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Abstract

The CA.ME.LI.A (CArdiovascular risks, MEtabolic syndrome, LIver and Autoimmune disease) epidemiological study was conducted in
Abbiategrasso (Milan, Italy) to identify risk factors for metabolic and cardiovascular disease in an apparently healthy population of north-
ern Italy. The population (n ¼ 2,545, 1,251 men, 1,254 women) was stratified according to body mass index [normal body weight (NBW):
<25 kg/m2; overweight-obese (OWO): �25 kg/m2] and according to fasting blood glucose [normal fasting glucose: <100 mg/dL;
impaired fasting glucose (IFG): 100–125 mg/dL; diabetes mellitus (DM): �126 mg/dL]. The incidence of cardiovascular (CV) events and
overall mortality were studied by the Kaplan–Meier method using the log rank test. Univariate analysis was conducted with time-
dependent Cox models. During the 7-yr follow-up period, 80 deaths and 149 CV events occurred. IFG [hazard ratio (HR): 2.81; confi-
dence interval (CI): 1.37–5.77; P ¼ 0.005], DM (HR: 4.88; CI: 1.47–16; P ¼ 0.010), or OWO (HR: 2.78; CI:1.68–4.59; P < 0.001) all produced
significant increases in CV events and deaths. In the combination IFG/OWO (HR: 5.51; CI: 3.34–9.08; P < 0.001), there was an apparent
additive effect of the two conditions, whereas in the combination DM/OWO (HR: 12.71; CI: 7.48–22; P < 0.001), there was an apparent
multiplicative effect on the risk for CV events and deaths. In males, the DM/NBW group had a higher incidence of cardiovascular events
and deaths than the IFG/OWO group. In contrast, in females, the IFG/OWO group had a higher incidence of cardiovascular events and
deaths than the DM/NBW group. In women, there was a greater incidence of CV events in the IFG/OWO group (HR: 6.23; CI: 2.88–13;
P < 0.001) than in men in the same group (HR: 4.27; CI: 2.15–8.47; P < 0.001). Consistent with these data, also all-cause mortality was
progressively increased by IFG/DM and OWO, with an apparently exponential effect in the combination DM/OWO (HR: 11.78; CI: 6.11–23;
P < 0.001). IFG/DM and OWO, alone or in combination, had major effects in increasing mortality for all causes and CV events. The rela-
tive contributions of hyperglycemia and overweight/obesity on cardiovascular events and deaths were apparently, to a certain extent,
sex dependent. Females were more affected by overweight/obesity either alone or combined with IFG, as compared with males.

NEW & NOTEWORTHY For the first time, the combined effects of glucose tolerance and BMI have been investigated in an
apparently healthy large population sample of a city in the north of Italy. We found that there are synergistic effects of glucose
levels with BMI to increase not only cardiovascular events and deaths but also cancer-related deaths and all-cause mortality.

cardiovascular risk; type 1/type 2 diabetes mellitus; epidemiology; impaired fasting glucose; obesity

INTRODUCTION

Obesity and overweight have reached epidemic propor-
tions, and their growth shows no signs of slowing down.

It has been estimated that in 2022, 2.5 billion adults were
overweight or obese (1/3 of the entire world), and of these,
890 million (12%) were obese, also affected by associated
comorbidities (1). Obesity is associated with a two- to
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threefold increased risk for death from all causes, includ-
ing cardiovascular diseases, chronic kidney disease, sleep
apnea, cancer, and type 2 diabetes mellitus (T2DM) (2, 3).
Of significance, obesity carries also an important psycho-
social burden, thus impacting numerous areas of psycho-
social functioning (4).

Diabetes mellitus has emerged as one of the most serious
and common chronic diseases of our times, causing life-
threatening, disabling, and costly complications also signifi-
cantly reducing life expectancy (5–9). Just over half a billion
people are living with diabetes (type 1 or type 2) worldwide,
and its prevalence is expected to rise to 12.2% (783.2 million)
in 2045 (10). In addition, 541 million people are estimated to
be affected by prediabetes, either impaired fasting glucose
(IFG), which is characterized by fasting plasma glucose level
between 100 and 125 mg/dL, or impaired glucose tolerance
(IGT), that is a glucose level between 140 and 200 mg/dL at 2
h after a 75 g glucose tolerance test (10). Type 2 diabetes mel-
litus can be diagnosed from fasting plasma glucose�126 mg/
dL (7.0 mmol/L) and/or >200 mg/dL after an oral glucose
tolerance test or hemoglobin A1c>6.4% (46mmol/mol) (11).

In the early 2000s, the term “diabesity” was proposed to
indicate the intimate interactive role that obesity has with
the development of type 2 diabetes mellitus (12). Chronic
subinflammation in the adipose tissue, leading to imbal-
anced secretion of adipokines, resulting in increased levels
of proinflammatory cytokines and decreased levels of anti-
inflammatory adipokines, is considered a crucial risk factor
for the development of insulin resistance and type 2 diabetes
mellitus in obese individuals (13–16).

Individuals with IGT and/or IFG are at higher risk to de-
velop diabetes mellitus andmetabolic syndrome X of insulin
resistance and to experience cardiovascular (CV) events
(myocardial infarction, stroke, CV death) later in life (17–22).
Also, obesity is a well-established independent risk factor for
development of a variety of cardiovascular diseases (CVD),
including heart failure, coronary heart disease, atrial fibrilla-
tion, and arterial hypertension (3, 23–25).

CA.ME.LI.A (CArdiovascular risks, MEtabolic syndrome,
LIver and Autoimmune disease) is an epidemiological study
conducted between 2009 and 2011 in the city of Abbiategrasso
(Milan, Italy). The prevalence of cardiovascular risk factors,
metabolic syndrome X of insulin resistance, and liver diseases
in the CA.ME.LI.A study population has been reported else-
where (26). Here, we present the findings of the 7-yr follow-up
conducted in the CA.ME.LI.A population. The study aims to
investigate the impact of hyperglycemia (IFG and DM) and
increased body mass (overweight/obesity) on the incidence of
cardiovascular events and all-cause mortality, including car-
diovascular events (heart and cerebrovascular), cancer, and
other diseases.

MATERIALS AND METHODS

The CA.ME.LI.A Population

The CA.ME.LI.A study organization, planning, medical ex-
amination, and participants’ baseline clinical, ultrasound,
and biochemical data have been previously reported (26). The
participants’ baseline data were collected between May 2009
and September 2011 (26). The data from the follow-up study

period are reported here. All events that occurred from the
day of enrollment until August 30, 2017, retrievable in the dig-
ital records of theMilan 1 Health District, based on the disease
diagnosis coding system of the hospital discharge forms (in
Italian: “Scheda Dimissione Ospedaliera” SDO), were consid-
ered. The compilation of the “SDO” (hospital discharge form)
was based on ICD-9-CM (International Classification of
Diseases, 9th Revision, Clinical Modification) codes as previ-
ously reported (26). For the present report, causes of death
were then coded according to the ICD-10 (International
Classification of Diseases, 10th Revision) coding system.

