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Abstract

Background: Normal-weight central obesity (NWCO) represents a
metabolically adverse phenotype that is often overlooked when nu-
tritional status is assessed using body mass index (BMI) alone. This
study aimed to determine the prevalence of NWCO among Peruvian
adults, characterize its geographic distribution using spatial autocor-
relation, assess socioeconomic inequalities, and analyze temporal
trends from 2018 to 2024.

Methods: An analytical cross-sectional study using ENDES 2018—
2024 data with directly measured anthropometric information was
conducted. Adults aged >18 years with normal weight (BMI 18.5—
24.9 kg/m?) were included. NWCO was defined as waist circum-
ference > 80 cm in women or > 90 c¢cm in men. Prevalences were
estimated accounting for the complex survey design; socioeconomic
inequalities were assessed using the Slope Index of Inequality (SII),
Relative Index of Inequality (RII), and concentration index; temporal
trends were evaluated using linear regression; spatial autocorrelation
was examined using global Moran’s I and local indicators of spatial
association (LISA); and an ATP IlI-based sensitivity analysis was per-
formed using waist circumference cutoffs of > 88 cm in women and
>102 cm in men.

Results: Among 46,493 adults with normal weight, 15,907 (35.1%;
95% confidence interval (CI): 34.4-35.9%) had NWCO. Prevalence
was higher in women (58.9%) than in men (14.2%) and increased
with age (25.0% in 18-29 years vs. 48.9% in > 60 years). A positive
socioeconomic gradient was observed: 26.7% in the lowest wealth
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quintile to 46.4% in the highest wealth quintile (SII = 0.23; RII =
1.93; concentration index = 0.100). At the departmental level, NWCO
prevalence among adults with normal BMI ranged from 24.0% in
Huancavelica to 41.9% in Tacna. Global Moran’s I was 0.167 (P =
0.070), and no significant LISA clusters were identified. No statisti-
cally significant temporal change was observed overall (—0.46 per-
centage points per year (pp/year), P =0.172), among men (—0.21 pp/
year, P=0.356), or among women (—0.63 pp/year, P=0.101). In sen-
sitivity analyses using ATP III cutoffs, NWCO prevalence was sub-
stantially lower (8.0%; 95% CI: 7.6-8.4%) but remained concentrated
among women and higher wealth groups.

Conclusions: More than one-third of Peruvian adults with normal
weight have central obesity, with a female predominance, concentration
in higher socioeconomic strata, and marked geographic heterogeneity
without statistically significant spatial clustering after correction of the
departmental estimand. These findings support incorporating waist cir-
cumference measurement into routine adult clinical assessment, includ-
ing primary care visits, even when BMI is within the normal range.

Keywords: Central obesity; Normal weight; Waist circumference;
Spatial analysis; Health inequities; Peru

Introduction

Assessment of nutritional status using body mass index (BMI)
has been the standard in clinical and epidemiological practice
for decades. However, this measure has limitations in identify-
ing individuals with abnormal body fat distribution, particu-
larly those with visceral adipose tissue accumulation despite
a body weight within ranges considered normal [1]. This phe-
notype, termed normal-weight central obesity (NWCO), has
gained prominence in the recent scientific literature because of
its adverse metabolic profile [2—4].

Studies based on the NHANES III cohort have shown that
individuals with NWCO have a higher risk of all-cause and
cardiovascular mortality than those with obesity defined solely
by BMI [5]. Specifically, men with normal weight but central
obesity had a 1.87-fold higher mortality risk than their coun-
terparts without central obesity, and a 2.42-fold higher risk
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than individuals with BMI-defined obesity but without central
obesity. This finding challenges the traditional notion that BMI
alone is sufficient to assess adiposity-related metabolic risk.

Visceral fat accumulation, characteristic of NWCO, is
associated with insulin resistance, endothelial dysfunction, a
chronic proinflammatory state, and disturbances in lipid me-
tabolism [6, 7]. These mechanisms operate independently of
total body weight, explaining why individuals with a normal
BMI may have a cardiometabolic profile similar to, or even
worse than, those with generalized obesity [8, 9].

In Latin America, the nutritional transition has driven a sus-
tained increase in the prevalence of abdominal obesity. A recent
systematic review reported a pooled abdominal obesity preva-
lence of 62% using International Diabetes Federation criteria in
Latin American populations [10]. However, most studies have
focused on general or abdominal obesity without specifically
considering the NWCO phenotype. Peru is undergoing a rapid
epidemiological transition toward excess weight [11]; there-
fore, characterizing this phenotype is particularly relevant [12].
Moreover, understanding socioeconomic inequities in the distri-
bution of NWCO is essential to inform public health interven-
tions and to determine whether this phenotype follows the same
pattern as general obesity or shows a distinct distribution.

