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Abstract
The present study aimed to determine the prevalence of adiposity-based chronic disease (ABCD) and its associationwith anthropometric indices
in the Mexican population. A cross-sectional study was conducted in 514 adults seen at a clinical research unit. The American Association of
Clinical Endocrinology/AACE/ACE criteria were used to diagnose ABCD by first identifying subjects with BMI≥ 25 kg/m2 and those with BMI of
23–24·9 kg/m2 and waist circumference≥ 80 cm in women or≥ 90 cm in men. The presence of metabolic and clinical complications associated
with adiposity, such as factors related to metabolic syndrome, prediabetes, type 2 diabetes, dyslipidaemia and arterial hypertension, were sub-
sequently evaluated. Anthropometric indices related to cardiometabolic risk factors were then determined. The results showed the prevalence of
ABCD was 87·4 % in total, 91·5 % in men and 86 % in women. The prevalence of ABCD stage 0 was 2·4 %, stage 1 was 33·7 % and stage 2 was
51·3 %. The prevalence of obesity according to BMI was 57·6 %. The waist/hip circumference index (prevalence ratio (PR)= 7·57; 95 % CI 1·52,
37·5) and the conicity index (PR= 3·46; 95 % CI 1·34, 8·93) were better predictors of ABCD, while appendicular skeletal mass % and skeletal
muscle mass % decreased the risk of developing ABCD (PR= 0·93; 95 % CI 0·90, 0·96; and PR= 0·95; 95 % CI 0·93, 0·98). In conclusion, the
prevalence of ABCD in our study was 87·4 %. This prevalence increased with age. It is important to emphasise that one out of two subjects
had severe obesity-related complications (ABCD stage 2).
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Obesity is a global health problem associated with an increased
risk of coronary artery disease, stroke, cancer and premature
mortality(1). It is known that the prevalence of obesity varies
between developed and developing countries according to soci-
ocultural and political factors, including socio-economic, behav-
ioural and environmental factors. According to the 2018 National
Health and Nutrition Survey (ENSANUT), the prevalence of

adults with obesity in Mexico is 36·1 %, which makes it the coun-
try with the second highest obesity rates, behind the USA(2). This
high prevalence of obesity in Mexico underlines the importance
of describing prevalence rates in different ethnocultural popula-
tions, while recognising the importance of social determinants
and cross-cultural factors(3) Currently, obesity and overweight
are diagnosed using anthropometric measurements, among
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which BMI (kg/m2) is the most commonly used. The historical use
of BMI encompasses a series of advantages; it is simple for health-
care professionals to calculate, and it has a good association with
adiposity and the presence of obesity-related comorbidities, as doc-
umented in several epidemiological studies(4,5). However, BMI has
several limitations that result in its underperformance as a single
indicator of obesity and predictor of health. These limitations
include themisclassification of individuals at risk for obesity-related
comorbidities due to high interindividual variability (age, sex and
ethnicity), the insufficient conceptualisation of the pathophysiology
of adiposity and the contribution of BMI to the social stigmatisation
of obesity(4,6). Thus, in 2014, the American Association of Clinical
Endocrinology (AACE), in conjunction with the American
College of Endocrinology (ACE) (AACE/ACE), coined the new
diagnostic termadiposity-based chronic disease (ABCD) as an alter-
native to obesity(7). ABCD involves the assessment of obesity based
on three dimensions: aetiology, degree of adiposity and health
risks. Furthermore, ABCD entails the persistence of maladaptive
or pathophysiological processes related to alterations in adipocyte
distribution, quantity and/or function, leading to disease stageswith
specific symptoms and complications(6). Unlike BMI, the use of this
model enables the identification and stratification of heterogeneous
populations for more individualised management. Additionally,
ABCD allows for early preventive action in subjects with lower
BMI and one or moremetabolic complications associated with adi-
posity(6,7). In comparison to obesity, the definition of ABCD focuses
not only on abnormal amounts of adiposity but also on the abnor-
mal distribution and function of adipose tissue(8). Therefore, this
study aimed to determine the prevalence of ABCD, assess its asso-
ciation with anthropometric indicators and compare BMI calcula-
tions with the prevalence of obesity in volunteer participants
from a tertiary hospital.

