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Summary
Background Central Obesity (CO) might arise among individuals with normal body mass index (BMI). We aim to
estimate the prevalence of Normal Weight CO (NWCO), using different definitions, and to compare its association
with cardiometabolic risk factors in the adult population of Panama.

Methods Data from two population-based studies conducted in Panama in 2010 and 2019 were used. Using stan-
dard definitions, normal weight was defined as a BMI between 18¢5 and 24¢9 while CO was defined as a Waist-to-
Height Ratio (WHtR) ≥ 0¢5 in both sexes or a Waist Circumference (WC) ≥ 90, ≥94, or ≥102 cm for men, and 80
or 88 cm for women. Unconditional logistic regression models were used to estimate the association between each
CO definition and dyslipidemia, high blood pressure (HBP), diabetes, and clusters of cardiovascular risk factors.

Findings Recent CO prevalence ranged between 3¢9% (WC ≥ 102 cm for men and WC ≥ 88 cm for women) and
43¢9% (WHtR ≥ 0¢5) among individuals classify as normal weigh according to the BMI. Different cardiovascular
risk factors were present in this normal weight population but among men the threshold of WC ≥ 102 cm screened
less than 1¢0%.

Interpretation NWCO was associated with cardiovascular risk factors, particularly with elevated concentration of tri-
glycerides. CO evaluation at the primary health care level may be a useful technique to identify normal weight people
with metabolically obese characteristics.

Funding Gorgas Memorial Institute for Health studies via Ministry of Economy and Finance of Panama and Inter-
American Development Bank.
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Introduction
Body Mass Index (BMI) is extensively used to evaluate
general adiposity. Several studies have shown that indi-
viduals with normal BMI have lower mortality risk, as
compared to those with obesity.1−3 Further, obesity is
associated with several comorbidities such as cardiovas-
cular disease (CVD), hypertension, gallbladder disease,
sleep apnea, cancer, and metabolic disorders.4 Conse-
quently, the BMI categories are often applied at differ-
ent levels of the health-care system as a screening tool
for detecting persons at high risk of developing non-
communicable diseases (NCD). Nevertheless, BMI does
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not adequately reflect body fat distribution or discrimi-
nate between lean mass and body fat, especially among
persons with a BMI <30.5

Due to this BMI limitation, another condition called,
Normal Weight Central Obesity (NWCO) is used to
refer to the co-occurrence of having both, a normal BMI
and excessive visceral fat.6−8 NWCO has been signifi-
cantly associated with higher risk of cardio-metabolic
diseases and all-cause mortality, compared to persons
with other types of body fat depot distribution or even
classified as overweight or obese by BMI only.8−12

Waist circumference (WC) and Waist-to-hip ratio
(WHR) are the most common and simple anthropomet-
ric measurements to assess Central Obesity (CO).4

However, their cutoff points differ depending on differ-
ent definitions given by the World Health Organization
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Research in context

Evidence before this study

Current evidence about central obesity (CO) among nor-
mal-weight people, using the terms: “Normal-weight
central obesity” “Waist-to-height ratio” “Waist circumfer-
ence” “Central obesity”, “Latin American region” and
considering papers published in English and Spanish
without applying a year filter in both PubMed and Goo-
gle scholar, indicates an association with higher preva-
lence of cardiometabolic dysregulation, metabolic
syndrome, and cardiovascular (CVD) risk factors.

At the primary health care level, central fat evalu-
ated by waist circumference is not a very well standard-
ized method and it has several cut-off points, as
proposed in the literature defining CO. Using Waist to
Height Ratio (WHtR) seems to be a more reliable and
standardized screening technique to detect persons
with Normal Weight Central Obesity (NWCO).

Added value of this study

Findings presented in this article showed how popula-
tion prevalence of NWCO changes depending on the
cut-off point and technique used. We evaluate the asso-
ciation with different CVD risk factors and different tech-
niques for assessing CO in two different cross-sectional
studies performed in the Panamanian population.

Implications of all the available evidence

Our findings support the existing evidence that the co-
occurrence of normal weight with central obesity may
confer a higher frequency of CVD risk factors. The WHtR
was a CO assessment technique associated to CVD risk
factors. WHtR, different from other CO measurements,
has a unique cutoff point for both sexes and different
ethnicities across populations. Our results suggest that
this technique could be considered as a CO assessment
at the primary health care office, as well as, and for the
public health campaigns.