To study the relationships between various degrees of glu-
cose tolerance and overweight/obesity, the population was
stratified according to body mass index (BMI) and fasting
plasma glucose (3, 27, 28). BMI: 1) normal body weight sub-
jects (NBW): BMI of <25 kg/m2; 2) overweight and obese sub-
jects (OWO): BMI of �25 kg/m2. Fasting plasma glucose: 1)
normal fasting glucose subjects (NFG): fasting plasma glu-
cose level of <100 mg/dL; 2) impaired fasting glucose sub-
jects (IFG): fasting plasma glucose level of 100–125 mg/dL;
and 3) type 2 diabetes mellitus (DM) subjects: fasting plasma
glucose level of�126mg/dL.

To verify the potential interaction of BMI with fasting
plasma glucose, analyses were performed by considering all
possible (six) combinations: 1) NFG/NBW, 2) NFG/OWO, 3)
IFG/NBW, 4) IFG/OWO, 5) DM/NBW, and 6) DM/OWO.

Data Analysis, Visualization, and Interpretation

Data were expressed as counts, percentages, prevalence
ratios, and 95% confidence intervals (CIs). Continuous varia-
bles are summarized as mean values and standard devia-
tions (SDs). In univariate analyses, the significance level of
differences among groups was assessed by the nonparamet-
ric Mann–Whitney or Kruskal–Wallis test. To assess the pres-
ence of a trend across groups of patients ordered according
to their glucose tolerance and BMI levels, the Kruskal–Wallis
test was preliminarily performed on the variable of interest,
followed, in the case of a significant result, by a nonpara-
metric test for trend based on a method described by
Cuzick (29). For categorical variables, the Fisher’s exact
test was employed. A modified Poisson approach was used
to estimate relative risks, either as a crude value or after
covariate adjustment, and their CI and significance levels
were assessed using robust error variances.

The study of the incidence of events was carried out using
the Kaplan–Meier method, with the log-rank test to assess
statistical significance levels. For this study, time 0 was the
date of enrollment in the CA.ME.LI.A study. The predefined
final observation dates were considered that of the first car-
diovascular event, or the date of death for cardiovascular
causes, or the death for all other causes.

For the univariate analysis of the association between any
continuous or categorical variable, considered as the risk fac-
tor, and the incidence of each outcome event, the aforemen-
tioned risk factors were introduced in single-variable, time-
dependent Coxmodels.

To identify the variables retaining an independent prog-
nostic value, those associated (P < 0.10) in the univariate
analyses with the incidence of an outcome event were stud-
ied within the framework of multivariate analysis by means
of time-dependent multivariate Coxmodels.
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The study protocol established that, in consideration of the
multiple associations between the variables under study and
the sex of the subjects, themain analyses were conducted sep-
arately in the two sexes. To contextualize the study data,
assuming an incidence of events or cardiovascular death of
10% during 7 yr after enrollment, and to demonstrate signifi-
cance (P < 0.05, power of 90%), a difference of �5% between
the incidence of events in the two groups, it was calculated
that 1,189 subjects would be needed using the two-tailed log-
rank test (30). In the present study, 1,257 male and 1,297
female subjects were enrolled for all analyses. The level of sta-
tistical significance was P< 0.05 in two-tailed tests.

Collected data were exported, and statistical analyses
were carried out using the Stata software (StataCorp. 2023.
Stata Statistical Software: Release 18. College Station, TX:
StataCorp LLC).

RESULTS

The study population included 2,554 subjects (1,257 men
and 1,297 women) residing in the city of Abbiategrasso
(Milano, Italy). The follow-up period extended from May
2009 to August 30, 2017, with a median duration of 7.4 yr, an
interquartile range of 6.8–7.8 yr, and a maximum follow-up
duration of 8.3 yr. Overall, the population was followed for
17,776 person-years. During this period, 35 subjects were lost
to follow-up.

Analysis of the Population According to Glucose
Tolerance and BMI

The population included 2,554 individuals (51% women
and 49% men) aged 18–77 yr, (mean ± SD ¼ all patients:
47.7 ± 14.9 yr; women: 48.0 ± 15.1 yr; men: 47.3 ± 15.1 yr; P ¼
0.221). After stratification in different age-groups (<35, 35–
44, 45–54, 55–64, and �65 yr), gender distribution did
not differ significantly, but a highly significant difference
emerged when considering fasting plasma glucose and BMI
categories (Supplemental Table S1). Such gender difference
was evident in the older age class (� 65 yr), in which women
were more prevalent. Regarding glucose levels, around two-
third (70.4%) of the study participants had NFG, followed by
IFG (22.9%) and DM (6.7%) categories (Table 1). Considering
body mass index, the population was divided in NBW
(48.9%) and OWO (51.1%). Regarding gender distribution,
males were more prevalent in the IFG, DM, and OWO catego-
ries, whereas females were more prevalent in the NFG and
NBW categories (P � 0.0001) (Table 1 and Supplemental Fig.
S1, A and B). Participants’ age increased as fasting glucose

levels and BMI increased, with some differences in males
and females (Supplemental Fig. S1, C andD).

In the population with BMI of <25 kg/m2 (NBW), 30%–

40% of subjects, in both sexes, were younger than 35 yr. In
men with BMI of >25 kg/m2 (OWO), the frequency of older
subjects progressively increased up to the 45–54 yr class, but
it subsequently decreased. Among OWO women, the trend
toward increasing frequency of aged subjects was consistent
over the whole age class spectrum (Supplemental Fig. S1D).
The cause of the fluctuating trend of the age distribution in
overweight/obese class among men, first “in crescendo” and
then “in diminuendo,” could be ascribed possibly to the
higher mortality rate of men versus women after 55 yr. In
women with BMI of �25 kg/m2, the trend is opposite to that
seen for BMI of <25 kg/m2, and the frequency of subjects
included in the age categories increased with age.

In the different glucose categories (NFG, IFG, DM), NFG
females had a lower BMI than NFG males (P � 0.0001)
(Supplemental Fig. S2). IFG males and females had similar
BMI, whereas DM females had higher BMI thanmales. Of note,
BMI of females showed greater variability than that ofmales.

The Interrelationship between Glucose Levels and BMI

To better understand the relationship between impaired
fasting glucose and diabetes mellitus (IFG/DM) with over-
weight/obesity, the CA.ME.LI.A population was stratified
into six subgroups, based on fasting glucose levels and BMI.
The number of males was higher in the five groups with ei-
ther increased glucose or increased BMI, whereas in the
group with both normal glucose tolerance and normal body
weight (NFG/NBW), females were significantly more repre-
sented thanmales (P� 0.0001) (Table 2).

