B, Finstuen JA, Foster MC, et al. Guidelines for
Performing a Comprehensive Transthoracic Echocardiographic Examination in Adults:
Recommendations from the American Society of Echocardiography. J Am Soc Echocardiogr. 2019
Jan;32(1):1–64.

2�. Skali H, Shah A, Gupta DK, Cheng S, Claggett B, Liu J, Bello N, Aguilar D, Vardeny O, Matsushita K,
Selvin E. Cardiac structure and function across the glycemic spectrum in elderly men and women



Page 15/16

free of prevalent heart disease: The Atherosclerosis Risk in the Community study. Circulation: Heart
Failure. 2015 May;8(3):448–54.

29. Bertoni AG, Goff DC Jr, D’Agostino RB Jr, Liu K, Hundley WG, Lima JA, et al. Diabetic cardiomyopathy
and subclinical cardiovascular disease: the Multi-Ethnic Study of Atherosclerosis (MESA). Diabetes
Care. 2006 Mar;29(3):588–94.

30. Rhee EJ, Cho JH, Kwon H, Park SE, Park CY, Oh KW, Sung-Woo Park SW, Lee WY. Association between
coronary artery calci�cation and the hemoglobin glycation index: The Kangbuk Samsung Health
Study. J Clin Endocrinol Metab. 2017;102:4634–41.

31. Kuwabara M, Sato Y, Kanbay M, Johnson RJ. Uric Acid and Left Ventricular Hypertrophy: A
Potentially New Modi�able Target? Am J Hypertens. 2017 Mar 1;30(3):229–31.

32. Utz W, Engeli S, Haufe S, Kast P, Hermsdorf M, Wiesner S, Pofahl M, Traber J, Luft FC, Boschmann M,
Schulz-Menger J, Jordan J. Myocardial steatosis, cardiac remodelling and �tness in insulin-sensitive
and insulin-resistant obese women. Heart, 97(19): 1585 – 1519, 2011.

33. Cacciapuoti F. Molecular mechanisms of left ventricular hypertrophy (LVH) in systemic hypertension
(SH)—possible therapeutic perspectives. Journal of the American Society of Hypertension. 2011 Nov
1;5(6):449 – 55.

Figures

Figure 1



Page 16/16

Fully adjusted estimated ORs and 95% CIs for pathological IVST by FPG quintiles