Experimental methods

Study design and participants

A cross-sectional study was conducted on participants being
treated at the Department of Nutrition Physiology of the
Instituto Nacional de Ciencias Médicas y Nutrición Salvador
Zubirán (INCMNSZ) in Mexico from January 2015 to
September 2019(9,10). Mestizo Mexican subjects aged 18–60
years, of both sexes, and from different areas of the country were
included. Participants diagnosedwith previous chronic diseases,
such as hypertension, diabetes, dyslipidaemia, thyroid disease
and liver or kidney disease, women who were pregnant or
breastfeeding, and subjects with any substance abuse were
excluded from the study. This study was conducted under the
guidelines of the Declaration of Helsinki, and the INCMNSZ
Ethics committee approved all procedures involving human sub-
jects (reference numbers 2373 and 1456). All participants were
informed about the scope and procedures of the study, and writ-
ten informed consent was obtained prior to any procedure.

Anthropometric measurements and body composition

Anthropometric measurements were taken, including body
weight, height, waist circumference, hip circumference andwrist

circumference. Body weight and body composition, including
fat-free mass (FFM), skeletal muscle mass (SMM), fat mass, body
water and visceral fat area, were determined by multifrequency
bioelectrical impedance analysis with Inbody 720 (Biospace
Co.). Participants stood on the platform scale holding the devi-
ce’s handles with both hands to provide contact with eight tetra-
polar electrodes (two in each foot and two in each hand) for
analysis at 1, 5, 50, 250, 500 and 1000 kHz. Body composition
was estimated using the manufacturer’s equations(11). The
appendicular skeletal muscle mass (ASM) was obtained with
the sum of the lean tissue in both arms and legs, and the skeletal
muscle mass index was calculated with the formula ASM (kg)/
height(m)2(12). Height was measured in centimetres using a
BSM 370 stadiometer (Biospace Co. Ltd) with an approximation
of 1 mm. Waist, hip and wrist circumferences were determined
with a flexible measuring tape (SECA, Model 201) with an accu-
racy of 0·1 cm. Allmeasurementswere performed in duplicate by
trained personnel according to the method described by
Lohman. The anthropometric measurement protocol required
subjects to be fasting and wearing light clothing(13).
Anthropometric indices were calculated with the following for-
mulas: BMI = weight (kg)/height(m)2; waist/hip index=waist
circumference (cm)/hip circumference (cm); waist/height index
=waist circumference (cm)/height (cm); conicity index=waist
circumference (m)/(0·109 × (weight (kg)/height(m)0·5)(14); body
adiposity index = (hip circumference (cm)/height (m)1. 5) –

18(15); body shape index (ABSI)=waist circumference (m)/
(BMI2/3 × height (m)1/2)(16); body roundness index= 364·2–
365·5 × (1 – ((0·5 ×waist circumference (m)/π)2/(0·5 × height
(m))2))0·5(4).

Biochemical measurements

Ablood samplewas taken after a fasting period of 10–12 h. Then,
the blood samples were centrifuged at 3000 rpm for 10 min to
obtain serum and plasma. Glucose, total cholesterol, LDL-cho-
lesterol, HDL-cholesterol and TAG levels were determined by
the enzymatic colorimetric method using the COBAS Integra
analyser, Roche Diagnostics. Insulin concentration was deter-
mined using a sandwich ELISA kit with dual monoclonal anti-
bodies (80-INSHU-E01). The Homeostasis Model Assessment
of Insulin Resistance Index (HOMA-IR index) was determined
using the following equation: fasting serum glucose (mmol/l) ×
fasting plasma insulin (mIU/ml)/22·5(17).

Clinical parameters and physical activity

A trained nutritionist recorded the demographic data and col-
lected the clinical history of the participants. Blood pressure
was taken on the right arm with a digital sphygmomanometer
(Omron, HEM-781INT) while the participants were seated and
had their arm uncovered. Four measurements were taken at 3-
minute intervals; the first measurement was discarded, and the
last threemeasurements were averaged to determine the systolic
and diastolic blood pressure. Physical activity level was assessed
with the long-form International Physical Activity
Questionnaire(18). Participants were categorised into high, mod-
erate or low physical activity groups, according to International
Physical Activity Questionnaire guidelines(19).
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Categorisation of variables