Table 3 and Supplemental Table S2 (a and b) and
Supplemental Table S3 show anthropometric, clinical, and
laboratory characteristics of the six subgroups in the CA.ME.
LI.A population. Mean glucose levels increased in parallel
with age. OWO was associated with increased glucose levels
in NFG, IFG, and DM, as compared with NBW subjects.
Values of insulin and Homeostatic Model Assessment for
Insulin Resistance (HOMA-IR) progressively increased going
from NFG to IFG and to DM. For each glucose category, i.e.,
NFG, IFG, and DM, those who had a BMI of <25 kg/m2

showed lower insulin and HOMA IR as compared with those
with a BMI of�25 kg/m2. A similar trend was also present for
triglyceride levels, with the highest level in DM/OWO sub-
jects. HDL cholesterol showed a trend toward decreasing val-
ues with increasing glucose levels, both in NBW and OWO
subjects. Incidence of C-reactive protein (CRP) >5 mg/L,

Table 1. Gender distribution of the CA.ME.LI.A population based on glucose tolerance and BMI

Total Population Men Women P Value

n 2,553 1,257 1,296�
NFG 1,796 (70.4%) 770 (61.3%) 1,026 (79.2%) <0.0001
IFG 585 (22.9%) 377 (30.0%) 208 (16.0%)
DM 172 (6.7%) 110 (8.7%) 62 (4.8%)
NBW (BMI of <25 kg/m2) 1,250 (48.9%) 492 (39.1%) 758 (58.4%) <0.0001
OWO (BMI of �25 kg/m2) 1,304 (51.1%) 765 (60.9%) 539 (41.6%)

BMI, body mass index; CA.ME.LI.A, CArdiovascular risks, MEtabolic syndrome, LIver and Autoimmune disease; DM, diabetes melli-
tus; IFG, impaired fasting glucose; NBW, normal body weight; NFG, normal fasting glucose; OWO, overweight-obese. �One woman lack-
ing glycemic data.

DIABESITY INCREASES CARDIOVASCULAR EVENTS AND MORTALITY

E500 AJP-Endocrinol Metab � doi:10.1152/ajpendo.00181.2024 � www.ajpendo.org
Downloaded from journals.physiology.org/journal/ajpendo at Biblioteca Polo Didattico (159.149.200.230) on November 20, 2024.

http://www.ajpendo.org


of metabolic (dysfunction)-associated fatty liver disease
(MAFLD; previously called nonalcoholic fatty liver disease)
(31, 32), and of arterial hypertension showed a significant
progressive increase from NFG to IFG and to DM. Both con-
ditions were further markedly increased in each class of glu-
cose levels when OWOwas also present (all, P< 0.0001).

The distribution of MAFLD was different in the six sub-
groups. In NBW subjects, the percentage of subjects with
MAFLD increased considerably from NFG to IFG to DM class
(10.3% to 21% to 48%; P < 0.0001). In OWO/NFG subjects,
the percentage with MAFLD was 50.3, increasing progres-
sively to 68.4 in IFG/OWO and 82.9 in OWO/DM (P <
0.0001). Females had a lower percent incidence of MAFLD
than males in the NFG/NBW (7.6% vs. 15.4%), NFG/OWO
(46.7% vs. 54.2%), IFG/NBW (16% vs. 25.6%), and IFG/OWO
(61.9% vs. 72.1%) groups, whereas they had a higher inci-
dence in the DM/NBW (50% vs. 46.6%) and DM/OWO (88.1%
vs. 79.4%) groups (Table 4). The thickness of visceral adipose
tissue (VAT) progressively increased in male and female

subjects in parallel with glucose and BMI increases. VAT was
more represented in men than in women in the whole popu-
lation as well as after dividing subjects according to fasting
glucose levels or BMI (P � 0.0001). Similar trends were
observed in the distribution of the thickness of subcutaneous
adipose tissue (SAT) in the entire population, with signifi-
cantly more SAT in females as compared withmales, in each
of the six subgroups (Table 4 and Supplemental Fig. S3).

Association between Glucose Tolerance and/or Obesity
with Death for All Causes

Mortality at the 7-yr follow-up of the CA.ME.LI.A study, by
considering the stratification in the six subgroups, is
reported in Table 5. A total of 80/2,545 (3.1%) apparently
healthy subjects died. Among them, cancers accounted for
41.2% (n ¼ 33) of all deaths, whereas cardio-cerebrovascular
causes accounted for 17.5% (n¼ 14). Other diseases [20% (n¼
16)] and unspecified causes [21.3% (n ¼ 17)] accounted for the
remaining deaths.

Table 3. Clinical and laboratory characteristics of CA.ME.LI.A population stratified by glucose tolerance and BMI