In Peru, technical guidance for adult anthropometric as-
sessment includes waist circumference measurement and rec-
ommends recording anthropometric results in the clinical re-
cord. However, nutritional status classification in both clinical
and epidemiological settings remains strongly BMI-centered.
Consequently, adults with normal BMI but elevated waist cir-
cumference may be classified as apparently low-risk if waist
circumference is not systematically incorporated into routine
assessment. This gap supports the need to quantify NWCO
and characterize the groups and territories in which it is most
frequent.

NWCO should be interpreted as an operational anthropo-
metric phenotype rather than as evidence of a fixed biological
subtype. In cross-sectional data, this phenotype may reflect
heterogeneous trajectories, including persistent normal BMI
with central adiposity, early progression toward overweight or
obesity, or context-specific body fat distribution. Longitudinal
data are required to distinguish these possibilities.

Accordingly, this study aimed to: (1) determine the na-
tional and departmental prevalence of NWCO among Peruvian
adults with normal weight; (2) characterize the geographic dis-
tribution of NWCO using spatial autocorrelation analysis; (3)
assess socioeconomic inequalities in its distribution using ab-
solute and relative inequality indices; and (4) analyze temporal
trends in NWCO prevalence between 2018 and 2024.

Materials and Methods

Study design

We conducted an analytical cross-sectional observational
study using publicly available secondary data from Peru’s De-
mographic and Family Health Survey (ENDES). The study
purpose was descriptive. The analysis included seven consec-

utive years (2018-2024) because waist circumference meas-
urements were systematically available starting in 2018. The
manuscript was prepared following the Strengthening the Re-
porting of Observational Studies in Epidemiology (STROBE)
guidelines [13]; the checklist is provided in Supplementary
Material 1 (jem.elmerpub.com).

ENDES is a repeated cross-sectional survey; each an-
nual round includes an independent sample, and participants
were not followed across years. Therefore, temporal analyses
assessed population-level annual changes rather than within-
person longitudinal changes.

Data source

ENDES is a repeated cross-sectional, population-based survey
conducted annually by Peru’s National Institute of Statistics
and Informatics (INEI), with technical assistance from the US-
AID Demographic and Health Surveys (DHS) Program. The
survey is nationally representative, representative at the level
of the 24 departments and the Constitutional Province of Cal-
lao, and by area of residence (urban and rural) [14].

ENDES uses a two-stage, probabilistic, stratified sam-
pling design that is independent within each department. In the
first stage, clusters (primary sampling units) are selected with
probability proportional to size. In the second stage, house-
holds within each cluster are selected through systematic sam-
pling with a random start. The datasets are publicly available
through the INEI portal.

Study population and sample

The target population comprised adults aged 18 years or old-
er residing in Peru during the study period. Inclusion criteria
were: (1) age > 18 years at the time of the survey; (2) valid
measurements of weight, height, and waist circumference re-
corded in the health module; and (3) complete information on
the sociodemographic variables of interest.

Exclusion criteria were: (1) underweight (BMI < 18.5 kg/
m?), given the study’s focus on individuals with normal weight;
(2) incomplete information in the variables of interest; and (3)
physiologically implausible anthropometric values (waist cir-
cumference < 50 or > 180 cm, BMI < 10 or > 60 kg/m?).

Variables

The dependent variable was NWCO, defined as a dichotomous
variable (present/absent). NWCO was considered present when
participants simultaneously met two conditions: (1) normal
weight defined as BMI 18.5-24.9 kg/m?, and (2) central obe-
sity defined as waist circumference > 80 cm in women or > 90
cm in men, according to the International Diabetes Federation
(IDF) criteria for Latin American populations [15]. The IDF
criterion was selected a priori as the primary definition be-
cause it provides sex-specific waist circumference thresholds
commonly used for Latin American populations and allows
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comparison with regional evidence. However, because these
thresholds have not been specifically validated in the Peruvian
adult population, NWCO was treated as a screening-oriented
operational definition rather than a diagnostic gold standard.