Participants were categorised into the following groups based on
BMI, according to the WHO classification of nutritional status:
normal weight (18·5–24·9 kg/m2), overweight (25–29·9 kg/
m2), obesity I (30–34·9 kg/m2), obesity II (35–39·9 kg/m2) and
obesity III (≥ 40 kg/m2)(20). Insulin resistance was defined as a
HOMA-IR index≥ 2·5(17). Metabolic syndrome was defined as
the presence of three or more of the following criteria: central
obesity (waist circumference≥ 80 cm in women and≥ 90 cm
in men), fasting glucose≥ 100 mg/dl, triacyl glyceride concen-
tration≥ 150 mg/dl, HDL-cholesterol concentration< 50 mg/dl
in women and< 40 mg/dl in men and systolic and/or diastolic
blood pressure≥ 130/85(21). Prediabetes was defined as fasting
glucose≥ 100 mg/dl and< 126 mg/dl, while type 2 diabetes
was defined as fasting glucose≥ 126 mg/dl(22). Hypertension
was defined as systolic blood pressure≥ 140 mmHg and/or dia-
stolic≥ 90 mmHg(23). Dyslipidaemia was defined as a TAG con-
centration≥ 150 mg/dl, total cholesterol≥ 200 mg/dl and HDL-
cholesterol< 40 mg/dl in men or< 50 mg/dl in women(24).

Determination of adiposity-based chronic disease in the
study population

Participants with ABCD were identified according to the AACE/
ACE criteria in three steps(7):
Step 1. Anthropometric component: participants with BMI≥ 25

kg/m2 and those with BMI 23–24.9 kg/m2 with a waist circum-
ference≥ 80 in women or≥ 90 in men were selected.

Step 2. Clinical component: the presence of metabolic and clini-
cal complications associated with adiposity, such as factors
related to metabolic syndrome, prediabetes, type 2 diabetes,
dyslipidaemia and arterial hypertension, were assessed.

Step 3. ABCD classification: the presence of ABCDwas classified
as follows: stage 0: no adiposity-associated complications are
found; stage 1: the presence of one ormore complications that
aremild tomoderate and/or that can be treatedwithmoderate
weight loss and stage 2: the presence of at least one severe
adiposity-related complication, according to cardiometabolic
disease staging system applicable to obesity (online
Supplementary Table S1)(7,25,26).

Statistical analysis

The sample size was calculated based on a binomial distribution,
which determined that a sample of at least 371 individuals should
be selected to calculate an estimated proportion of 62·8 %
according to previous studies, with a CI width equal to twice
the accepted error (10 %) with a confidence level of 95 %(27).
Continuous variables are expressed as the median (25th–75th
percentile). Qualitative variables are expressed as frequencies
(%). The Kruskal–Wallis analysis was used to assess the
differences between demographic, anthropometric, body com-
position and clinical and biochemical variables between the
ABCD categories. The Mann–Whitney U test was used to com-
pare anthropometric, biochemical and clinical parameters of
the population between men and women. The χ2 test for trend
was used to evaluate the difference in proportions in the quali-
tative variables. Risk factors were determinedwith the anthropo-
metric variables associated with the presence of ABCD using a

Poisson regression model adjusted for age, sex and physical
activity. The results obtained were considered significant, with
a P value of< 0·05. The data were analysed with SPSS for
Windows (version 24, SPSS Inc.) and Stata Statistical Software
(Release 14: StataCorp LP). Figures were made with GraphPad
Prism version 7.

Results

Characteristics of the participants

A total of 514 participants were included, of which 74·7 % were
women. The median (25th–75th percentile) age was 37 years
(27–47), which was higher in women (39 years (27–49)) than
in men (34 years (27–44)) (P value= 0·05). Men had higher
weight, waist circumference, waist:hip ratio, body adiposity
index, ABSI, SMM%, FFM%, ASM%, visceral fat area, systolic
and diastolic blood pressure, total cholesterol, LDL-cholesterol
and TAG but lower fat mass % and HDL-cholesterol than
women. A total of 59·3 %were engaged in a low level of physical
activity; no differences were observed in the level of physical
activity between men and women. A total of 16·3 % had arterial
hypertension, which was higher in men than in women (28·5 v.
12·1 %, respectively, P value< 0·001) (Table 1).