Articles

2

(WHO), the International Diabetes Federation (IDF),
and the Adult Treatment Panel III guidelines (ATP III).

The cutoff point definitions also vary according to
sex.13,14 For example, in men, there are three cutoff defi-
nitions for CO (≥90 or ≥94 or ≥102 cm), and in
women, two cutoff definitions are widely utilized (≥80
or ≥88 cm). The use of different thresholds engenders a
wide range of CO prevalence among different popula-
tion-based studies, hampering comparisons among
these populations.

Another CO anthropometric measurement is Waist-
to-Height Ratio (WHtR) for which a cutoff point of ≥
0¢5 has proved to be a simple and effective non-invasive
screening tool for cardiovascular risk factors and mortal-
ity because its threshold remains constant regardless of
sex and ethnicity.15−20 Having a single cutoff point that
is suitable for both sexes and different ethnic groups
may facilitate the CO assessment in the primary health
care services, comparisons between population-based
studies and, might simplify public health campaigns.

Results derived from three national population-
based in Panama studies have shown an increase in the
prevalence of obesity since 1982 with factors such as
sex, living in urban areas, Afro-Panamanian ethnicity,
and poverty being associated with obesity.21 However, to
our knowledge very little is known about NWCO in Pan-
ama.

Thus, this study aims to estimate the prevalence of
NWCO in the adult population as well as to compare
the association between cardiometabolic risk factors
and different definitions of CO, proposed in the litera-
ture, using data from two population-based studies con-
ducted in Panama. We also aim to evaluate the co-
occurrence of NWCO with sociodemographic and life-
style variables.
Methods

Settings
Panama has an estimated population of 4¢2 million
inhabitants as of 2019 and is divided into 13 first level
administrative divisions, with nine such administrative
division called Provinces and three Indigenous territo-
ries (Supplementary Fig. 1).

Data was obtained from the cross-sectional Prevalen-
cia de Factores de Riesgo de Enfermedad Cardiovascular
(PREFREC; Survey on Risk Factors Associated with Car-
diovascular Disease − in English) study, which analyzed
the risk factors associated with CVD in Panama and the
Encuesta Nacional de Salud de Panam�a-for National
Health Survey for Panama (ENSPA). PREFREC was car-
ried out in 2010-2011, and ENSPA in 2019.

Briefly, the PREFREC study included 3,590 partici-
pants, aged 18 years or older living in urban, rural and a
small number of indigenous areas from the provinces
of Panama and Colon which makes it representative
only for these two provinces where 60¢4% of all adult
Panamanians lived when the survey was conducted.
Households were selected using a probabilistic and ran-
domized approach with multivariate stratification stage.
As a first stage, census segments (according to the
national census for the 2000) were used as selection
strata, and samples were calculated separately for urban,
rural, and indigenous areas. In the second stage, pri-
mary sampling units (consisting of 8-30 homes) were
randomly selected and were stratified according to the
Administrative Political Code of the Republic and then
by population size. The third stage stratified these units
according to the education level of the study population.
A detailed description of the study has been reported
elsewhere.22−24

ENSPA is a population-based study that analyzed
health determinants, environmental, nutritional,
www.thelancet.com Vol 10 Month June, 2022
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anthropometric factors as well as access and use of
health services in the study population. Eligible subjects
were all individuals with at least 6 months of residency
in their household. The sampling was designed to
ensure the representativeness of the population divided
into two groups, 0-14 years old and 15 years old and
older with a complex sampling design (a randomized
tri-phased stratified by conglomerates). Geographic dis-
tribution of eligible residents was identified through the
last national census (2010). The sample design applied
for the ENSPA allowed the results to be representative
of the whole country population including urban, rural,
and indigenous areas, as well as its second-level admin-
istrative division (district) and its third level administra-
tive division (corregimiento) in Panama and San
Miguelito districts. However, this representation does
not apply for results derived from biomarkers data,
since our biomarker data represented the whole coun-
try. Based on census estimates, a total of 20,118 house-
holds were randomly computed to achieve
representativeness of national, provincial, indigenous,
rural, and urban areas. Per household, two individuals
(≥15 and < 15 years old) were randomly selected. More
details are presented on the Spanish language website.25

For this study we only include participants ≥ 18 years
old.