NFG/NBW NFG/OWO IFG/NBW IFG/OWO DM/NBW DM/OWO

n 1,039 754 183 398 28 143
Age, yr (P � 0.0001) 40.6 ± 13.6 48.9 ± 14 51.6 ± 14.5 55.9 ± 12 56.9 ± 13.1 62.1 ± 9.4
Weight, kg (P � 0.0001) 60.9 ± 9.2 80.6 ± 12.7 64.7 ± 9.7 84.4 ± 13.0 63.8 ± 8.3 86.5 ± 16.3
Height, cm (P ¼ 0.07) 166.4 ± 9.7 167.3 ± 10.4 168.1 ± 10.0 167.8 ± 10.0 167.4 ± 8.9 165.5 ± 10.4
SBP, mmHg (P � 0.0001) 114.1 ± 14.7 125.6 ± 16.1 123.9 ± 17.3 133.1 ± 18.3 125.3 ± 19.1 138.2 ± 19.4
DBP, mmHg (P � 0.0001) 72.3 ± 9.5 79.0 ± 9.5 75.7 ± 10.0 82.8 ± 10.1 74.1 ± 9.9 81.1 ± 10.9
Waist circumference, cm (P � 0.0001) 81.8 ± 7.8 98.4 ± 9.3 86.1 ± 8.4 102.1 ± 10.3 83.7 ± 8.5 107.5 ± 12.6
Glucose, mg/dL (P � 0.0001) 87.9 ± 6.7 90.9 ± 5.6 105.8 ± 6.1 107.9 ± 6.4 143.1 ± 40.5 159.0 ± 49.5
Insulin, U/L (P � 0.0001) 4.3 ± 2.1 6.6 ± 3.4 5.7 ± 3.5 9.3 ± 7.4 9.0 ± 7.7 12.4 ± 10.4
HOMA index (P � 0.0001) 0.9 ± 0.5 1.5 ± 0.8 1.5 ± 1.0 2.5 ± 2.1 3.1 ± 2.7 5.2 ± 6.1
Total cholesterol, mg/dL (P � 0.0001) 198.1 ± 39.1 211.6 ± 40.0 209.0 ± 39.6 211.0 ± 40.8 196.5 ± 34.5 201.1 ± 40.7
HDL cholesterol, mg/dL (P � 0.0001) 59.6 ± 13.4 53.0 ± 13.0 58.0 ± 14.1 49.6 ± 11.9 51.5 ± 14.1 46.7 ± 10.5
LDL, mg/dL (P � 0.0001) 127.4 ± 30.8 144.0 ± 32.1 137.7 ± 33.2 144.2 ± 32.9 130.8 ± 27.8 137.4 ± 33.3
Triglycerides, mg/dL (P � 0.0001) 85.1 ± 40.7 115.7 ± 67.6 99.4 ± 61.3 140.7 ± 88.1 121.0 ± 70.1 154.1 ± 106.9
Hematocrit, % (P � 0.0001) 41.5 ± 3.7 42.5 ± 3.7 43.3 ± 3.5 43.6 ± 3.5 42.3 ± 2.8 42.9 ± 4.0
Red blood cell count, n/mm3 (P ¼ 0.0001) 4.8 ± 0.5 4.9 ± 0.5 4.9 ± 0.5 5.1 ± 0.5 4.9 ± 0.5 4.9 ± 0.5
Hb, g/dL (P � 0.0001) 14.0 ± 1.4 14.4 ± 1.4 14.6 ± 1.3 14.8 ± 1.3 14.2 ± 1.1 14.5 ± 1.5
White blood cell count, n/mm3 (P � 0.0001) 6.4 ± 1.7 6.7 ± 1.7 6.7 ± 1.8 6.9 ± 1.7 7.7 ± 4.4 7.1 ± 1.6
Platelet count, n/mm3 (P � 0.0001) 270 ± 63 266 ± 64 267 ± 67 259 ± 65 263 ± 53 250 ± 68
hsCRP, mg/L (P � 0.0001) 1.7 ± 3.0 3.0 ± 4.1 2.3 ± 5.5 3.6 ± 5.0 1.1 ± 0.8 4.1 ± 4.4
hCys, lmol/L (P � 0.0001) 13.3 ± 7.8 14.2 ± 9.7 14.6 ± 8.6 14.6 ± 8.2 12.0 ± 3.7 14.2 ± 5.5
hsCRP > 5 mg/L (P � 0.0001) 65 (6.3%) 102 (13.5%) 15 (8.2%) 72 (18.1%) 0 (0%) 35 (24.5%)
Arterial hypertension# (P � 0.0001) 140 (13.5%) 273 (36.2%) 68 (37.2%) 241 (60.5%) 12 (42.9%) 117 (81.8%)

Data are means ± SD or counts (percentage). BMI, body mass index; CA.ME.LI.A, CArdiovascular risks, MEtabolic syndrome, LIver and
Autoimmune disease; DM, diabetes mellitus; hCys, hyperhomocysteinemia; hsCRP, high-sensitivity C-reactive protein; IFG, impaired
fasting glucose; NBW, normal body weight; NFG, normal fasting glucose; OWO, overweight-obese. #Arterial hypertension was diagnosed
in subjects who presented at least one of the following: systolic arterial pressure �140 mmHg, diastolic arterial pressure �90 mmHg, or
treatment with antihypertensive therapy.

Table 2. CA.ME.LI.A population stratified by gender, BMI, and glucose tolerance

Total Population Men Women P Value

n 2,545� 1,251 1,294
NFG/NBW 1,039 (40.8%) 372 (29.7%) (14.5%) 667 (51.6%) (26.2%) <0.0001
NFG/OWO 754 (29.6%) 395 (31.6%) (15.5%) 359 (27.7%) (14.0%)
IFG/NBW 183 (7.2%) 105 (8.4%) (4.1%) 78 (6.0%) (3.0%)
IFG/OWO 398 (15.7%) 269 (21.5%) (10.5%) 129 (10.0%) (5.1%)
DM/NBW 28 (1.1%) 15 (1.2%) (0.5%) 13 (1.0%) (0.5%)
DM/OWO 143 (5.6%) 95 (7.6%) (3.7%) 48 (1.9%) (3.7%)

The % was calculated on the total number of subjects in the group (column). For men and women columns, an additional % vs. the
whole population is also reported on the left. BMI, body mass index; CA.ME.LI.A, CArdiovascular risks, MEtabolic syndrome, LIver and
Autoimmune disease; DM, diabetes mellitus; IFG, impaired fasting glucose; NBW, normal body weight; NFG, normal fasting glucose;
OWO, overweight-obese. �Nine patients of the whole CA.ME.LI.A population were excluded from the analysis for the lack of data, either
BMI or glucose tolerance.
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Mortality from all causes increased as plasma glucose lev-
els increased and further increased, within the same glucose
level class, in the presence of overweight/obesity. The
increase in death from NFG/NBW to DM/OWO seemed to
display an exponential trend, with an apparent 15-fold
increase (Table 6).

Figure 1 shows the Kaplan–Meier curves for the incidence
of death from all causes according to glucose levels (panels
A, B, and C), BMI (D, E, and F), and the combination of the
two (G, H, and I). The effect of increased glucose levels on
death rates is evident both when considering either the pop-
ulation as a whole or males and females separately. The
increase in mortality of the IFG group compared with the
NFG class is significant (P < 0.005) and similar between
males and females. The increase in mortality of the DM
group is significantly higher as compared with both NFG
and IFG (both P < 0.0005) and more pronounced in males
than in females (17.74% vs. 9.68%, P < 0.010) (Fig. 1, A–C,
and Supplemental Fig. S4, A–C).

The effect of BMI on mortality, in contrast, shows sex-
related differences. In the population as a whole, the
increase in mortality in the OWO class as compared with the
NBW class is significant (P < 0.0005). Interestingly, this
increase is due to increased male mortality (P < 0.0005 in
males), whereas in females, there is a nonsignificant differ-
ence between the two BMI classes (2.15% in NBW vs. 2.43%
in OWO; P ¼ nonsignificant) (Fig. 1, D–F, and Supplemental
Fig. S4,D–F).

Considering the combined effects of glucose tolerance and
BMI, when comparing theNFG/NBWwithNFG/OWO,mortal-
ity was similar in males and females. Among females, how-
ever, having a BMI of <25 in the presence of IFG (IFG/NBW)
resulted in increased mortality as compared with NFG/NBW
and NFG/OWO (P < 0.005). In males, IFG/OWO showed
increased mortality as compared with NFG/NBW and NFG/
OWO (P < 0.0005). In both sexes, DM associated with NBW
did not lead to a significant difference in mortality, possibly
due to the low number of subjects in this category (n¼ 28). As
expected, the DM/OWO class had the highest number of
deaths in both males (18.3%) and females (10.4%) (P < 0.0005
in both) (Fig. 1,G–I, and Supplemental Fig. S4,G–I).

