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Abstract: Background: The concomitant occurrence of obesity and metabolic syndrome (MetS)
causes a significant worsening of a patient’s clinical condition. Indexes that employ anthropometric
measurements alone or associated with blood parameters have been investigated for their ability to
identify MetS. This study aimed to evaluate the diagnostic accuracy of three of these indexes, the
body adiposity index (BAI), the lipid accumulation product index (LAP), and the cardiometabolic
index (CMI), in a cohort of 1912 adult subjects with obesity. Methods and Results: MetS was found
in 62.3% of the enrolled subjects, with a higher prevalence in males (72.5%) than females (60.9%).
Receiver operating characteristic (ROC) analysis was used to define which index performed better.
The BAI was found to be the lowest-performing index, with an ROC area of 0.50, a sensitivity of
30.31%, a specificity of 74.48%, and a likelihood ratio of 1.19. On the contrary, the LAP and the CMI
showed a comparable ROC area of 0.82. The LAP had a sensitivity of 63.06%, a specificity of 86.55%,
and a likelihood ratio of 4.69, while the CMI had a sensitivity of 67.59%, specificity of 81.55%, and a
likelihood ratio of 3.66. The analysis was also performed in the group divided into males and females,
with overlapping results. Conclusions: The LAP and the CMI performed better than the BAI in
detecting MetS both in the general population with obesity and in the male/female subgroups. In
the future, it will be important to validate these useful diagnostic tools in order to employ them in
clinical practices.

Keywords: obesity; metabolic syndrome; lipid accumulation product index; cardiometabolic index;
body adiposity index

1. Introduction

Obesity is a chronic disease of pandemic proportions, complex and multifactorial,
and its prevalence and severity have significantly increased in recent decades, and have
undergone further growth and worsening following the COVID-19 pandemic [1,2]. Obesity,
particularly visceral obesity, is strongly associated with the onset of numerous comor-
bidities [3]. In fact, this condition adversely affects nearly all physiological functions of
the body, leading to an increase in the risk of developing multiple other conditions, such
as type 2 diabetes mellitus (T2DM), cardiovascular diseases, various types of cancers,
musculoskeletal disorders, dyslipidemia, non-alcoholic fatty liver disease, and metabolic
syndrome (MetS) [4,5]. The majority of these complications are represented by metabolic
disorders, which are characterized by a state of chronic inflammation [6,7] and are closely
interconnected. These complications determine the worsening of the patient’s clinical con-
dition and possibly result in the development of serious cardiovascular complications [8].
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Furthermore, the presence of both obesity and MetS can induce atherosclerosis, with the
consequence of a significant increase in the risk of cardiovascular mortality [9–12]. Accord-
ing to different epidemiological studies, the prevalence of MetS in the obese population
is usually approx. 35%, and the incidence of it is expected to increase rapidly. Moreover,
the risk for it is higher in women (34.4%) compared to men (29%) and increases with age.
On the other hand, the prevalence of MetS in individuals with a normal weight is approx.
5% [13–15].

For this reason, it is necessary to find suitable tools for the identification of those
subjects with obesity who are at a higher risk of developing such metabolic alterations,
particularly MetS. The simplest and fastest screening method is the use of predictive
indexes, which do not require complex and invasive examinations or tests but are capable
of discriminating the presence or absence of risk factors with sufficient precision and
sensitivity.

Over the years, various indexes have been developed for this purpose, the first being
the body mass index (BMI), which is the most used index in clinical practice [16]. Nonethe-
less, the BMI has many different limitations since it does not discriminate between fat
mass and fat-free mass, or fat distribution [17–19], which are considered to be the most
important predictors of cardiometabolic risk. Due to these limits, alternative indexes have
been proposed, which comprehend both anthropometric features alone and in combina-
tion with lipid measurements, specifically the body adiposity index (BAI) [20], the lipid
accumulation product index (LAP) [21], and the cardiometabolic index (CMI) [22].