Prevalence of adiposity-based chronic disease and obesity
by BMI

The prevalence of ABCD in the population was 87·4 %. In men,
the prevalence of this condition was 91·5 %, while in women, it
was 86 %. The prevalence of stage 0 was 2·4 %, that of stage 1
was 33·7 % and that of stage 2 was 51·3 %. Men showed a higher
prevalence of ABCD stage 2 compared with women, 56·8 % v.
49·5 %, respectively (Fig. 1(a)) (online Supplementary Table
S2). Participants with ABCD stage 2 had a higher median age
[41 years (32–49 as the 25th–75th percentile)] relative to
ABCD stage 0 subjects [28·5 years (24, 35–7)] (P value< 0·001)
in this population. Regarding the status of obesity observed in
the different stages of ABCD, at stage 0, all subjects were over-
weight, while in those with ABCD stage 1, 3·5 % had a normal
BMI, 49·1 %were overweight and 47·4 %were obese. In subjects
with ABCD stage 2, 0·8 % had normal BMI, 17·7 % were over-
weight and 81·5 % were obese (Fig. 1(b)). In contrast, 57·6 %
of the studied population had a BMI indicating obesity, and it
was more prevalent in men than in women (67·6 v. 54·4 %,
respectively, P value= 0·008).

Anthropometric, biochemical and clinical variables
according to ABCD classification

The anthropometric variables weight, BMI, waist circumference,
waist/hip ratio, body adiposity index, ABSI and body roundness
index were significantly higher in subjects with ABCD stage 2
(P< 0·001). SMM, lean muscle mass, FFM, ASM, body water
and osseous tissue %were significantly lower (P< 0·001) in sub-
jects with ABCD stage 2, whereas visceral fat area and % fat mass
were higher in ABCD stage 2 compared with the other stages
(P< 0·001). Glucose, LDL-cholesterol, TAG, insulin and
HOMA-IR concentrations were significantly higher in subjects
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with ABCD stage 2, while they had lower HDL-cholesterol con-
centrations. Likewise, in clinical parameters, systolic and dia-
stolic blood pressure was lower in these subjects than in those
with ABCD stage 0.

One of the subjects with ABCD stage 0 (11·1 %) had insulin
resistance. Of the subjects classified as ABCD stage 1, 36 %
showed insulin resistance, 60·2 % showed dyslipidaemia and

5·3 % showed arterial hypertension. For subjects classified as
ABCD stage 2, 67·5 % had insulin resistance, 85·7 % had meta-
bolic syndrome, 47·7 % had prediabetes, 4·6 % had type 2 diabe-
tes, 92·3 % had dyslipidaemia and 28·5 % had arterial
hypertension. Interestingly, of the participants classified as nor-
mal (without anthropometric criteria for ABCD), 37 % were
observed to have insulin resistance, 1·6 % had metabolic

Table 1. Characteristics of the study population

Variables

ABCD stage n %
Normal 72 14·0
Overweight 145 28·1
Obesity G1 148 28·7
Obesity G2 94 18·2
Obesity G3 55 10·7

Anthropometry and body composition Median 25th–75th percentile
Age, years (n 514) 37·0 27·0–47·0
Weight, kg (n 514) 78·2 67·8–93·3
BMI, kg/m2 (n 514) 31·0 27·0–35·6
Waist circumference, cm (n 511) 95·0 84·5–106
Hip, cm (n 429) 107 100–115
Waist/hip ratio (n 429) 0·84 0·80–0·90
Waist/height ratio (n 511) 0·58 0·53–0·66
Wrist circumference 16·0 15·2–17·2
Conicity index (n 511) 1·23 1·17–1·30
Body adiposity index (n 429) 35·1 30·8–40·1
A body shape index (n 511) 0·076 0·072–0·079
Body roundness index (n 511) 5·17 3·99–6·97
Body fat mass, % 42·3 36·3–46·9
Skeletal muscle mass, % 31·8 28·9–35·5
Skeletal muscle index, kg/m2 9·95 9·03–11·1
Lean mass, % 54·2 49·8–60·0
Fat free mass, % 57·6 53·0–63·7
Appendicular skeletal mass, kg 18·0 15·8–21·8
Appendicular skeletal mass, % 23·1 21·2–25·7
Appendicular skeletal muscle index, kg/m2 9·15 8·47–9·97
Total body water, % 42·1 38·5–46·6
Minerals, % 4·06 3·63–4·50
Osseous tissue, % 3·37 3·00–3·73
Visceral fat area, cm2 126 98·5–153

Clinical parameters and biochemists
Systolic blood pressure, mmHg (n 510) 108 100–117
Diastolic blood pressure, mmHg (n 510) 76·0 69·3–82·0
Glucose, mg/dl (n 510) 91·0 82·0–100·5
Total cholesterol, mg/dl (n 510) 184 161·0–214·5
HDL-cholesterol, mg/dl (n 510) 42·0 34·3–52·0
LDL-cholesterol, mg/dl (n 510) 113·8 92·8–137·0
TAG, mg/dl (n 510) 142·7 103·0–202·0
Insulin, UI/ml (n 289) 12·2 6·21–19·1
HOMAR-IR (n 289) 2·72 1·31–4·72
Physical activity (n 477) n %