In Supplemental Table S4, odds ratio (OR) after compari-
son of mortality for all causes, for cardio-cerebrovascular
causes, for cancer, and for all other causes, in each of the six
classes versus the others (paired comparison), are reported.
Chi-square (and Fisher’s exact) tests were performed to
assess whether the discrepancy between the different classes
was more than expected by chance. In particular, the OR
(95% CI) of mortality was statistically significant (P <
0.0001) for malignant neoplasm and cardiovascular causes
when DM/OWO was compared with NFG/NBW, NFG/OWO,
and IFG/OWO and was significant for malignant neoplasm
when DM/OWOwas compared with IFG/NBW.

Association of Glucose Tolerance and/or Obesity with
Cardiovascular Events and Deaths

During the 7-yr follow-up period, 163 cardiovascular (CV)
events (14 deaths from CV causes) occurred during an overall
observation period of 17,776 person-years (Supplemental
Table S5) The incidence rate of CV events in the wholeT
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population was 0.92 cases per 100 patient-years and was sig-
nificantly higher in men, with an incidence rate ratio of 1.98
(95% CI: 1.42–2.78; P< 0.0001).

Supplemental Fig. S5A shows the Kaplan–Meier plot of
the incidence of CV events and deaths among males and
females (P < 0.0001). The two populations have also been
analyzed separately (Supplemental Fig. 5, B and C, and
Supplemental Table S6) to show the survival plots after the
population was stratified into five age categories (�35, 35–
44, 45–54, 55–64, and �65 yr). In men, the incidence of CV
events was consistently more frequent in all age categories,
with a more marked difference with women in the oldest
age-group (�65 yr).

The incidence of CV events and deaths was significantly
higher in the IFG and DM classes as compared with the NFG
class and in DM as compared with IFG (all, P < 0.0005); the
same trend was found in males and females but with higher
values for all classes in males (Fig. 2, A–C; Supplemental Fig.
S6, A–C, and Supplemental Table S7).

The same analysis was carried out by considering BMI, in-
dependently from glucose tolerance, comparing NBW versus
OWO. Incidence of CV events and deaths according to BMI
in the whole population was always higher in OWO than in
NBW subjects (NBW: 2.96%; OWO: 9.66%), with similar
trends in both females and males (P < 0.0001). However,
there was a higher prevalence of events in men than in
women in both BMI categories. Of interest is the observation
that also in the NBW group, men had a prevalence of events
more than twice higher than women (4.5% vs. 2.0%, P <
0.0001) (Fig. 2, D–F; Supplemental Fig. 6, D–F, and
Supplemental Table S8).

The presence of impaired fasting glucose or diabetes
increased CV events and mortality as compared with NFG,
although to a different extent (DM> IFG). Similarly also OWO
as compared with NBW showed a similar effect to increase CV
events and deaths. Then we investigated the impact on cardi-
ovascular events and deaths, when hyperglycemia (IFG or
DM) was present along with overweight/obesity.

Table 7 reports the incidence of CV events and deaths in
the population stratified into the six subgroups based on glu-
cose tolerance and BMI categories. The Kaplan–Meier sur-
vival curves are shown in Fig. 2, G–I. In the whole
population, the incidence of CV events and deaths increased
progressively from about twice in NGT/OWO to more than
12-fold in DM/OWO as compared with the NFG/NBW group
(Table 7). A similar trend toward worsening CV morbidity/
mortality across the six glucose tolerance and BMI levels was
present when men and women were analyzed separately. In
addition, when sex was included in Cox modeling, the
female sex emerged as a factor conditioning a more favor-
able CV prognosis (HR to men: 0.70; 95% CI: 0.50–0.97; P ¼
0.034).

Figure 2, G–I, shows that the incidence of cardiovascular
events and deaths was significantly lower in NFG/OWO ver-
sus DM/OWO subjects in the whole population (P < 0.0001),
as well as in men (P � 0.0001) and women (P ¼ 0.002).
Likewise also NFG/OWO had significantly less events as
compared with IFG/OWO subjects in the whole population
(P ¼ 0.0009), in men (P ¼ 0.01), and in women (P ¼ 0.04). In
women, there was a greater incidence of CV events in the
IFG/OWO group (HR: 6.23 compared with NFG/NBW) than
in men in the same group (HR: 4.27 compared with NFG/
NBW). Inmen, the increase in CV events was similar in NFG/
OWO and IFG/NBW groups (HR: 2.25 and 2.97, respectively),
as compared with NFG/NBW, and in IFG/OWO and DM/
NBW (HR: 4.27 and 4.41, respectively), as compared with
NFG/NBW, with the highest increase being observed in the
DM/OWO group (HR: 11.3). In women, an increase in glucose

Table 6. All-cause deaths’ HRs in the study population

Glucose Tolerance/BMI

Category

No. of

Deaths

Hazard

Ratio 95% CI P

Whole population
NGT/NBW (n ¼ 1,039)a 15 1
NGT/OWO (n ¼ 754) 16 1.45 0.72–2.93 0.302
IFG/NBW (n ¼ 183) 7 2.70 1.10–6.62 0.030
IFG/OWO (n ¼ 398) 19 3.38 1.72–6.66 <0.001
DM/NBW (n ¼ 28) 1 2.49 0.33–19 0.377
DM/OWO (n ¼ 143) 22 11.78 6.11–23 <0.001
All subjects (n ¼ 2,545) 80

Men
NGT/NBW (n ¼ 372)a 5 1
NGT/OWO (n ¼ 395) 10 1.84 0.265 0.265
IFG/NBW (n ¼ 105) 2 1.43 0.28–7.35 0.671
IFG/OWO (n ¼ 269) 17 4.85 1.78–13.15 0.002
DM/NBW (n ¼ 15) 0 0
DM/OWO (n ¼ 95) 17 14.99 5.53–41 <0.001
All subjects (n ¼ 1,257) 51

Women
NGT/NBW (n ¼ 667)a 10 1
NGT/OWO (n ¼ 359) 6 1.10 0.40–3.02 0.858
IFG/NBW (n ¼ 78) 5 4.41 1.51–12.92 0.007
IFG/OWO (n ¼ 129) 2 1.04 0.23–4.73 0.963
DM/NBW (n ¼ 13) 1 5.43 0.70–42 0.107
DM/OWO (n ¼ 48) 5 7.37 2.52–21 <0.001
All subjects (n ¼ 1,294) 29

BMI, body mass index; CI, confidence interval; DM, diabetes
mellitus; HR, hazard ratio; IFG, impaired fasting glucose; NBW,
normal body weight; NFG, normal fasting glucose; OWO, over-
weight-obese. aReference category for hazard ratio and 95% CI
calculations.