The BAI was proposed as an anthropometric tool to evaluate adiposity to overcome a
weakness of the BMI and can be calculated solely from hip circumference and height. It can
also be used to reflect body fat percentages in adults [20]. The LAP is an index developed
to assess the accumulation of lipids, especially the central accumulation of them, with
the ability to predict the degree of lipotoxicity. It is calculated using waist circumference,
as an indicator of visceral adiposity, and fasting circulating triglyceride levels, which are
the esterified, long-chain fatty acids that circulate through the blood and are contained
stably inside lipoproteins [21]. Both these indexes have been suggested as early markers of
metabolic dysfunction and seem to have greater clinical utility than the BMI in predicting
metabolic disorders, including MetS and T2DM, in both individuals of different ethnicities
who have obesity or have a normal weight [21,23–29]. The LAP is considered to be a
clinically useful marker for the estimation of insulin resistance and cardiometabolic risk,
being also associated with NAFLD and arterial stiffness. Moreover, it also showed high
accuracy in the diagnosis of MetS in healthy individuals [21,30–35].

In addition to the more studied BAI and LAP, the CMI has been developed as another
and more complex indicator since it takes into account both adiposity and blood lipids. In
particular, it is calculated as the product of the waist/hip ratio and the triglyceride/high-
density lipoprotein ratio. This index considers both the accumulation of abdominal fat and
the presence of dyslipidemia in order to identify a potential risk of metabolic alterations,
including the presence of MetS and/or T2DM [22]. Previous studies found that CMI values
were closely associated with cardiovascular and kidney diseases, being also considered as
a promising predictive parameter of metabolism-related diseases [36–40].

The necessity of adopting inexpensive methods for directly measuring fat mass and
visceral adiposity is the main reason for using these surrogate indexes. However, there is
no consensus regarding which of these indexes exhibit a better performance, specifically in
identifying MetS in the adult population with obesity.

For these reasons, the present study aimed to evaluate the ability and compare the
accuracy of these three indexes (the BAI, the LAP, and the CMI) to identify the presence
of MetS in a large cohort of Caucasian adult patients with obesity seeking an in-hospital
multidisciplinary body-weight reduction program.
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2. Materials and Methods
2.1. Study Population

One thousand nine hundred and twenty-three Caucasian adults with obesity, hospital-
ized at the Division of Metabolic Diseases, Istituto Auxologico Italiano, IRCCS, Piancavallo
(VB) for a 3 week multidisciplinary body-weight reduction program (BWRP) between
January 2017 and June 2019, were admitted to the study. The inclusion criteria were
i. individuals of both sexes aged ≥ 18 years; ii. a BMI > 35 kg/m2; iii. the presence of the
complete information needed for the calculation of the indices taken into consideration.
All subjects had a full medical history and a physical examination, as well as routine hema-
tology and biochemistry screenings and urine analysis. All subjects suffered from essential
obesity, other genetic, organic, endocrine, or iatrogenic forms having been excluded. None
of the subjects had taken weight-loss drugs during the 12 months before their enrollment
into the present study.

Eleven subjects were excluded from the study population due to the lack of some
necessary data for the calculation of the indexes taken into consideration, thus making the
final study population of 1912 individuals, as shown in Figure 1.
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Figure 1. Consort flow diagram and eligibility criteria.

The study was approved by the Ethical Committee of Istituto Auxologico Italiano,
Milan, Italy (ethical identification code: 2023_03_21_04, research code: 01C315, acronym:
INDEMETSOB). All patients had signed a written informed consent form for the anony-
mous use of all their clinical, anthropometric, and biochemical parameters for scientific
purposes at their admission to our hospital.

2.2. Anthropometry

Body weight (BW) and height were measured at the admission to the hospital follow-
ing international guidelines [41] using a scale with a stadiometer (Wunder Sa.Bi., WU150,
Trezzo sull’Adda, Italy) with subjects only wearing underclothes. The BMI was calculated
as weight (kg)/height (m)2.

Waist circumference (WC) was measured at the midpoint between the last rib and
the iliac crest and hip circumference (HC) was measured at the largest parts around the
buttocks using a flexible tape measure.

2.3. Laboratory and Clinical Measurements

Blood samples (about 10 mL) were collected on the second day of hospitalization
before the start of the BWRP (to avoid possible influences related to the BWRP itself), early
in the morning after an overnight fast in standard tubes for serum. Levels of glucose,
total (T-C), HDL (HDL-C), cholesterol, and triglycerides (Try) were measured by the same
internal laboratory using standard methods (Roche Diagnostics, Monza, Italy).
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Systolic (SBP) and diastolic blood pressure (DBP) were measured twice (with 3 min
intervals in-between) on the dominant arm with an aneroid sphygmomanometer (TemaC-
ertus, Milan, Italy), by using appropriated sized cuffs for adult subjects with obesity. The
mean values were calculated and rounded to the nearest 5 mmHg value.