In ENDES, anthropometric measurements were obtained
by trained field staff. Body weight was measured using cali-
brated digital scales (precision: 0.1 kg), and height using porta-
ble stadiometers (precision: 0.1 cm). Waist circumference was
measured at the midpoint between the lower border of the last
rib and the iliac crest using a non-elastic measuring tape (pre-
cision: 0.1 cm). BMI was calculated as weight in kilograms
divided by height in meters squared.

Independent variables included sex (male/female), age in
completed years at the time of the survey categorized into four
groups (18-29, 30—44, 45-59, and > 60 years), and educational
level classified by the highest level attained into four catego-
ries: none, primary, secondary, and higher education. Area of
residence was classified as urban or rural according to INEI
census definitions. Urban areas comprise settlements with at
least 100 contiguous dwellings or district capitals, whereas ru-
ral areas comprise settlements that do not meet this criterion or
have dispersed dwellings. Natural region was categorized as
Metropolitan Lima, rest of the Coast, Highlands, and Jungle.
Department of residence was used as the geographic unit for
the spatial analyses, including the 24 departments and the Con-
stitutional Province of Callao.

We used the wealth index constructed by INEI using prin-
cipal component analysis (PCA) based on a set of household
assets. This index was categorized into population quintiles
and used as a household-asset-based proxy of socioeconomic
position. Quintile 1 represented the lowest wealth quintile and
quintile 5 the highest wealth quintile.

Statistical analysis

Descriptive and inequality analyses accounted for the complex
survey design by incorporating sampling weights, strata, and
primary sampling units (clusters). For pooled multi-year anal-
yses, sampling weights were divided by the number of years
included. The scaled single-unit option was used to handle
strata containing a single primary sampling unit.

Descriptive analysis included calculation of unweighted ab-
solute frequencies and weighted percentages with their respec-
tive 95% confidence intervals (95% ClIs). NWCO prevalences
were estimated overall, stratified by each sociodemographic
variable, and disaggregated by department. Participants were
classified into four phenotypic groups: normal weight without
central obesity, NWCO, overweight/obesity without central
obesity, and overweight/obesity with central obesity.

Participants with missing or invalid values in anthropo-
metric variables, survey design variables, or sociodemograph-
ic covariates used in the analyses were excluded from the
complete-case analytic sample. No multiple imputation was
performed because the study was descriptive and all primary
analyses were based on complete cases after applying prede-
fined eligibility criteria.

To assess socioeconomic inequalities in NWCO, three

complementary indices were computed. The Slope Index of
Inequality (SII), representing the absolute difference in preva-
lence between the theoretical extremes of the socioeconomic
distribution, was estimated using weighted linear regression
of prevalence on the ridit score modeled as a continuous vari-
able. The ridit score represents the cumulative midpoint of
the socioeconomic rank on a scale from 0 to 1, assigning each
wealth group its relative position in the ordered socioeconom-
ic distribution. The SII was estimated on the proportion scale;
therefore, values were interpreted as absolute prevalence dif-
ferences after multiplying by 100 and expressed as percentage
points. A positive SII indicates higher prevalence in higher
socioeconomic levels. The Relative Index of Inequality (RII)
was estimated using Poisson regression on the ridit score. The
concentration index quantifies the extent of socioeconomic
inequality in the distribution of NWCO, ranging from —1 to
+1, where 0 indicates perfect equality, negative values indi-
cate concentration among lower socioeconomic levels, and
positive values indicate concentration among higher socio-
economic levels. The concentration curve was constructed by
plotting the cumulative proportion of NWCO cases against
the cumulative proportion of the population ranked by socio-
economic level.

Because IDF waist circumference thresholds have not
been specifically validated in Peruvian adults and may iden-
tify a broader screening-oriented phenotype, we performed a
sensitivity analysis using ATP III cutoffs for central obesity,
defined as waist circumference > 102 cm in men and > 88 cm
in women. In this analysis, NWCO was redefined as normal
BMI plus central obesity according to ATP III criteria. Preva-
lence estimates, socioeconomic inequality indices, and annual
trends were re-estimated using the same complex survey de-
sign specification as in the primary analysis.

Temporal trends were assessed by estimating annual prev-
alences with 95% ClIs. A linear regression model was fitted
using the weighted annual prevalences as the outcome to es-
timate the annual change in prevalence (percentage points per
year). Sex-stratified analyses were performed to examine dif-
ferences in trends. Because the 2020 ENDES round was affect-
ed by the COVID-19 pandemic, INEI implemented telephone
interviews and gradually resumed face-to-face fieldwork
under biosafety procedures, including recovery of biometric
measurements. Anthropometric measurements remained based
on standardized procedures performed by trained field staff.
Therefore, annual estimates for 2020-2021 were retained in
the trend analysis but interpreted cautiously with respect to
fieldwork comparability.