Table 5. Causes of death in subjects with different levels of glucose tolerance (normal, impaired, and diabetes) and
body mass index (normal and overweight/obese)

Causes of Death NFG/NBW NFG/OWO IFG/NBW IFG/OWO DM/NBW DM/OWO

All causes (n ¼ 80) 15/1,039 (1.44%) 16/754 (2.12%) 7/183 (3.8%) 19/398 (4.7%) 1/28 (3.5%) 22/143 (15.3%)
Cardio- and cerebrovascular (n ¼ 14) 2/1,039 (0.19%) 4/754 (0.5%) 0 1/398 (0.25%) 0 7/143 (4.8%)
Cancer (n ¼ 33) 6/1,039 (0.6%) 4/754 (0.5%) 5/183 (2.7%) 8/398 (2.0%) 0 10/143 (6.9%)
Other diseases (n ¼ 16) 5/1,039 (0.6%) 1/754 (1%) 1/183 (1%) 4/398 (2.5%) 1/28 (3.5%) 4/143 (3.4%)
Unspecified cause (n ¼ 17) 2/1,039 (0.2%) 7/754 (0.9%) 1/183 (0.6%) 6/398 (1.5%) 0 1/143 (0.7%)

DM, diabetes mellitus; IFG, impaired fasting glucose; NBW, normal body weight; NFG, normal fasting glucose; OWO, overweight-
obese.
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levels did not result in such a higher CV risk increase as in
men, whereas a higher BMI resulted in a greater CV risk
increase than in men. In women, NFG/OWO and IFG/NBW
had significantly different CV risk increase (HR: 3.10 and
1.49, respectively), with a similar trend observed in IFG/
OWO and DM/NBW groups (HR: 6.23 and 4.40, respectively).
Finally, in women, the group at highest risk was the DM/
OWO (HR: 10.27, compared with NFG/NBW) (Table 7).

Univariate and Multivariate Analysis

A multivariate analysis was performed to assess whether
overweight/obesity, impaired fasting glucose, and diabetes
were significantly associated with cardiovascular deaths and
events even after correction for other variables.

Before the multivariate analysis, univariate analyses were
performed to understand the distribution of values for each
variable ofmajor interest. The variables used are continuous,
when possible, or categorical. Only those found to be signifi-
cant (P < 0.10 level) in the univariate Cox analyses have

been included in the multivariate analysis (Table 7). Male
and female populations were analyzed separately, as sex was
significantly associated withmost study variables.

In men, LDL cholesterol (P ¼ 0.28) and SAT (P ¼ 0.513) did
not show statistically significant associations with cardiovas-
cular events and are not reported. All variables significantly
associated with the events in the univariate analyses are
reported in Table 8 and were included in the multivariate
analysis.

In men, only age (<0.0001), the presence of elevated CRP
levels (<0.0001), HDL cholesterol (P ¼ 0.03), diabetes (P ¼
0.02), and BMI retained a statistically significant association
with CV events after correction for the other variables. Figure
3A shows the survival curves of men according to high-sensi-
tivity CRP, where death probability is higher with CRP values
above the cutoff (P < 0.0001). Figure 3B shows survival plots
based on HDL cholesterol, highlighting a significantly higher
incidence of CV events in subjects with levels under the 40
mg/dL cutoff (P¼ 0.020).

Figure 1. Incidence of deaths for all causes in the follow-up period of CA.ME.LI.A population according to—A: glucose tolerance in the whole population:
NFG ¼ 1.75%, IFG ¼ 4.52%, DM ¼ 13.53%; B: glucose tolerance in the male population: NFG ¼ 1.9%, IFG ¼ 5.11%, ¼ DM 17.74%; C: glucose tolerance in
the female population: NFG¼ 1.58%, IFG¼ 3.45%, DM¼ 9.68%; D: BMI in the whole population: BMI of<25 (NBW)¼ 1.87%, BMI of>25 (OWO)¼ 4.41%;
E: BMI in the male population: BMI of<25 (NBW) ¼ 1.45%, BMI of>25 (OWO) ¼ 5.82%; F: BMI in the female population: BMI of<25 (NBW) ¼ 2.15%, BMI
of >25 (OWO) ¼ 2.43% (In OWO, P ¼ 0.003 between sexes); G: BMI and glucose tolerance in the whole population: NFG/NBW ¼ 1.47%, NFG/OWO ¼
2.14%, DM/NBW ¼ 3.57%, IFG/NBW ¼ 3.93, IFG/OWO ¼ 4.83%, DM/OWO ¼ 15.6%; H: BMI and glucose tolerance in the male population: NFG/NBW ¼
1.37%, NFG/OWO¼ 2.56%, DM/NBW¼ 0%, IFG/NBW¼ 1.37%, IFG/OWO¼ 6.39%, DM/OWO¼ 18.28%; I: BMI and glucose tolerance in the female popu-
lation: NFG/NBW ¼ 1.52%, NFG/OWO ¼ 1.68%, DM/NBW¼ 3.69%, IFG/NBW ¼ 6.67, IFG/OWO ¼ 1.57%, DM/OWO¼ 10.42%. BMI, body mass index; CA.
ME.LI.A, CArdiovascular risks, MEtabolic syndrome, LIver and Autoimmune disease; DM, diabetes mellitus; IFG, impaired fasting glucose; NBW, normal
body weight; NFG, normal fasting glucose; OWO, overweight-obese.
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In contrast, CRP (P ¼ 0.122), HDL (P ¼ 0.086), and high
VAT (P ¼ 0.46) and SAT (P ¼ 0.116) were not included in
Table 8, for females, as they did not show a statistically sig-
nificant association with cardiovascular events. All the other
variables with a significant association with CV events have
been included in the table. Multivariate analysis shows that
all the variables lost their significant effect after correction
for the other factors, with the exception of age, which main-
tains its high level of statistical significance (<0.0001).

DISCUSSION

Overweight and obesity have reached epidemic propor-
tions around the world, affecting almost 60% of adults and
one in three school-aged children (33, 34). The data collected
on the prevalence of obesity in the study population are
consistent with the ISTAT (Italian National Institute of
Statistics) data collected in the Italian population during
that period showing a prevalence of obesity and overweight
of 45.9% (consistent with this reported prevalence, in our
study population it was 51.1%), of which 37.0% in females
and 55.6% in males (in our study population, females were
41.6% and males were 60.9%) (35). Regarding the prevalence
of diabetes mellitus (type 1 and type 2) found by ISTAT in the

Italian general population during the study period, this
accounted for 5.3% (5.4% for males and 5.2% for females)
(36); our study population showed comparable figures for
the total prevalence of diabetes (type 1 and type 2: 6.7%),
with greater intersex variability (8.7% for males and 4.8% for
females). In addition, 22.9% had impaired fasting glucose,
i.e., fasting blood sugar levels between 100 and 125 mg/dL.
The sum of the two percentages (29.6%) shows that almost
one-third of the general population in this study had altered
glucose levels (prediabetes or diabetes). Of note, in the
ISTAT database, the incidence of impaired fasting glucose
(prediabetes) is not present (36).