According to the IDF criteria for the diagnosis of metabolic syndrome [42], adult
patients with obesity were identified as having metabolic syndrome if they had three or
more of the following altered factors:

i. Abdominal obesity (WC ≥ 102 cm for males; ≥88 cm for females);
ii. Elevated triglycerides: ≥150 mg/dL (1.7 mmol/L) or specific treatment for this
iii. lipid abnormality;
iv. Reduced HDL-C: <40 mg/dL (1.0 mmol/L) in males; <50 mg/dL (1.3 mmol/L) in

females, or specific treatment for this lipid abnormality;
v. Increased BP: SBP ≥ 130 mmHg or DBP ≥ 85 mmHg and/or the treatment of previ-

ously diagnosed hypertension;
vi. An increased fasting plasma glucose (FPG) concentration ≥100 mg/dL (5.6 mmol/L)

or previously diagnosed type 2 diabetes mellitus.

2.4. Indexes

The following indexes were calculated according to the respective formulas:

• BAI [20] (males/females) = (HC (cm)/height (m)1.5) − 18
• LAP [21] (males) = WC (cm) − 65 × Try (mmol/L)
• (females) = WC (cm) − 58 × Try (mmol/L)
• CMI [22] (males/females) = (Try (mmol/L)/HDL-C (mmol/L))/(WC (cm)/HC (cm))

2.5. Statistical Analysis

Continuous variables were expressed as mean ± standard deviation and categorical
variables as absolute and relative frequencies. The Shapiro–Wilk was performed to verify
that all parameters were normally distributed.

Receiver operating characteristic (ROC) curves were generated to obtain the values of
the area under the curve (AUC), with sensitivity, specificity, and 95% CI, for each index as a
predictor of MetS to define their discriminatory accuracy. In order to identify the optimal
cutoff, the Youden index [43] was calculated. The analysis was performed on the whole
group and in the population stratified by gender.

The whole study group was divided into two subgroups based on the presence
or absence of MetS (MetS+ and MetS−, respectively) and into males and females. All
parameters were compared between the MetS+ and MetS− subgroups and between the
male and female subgroups by using a t-Student test for unpaired data or Fisher’s exact test.

Furthermore, to verify the correlation between the three indexes and the parameters
and characteristics evaluated in the study population, Pearson’s correlation was performed,
and the r and r squared (r2) values were calculated to identify the relationship between
each index and the variables considered. An r value below ± 0.10 indicated a negligible
correlation, a value between ±0.11 and ±0.39 indicated a weak correlation, a value between
±0.40 and ±0.69 indicated a moderate correlation, a value between ±0.70 and ±0.89 indi-
cated a strong correlation, and a value above ±0.90 indicated a very strong correlation [44].

A level of significance of p < 0.05 was used for all data analysis. The statistical analysis
was performed with Prism 10 GraphPad (GraphPad Software, Boston, MA, USA) and IBM
SPSS (Version 29.0.1.0) (IBM, Armonk, NY, USA).

3. Results

A total of 1912 adults with obesity participated in the study, 1690 females and
222 males, with a mean age of 50.7 ± 14.1 years (age range: 18–83 years) and a mean
BMI of 43.3 ± 6.2 kg/m2.

According to the IDF criteria, MetS was present in 1191 patients (62.3%). All subjects
fulfilled the criteria for having central obesity, while high BP was present in 1405 subjects
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(73.5%), increased triglycerides values in 682 (35.7%), reduced HDL-C levels in 1043 (54.6%),
and hyperglycemia in 658 (34.4%) patients.

MetS was more frequent in older patients (p < 0.0001). In fact, when the population
was divided into younger (i.e., age ≤ 50 years) and older (i.e., age > 50 years) groups, MetS
was present in 51.1% and 71.4%, respectively.

Based on the presence/absence of MetS, the population was divided into two sub-
groups (MetS + and MetS−, respectively). The main characteristics of the study population
and the two subgroups are shown in Table 1.

Table 1. The main characteristics of the study population (total, patients with (MetS+) and without
metabolic syndrome (MetS−).