Fasting blood samples and urine were obtained from
study participants in both studies.
Anthropometric measurements
NWCO was defined as having a BMI ranged from 18¢5-
24¢9 and CO defined by a WC ≥ 90 cm (men) /
≥80 cm (women), according to the IDF guidelines4,13 or
a WC ≥ 94 cm (men)/ ≥ 80 cm (women), according to
the WHO4 or a WC ≥ 102 cm (men) / ≥ 88 cm
(women), according to the ATP III guidelines14 or a
WHtR ≥ 0¢5 for both sexes.26

For the PREFREC study, anthropometric measure-
ments were carried out in primary health care facilities
using stationary SECA measuring instruments (Ham-
burg, Germany).22 For the ENSPA study, all measure-
ments were done in the household of the participants
using a portable digital scale SECA model 874dr for the
weight and, a stadiometer SECA model 213 I equipped
with level (Hamburg, Germany) was used for the
height. In the present study, we excluded persons with-
out complete anthropometric data (i.e., weight, height,
and WC), blood pressure measurements or without
blood tests.

For both studies weight was measured with a preci-
sion of 0¢1 kg, while height and WC were measured to
the nearest millimeter. Two repeated measurements
were done by two trained health personnel with an abso-
lute maximal difference accepted between measure-
ment of 0¢5 kilograms for the weight, 0¢5 centimeters
for the height and 1¢0 cm for the WC. When the
www.thelancet.com Vol 10 Month June, 2022
difference of the two first measurements was greater
than the maximal error accepted, a third measurement
was performed and the average of the two closest was
recorded and used for the analysis. Participants were
evaluated without shoes, and with light clothes. BMI
was computed as the weight in kilograms divided by the
height in squared meters. Participants were classified
according to the WHO BMI categories used to assess
the risk of developing diseases: underweight (BMI
below 18 m/Kg2), normal weight (between 18¢5 and
24¢9 m/Kg2), overweight (between 25¢0 and 29¢9 m/
Kg2), and obesity (30 m/Kg2 or more).4 For the present
study, we included only the population classified as nor-
mal weight.

For the WC, two protocols of measurement were per-
formed. For the PREFREC study, participants were
asked to uncover their abdominal area and the WC was
measured at umbilicus level. For ENSPA study, partici-
pants were asked to uncover their abdominal area or
wore light clothes and the measuring tape was place at
the midpoint between the lowest rib and the top of the
iliac crest.27,28 For both studies participants were
requested to inhale deeply followed by exhaling nor-
mally before the measuring tape was placed in the read-
ing position. For both studies, the WC was measured
using a retractable SECA measuring tape model 201
(Hamburg, Germany). For women, CO was defined
using the following cutoff points: WC ≥ 80 cm (WHO/
IDF); WC ≥ 88 cm (ATP III). For men CO was defined
with the following cutoff points: WC ≥ 90 cm (IDF),
WC ≥ 94 cm (WHO), WC ≥ 102 cm (ATP III). Finally,
both men and women with a WHtR ≥ 0¢5 were also
classified with CO.20
Blood pressure measurements
Systolic blood pressure (SBP) and diastolic blood pres-
sure (DBP) measurements (mmHg) were taken three
times in a sitting position after 5 min of rest and
recorded with three minutes’ interval between each
other (ENSPA) and with five minutes’ interval between
each other (PREFREC). Measurements were performed
by the same trained personnel responsible for the
anthropometry. For the PREFREC study, the BP meas-
urements were taken usually with the right arm
whereas in the ENSPA, measurements were taken with
the left arm.28 In both studies, the participants’ SBP
and DBP were defined as the average of the two last
measurements.