Sex impacts the pathogenesis of numerous diseases,
includingmetabolic disorders such as diabetes. Inmost parts
of the world, diabetes is more prevalent in men than in
women, especially in middle-aged populations (37). In our
study population, men with IFG and men with DM were
about double than women in the same categories (30.0% and
8.7% vs. 16.0% and 4.8%). Sex-specific differences have been
found in glucose homeostasis, insulin secretion and action,
and the incidence and progression of diabetes, which might
help explain this different distribution (38). Only in people
aged �65, there were more women with DM than men, and
this was probably due to women’s greater longevity (39).

Figure 2. Incidence of cardiovascular (CV) events and death from CV causes in the follow-up period of CA.ME.LI.A population according to—A: glucose
tolerance in the whole population: NFG ¼ 3.84%, IFG ¼ 9.74%, DM ¼ 21.51%; B: glucose tolerance in the male population: NFG ¼ 4.81%, IFG ¼ 10.88%,
DM ¼ 25.45%; C: glucose tolerance in the female population: NFG ¼ 3.12%, IFG ¼ 7.69%, DM ¼ 14.55%; D: BMI in the whole population: BMI of <25
(NBW) ¼ 2.96%, BMI of >25 (OWO) ¼ 9.66%; E: BMI in the male population: BMI of <25 (NBW) ¼ 4.47%, BMI of >25 (OWO) ¼ 10.98%; F: BMI in the
female population: BMI of <25 (NBW) ¼ 2.15%, BMI of >25 (OWO) ¼ 7.8%; G: BMI and glucose tolerance in the whole population: NFG/NBW ¼ 2.6%,
NFG/OWO ¼ 7.0%, DM/NBW ¼ 10.70%, IFG/NBW ¼ 7.5, IFG/OWO ¼ 14.8%, DM/OWO ¼ 24.0%; H: BMI and glucose tolerance in the male population:
NFG/NBW¼ 1.37%, NFG/OWO¼ 3.76%, DM/NBW¼ 14.12%, IFG/NBW¼ 6.37%, IFG/OWO¼ 9.39%, DM/OWO¼ 30.28%; I: BMI and glucose tolerance in
the female population: NFG/NBW ¼ 1.80%, NFG/OWO ¼ 5.57%, DM/NBW ¼ 7.69%, IFG/NBW ¼ 2.56, IFG/OWO ¼ 10.85%, DM/OWO ¼ 16.67%. BMI,
body mass index; CA.ME.LI.A, CArdiovascular risks, MEtabolic syndrome, LIver and Autoimmune disease; DM, diabetes mellitus; IFG, impaired fasting
glucose; NBW, normal body weight; NFG, normal fasting glucose; OWO, overweight-obese.
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With increasing age, worsening of glucose tolerance (IFG
and DM) emerged, confirming the importance of advanced
age as a risk factor for glucose intolerance, independently
from BMI (40). IFG and DM subjects had a significantly
higher BMI thanNFG subjects, especially inmen. This obser-
vation is consistent with overweight/obesity being an inde-
pendent and dose-dependent risk factor for type 2 diabetes
mellitus (40).

Overweight/obesity also correlated with an increased
thickness of VAT and SAT as compared with NBW. VAT was
increased in subjects with impaired fasting glucose and dia-
betes as compared with NFG subjects, both in women and
men, although VAT was thicker in men as compared with
women. VAT increased significantly in size in the diabetic
and intolerant population in both men and women. SAT is
always higher in OWO independently from glucose tolerance
and higher in diabetic women than diabetic men, possibly
confirming that women start already with larger stores of
subcutaneous fat, whereas men present more visceral fat
(41). Both SAT and VAT are associated with increased subin-
flammation and oxidative stress (42). Definitely, VAT has a
stronger role compared with SAT in the onset of insulin re-
sistance and diabetes, beyond the increased release of free
fatty acid and possibly due to increased levels of proinflam-
matory cytokines (16, 21, 22, 43). Obesity is in fact the most
important risk factor for type 2 diabetes, and they share
a number of clinical manifestations, including metabolic

Table 7. Cerebro-cardiovascular deaths and events’
HRs based on glucose tolerance and BMI during the
follow-up

Glucose Tolerance/BMI

Category

No. of

CV

Events

Hazard

Ratio 95% CI P

Whole population
NFG/NBW (n ¼ 1,039)a 23 1
NFG/OWO (n ¼ 754) 46 2.78 1.68–4.59 <0.001
IFG/NBW (n ¼ 183) 11 2.81 1.37–5.77 0.005
IFG/OWO (n ¼ 398) 46 5.51 3.34–9.08 <0.001
DM/NBW (n ¼ 28) 3 4.88 1.47–16 0.010
DM/OWO (n ¼ 143) 34 12.71 7.48–22 <0.001
All subjects (n ¼ 2,545) 163

Men
NFG/NBW (n ¼ 372)a 11 1
NFG/OWO (n ¼ 395) 26 2.25 1.11–4.54 0.025
IFG/NBW (n ¼ 105) 9 2.97 1.23–7.18 0.015
IFG/OWO (n ¼ 269) 32 4.27 2.15–8.47 <0.001
DM/NBW (n ¼ 15) 2 4.41 0.97–20 0.053
DM/OWO (n ¼ 95) 26 11.3 5.58–22 <0.001
All subjects (n ¼ 1,257) 106

Women
NFG/NBW (n ¼ 667)a 12 1
NFG/OWO (n ¼ 359) 20 3.10 1.52–6.35 0.002
IFG/NBW (n ¼ 78) 2 1.49 0.33–8.67 0.599
IFG/OWO (n ¼ 129) 14 6.23 2.88–13 <0.001
DM/NBW (n ¼ 13) 1 4.40 0.47–34 0.155
DM/OWO (n ¼ 48) 8 10.27 4.20–25 <0.001
All subjects (n ¼ 1,294) 57

CV events are first hospitalization for CV problems or deaths
from CV cause. BMI, body mass index; CI, confidence interval; CV,
cardiovascular; DM, diabetes mellitus; HR, hazard ratio; IFG,
impaired fasting glucose; NBW, normal body weight; NFG, normal
fasting glucose; OWO, overweight-obese. aReference category for
hazard ratio and 95% CI calculations.
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syndrome X of insulin resistance, MAFLD, dyslipidemia, and
arterial hypertension, which markedly increase morbidity
and mortality (18, 24, 25, 44). VAT, SAT, and MAFLD showed
similar trends to changes with BMI and fasting blood glucose,
confirming their intimate connection (26, 31, 32, 45–54).