Total MetS+ MetS− p-Value

n. 1912 1191(62.3%) 721 (37.7%)
Sex (F/M) 1690 (88.4%)/222 (11.6%) 1030 (86.5%)/161 (13.5%) 660 (91.5%)/61 (8.5%) <0.001
Age (yrs) 50.7 ± 14.1 53.4 ± 12.6 46.2 ± 15.3 <0.0001
WC (cm) 121.4 ± 12.9 123.9 ± 12.7 117.4 ± 12.2 <0.0001
HC (cm) 131.9 ± 12.9 132.0 ± 13.5 131.7 ± 11.9 ns
BW (kg) 109.9 ± 18.8 111.0 ± 19.5 108.0 ± 17.4 <0.001
Height (cm) 159.1 ± 8.4 159.1 ± 8.4 159.2 ± 8.3 ns
BMI (kg/m2) 43.3 ± 6.2 43.8 ± 6.6 42.5 ± 5.4 <0.0001
SBP (mmHg) 128.6 ± 13.9 130.4 ± 13.6 125.5 ± 13.9 <0.0001
DBP (mmHg) 77.1 ± 7.8 77.6 ± 7.7 76.2 ± 7.9 <0.001
Glucose (mg/dL) 98.8 ± 32.2 108.0 ± 36.8 83.6 ± 11.9 <0.0001
T-C (mg/dL) 195.6 ± 37.2 198.1 ± 38.0 191.4 ± 35.5 <0.001
HDL-C (mg/dL) 49.6 ± 12.8 45.7 ± 11.4 56.1 ± 12.2 <0.0001
Triglycerides (mg/dL) 137.1 ± 65.7 159.5 ± 70.4 100.0 ± 32.3 <0.0001
BAI 48. 0 ± 7.8 48.1 ± 8.2 47.8 ± 7.8 ns
LAP 97.6 ± 52.0 116.4 ± 55.0 66.4 ± 24.9 <0.0001
CMI 1.44 ± 0.92 1.76 ± 1.0 0.93 ± 0.4 <0.0001

Abbreviations: WC, waist circumference; HC, hips circumference; BW, body weight; BMI, body mass index;
SBP, systolic blood pressure; DBP, diastolic blood pressure; T-C, total cholesterol; HDL-C, HDL cholesterol;
MetS, metabolic syndrome; BAI, the body adiposity index; LAP, the lipid accumulation product index; CMI, the
cardiometabolic index.

As expected, almost all parameters were significantly worse in the MetS+ subgroup
than in the MetS− subgroup. In fact, the two subgroups were comparable in terms of
hip circumference (HC), height, and BAI index values, while the MetS+ subgroup was
significantly heavier (both in terms of body weight (BW) (p < 0.001) and BMI values
(p < 0.0001) and older, with a greater waist circumference (WC), and higher values of
glycemia, cholesterolemia, triglyceridemia and systolic and diastolic blood pressure
(p < 0.0001). The LAP and the CMI were also higher in the MetS+ subgroup than in
the MetS− subgroup (p < 0.0001), while HDL cholesterol levels were significantly lower in
the MetS+ subgroup (p < 0.0001).

The population was also divided into males and females. The characteristics of the
male and female subgroups are shown in Table 2.

No significant differences were found in terms of the BMI, glycemia, and choles-
terolemia values between the two genders. By contrast, males showed significantly higher
WC, BW, height, triglycerides, the LAP, and CMI values (p < 0.0001), systolic (p < 0.001)
and diastolic (p < 0.05) blood pressure and MetS frequency (p < 0.001) compared to females,
while females were older (p < 0.001), with greater HC (p < 0.05), and with higher HDL-C
and BAI values (p < 0.0001) than males.

The ROC curve and the AUC comparing the ability to predict MetS of the BAI, the
LAP, and the CMI are shown in Figures 2 and 3, and in Table 3.
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Table 2. The characteristics of the study population, divided into groups of males and females.