For spatial analysis, departmental prevalences of NWCO
estimated under the complex survey design were used. A
shapefile of Peru’s departmental boundaries was obtained
from the Global Administrative Areas (GADM) database. The
spatial weights matrix was constructed using Queen contigu-
ity (departments sharing a border or vertex were considered
neighbors), with row standardization.

Global spatial autocorrelation was assessed using Moran’s
I, which measures the extent to which similar prevalence val-
ues cluster geographically. Positive I values indicate positive
autocorrelation (clustering of similar values), negative values
indicate negative autocorrelation (dispersion), and values near
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zero suggest a random spatial distribution. Statistical signifi-
cance was assessed using Monte Carlo permutation tests with
999 simulations.

To identify local clusters of high or low prevalence, we
used local indicators of spatial association (LISA) analysis
[16]. This analysis computes a local Moran’s I for each de-
partment, allowing classification into four categories: high—
high (hot spots: departments with high prevalence surrounded
by departments with high prevalence), low—low (cold spots:
low prevalence surrounded by low prevalence), high—low
(outliers: high prevalence surrounded by low prevalence),
and low—high (outliers: low prevalence surrounded by high
prevalence). Clusters with P < 0.05 were considered statisti-
cally significant.

Analyses were performed using Stata version 17 for com-
plex survey data processing, and R version 4.3 with the sf,
spdep, and tmap packages for spatial analysis and mapping.

Ethical considerations

This study used exclusively publicly available, fully an-
onymized secondary data, accessible through the INEI in-
stitutional portal. According to current Peruvian regulations,
studies using anonymized secondary databases do not require
additional approval from an institutional ethics committee.

Results

Study population and phenotype distribution

After applying the inclusion and exclusion criteria, 139,234
adults were included in the analysis (Supplementary Material
2, jem.elmerpub.com). Of these, 46,493 (33.4%) had normal
weight (BMI 18.5-24.9 kg/m?) and constituted the analytic
population for the primary NWCO prevalence estimates.
Among the remaining participants, 8,173 (5.9%) had over-
weight/obesity without central obesity and 84,568 (60.7%) had
overweight/obesity with central obesity.

Marked differences were observed across phenotypic
groups. Individuals with NWCO were predominantly women
(78.6%) compared with those with normal weight without cen-
tral obesity (29.7%) and those with overweight/obesity without
central obesity (22.3%). Mean age was higher in the NWCO
group (44.8 years) than in the normal weight without central
obesity group (36.9 years). The NWCO group also had higher
proportions living in urban areas (80.9%) and in higher wealth
quintiles (22.7% in the richest quintile vs. 14.2% among those
with normal weight without central obesity).

Regarding anthropometric measurements, individuals
with NWCO had a higher mean waist circumference (87.9 cm)
than those with normal weight without central obesity (79.4
cm), despite having similar BMI values (23.5 vs. 22.3 kg/m?).

Table 1 describes the sociodemographic composition of
each body weight/central obesity phenotype, whereas Table 2
presents the prevalence of NWCO within the normal-weight
analytic population across sociodemographic strata. There-

fore, percentages in the NWCO column of Table 1 and preva-
lence estimates in Table 2 have different denominators and are
not expected to be identical.

Prevalence of NWCO by sociodemographic characteristics

Among adults with normal weight, the overall prevalence of
NWCO was 35.1% (95% CI: 34.4-35.9%), corresponding to
15,907 participants in the sample (Table 2). A marked sex dif-
ference was observed: NWCO prevalence was 58.9% (95% CI:
57.9-60.0%) in women and 14.2% (95% CI: 13.4-14.9%) in
men, corresponding to an approximate prevalence ratio of 4:1.

Prevalence increased progressively with age, from 25.0%
(95% CI: 24.0-25.9%) in the 18- to 29-year group to 48.9%
(95% CI: 47.1-50.8%) among those aged > 60 years, repre-
senting nearly a twofold difference between the extreme age
groups. By natural region, Metropolitan Lima and the rest of
the Coast showed similar prevalences (38.5% and 38.4%, re-
spectively), higher than those observed in the Highlands and
Jungle (30.8% in both). Urban residents had a higher preva-
lence (37.6%) than rural residents (27.5%).