Blood Pressure (BP) was measured using digitals
and calibrated automatic sphygmomanometers. For the
PREFREC study, the sphygmomanometers used were
the model 6013 made by Americas Diagnostic Corpora-
tion. For the ENSPA study, OMROM device model
HEM-7120 with an adjustable cuff for different arms
sizes was utilized. Hypertension was defined as self-
reported medical diagnosis or SBP ≥ 140 mmHg and/
3
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or DBP ≥90 mmHg and/or the current use of antihy-
pertensive medications.
Diabetes
Participants were classified as having diabetes according
to a self-report medical diagnosis or fasting blood glu-
cose levels (FBG) ≥ 126 mg/dL or a level of hemoglobin
A1c (HbA1C) ≥ 6¢5%, and/or current diabetes medica-
tion treatment. Prediabetes was defined as FBG ≥
100 mg/dL and <126 mg/dL or HbA1C ≥5¢7% and
<6¢5%.29 For assessing glucose levels, colorimetric
enzymatic method was used in automated chemistry
equipment Beckman CX724 and Coulter DXC800/600
for PREFREC and ENSPA, respectively. For the HbA1c,
a High-Performance Liquid Chromatography (HPLC)
technique was performed using the D-10 System.
High concentration of blood lipids
Blood test analysis was conducted through colorimetric
enzymatic methods to estimate Triglycerides (TG), total
cholesterol (TC), High Density Lipoproteins- Choles-
terol (HDL-C), and Low-Density Lipoproteins-Choles-
terol (LDL-C) using for PREFREC study the automated
chemistry equipment Beckman CX724 and for ENSPA
study the automated chemistry equipment Coulter
DXC800/600. High concentration of blood lipids
included TC ≥ 200 mg/dL or having a current anti-cho-
lesterol medication, TG ≥ 150 mg/dL, LDL-C ≥ 130 mg/dL
and low concentrations of HDL-C < 50 mg/dL for women
and < 40 mg/dL for men.13,14
CVD risk factors clusters
For clustering the CVD risk factors, we considered the
presences of High Blood Pressure (HBP), diabetes,
high LDL-C, TG, and low HDL-C. TC was not included
due to high correlation with LDL-C (Spearman correla-
tion =0¢87, p value < 0.001). People were identified
with the presence of none, one, two and at least three
CVD risk factors.
Physical activity
In the PREFREC study physical activity was evaluated
with a group of questions addressed to quantify the
daily time in minutes used to perform different physical
activities. According to the weekly average, people were
classified as having sedentary behavior (< 60 min/
week), insufficient physical activity (60−149 min/
week), or physically active (≥ 150 min /week). In the
ENSPA study, physical activity was addressed using the
global physical activity questionnaire (GPAQ) following
the WHO Stepwise Approach to Surveillance.28
Statistical analysis
Categorical variables were reported as percentages and
their respective 95% confidence intervals (CI).

Unconditional logistic regression models were used
to estimate the association between each CO definition
and CVD risk factors expressed as Odds Ratio (OR) with
95% CI. All models were adjusted by age (continuous),
tobacco use in the last 30 days (yes/no) and ethnicity
(Afro-Panamanian, mixed-ethnicities, Indigenous,
White, Asian and others). In addition, family history of
hypertension, hypercholesterolemia or diabetes was
included as a potential confounding factor for each of
the respective diseases. Further a multinomial logistic
regression model was performed to evaluate the crude
and adjusted association between the CO definitions
and the CVD risk factors clusters.

Prevalence and general characteristics are presented
weighted but association results using OR are presented
without considering survey weights.30−32 Nevertheless,
we also present the weighted estimates of the models
in the supplementary material. All analysis were sex-
stratified, and general characteristics of excluded per-
sons for missing data were also described. Calculations
were performed using STATA software (version 14;
Stata Inc., College Station, TXs).
Statement of Ethics
Ethical approval to conduct both studies was obtained
from the Ethics Review Committee of the Gorgas
Memorial Institute for Health Studies. All participants
were informed about the objectives of the studies and
gave their written informed consent.
Role of the funding source
This work was supported by an institutional research
grant from Panama (019910.002).

The ENSPA study was funded by the Inter-American
Development Bank and the PREFREC study by the Min-
istry of Economy and Finance. IMV, and HQ are sup-
ported by the Sistema Nacional de Investigaci�on (SNI),
National Secretary of Science, and Technology (SENA-
CYT), Panam�a. The funding sources were not involved
in the study design, collection, analysis, interpretation
of data, writing of the report, or in the decision to sub-
mit the article for publication.
Results
The flowchart summarizing the inclusion and exclusion
criteria are described in Figures. 1 and 2. After exclusion
criteria, a total of 1,240 and 3,826 study participants had
normal weight in the in the PREFREC and ENSPA stud-
ies, respectively.
www.thelancet.com Vol 10 Month June, 2022