Low 283 59·3
Moderate 37 7·8
High 157 32·9

Comorbidities

Presence Absence

n % n %

Insulin resistance (n 289) 153 52·9 136 47·1
Metabolic syndrome (n 510) 224 43·9 286 56·1
Dyslipidaemia (n 510) 368 72·2 142 27·8
Hypertension (n 510) 83 16·3 427 83·7
Carbohydrate metabolism disorders (n 510)

Prediabetes 127 24·9 371 72·7
Type 2 diabetes 12 2·4 – –

Continuous variables are expressed as medians (25th–75th percentile). Qualitative variables are presented as frequency (%)
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syndrome, 4·7 % had prediabetes and 34·4 % had dyslipidaemia
(Tables 2 and 3).

Anthropometric risk factors associated with adiposity-
based chronic disease

In Poisson regression analysis adjusted for age, sex and physical
activity, the waist circumference/hip circumference (WC/HC)
index (prevalence ratio (PR)= 7·57; 95 % CI 1·52, 37·5, P value
= 0·013) and the Conicity Index (PR= 3·46; 95 % CI 1·34, 8·93,
P value= 0·01) were better predictors of ABCD than weight,
BMI, hip circumference, wrist circumference, fat mass %, SMI
kg/m2, visceral fat area, body roundness index and body

adiposity index. Meanwhile, SMM% (PR= 0·95; 95 % CI 0·93,
0·98, P value= 0·001), FFM% (PR= 0·96; 95 % CI 0·95, 0·98, P
value< 0·001) and ASM% (PR= 0·93; 95 % CI 0·90, 0·96, P
value< 0·001) were independent protective factors of ABCD
(Table S3).

Discussion

The ABCD model aims not only to identify patients with excess
adiposity through anthropometric measurements but also to
integrate clinical variables that allow the detection of obesity-
related complications. This allows for stratification according

Fig. 1. (a) Prevalence of adiposity-based chronic disease stages by sex. (b) Prevalence of adiposity-based chronic disease stages by BMI.
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Table 2. Anthropometric biochemical and clinical characteristics of the population according to the stage of adiposity-based chronic disease (ABCD)

Variables

ABCD Normal n 64

Stage 0 n 12 Stage 1 n 171 Stage 2 n 260

Median,
Frequency Percentile, %

Median,
Frequency Percentile, %

Median,
Frequency Percentile, %

Median,
Frequency Percentile, % P

Age, years 28·5 24·0,35·7 39·0 27·0, 49·0 41·0 32·0, 49·0 25·0 23·0, 28·0 < 0·001
Sex
Male 4 33·3 41 24 73 28·1 11 17·2 0·28
Female 8 66·7 130 76 187 71·9 53 82·8