Geographic distribution and spatial analysis

NWCO prevalence among adults with normal BMI showed
descriptive geographic heterogeneity across the 24 depart-
ments and the Constitutional Province of Callao (Fig. la).
The highest prevalences were observed in Tacna (41.9%; 95%
CIL: 38.5-45.4%), Tumbes (40.5%; 95% CI: 37.5-43.5%),
Lima (38.6%; 95% CI: 36.8-40.3%), Piura (38.4%; 95% CI:
35.7-41.0%), Lambayeque (38.3%; 95% CI: 35.8-40.9%),
and La Libertad (38.3%; 95% CI: 35.4-41.2%). The lowest
prevalences were observed in Huancavelica (24.0%; 95% CI:
21.9-26.1%), Huanuco (27.2%; 95% CI: 24.9-29.5%), Puno
(28.0%; 95% CI: 25.3-30.7%), Apurimac (28.6%; 95% CI:
26.3-30.9%), and Ayacucho (28.7%; 95% CI: 26.4-31.0%).

Global Moran’s I was 0.167 (Monte Carlo P = 0.070),
indicating that the observed departmental variation did not
reach statistical significance for global spatial autocorrelation
(Supplementary Material 3, jem.elmerpub.com). Consistently,
LISA analysis did not identify statistically significant local
clusters at P < 0.05. Therefore, the corrected spatial analysis
supports descriptive geographic heterogeneity but not statisti-
cally significant spatial clustering.

Socioeconomic inequalities

NWCO prevalence showed a consistent positive socioeco-
nomic gradient: 26.7% in the lowest wealth quintile, 32.7% in
the low wealth quintile, 35.2% in the middle wealth quintile,
39.0% in the high wealth quintile, and 46.4% in the highest
wealth quintile (Table 2).

Socioeconomic inequality indices quantified this pattern
(Table 3). The SII was 0.23 on the proportion scale (95% CI:
0.204-0.256), equivalent to an absolute difference of approxi-
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Table 1. Characteristics of Peruvian Adults According to Body Weight Phenotype and Central Obesity, ENDES 2018-2024

Characteristic NW without CO NWCO OW/OB without CO OW/OB with CO Total
(n =30,586) (n=15,907) (n=38,173) (n = 84,568) (N =139,234)
Sex
Female 29.7 78.6 223 54.3 51.8
Male 70.3 21.4 77.7 45.7 48.2
Age, years, mean (SD) 36.9 (18.2) 44.8 (19.7) 34.8 (12.3) 44.9 (16.2) 42.6 (17.1)
Age group
18-29 48.5 29.8 39.5 19.8 26.2
3044 232 25.1 413 33.1 30.8
45-59 134 18.9 14.9 27.0 23.1
> 60 14.8 26.2 4.2 20.1 19.0
Wealth index
Lowest wealth quintile (Q1)  28.7 19.3 19.6 12.0 16.0
Low wealth quintile (Q2) 21.2 19.0 242 19.1 19.6
Middle (Q3) 19.3 19.4 214 223 21.3
High wealth quintile (Q4) 16.6 19.5 19.4 23.1 21.4
Highest wealth quintile (Q5)  14.2 22.7 15.5 23.6 21.7
Area of residence
Urban 72.6 80.9 80.8 87.5 83.8
Rural 27.4 19.1 19.2 12.5 16.2
WC, cm, mean (SD) 79.4 (5.5) 87.9 (5.9) 84.1 (6.0) 99.5(9.2) 93.8 (11.5)
BMI, kg/m?, mean (SD) 22.3 (1.6) 23.5(1.3) 26.9 (2.4) 30.2 (4.0) 28.1 (4.6)

Values are weighted percentages or weighted means. Percentages are column percentages within each phenotype. NW: normal weight; NWCO: nor-
mal-weight central obesity; OW/OB: overweight/obesity; CO: central obesity; WC: waist circumference; BMI: body mass index; SD: standard deviation.

mately 23 percentage points in NWCO prevalence between the
theoretical extremes of the socioeconomic distribution. The
RII was 1.93 (95% CI: 1.80-2.07), meaning that prevalence
at the highest wealth rank was nearly double that at the lowest
wealth rank in relative terms.

The concentration index was positive (0.100), indicat-
ing that NWCO is disproportionately concentrated in higher
wealth quintiles. The concentration curve, consistently below
the line of equality (diagonal), graphically demonstrates this
concentration pattern among higher wealth groups (Fig. 2).