Males Females p-Value

n. 222 (11.6%) 1690 (88.4%)
Age (yrs) 47.5 ± 14.7 51.1 ± 14.0 <0.001
WC (cm) 131.5 ± 12.6 120.1 ± 12.4 <0.0001
HC (cm) 130.1 ± 13.9 132.1 ± 12.7 <0.05
BW (kg) 126.9 ± 22.1 107.6 ± 17.1 <0.0001
Height (cm) 172.0 ± 7.9 157.4 ± 6.8 <0.0001
BMI (kg/m2) 42.8 ± 6.2 43.4 ± 6.2 ns
SBP (mmHg) 131.6 ± 15.1 128.2 ± 13.7 <0.001
DBP (mmHg) 78.2 ± 9.5 76.9 ± 7.6 <0.05
Glucose (mg/dL) 100.8 ± 35.7 98.5 ± 31.8 ns
T-C (mg/dL) 191.0 ± 35.0 196.2 ± 37.5 ns
HDL-C (mg/dL) 41.6 ± 10.0 50.7 ± 12.7 <0.0001
Triglycerides (mg/dL) 164.7 ± 87.0 133.4 ± 61.4 <0.0001
MetS (Y/N) 161 (72.5%)/61 (27.5%) 1030 (60.9%)/660 (39.1%) <0.001
n. IDF criteria 3.2 ± 1.0 2.9 ± 1.2 <0.01
BAI 39.9 ± 6.9 49.1 ± 7.2 <0.0001
LAP 122.8 ± 67.0 94.3 ± 48.7 <0.0001
CMI 1.89 ± 1.3 1.38 ± 0.8 <0.0001

Abbreviations: WC, waist circumference; HC, hips circumference; BW, body weight; BMI, body mass index;
SBP, systolic blood pressure; DBP, diastolic blood pressure; T-C, total cholesterol; HDL-C, HDL cholesterol;
MetS, metabolic syndrome; BAI, the body adiposity index; LAP, the lipid accumulation product index; CMI, the
cardiometabolic index.
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Table 3. The ROC area, cut-off according to Youden Index, sensitivity, specificity, and likelihood ratio
of the three indexes in the whole study population, in the male and female subgroups, and in the
younger (age ≤ 50 years) and older subgroups (age > 50 years).

ROC Area Cut-Off Sensitivity Specificity Likelihood Ratio

Population

BAI 0.50 (0.47–0.52) 43.55 30.31% 74.48% 1.19
LAP 0.82 (0.80–0.84) 91.05 63.06% 86.55% 4.69
CMI 0.82 (0.80–0.84) 1.22 67.59% 81.55% 3.66

Males

BAI 0.51 (0.42–0.59) 46.14 16. 51% 93.44% 1.19
LAP 0.81 (0.75–0.87) 101.5 70.81% 81.97% 3.93
CMI 0.81 (0.76–0.87) 1.47 66.46% 85.25% 4.50

Females

BAI 0.52 (0.49–0.55) 56.79 16. 89% 89.70% 1.64
LAP 0.82 (0.80–0.84) 87.39 64.27% 85.45% 3.93
CMI 0.81 (0.79–0.83) 1.14 71.84% 73.77% 3.14

Younger (≤50 years)

BAI 0.51 (0.42–0.59) 56.73 13. 41% 91.20% 1.52
LAP 0.81 (0.75–0.87) 89.24 65.52% 83.37% 3.93
CMI 0.81 (0.76–0.87) 1.25 71.83% 76.72% 4.50

Older (>50 years)

BAI 0.50 (0.46–0.54) 56.45 17.20% 88.70% 1.52
LAP 0.82 (0.79–0.84) 86.71 67.80% 84.70% 4.43
CMI 0.86 (0.83–0.88) 1.12 72.00% 88.00% 6.02

The BAI was found to be the lowest-performing index in comparison with the LAP
and the CMI. In the general population, the ROC area was 0.50 (95% CI 0.47–0.52) while
the optimal cut-off was found to be 43.55. With this cut-off, the sensitivity of the index was
30.31%, while the specificity was 74.48%, and the likelihood ratio was only 1.19. When the
analysis was conducted on the male population, the ROC area was 0.51 (95% CI 0.42–0.59)
while the optimal cut-off was 46.14. In this case, the sensitivity of the index decreased to
16.51%, while the specificity increased to 93.44%, and the likelihood ratio remained equal
to 1.19. In the female population, the ROC area was 0.52 (95% CI 0.49–0.55) while the
optimal cut-off was 56.79. With this cut-off, the sensitivity of the index was 16.89%, while
the specificity was 89.70%, and the likelihood ratio increased to 1.64.

When the analysis was carried out on the younger population, the ROC area was
0.51 (95% CI 0.42–0.59) while the optimal cut-off was 56.173. In this case, the sensitivity of
the index decreased to 13.41%, while the specificity increased to 91.20%, and the likelihood
ratio was 1.52. In the older population, the ROC area was 0.50 (95% CI 0.46–0.54) while the
optimal cut-off was 56.45. With this cut-off, the sensitivity of the index was 17.20%, while
the specificity was 88.70%, and the likelihood ratio increased to 1.52.