Figure 1. Flowchart summarizing the inclusion and exclusion criteria of the PREFREC-2010 survey.
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Table 1 presents the baseline characteristics and
anthropometric measurements of our study population
that comprises normal weight individuals. There were
more women in the PREFREC study while the propor-
tion of people aged ≥ 60 years was bigger in the ENSPA
study. Persons from the PREFREC study lived mainly in
urban areas and presented a higher percentage of uni-
versity and short cycle tertiary education degree than
people from the national ENSPA study.
www.thelancet.com Vol 10 Month June, 2022
In both study groups, more than 50¢0% identified
their ethnic group mostly as Mixed or Afro-Panama-
nian but in the ENSPA study, the Indigenous group
was more represented. For the ENSPA study, more
people reported having a family income of US$
601¢00-999¢00 while the proportion of those having
> US$1000¢00 was lower. In both studies, more than
50¢0 % of people reported being married but the pro-
portion of single status was bigger in ENSPA group.
5



Figure 2. Flowchart summarizing the inclusion and exclusion criteria of the ENSPA-2019 survey.
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In general, the median value of weight, height, WC
and WHtR was greater for men and for the PREFREC
study group.

As presented in the Supplementary Table 1 study par-
ticipants with missing data on anthropometric measure-
ments were n=83 in PREFREC study and n= 3,121 in
ENSPA study. Overall, for the PREFREC study, the pro-
portion for most of the baseline characteristics were
similar in both the completed and the missing anthro-
pometric data group, but proportion of people aged
≥ 60 years was bigger in the missing data group, as
well as, for the Caucasian group. For the ENSPA study,
no major differences were observed regarding the base-
line characteristics of the excluded population in
comparison with the study population of our main anal-
ysis, except for the proportion of Caucasian ethnicity
and the percentage of participants with a family income
≥US$ 601¢00 that was higher in the missing data
group. The proportion of participants aged between 18
and 29 years old was smaller in the missing data group.
Prevalence of normal weight central obesity
Table 2 present the prevalence of NWCO according to
their different definitions in both studies. In men from
the PREFREC study, NWCO ranged from 5¢5%, defined
by a WC ≥94 cm, up to 50¢8% defined as a WHtR ≥0¢5.
No men were classified as having NWCO according to a
www.thelancet.com Vol 10 Month June, 2022



Baseline Characteristics Study

PREFREC-2010-11 Panama & Colon n=1,240 ENSPA-2019 National Level n=3,826

n %* (95% CI) n %* (95% CI)

Sex

Male 471 38¢2 (33¢6-43¢0) 1,349 55¢4 (52¢7-58¢2)
Female 769 61¢8 (56¢9-66¢3) 2,477 44¢6 (41¢8-47¢3)

Age (in years)

18-29 344 26¢3 (22¢2-30¢7) 1,333 31¢1 (28¢5-33¢8)
30-59 593 50¢3 (45¢5-55¢1) 1,508 38¢2 (35¢5-41¢1)
≥ 60 303 23¢4 (19¢6-27¢7) 985 30¢7 (28¢1-33¢4)

Area of residence

Urban 520 84¢3 (82¢9-85¢5) 1,479 62¢8 (60¢7-64¢8)
Non-Urban 720 15¢7 (14¢4-17¢0) 2,347 37¢2 (35¢2-39¢3)

Schooling

No Schooling 82 3¢5 (2¢0-5¢8) 286 3¢8 (3¢2-4¢6)
Elementary 444 25¢1 (21¢4-29¢1) 1,250 27¢1 (24¢9-4¢6)
Secondary education 488 43¢7 (38¢9-48¢5) 1,661 49¢3 (46¢7-52¢5)
Short-cycle tertiary education 31 3¢4 (2¢0-5¢6) 46 1¢5 (1¢0-2¢4)
University 185 22¢9 (19¢1-27¢2) 532 17¢1 (14¢9-19¢7)
Others 10 1¢4 (0¢5-3¢3) 29 0¢4 (0¢2-0¢8)

Ethnic group

Afro-Panamanian 218 20¢8 (17¢1-24¢9) 428 15¢6 (13¢3-18¢1)
Mixed ethnicities 661 55¢7 (50¢8-60¢4) 1,783 51¢0 (48¢2-53¢9)
Indigenous 173 4¢0 (2¢3-6¢8) 900 12¢0 (10¢7-13¢4)
Caucasian 149 14¢0 (10¢9-17¢7) 584 16¢9 (14¢9-19¢2)
Asian and others 38 5¢5 (3¢6-8¢3) 121 4¢3 (3¢1-5¢8)