Temporal trend

NWCO prevalence ranged from 32.8% to 37.9% between
2018 and 2024 (Fig. 3). The year with the highest prevalence
was 2019 (37.9%) and the lowest was 2023 (32.8%). The lin-
ear trend showed no statistically significant temporal change
overall (—0.46 percentage points per year (pp/year), P=0.172).
When stratified by sex, women consistently had a higher
prevalence than men across all years, and the sex gap remained
stable (Fig. 3). Prevalence in women ranged from 55.9% to
61.4%, whereas in men it ranged from 12.7% to 15.8%. No sta-
tistically significant annual change was observed among women
(—0.63 pp/year, P=0.101) or men (—0.21 pp/year, P = 0.356).
In the ATP III sensitivity analysis, NWCO prevalence was

8.0% (95% CI: 7.6-8.4%), substantially lower than the IDF-
based estimate. The prevalence remained higher in women
than in men (17.0% vs. 0.1%), higher in urban than rural resi-
dents (8.9% vs. 5.2%), and increased across wealth quintiles
from 4.9% in the lowest wealth quintile to 11.5% in the high-
est wealth quintile. Socioeconomic inequality persisted under
ATP III criteria, with an SII of 7.68 percentage points, an RII
of 2.64, and a concentration index of 0.154. No statistically
significant temporal trend was observed under ATP III criteria
overall (—=0.17 pp/year, P = 0.308), among women (—0.36 pp/
year, P = 0.290), or among men (—0.005 pp/year, P = 0.489)
(Supplementary Material 4, jem.elmerpub.com). Detailed sen-
sitivity estimates are provided in Supplementary Materials 5
and 6 (jem.elmerpub.com).

Discussion

Main findings

This study shows that NWCO is a common phenotype among
Peruvian adults, affecting more than one-third of those with a
normal BMI. Moreover, NWCO exhibited a consistent epide-
miological pattern: it predominated in women, increased with
age, was more frequent in urban areas and in higher wealth
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Table 2. Prevalence of NWCO Among Peruvian Adults With
Normal Weight by Sociodemographic Characteristics, ENDES
2018-2024

Characteristic g,;:)v alence g5, C1
Overall 35.1 34.4-359
Sex
Female 58.9 57.9-60.0
Male 14.2 13.4-14.9
Age group
18-29 25.0 24.0-25.9
3044 36.9 35.6-38.2
45-59 433 41.3-453
>60 48.9 47.1-50.8
Wealth index
Lowest wealth quintile (Q1) 26.7 25.9-27.6
Low wealth quintile (Q2) 32.7 31.4-34.1
Middle (Q3) 352 33.6-36.9
High wealth quintile (Q4) 39.0 37.041.0
Highest wealth quintile (Q5) 46.4 43.2-49.7
Area of residence
Urban 37.6 36.7-38.6
Rural 27.5 26.6-28.3
Natural region
Metropolitan Lima 38.5 36.740.2
Rest of the Coast 38.4 37.1-39.6
Highlands 30.8 29.9-31.7
Jungle 30.8 29.6-31.9

Values are weighted percentages. Prevalences are estimated among
adults with normal BMI. NWCO: normal-weight central obesity; Cl: con-
fidence interval.

quintiles, showed marked descriptive geographic heterogene-
ity without statistically significant global or local spatial clus-
tering after correction of the departmental estimand, and did
not show a significant linear temporal trend between 2018 and
2024. Clinically, these findings indicate that a substantial pro-
portion of adults classified as “normal weight” by BMI may
already have abdominal adiposity with metabolic relevance,
suggesting that BMI alone is insufficient to capture this risk.
A methodologically relevant aspect of this study is that
NWCO estimates were based on the waist circumference cut-
offs established by the IDF (=90 c¢cm in men and > 80 cm in
women). Applying these thresholds in the Peruvian popula-
tion yields prevalences markedly higher than those obtained
with more conservative criteria: recent data in Peruvian adults
show that abdominal obesity prevalence reaches 68.31% us-
ing the IDF criterion versus 44.75% using ATP 111, a differ-
ence of more than 23 percentage points reflecting how strongly
the selected threshold influences the final estimate [17]. Our
ATP 1II sensitivity analysis confirmed this criterion depend-

ence: NWCO prevalence decreased from 35.1% under IDF
criteria to 8.0% under ATP III criteria. Nevertheless, the posi-
tive wealth gradient and the absence of statistically significant
temporal change were preserved. The near-zero ATP III preva-
lence among normal-BMI men also indicates that sex-specific
estimates are strongly influenced by the selected waist circum-
ference threshold, reinforcing the need for Peruvian outcome-
based validation studies rather than mechanical adoption of
universal cutoffs.