Aging is also associated with increased number cardiovas-
cular events and deaths, as they were associated also to bio-
logical decline, and, as expected, the mortality became higher
with increasing age. Nonetheless, at the same age, there were
significant differences between the two sexes, with men hav-
ing more cardiovascular events and deaths than women; this
difference in life expectancy and mortality is in line with data
reported in literature (55, 56). In both men and women, the
risks associated with CVD increase with age, and these corre-
spond to an overall decline in sex hormones, primarily estro-
gen and testosterone (57). In either sex, in the same-age
groups, higher mortality was seen in the groups with OWO,
IFG, and DM than in those with NBW or NFG.

Obesity, even when not associated with metabolic
derangements, is a risk factor for the incidence of cardio-
vascular events and/or premature death (3, 6). In fact, in
the NFG/OWO group, there was a statistically higher inci-
dence of events than the NFG/NBW group. Cardiovascular
disease risk is increased in populations with overweight
and obesity classified as metabolically healthy, even in the
absence of metabolic risk factors (58). This discrepancy in
the incidence of cardiovascular events in men and women,
even at high BMI, had already been reported in the litera-
ture: a high BMI has been shown to be more predictive of
death from cardiovascular diseases, more in men than in
women (3), and in women, a high fat content, regardless of
the level of muscle mass, appears to be associated with a
lower risk of mortality from cardiovascular diseases (59).
Important differences between men and women are pres-
ent also in the prescription, adherence, and response to
cardiovascular drugs (60).

The group of diabetic and normal body weight (DM/NBW)
subjects showed a higher incidence of cardiovascular events
than the overweight/obese normal glucose-tolerant (NFG/
OWO) group, whereas DM/NBW and IFG/OWO had similar
incidence of events. Among individuals with or without dia-
betes, absolute rates of cardiovascular disease are higher in
men than in women; however, in reproductive-age women,
the presence of type 2 diabetes largely eliminates this

protection from cardiovascular disease, and diabetic women
are more severely affected than men (61, 62). Interestingly,
in males, the DM/NBW group had a higher incidence of
events than the IFG/OWO group, whereas in females, it was
the opposite. These findings seem to imply that the factors
weighing the most on the risk of cardiovascular events and
deaths, differed by sex, were hyperglycemia (any value
higher that 100 mg/dL) for males and overweight/obesity
(any BMI value over 25 kg/m2) for females. Further studies
are needed to validate this observation. This observation
could also be partially explained by the fact that although
IFG and DM subjects generally show a higher BMI than NFG
subjects, this increase is more pronounced in men than in
women. Pre-DM and undiagnosed T2DM play a more promi-
nent role in the risk of CVD in women than in men. Women
must experience a greater overall metabolic deterioration;
that is, they must accumulate more fat and experience
greater insulin resistance and related risk factors to evolve
from normoglycemia to T2DM. Women’s higher diabetic
CVD risk than that of men could be ascribed to their greater
and more prolonged decline in metabolic homeostasis dur-
ing the pre-DM stage (63–65).

Regarding anthropometric and clinical parameters changes,
subjects in the IFG/OWO and DM/OWO groups showed higher
levels of blood pressure, waist circumference, glycemia, choles-
terol, and triglycerides as compared with NFG/NBW and NFG/
OWO subjects (44, 66, 67). The HOMA index, within the same
glucose tolerance class, was higher in OWO subjects than in
NBW subjects. Men andwomen had comparable values, except
in diabetic subjects, where NBWwomen had lower values than
NBWmen, whereas OWOwomen had higher values than OWO
men. A recent study showed higher HOMA-IR cutoff values for
women (68). Differences in insulin sensitivity between men
and women may be due to differences in adipose tissue, mus-
cle mass, hormones, and body fat distribution (subcutaneous
and visceral fat) (38, 69). High-sensitivity C-reactive protein
(hsCRP) increased as glucose intolerance increased, and,
within different glucose tolerance classes, it was significantly
greater in OWO subjects than in NBW subjects and in women
compared with men. Systemic subinflammation has been
extensively demonstrated to be strongly related to the patient’s
metabolic state and lipid profile. Increased levels of inflamma-
tion markers and cytokines have also been associated with a
higher risk of developing CVD, especially in women (70). In an

Figure 3. Incidence of cardiovascular events in the male CA.ME.LI.A population stratified by CRP values (A, cutoff ¼ 5 mg/dL) and HDL values
(B, cutoff ¼ 40 mg/dL). CA.ME.LI.A, CArdiovascular risks, MEtabolic syndrome, LIver and Autoimmune disease; CRP, C-reactive protein.
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analysis of patients from the Framingham Heart Study, the
expression of biomarkers representing inflammatory path-
ways, including CRP, was seen to be higher in women (71). The
risk of both macro- and microvascular complications increases
before glucose levels reach the diagnostic threshold of diabetes,
and 25% of newly diagnosed diabetics already havemanifested
cardiovascular disease (72–77). Our data underline the possibil-
ity of preserving long-term health in people with IFG before
type 2 diabetes becomes established. In fact IFG/NBW, DM/
NBW, IFG/OWO, and DM/OWO as compared with NFG/NBW
display a progressive exponential increase of mortality for all
causes, with ORs of 2.7, 2.5, 3.4, and 12.4, respectively, as com-
paredwithNFG/NBW.

Therefore, although there is over 10-fold increase in mor-
tality in DM/OWO, consistent with previous studies, also in
prediabetic individuals (IFG/NBW and IFG/OWO), there is
an approximately threefold increase in mortality for all
causes (cancer, cardiovascular, other disease, and unspeci-
fied causes). This suggests that aggressively treating IFG and
OWO with diet, exercise, and possibly also medications, if
necessary, might lower risk of cancer, cardiovascular events,
and deaths (78, 79).

The efficacy of lowering blood pressure and blood glu-
cose and lipid-lowering therapies has been shown to
reduce subsequent morbidity and mortality in patients
with diabetes and without diabetes (80–82), with no differ-
ent beneficial preventive effects on the incidence of type 2
diabetes and weight gain between men and women (83).
Interventions to improve lifestyle are necessary well
before the onset of these diseases, and the maintenance of
a healthy BMI and normal blood glucose, lipids, and pres-
sure should be recommended in the general population to
prolong healthy life.

Limitations

Because the observations referred to the participants’
baseline data (clinical, laboratory, and echography), any
changes in parameters during follow-up could not be consid-
ered. Approximately 20% of the deaths lacked identifiable
causes, and deaths categorized as “unspecified other causes”
might not account for potential cardiovascular events con-
tributing to mortality. These limitations could result in an
underestimation of deaths for cardiovascular causes or mis-
classification of events due to changes in participants’
weight or glucose tolerance status over time.

Conclusions

Impaired fasting glucose, diabetes, and overweight/obe-
sity increase the risk of cardiovascular events and all-cause
mortality, both independently and more so when present in
combination. Any worsening of glucose tolerance has a pro-
portional effect in increasing mortality and the incidence of
cardiovascular events. The individual contribution of each
condition is at least, in part, sex-dependent, since in women,
obesity causes the greatest increase in incidence, whereas in
men, this is caused by diabetes.
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