Anthropometry and body composition
Weight, kg 66·2 59·6, 70·0 76·3 67·4, 90·0 86·3 76·8, 99·9 55·8 52·4, 62·4 < 0·001
BMI, kg/m2 26·1 25·3, 26·8 29·5 27·4, 33·5 34·3 30·8, 38·3 22·5 20·7, 23·7 < 0·001
Waist, cm 78·8 77·6, 83·3 91·0 84·6, 101 103 94·0, 113·8 72·7 69·2, 77·0 < 0·001
Hip, cm 100 97·2, 104 107·7 101, 113·8 111 105, 120·4 95·2 92·0, 97·9 < 0·001
Waist/hip ratio 0·80 0·74, 0·82 0·84 0·80, 0·89 0·88 0·83, 0·93 0·76 0·73, 0·80 < 0·001
Waist/height ratio 0·50 0·48, 0·51 0·57 0·53, 0·62 0·64 0·58, 0·71 0·45 0·43, 0·48 < 0·001
Wrist circumference, cm 14·8 14·2, 15·2 16·0 15·3, 17·0 16·6 16·0, 17·8 14·8 14·2, 15·3 < 0·001
Conicity index 1·13 1·11, 1·15 1·20 1·17, 1·25 1·24 1·19, 1·30 1·12 1·08, 1·15 < 0·001
Body adiposity index 32·4 28·4, 35·3 35·3 31·6, 39·2 37·9 33·4, 43·5 28·9 27·0, 31·6 < 0·001
A body shape index 0·071 0·070, 0·073 0·075 0·072, 0·077 0·076 0·073, 0·079 0·073 0·070, 0·074 < 0·001
Body roundness index 3·53 3·13, 3·70 4·73 3·99, 5·68 5·82 4·90, 7·34 2·56 2·15, 3·06 < 0·001
Body fat mass, % 36·5 24·7, 41·8 42·0 36·9, 46·0 45·1 39·7, 49·7 30·7 26·1, 35·2 < 0·001
Skeletal muscle mass, % 34·8 30·7, 42·6 31·9 29·5, 35·3 30·3 27·6, 33·7 37·6 34·9, 40·2 < 0·001
Skeletal muscle index, kg/m2 9·28 8·21, 10·9 9·57 8·90, 10·7 10·4 9·69, 11·4 8·22 7·83, 8·77 < 0·001
Lean mass, % 59·6 54·6, 70·9 54·5 50·8, 59·4 51·7 47·2, 56·8 65·1 60·8, 69·6 < 0·001
Fat free mass, % 63·5 58·2, 75·3 58·0 54·0, 63·1 54·8 50·2, 60·3 69·3 64·7, 73·8 < 0·001
Appendicular skeletal mass, kg 16·1 14·3, 21·4 17·2 15·4, 21·6 18·9 16·9, 22·9 15·2 13·5, 17·3 < 0·001
Appendicular skeletal mass, % 25·3 22·6, 30·6 23·1 21·5, 25·5 22·2 20·7, 24·4 26·8 25·5, 29·3 < 0·001
Appendicular skeletal mass, kg/

m2
10·5 9·74, 11·1 9·24 8·66, 9·87 8·77 8·19, 9·38 10·6 10·3, 11·2 < 0·001

Total body water, % 46·3 42·7, 54·9 42·3 39·4, 46·0 40·1 36·8, 44·1 50·5 47·3, 54·0 < 0·001
Minerals, % 4·60 4·26, 5·14 4·13 3·80, 4·47 3·81 3·43, 4·19 4·99 4·76, 5·18 < 0·001
Osseous, % 3·83 3·50, 4·22 3·43 3·16, 3·71 3·16 2·81, 3·47 4·14 3·96, 4·32 < 0·001
Visceral fat area, cm2 79·5 70·0, 93·0 120·5 101·2, 143 141·5 122·3, 167 69·5 57·8, 79·4 < 0·001

Continuous variables are expressed as medians (25th–75th percentile). Qualitative variables are presented as frequency (%). Statistical analysis was performed using the Kruskal–Wallis test. Statistical analysis of qualitative variables was
performed with the χ2 test. P value< 0·05 was considered as statistical significance.
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Table 3. Biochemical and clinical characteristics of the population according to the stage of adiposity-based chronic disease (ABCD)

Variables

ABCD Normal n 64

P

Stage 0 n 12 Stage 1 n 171 Stage 2 n 260

Median,
Frequency Percentile, %

Median,
Frequency Percentile, %

Median,
Frequency Percentile, %

Median,
Frequency Percentile, %

Clinical parameters and biochemists
Systolic blood pressure, mmHg 101·5 96·2, 107·2 108 100, 115 112 104, 120·8 98·5 91·0, 104 < 0·001
Diastolic blood pressure,

mmHg
73·5 64, 77 75·0 69·3, 80·6 79·3 73·0 86·0 66·3 62·0, 73·0 < 0·001

Physical activity
Low 7 70 103 64 133 55·2 37 60·7 0·07
Moderate – – 8 5·0 27 11·2 1 1·6
High 3 10 50 31·1 81 33·6 23 37·7

Glucose, mg/dl 83 78·2, 87·0 85 79·0, 91·0 100 91·0, 108 83 78·2, 88·7 < 0·001
Total cholesterol, mg/dl 175 161, 210 184 163, 221 186·8 163·2, 214 171·5 155, 201 0·094
HDL-cholesterol, mg/dl 60·5 58·2, 64·2 47 41·0, 55·0 36·0 30·0, 42·0 56·5 45·2, 67·2 < 0·001
LDL-cholesterol, mg/dl 104·1 88·5, 116 116·6 97·2, 140·2 117 94·6, 140·2 99·5 78·4, 118 0·001
TAG, mg/dl 103 75·2, 125·7 119 96·0, 143·7 187·7 151, 248·1 77·0 58·2, 106 < 0·001
Insulin, UI/ml 4·39 2·76, 8·68 9·19 5·38, 14·0 14·7 9·75, 21·8 5·23 3·86, 14·9 < 0·001
HOMAR-IR 0·96 0·54, 1·75 1·99 1·00, 3·16 3·59 2·19, 5·65 1·01 0·74, 3·20 < 0·001
Comorbidities
Insulin resistance