The marked female predominance requires cautious in-
terpretation. Part of this difference may reflect criterion-re-
lated effects, because the IDF waist circumference threshold
is lower for women than for men. However, biological and
life-course factors may also contribute. Menopausal transition
is associated with a shift toward abdominal and visceral adi-
posity, and reproductive history, caregiving-related time con-
straints, occupational patterns, diet, and physical activity may
influence central fat accumulation across adulthood. Because
ENDES does not provide sufficiently detailed information on
menopausal status, parity across all adult women, objectively
measured physical activity, or detailed dietary intake for this
specific analysis, these mechanisms should be interpreted as
plausible explanatory pathways rather than causal conclusions.

Comparison with other studies

Our results are consistent with the available Peruvian evidence,
although they suggest a greater magnitude of the problem. In
a previous analysis using ENDES 2018-2021 data, Guerra Va-
lencia and colleagues reported an NWCO prevalence of 26.7%
and found associations with female sex, older age, higher
wealth levels, lower frequency in the Andean region, and a his-
tory of hypertension and diabetes [12]. The higher prevalence
observed in the present study may reflect the extended analyti-
cal period, differences in population composition, or temporal
variation in exposure to obesogenic factors, rather than a shift
in the epidemiological pattern previously described.

Internationally, our results are also consistent with recent
literature questioning the adequacy of BMI as the sole marker
of risk-related adiposity. A multi-continental study published
in 2025, including 471,228 participants from 91 countries,
found that 21.7% of adults with normal BMI had abdominal
obesity; moreover, this phenotype was associated with hyper-
tension, diabetes, hypercholesterolemia, and hypertriglyceri-
demia [18]. Similarly, a recent systematic review estimated a
pooled NWCO prevalence of 21.1% and documented a signifi-
cant association with type 2 diabetes (pooled odds ratio 1.82)
[19]. Together, these data place Peru among high-burden set-
tings within a problem that is now recognized globally.

Direct comparisons, however, should be interpreted with
caution because the frequency of abdominal obesity varies
markedly according to the anthropometric criterion used. A
recent Latin American meta-analysis showed that abdominal
obesity prevalence was 40% using ATP III criteria and 62% us-
ing IDF criteria, with a clear predominance in women in both
cases [10]. This is especially relevant for NWCO, where small
changes in waist cutoffs can substantially shift the observed
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Figure 1. Geographic distribution of the prevalence of normal-weight central obesity (NWCO) by department among Peruvian
adults with normal body mass index (BMI), ENDES 2018-2024. (a) Department-level point map using the corrected estimand
among adults with normal BMI (range: 24.0-41.9%). (b) LISA classification; no statistically significant local clusters were identi-

fied. Global Moran’s | = 0.167 (Monte Carlo P = 0.070).

prevalence and affect comparisons across countries and time
periods.

Interpretation of geographic distribution and inequalities

The corrected spatial analysis supports descriptive geographic
heterogeneity rather than statistically significant spatial clus-
tering. Higher prevalences were observed in several coastal
and southern departments, whereas lower prevalences were
observed in Andean departments such as Huancavelica, Hua-
nuco, Puno, Apurimac, and Ayacucho. In Peru, a multilevel
analysis of abdominal obesity showed higher odds in women,
older individuals, those with higher wealth index, and depart-
ments with higher Human Development Index [20]. This pat-

tern is consistent with our findings and supports the hypothesis
that urbanization, nutritional transition, and more sedentary
environments may contribute to greater central fat accumula-
tion even among individuals with normal BMI. However, be-
cause Moran’s I and LISA did not reach statistical significance
after correction of the departmental estimand, territorial inter-
pretations should be framed as descriptive rather than inferen-
tial evidence of clustering.

The concentration of NWCO among higher wealth groups
contrasts with the pattern typically observed for general obe-
sity in high-income countries, where the burden tends to be
concentrated in socioeconomically disadvantaged groups. The
positive wealth gradient identified in our study also warrants a
specific interpretation. In a systematic review of Latin Ameri-
can cities, most associations between socioeconomic position

Table 3. Socioeconomic Inequalities in NWCO Prevalence, ENDES 2018-2024

Indicator Estimate 95% CI Interpretation

Slope Index of Inequality (SII) 0.227 0.201-0.253 22.7 pp higher at the highest vs. lowest wealth rank
Relative Index of Inequality (RII) 1.91 1.79-2.05 Nearly double the prevalence