Monthly family income (USD; $)

< 250 601 30¢5 (26¢5-34¢8) 2,010 36¢7 (34¢2-39¢3)
250-600 436 41¢7 (37¢0-46¢5) 959 32¢2 (29¢5-35¢0)
601-999 68 8¢2 (5¢8-11¢3) 423 15¢4 (13¢3-17¢8)
> 1000 74 12¢7 (9¢7-16¢4) 222 9¢5 (7¢7-11¢6)
Not know /Not Answered 61 6¢9 (4¢7-9¢9) 212 6¢2 (4¢9-7¢8)

Marital status

Single 311 25¢0 (21¢1-29¢3) 1,170 36¢0 (33¢3-38¢9)
Free union/married 814 63¢3 (58¢5-67¢8) 2,260 54¢0 (51¢2-56¢9)
Separated/divorced 62 8¢0 (5¢5-11¢2) 124 3¢4 (2¢5-4¢5)
Widow 50 3¢6 (2¢2-5¢9) 262 6¢3 (5¢1-7¢9)

Anthropometric Measurements PREFREC-2010-11 Panama & Colon n=1,240 ENSPA-2019 National Level n=3,826

Men Women Men Women

Weight (Kg) 63¢0 (58¢5-69¢5) 55¢0 (51¢0-60¢0) 60¢0 (57¢0-67¢1) 53¢4 (49¢3-58¢6)
Height (cm) 167¢7 (163¢4-174¢0) 157¢1 (152¢2-161¢0) 166¢3 (160¢9-171¢9) 154¢5 (149¢6-159¢4)
BMI(Kg/m2) 22¢5 (21¢3-23¢9) 22¢7 (21¢1-23¢8) 22¢8 (21¢1-23¢9) 22¢8 (21¢1-24¢0)
Waist circumference (cm) 83¢5 (78¢2-88¢3) 82¢1 (78¢0-86¢5) 80¢7 (75¢5-85¢1) 77¢1 (72¢0-82¢2)
WHtR 0¢50 (0¢46-0¢52) 0¢52 (0¢49-0¢55) 0¢48 (0¢45-0¢51) 0¢49 (0¢46-0¢53)

Table 1: Baseline characteristics and anthropometric measurements of study participants with a BMI between 18¢5-24¢9 kg/?m2 in the
PREFREC and ENSPA studies.
Values are presented as frequencies (n), and weighted prevalence (% *) with their respective 95% CI. Anthropometric measurements are presented as median

(interquartile range). Mixed ethnicity included: mulato, trigue~no, culizo, mestizo¢ Missing data for PREFREC included ethnic group n=1 and marital status

n=3. Missing data for ENSPA included schooling n=22, ethnic group n=10 and marital status n=10. WHtR: Waist-to-Height Ratio.
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WC ≥ 102 cm. In women, the NWCO prevalence
ranged from 20¢3% as reported by a WC ≥ 88 cm, up to
68¢1% according to a WHtR≥0¢5. For ENSPA study, the
estimation of NWCO in adult men was 0¢6%, defined
www.thelancet.com Vol 10 Month June, 2022
by a WC ≥ 102 cm, and the highest estimated preva-
lence was 39¢5% according to a WHtR ≥0¢5. In the
female group, the prevalence of NWCO ranged from
8¢0% (WC ≥88 cm) up to 49¢6% (WHtR≥ 0¢5).
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Abdominal adiposity
diagnosis

Survey

PREFREC-2010-11 Panama & Col�on ENSPA-2019 National level

All N=339,780 Men N=129,837 Women N=209,943 All N=646,625 Men N=358,518 Women N=288,106

WHO 2000 41¢2 (36¢7-45¢9) 5¢5 (3¢3-9¢2) 63¢3 (57¢3-68¢9) 17¢7 (15¢9-19¢7) 2¢9 (1¢8-4¢7) 36¢1 (32¢9-39¢4)
ATP III 2001 12¢6 (9¢7-16¢1) 0¢0 20¢3 (15¢8-25¢7) 3¢9 (3¢0-5¢1) 0¢6 (0¢1-2¢7) 8¢0 (6¢3-10¢2)
IDF 2006 46¢3 (41¢5-51¢1) 18¢7 (13¢3-25¢6) 63¢3 (57¢3-68¢9) 21¢7 (19¢6-24¢0) 10¢1 (7¢7-13¢3) 36¢1 (32¢9-39¢4)
WHtR 61¢5 (56¢7-66¢1) 50¢8 (42¢8-58¢7) 68¢1 (62¢1-73¢5) 43¢9 (41¢2-46¢8) 39¢5 (35¢2-43¢9) 49¢6 (46¢3-52¢9)