Yes 1 11·1 32 36·0 110 67·5 10 37·0 < 0·001
No 8 88·9 57 64·0 53 32·5 17 63·0

Metabolic syndrome
Yes – – – – 223 85·7 1 1·6 < 0·001
No 12 100 171 100 37 14·3 63 98·4

Carbohydrate metabolism disorders
Normal 12 100 171 100 124 47·7 61 95·3 < 0·001
Prediabetes – – 124 47·7 3 4·7
Type 2 diabetes – – 12 4·6 – –

Dyslipidaemia
Yes – 103 60·2 240 92·3 22 34·4 < 0·001
No 12 100 68 39·8 20 7·7 42 65·6

Hypertension < 0·001
Yes – – 9 5·3 74 28·5 – –
No 12 100 162 94·7 186 71·5 64 100

Continuous variables are expressed as medians (25th–75th percentile). Qualitative variables are presented as frequency (%). Statistical analysis was performed using the Kruskal–Wallis test. Statistical analysis of qualitative variables was
performed with the χ2 test. P value< 0·05 was considered as statistical significance.
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to the presence or absence of such complications with the pur-
pose of early identification of the population at risk.

The application of this new definition detected an ABCD
prevalence of 87·4 % in the Mexican adult population. In con-
trast, only 57·6 % of the subjects included in this study had
obesity as assessed by BMI. Although lifestyle modification inter-
ventions, such as the adoption of a healthy diet and physical
activity, have been the primary treatment for people living with
obesity, looking at this type of intervention from a ‘complication-
centred’ framework undoubtedly offers prevention from the
point of view of decreasing the risk of disease by preventing
an obesogenic environment at the population level. In addition,
the current prevalence of overweight and obesity in children
between 5 and 11 years in Mexico is 35·6 %. This prevalence
could be underestimated if we use the ABCD framework to diag-
nose obesity, as it emphasises the importance of early interven-
tions to prevent the risk of metabolic complications associated
with obesity at an earlier age(2,28).

These findings are of major importance, as a good part of the
population with metabolic anomalies recruited for this study did
not show a BMI associated with obesity (≥ 30 kg/m2).
Consequently, these individuals would have gone undetected as
subjects without risk, leading to the advancement of a detrimental
metabolic environment. These resultsmakeapparent amajor draw-
back of the use of BMI as the sole indicator of obesity.Whereas this
index may be a practical tool, it does not consider body composi-
tion. Therefore, a BMI greater than 30 kg/m2 does not necessarily
mean that obesity is present, as it could be biased by a higher abun-
dance of muscle mass or in body water.

Our results showed that 2·4% of patients were overweight or
obese but free of cardiometabolic disease risk factors (Stage 0), the
so-called ‘metabolically healthy obese’. Other countries have
shown a higher prevalence of this metabolic condition, e.g. the
National Health and Nutrition Examination Survey (NHANES)
reported a prevalence of overweight or obese adults free of car-
diometabolic diseases of 15% in the USA(29). Furthermore, there
was a much higher prevalence of stages 1 and 2 of ABCD in our
population, with stage 2 being the most prevalent at 51·3%. This
high percentage indicates that one out of two subjects in our study
had severe adiposity-related complications.

Abnormal adiposity reflected by weight gain and BMI is not
always associated with an increased risk of CVD because exces-
sive fat mass is neither an essential nor a sufficient factor for heart
disease. However, the abnormal distribution of adiposity, such
as that located in ectopic sites, including skeletal muscle, liver
and intestines, is associated with an increased risk of CVD and
non-alcoholic fatty liver due to increased free fatty acids, inflam-
matory markers and insulin resistance. This could explain the
strong association of waist/hip circumference index with the risk
of developing ABCD observed in our study. Adiposity function is
another key aspect to evaluate in the ABCD framework because
adipokine imbalance associated with abnormal adiposity func-
tion is believed to be a key event in promoting both systemic
metabolic dysfunction and CVD(30).