Concentration index 0.100 - Concentration among higher wealth groups

The Sll is reported on the proportion scale and interpreted as percentage points after multiplying by 100. A positive concentration index indicates
concentration among higher wealth groups. Cl: confidence interval; NWCO: normal-weight central obesity; pp: percentage points.
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Figure 3. Temporal trends in normal-weight central obesity (NWCO) prevalence overall and by sex, ENDES 2018-2024. Annual
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and BMI-based obesity were inverse, especially in women,
suggesting a reversal of the classic social gradient in several
urban contexts in the region [21]. In contrast, NWCO in our
analysis was concentrated in higher wealth quintiles. This may
indicate that abdominal adiposity with normal BMI follows a
different social logic than general obesity and that, in the Pe-
ruvian context, it is capturing hidden cardiometabolic risk in
groups that would not necessarily be identified as priorities if
BMI alone were used.

The lower frequency observed in Andean departments
should be interpreted with caution. It may reflect true differ-
ences in lifestyle, occupation, or body habitus; however, it could
also be partly influenced by limitations of the currently used
cutoffs. A recent study in Peruvian adults showed clinically rel-
evant differences by altitude, with 4-6 cm variations in waist
circumference, and concluded that classic criteria may overesti-
mate abdominal obesity prevalence in the Peruvian population
[17]. Therefore, the spatial heterogeneity found likely reflects a
combination of genuine contextual differences and some degree
of misclassification arising from cutoffs not validated locally.

Public health implications

From a clinical perspective, these findings support the routine
incorporation of waist circumference into adult assessment,
even when BMI falls within the normal range. This recommen-
dation is consistent with The Lancet Commission on the clini-
cal definition of obesity, which emphasizes that BMI should
not be used as the sole individual-level measure of adiposity
and should be complemented with additional anthropometric
or direct measures when clinically appropriate [22]. In the Pe-
ruvian context, an ENDES 2018-2023 analysis also showed
that abdominal obesity was associated with higher hyperten-
sion prevalence, reinforcing the clinical value of waist circum-
ference as an additional marker alongside BMI [23].
Programmatically, screening and interventions should prior-
itize women, older adults, urban residents, and territories with
higher descriptive burden, particularly coastal and southern de-
partments with high prevalences. NWCO should also be explic-
itly incorporated into cardiometabolic risk surveillance, as its
temporal stability suggests that it is not a transient fluctuation but
rather a persistent and underdetected burden. Finally, these re-
sults support the need to move toward national cutoffs or, at min-
imum, cutoffs contextualized by sex, age, and altitude to reduce
misclassification and improve the targeting of interventions.

Limitations

This study has several limitations. First, its cross-sectional
design does not allow assessment of the natural history of
NWCO; consequently, this phenotype should be interpreted as
an operational anthropometric category that may include indi-
viduals following different trajectories, including progression
toward overweight or obesity. Second, waist circumference
does not distinguish visceral fat from abdominal subcutaneous
fat. Third, ENDES does not include direct measures of body

composition nor potentially relevant clinical or behavioral
variables, such as menopausal status, parity across all adult
women, detailed diet, or objectively measured physical activ-
ity. Fourth, using waist cutoffs not specifically validated for
the Peruvian population may have introduced misclassifica-
tion; this limitation is particularly important in light of recent
evidence of anthropometric differences by altitude and poten-
tial overestimation of prevalence when universal criteria are
applied. Finally, departmental-level spatial analysis may mask
within-department heterogeneity and is subject to limitations
inherent to ecological analyses.

Conclusions and recommendations

NWCO is a common and potentially underdiagnosed phenotype
in Peru. It affects more than one in three adults with normal BMI,
predominates in women, increases with age, is concentrated in
higher socioeconomic strata, shows geographic heterogeneity
without statistically significant spatial clustering after correc-
tion of the departmental estimand, and did not show significant
temporal changes during the analyzed period. These findings
reinforce that BMI alone is insufficient to identify risk-related
adiposity and that waist circumference should be integrated into
routine clinical and epidemiological assessment.

Based on these findings, we recommend incorporating
systematic waist circumference measurement at all levels of
care; validating cutoffs specific to the Peruvian population by
sex, age, and altitude; including NWCO in national surveil-
lance systems; prioritizing territorial strategies in areas with
the highest descriptive burden; and conducting longitudinal
studies to evaluate its association with diabetes, hypertension,
cardiovascular disease, and mortality in the Peruvian context.
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