The LAP and CMI indexes showed the best performance in discriminating the presence
of MetS, both in the whole population and in the two genders considered separately.

In particular, both the LAP and the CMI in the whole group showed a comparable
ROC area of 0.82 (95% CI 0.80–0.54), while the optimal cut-offs were 91.05 for the LAP and
1.22 for the CMI. With these cut-offs, the LAP showed a sensitivity of 63.06%, a specificity of
86.55%, and a likelihood ratio of 4.69; while the CMI had a sensitivity of 67.59%, a specificity
of 81.55%, and a likelihood ratio of 3.66. When the analysis was performed only in the male
population, the LAP showed an ROC area of 0.81 (CI 95% 0.75–0.87), while the optimal
cut-off was 101.5, showing a higher sensitivity of 70.81%, a lower specificity of 81.97%,
and a lower likelihood ratio equal to 3.93. In the female population, the ROC area was



J. Clin. Med. 2024, 13, 2843 8 of 14

0.82 (95% CI 0.80–0.84), while the optimal cut-off was 87.39. With this cut-off, the sensitivity
of the LAP was 64.27%, while the specificity was 85.45%, and the likelihood ratio of 3.93.

When the analysis was performed only in the younger population, the LAP showed
an ROC area of 0.81 (CI 95% 0.78–0.84) while the optimal cut-off was 89.24, showing a
sensitivity of 65.52%, a specificity of 83.37%, and a likelihood ratio equal to 3.93. In the
older population, the ROC area was 0.82 (95% CI 0.79–0.84) while the optimal cut-off was
86.71. With this cut-off, the sensitivity of the LAP was 67.80%, while the specificity was
84.70%, and the likelihood ratio of 4.43.

As far as the CMI is concerned, in the male population, the ROC area was 0.81
(95% CI 0.76–0.87), while the optimal cut-off was 1.47, showing a sensitivity equal to
66.46%, a lower specificity equal to 85.25%, and a higher likelihood ratio equal to 4.50. In
the female population, the ROC area was 0.81 (95% CI 0.79–0.83), while the optimal cut-off
was 1.14. With this cut-off, the sensitivity of the CMI was 71.84%, while the specificity was
73.77%, and the likelihood ratio was 3.14.

When the analysis was performed in the younger population, the ROC area was
0.81 (95% CI 0.78–0.84), while the optimal cut-off was 1.25, showing a sensitivity equal
to 71.83%, a specificity equal to 83.37%, and a likelihood ratio equal to 3.08. In the older
population, the ROC area was 0.86 (95% CI 0.83–0.88), while the optimal cut-off was 1.12.
With this cut-off, the sensitivity of the CMI index was 72.00%, while the specificity was
88.04%, and the likelihood ratio was 6.02.

The correlations between each index and some anthropometric and clinical character-
istics in the whole study group and in the population divided into males and females are
shown in Table 4.

Most variables were not significantly correlated with the indexes considered or showed
a negligible correlation, regardless of whether the analysis was carried out on the entire
population or the population divided according to sex. The BAI index in the entire popula-
tion showed a weak correlation with WC and height and a moderate correlation with HC
and BMI, while in both male and female subgroups, there was a weak correlation with WC,
height, and BW and a moderate one with HC and BMI.

The LAP in the entire population showed a weak correlation with WC, glucose,
and HDL-C concentrations and the presence of MetS, a moderate correlation with the
CMI, and a strong correlation with triglyceride concentration. In the male population,
there was a weak correlation with HDL-C concentration and the presence of MetS and a
strong correlation with the triglyceride concentration and the CMI, while in the female
population, there was a weak correlation with WC, glucose, and HDL-C concentrations
and the presence of MetS, a moderate correlation with the CMI, and a strong correlation
with the triglyceride concentration.

Lastly, the CMI in the whole study population, male and female populations, showed
a weak correlation with HDL-C concentrations and the presence of MetS, and a strong
correlation with the triglyceride concentration. Moreover, in the male population, the
correlation of the CMI with the LAP index was strong, while it was moderate in both the
general and the female populations.
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Table 4. The correlations between each index and the anthropometric and clinical characteristics in the whole group and in the population divided into males
and females.