Table 2: Prevalence of central obesity according to different cutoff points among normal weight adults from a regional and national
Panama survey in 2010-11 and 2019.
Values are percentages based on weighted data and accounted for sampling design. WHO 2000: WC ≥ 94 cm (men)/ ≥ 80 cm (women); ATP III 2001: WC ≥
102 cm (men) / ≥ 88 cm(women); IDF 2006: ≥90 cm (men) / ≥80 cm (women); WHtR: Waist-to-Height Ratio (≥0¢5).
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Associations of NWCO and high blood pressure in
PREFREC and ENSPA
Table 3 presents the association of NWCO with the like-
lihood of having HBP. In women from the PREFREC
study, after adjustment NWCO defined as WC ≥ 80 cm,
was statistically significantly associated with HBP (OR:
2¢39; 95%-CI 1¢40-4¢11), SBP (OR: 2¢15; 95%-CI 1¢08-
4¢25) and DBP (OR: 3¢55; 95%-CI 1¢46-8¢61) (adjusted
models). Similarly, NWCO in women defined as WHtR
≥ 0¢5, was associated with HBP (OR: 2¢05; 95%-CI 1¢10-
3¢82) and DBP (OR: 3¢62; 95%-CI 1¢25-10¢49). These
associations were also present in men (crude model),
however the associations were no longer statistically sig-
nificant after adjustments.

In the ENSPA study, after adjustment, an association
with HBP was found when NWCO was defined as
WHtR ≥ 0¢5 (OR: 1¢47; 95%-CI 1¢08-1¢99) in men. Simi-
larly, in women, NWCO defined as WC ≥ 80 cm, was
associated with HBP (OR: 1¢45; 95%-CI 1¢15-1¢84), SBP
(OR:1¢46; 95%-CI 1¢07-1¢98) and DBP (OR: 1¢69; 95%-
CI 1¢19-2¢39). Increased odds of HBP and SBP were
also observed when NWCO was defined as WC ≥ 88 cm
(OR: 1¢85; 95%-CI 1¢21-2¢83), and (OR 1¢75; 95%-CI 1¢12-
2¢75), respectively. Lastly, in women, NWCO defined as
WHtR ≥ 0¢5, had an increased likelihood of having
HBP (OR: 1¢39; 95%-CI 1¢09-1¢78), SBP (OR 1¢71; 95%-
CI 1¢20-2¢41) and DBP (OR: 1¢56; 95%-CI 1¢07-2¢26).
Associations of NWCO with dyslipidemias and diabetes
in PRFREC and ENSPA
Tables 4 and 5 present the crude and adjusted associa-
tions of NWCO with the likelihood of having dyslipide-
mias and diabetes in the PREFREC and ENSPA studies.
After adjustment, NWCO defined as WHtR ≥ 0¢5 was
associated to a 2 or more folds OR of having elevated
concentrations of TC, TG, LDL-C, and low HDL-C in
men. Likewise, NWCO defined as WC ≥ 90 cm was
associated with elevated TG (OR: 2¢43; 95%-CI 1¢30-
4¢52) and low HDL-C (OR: 1¢94; 95%-CI 1¢02-3¢69).
Lastly, NWCO defined as WC ≥ 94 cm was associated
with elevated concentration of TG (OR: 2¢64; 95%-CI
1¢00-6¢98).

In women, after adjustment, NWCO defined as WC
≥ 80 cm was associated with 1¢5 folds OR of having ele-
vated concentrations of TC, TG, and low HDL-C. Simi-
larly, NWCO defined as WHtR ≥ 0¢5 was associated to
high TC (OR: 1¢71; 95%-CI 1¢11-2¢63) and high TG (OR:
1¢79; 95%-CI 1¢07-3¢01). Further NWCO defined as WC
≥ 88 cm was associated with elevated LDL-C (OR: 1¢68;
95%-CI 1¢10-2¢57) in women. In the PREFREC study,
NWCO defined as WC ≥ 90 or 94 cm was associated
with more than 3¢ folds OR of having diabetes, diag-
nosed diabetes, and elevated FBG only in men.