Although other indicators, such aswaist circumference, could
indirectly estimate visceral fat deposition, the use of thewaist cir-
cumference indicator is more difficult in obese subjects since
there are complications in specifically recognising the

anatomical position of the waist in this population. Although
the measurement of waist circumference in people with over-
weight, and possibly also in those with stage 1 ABCD, allows
a better estimation ofmetabolic risk thanBMI alone, in the higher
stages of obesity, waist circumference and metabolic risk are
usually also elevated; thus, it is advisable to measure and docu-
ment body composition as well(31,32).

Two indicators were associated with ABCD in a protective
manner, the SMM% and the ASM%, which are related to the
amount of skeletal muscle tissue. This metabolically active organ
can interact with other organs through secretory proteins(33).
Some of the mechanisms by which muscle acts as a protective
effect against metabolic diseases could involve the secretion
of myokines such as IL-6, myostatin and irisin bymuscle contrac-
tion, which could positively affect adipogenesis by promoting
PPAR-activated receptor (PPAR-α)-dependent fat browning(34).
Likewise, IL-6 secretion could regulate glucose production in
the liver, lipolysis in adipose tissue and insulin secretion and
can intramuscularly promote glucose uptake and fat oxidation
through phosphoinositide 3-kinase (PI3K) activated by AMP-
activated protein kinase (AMPK), thus improving insulin sensitiv-
ity(35). Irisin is involved in increasing energy expenditure through
PPAR-α-dependent downstream signalling and improves insulin
sensitivity(34). Therefore, through these mechanisms, the pres-
ence of skeletal muscle mass and secretion of its myokines
results in beneficial effects on glucose uptake and lipid metabo-
lism, having an important impact on the reduction of metabolic
diseases(36).

It is important to note that although few studies address the
prevalence of ABCD, the prevalence data observed in the
present study have been higher than those reported in other
populations. For example, in Venezuela, a similar trend was
reported. Nevertheless, the prevalence of obesity according to
the AACE/ACE framework was 63·5 % and the prevalence of
obesity by BMI (BMI≥ 30) was 29·3 %, which is lower than
the prevalence observed in the present study(37). The prevalence
was 62·8 % in the Czech Republic in adults aged 25–64 years(27).
Therefore, early detection and risk stratification are of the utmost
importance as essential characteristics that the ABCD model
takes into account and that other models centred on BMI lack.
These characteristics allow for a window of opportunity to be
observed for early interventions in primary care systems, which
can have a favourable impact on the prevention and reduction of
complications, and therefore, a significant decrease in morbidity
and mortality as well as an increase in the quality of life of
patients and families.

Exploring the association of different anthropometric mea-
surements with ABCD might provide health practitioners with
additional tools to simplify the assessment of adipose function-
ality. While ABCD has proven valuable in assessing cardio-
vascular risk, its application requires several variables that
may not be available in a first-contact patient. To tackle this,
we assessed the level of association of different anthropometric
indicators that may be more readily attainable in a first-contact
visit evaluation with ABCD. Here, our results show that the
WC/HC index, conicity index, waist circumference and wrist cir-
cumference are predictors associated with ABCD and might
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better reflect adipose functionality given their ability to indirectly
estimate visceral fat deposition(38).

The limitations of this study are inherent to the type of design,
which, being a cross-sectional study, is influenced by the tempo-
ral ambiguity of simultaneously measuring both exposure and
the presence of the condition. Additionally, the sample of our
study might not be representative of the general population
because the participants were referred to a specialised centre;
however, it may be useful as a reference for assessing the preva-
lence in the general population. The analysis of adiposity-based
complications for this study was only evaluated with the avail-
able data; however, several other complications, such as the
presence of reflux, fatty liver disease, polycystic ovary disease
in women and sleep apnoea, could not be evaluated.
Likewise, another limitation of our study is that we excluded par-
ticipants with a previous diagnosis of diabetes, arterial hyperten-
sion and dyslipidaemia to represent a homogeneous sample.

Conclusions

In summary, in our study population, one out of every two sub-
jects classified according to the ABCD had a severe obesity-
related complication. Therefore, early detection and risk stratifi-
cation are of the utmost importance. Taking into account the
essential characteristics of the ABCD model can provide a win-
dow of opportunity for timely interventions in primary care sys-
tems, which can have a favourable impact on the prevention and
reduction of complications. These results may be a starting point
for future research aiming to evaluate the impact of different
nutritional interventions on the adipose tissue amount, distribu-
tion and function rather than focus solely on weight and BMI.
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