WC HC Height BW BMI Glucose T-C HDL-C Triglycerides MetS BAI LAP CMI

POPULATION

BAI
R2 0.116 0.580 0.320 0.054 0.499 0.004 <0.001 0.014 0.024 >0.001 <0.001 0.013
p-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.01 ns <0.0001 <0.0001 ns ns <0.0001

LAP
R2 0.193 0.011 0.016 0.066 0.045 0.103 0.079 0.132 0.850 0.217 >0.001 0.688
p-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 ns <0.0001

CMI
R2 0.006 0.003 0.013 0.003 >0.001 0.053 0.028 0.355 0.823 0.193 0.013 0.688
p-value <0.001 <0.05 <0.0001 <0.05 ns <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

MALES

BAI
R2 0.358 0.645 0.202 0.139 0.548 0.017 0.004 0.005 0.009 0.004 0.009 >0.001
p-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 ns ns ns ns ns ns ns

LAP
R2 0.057 0.018 0.002 0.043 0.049 0.055 0.072 0.156 0.886 0.149 0.009 0.792
p-value <0.001 ns ns <0.01 <0.001 <0.001 <0.0001 <0.0001 <0.0001 <0.0001 ns <0.0001

CMI
R2 0.002 0.002 0.004 >0.001 >0.001 0.025 0.040 0.340 0.877 0.142 >0.001 0.792
p-value ns ns ns ns ns <0.05 <0.01 <0.0001 <0.0001 <0.0001 ns <0.0001

FEMALES

BAI
R2 0.244 0.648 0.215 0.174 0.567 0.004 0.001 0.002 0.012 0.003 >0.001 0.004
p-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0068 ns ns <0.0001 <0.05 <0.001 <0.05

LAP
R2 0.201 0.013 0.001 0.047 0.050 0.116 0.091 0.112 0.837 0.230 0.007 0.651
p-value <0.0001 <0.0001 ns <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.001 <0.0001

CMI
R2 0.002 0.002 0.001 <0.001 <0.001 0.063 0.031 0.359 0.804 0.206 0.004 0.651
p-value ns ns ns ns ns <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.05 <0.0001
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4. Discussion

MetS is a systemic condition that combines a variety of metabolic alterations, and it is
often present in patients with obesity [45]. Given the significant increase in the prevalence
of both MetS and obesity [11,46] and the fact that MetS is a high-risk complication [8], its
accurate and early identification could allow for individualized nutritional and/or phar-
macological treatments which are crucial in preventing the occurrence of cardiovascular
diseases and the mortality associated with the progression of those conditions [9–12].

For these reasons, the present study was aimed at assessing the accuracy of differ-
ent indexes of metabolic and adiposity dysfunction (the BAI, the LAP, and the CMI) in
identifying MetS [21–29] in a large cohort (no. 1912) of adult subjects with obesity.

In our whole study group, the prevalence of MetS was 62.3%. As expected, almost
all the parameters were significantly worse in the MetS+ subgroup than in the MetS−
subgroup. In fact, the two subgroups were comparable in terms of hip circumference (HC),
height, and BAI index values, while the MetS+ subgroup was significantly heavier (both in
terms of body weight and BMI and older, with a greater WC and higher values of glycemia,
cholesterolemia, triglyceridemia, and systolic and diastolic blood pressure. The LAP and
the CMI values were also higher in the MetS+ subgroup than in the MetS− subgroup, while
HDL cholesterol levels were significantly lower in the MetS+ subgroup.

In contrast to previous studies, in our study group, the prevalence of MetS was higher
in males (72.5%) than in females (60.9%) [47–51]. However, even if it was less frequent,
other studies reported cases of higher incidences of MetS in men with different ethni-
cities [51–54]. A possible explanation for these surprising results in our male population
might be attributed both to the markedly different number of subjects recruited in the
two subgroups (222 males vs. 1690 females) and to the relevant differences of BW (males:
126.9 kg vs. females: 107.6 kg) and WC (males: 131.5 cm vs. females: 120.1 females) between
the two genders. In fact, even though, in other studies, patients diagnosed with MetS were
mostly females, males often present more severe manifestations [55–57]. Another possible
explanation could be that females with severe obesity are usually more willing to join
a body weight reduction program (in-hospital) even in the absence of co-morbidities,
such as diabetes, dyslipidemia, and hypertension. In contrast, males frequently decide
to join a multidisciplinary in-hospital BWRP to lose weight only in the presence of other
co-morbidities, thus having more probability to fulfill the criteria of having MetS.

When anthropometric characteristics and biochemical parameters are compared be-
tween the two sexes, males present a worse clinical picture than females. No significant
gender-related differences were found in terms of BMI, glycemia, and cholesterolemia. By
contrast, males showed significantly higher WCs, BWs, heights, triglycerides, systolic and
diastolic blood pressures compared to females, while females were older, with greater HC
and higher HDL-C values than males. As far as the three indexes are concerned, males
showed higher LAP and CMI values than females, while females had higher BAI values
than males.

Of the three indexes considered, the LAP and the CMI performed better, being able to
detect the presence of MetS in the whole study population and in male/female subgroups,
other than in the younger/older subgroups.

In fact, unlike the BAI, which only takes into account anthropometric parameters, the
LAP and the CMI (which also include fat distribution and the blood lipid profile) were
significantly more sensitive and specific.

The BAI had the highest specificity value, thus being able to identify subjects without
MetS more precisely, but had an extremely low sensitivity. These results are consistent
with those already reported in other studies, where the BAI index was less accurate for the
diagnosis of MetS [26,58–60].

The results obtained in terms of the likelihood ratio further confirm that the LAP and
the CMI can be considered to be significantly better compared to the BAI, having a greater
diagnostic accuracy. As far as the BAI is concerned, the likelihood ratio was the lowest and
slightly higher than 1 in all cases (i.e., 1.19 in the whole study group and in females, and
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1.64 in males), thus indicating that a subject who was positively identified by the BAI had
only approximately one and a half times more probability of having MetS, compared to
someone with a positive result but without MetS. On the contrary, the values found for
the LAP and the CMI were much higher, both in the whole study population and in the
population divided into males and females, suggesting that the two indexes had a much
higher diagnostic accuracy. The likelihood ratios for the LAP were higher in the whole
study population, and in females (4.69 and 3.93, respectively), while in males, the highest
value (4.50) was recorded for the CMI. In these cases, a patient positively identified by the
LAP and the CMI was approximately four times more likely to have MetS, compared to a
subject identified as positive but without MetS.

To the best of our knowledge, this is the first study that has evaluated the perfor-
mance of the BAI and both the LAP and the CMI in a cohort of both male and female
adult individuals with obesity. It is not surprising that the LAP and the CMI were the
best indexes identified since they demonstrated the highest sensitivity and specificity in
recognizing patients with MetS in other study populations. For instance, the LAP was very
effective in diagnosing MetS in women suffering from polycystic ovary syndrome who
have a normal weight or who are overweight [61], in patients with HIV [24], as well as in
the healthy adult population [32,62]. Similarly, the CMI was reported to be effective in dis-
criminating between the presence or absence of MetS in adolescents and adult women with
obesity [63,64]. Furthermore, the two indexes showed a good correlation between each
other and regarding the presence of MetS, while the same correlations were not found with
the BAI.

Our study presents some limitations. First, the sample size was very large but with a
marked difference between the two genders (1690 females, 222 males), with this difference
reflecting the real-life, usual proportion of patients admitted to our hospital. Ideally, the
number of females should have been more similar to that of males. Another limitation
is that the information about the comorbidities of each patient was not available, thus
hampering the determination of both their frequency and the possible correlations with the
indexes evaluated. Lastly, our results may not be representative of the entire population
with obesity, since the study group was composed of Caucasian individuals with obesity,
hospitalized for a multidisciplinary body weight reduction program. Therefore, it is not
possible to generalize our conclusions to other ethnic groups and care settings.

On the contrary, the strength of this study lies in its large number of subjects with
obesity, all recruited in the same third-level center for the multidisciplinary treatment of
severe obesity. All patients were examined by a highly trained staff of physicians, and
biochemical assessments were performed in the same central laboratory, thus abolishing
the risk of inter-laboratories discrepancies.

5. Conclusions

In conclusion, the LAP and the CMI performed better than the BAI in detecting MetS
in an adult population of both sexes with obesity, and may be considered to be useful and
easy-to-be-determined tools to be introduced in clinical practice. In fact, the two indexes
solely require the evaluation of WC and HC, along with the simultaneous evaluation of
simple and routinely measurable biochemical parameters, such as blood triglycerides and
C-HDL.

Finally, it should be noted that, until fully validated, all the indexes analyzed in
this study can only be considered as supporting tools for clinicians to perform an initial
screening aimed at the early identification of the presence of MetS in populations with
severe obesity who are at greater risk, without replacing the clinical assessment and the
current diagnosis with the IDF criteria.
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