In the ENSPA study, having NWCO defined as
WHtR ≥ 0¢5, WC ≥ 90 or 94 cm was associated with a
2¢54-folds OR of having elevated TG concentration in
men (adjusted models). Further NWCO defined as WC
≥ 94 cm was associated with low concentration of HDL-
C (OR: 2¢91; 95% CI 1¢04-8¢05).

In women, NWCO defined as WC ≥ 80 cm was asso-
ciated with elevated TG (OR: 1¢85; 95%-CI 1¢26-2¢71)
and NWCO defined as WHtR ≥ 0¢5 was associated with
low LDL-C (OR: 1¢39; 95%-CI 1¢01-1¢92).

After adjustment, NWCO defined as WC ≥ 90 or
94 cm was associated with elevated concentration of
FBG (OR: 5¢81; 95%-CI 1¢35-25¢05 and OR: 5¢31; 95%-CI
1¢04-26¢91 respectively). Also, NWCO defined as WC ≥
94 cm was associated with having diabetes (OR: 4¢27;
95%-CI 1¢25-14¢58) and having been diagnosed with dia-
betes (OR: 6¢61; 95% CI 1¢86-23¢41) in men group.

In women, NWCO defined as WC≥ 88 cm was asso-
ciated with diabetes (OR: 2¢81; 95%-CI 1¢21-6¢50), self-
report medical diagnosis of diabetes (OR: 2¢71; 95%-CI
1¢11-6¢60) and having an elevated FBG (OR:3¢07; 95%-
CI 1¢10-8¢57). Likewise, a NWCO defined as WC ≥
80 cm was associated with having diabetes (OR: 2¢31;
95%-CI 1¢25-4¢27) and having an elevated FBG (OR:
3¢21; 95%-CI 1¢38-7¢46).

In a complementary analysis, we evaluated the asso-
ciation of NWCO with the likelihood of having one, two
or at least three CVD risk factors in both studies (Sup-
plementary Table 2). After adjustment, in the PREFREC
www.thelancet.com Vol 10 Month June, 2022



High blood pressure variables

HBP SBP ≥ 140 mm/Hg DBP ≥ 90 mm/Hg

Crude OR (95% CI) Adjusted OR (95% CI) Crude OR (95% CI) Adjusted OR (95% CI) Crude OR (95% CI) Adjusted OR (95% CI)

Panama & Col�on provinces in 2010-11

Men n=471 n=424 n=471 n=424 n=471 n=424

WC ≥ 90 cm 2¢08 (1¢23-3¢53) 1¢04 (0¢56-1¢96) 2¢46 (1¢43-4¢23) 1¢34 (0¢71-2¢53) 2¢28 (1¢25-4¢15) 1¢56 (0¢79-3¢06)
WC ≥ 94 cm 2¢84 (1¢26-6¢42) 1¢14 (0¢44-2¢96) 3¢61 (1¢60-8¢14) 1¢59 (0¢62-4¢12) 1¢59 (0¢61-4¢11) 0¢84 (0¢28-2¢51)
WHtR ≥ 0¢5 2¢86 (1¢91-4¢28) 1¢22 (0¢73-2¢04) 3¢05 (1¢96-4¢76) 1¢41 (0¢82-2¢44) 2¢34 (1¢41-3¢86) 1¢41 (0¢76-2¢61)

Women n=769 n=735 n=769 n=714 n=769 n=735

WC ≥ 80 cm 3¢41 (2¢17-5¢35) 2¢39 (1¢40-4¢11) 3¢57 (2¢01-6¢32) 2¢15 (1¢08-4¢25) 5¢42 (2¢30-12¢78) 3¢55 (1¢46-8¢61)
WC ≥ 88 cm 3¢02 (2¢04-4¢47) 1¢28 (0¢78-2¢07) 2¢62 (1¢66-4¢12) 0¢92 (0¢52-1¢63) 1¢98 (1¢11-3¢53) 0¢97 (0¢51-1¢86)
WHtR ≥ 0¢5 3¢77 (2¢22-6¢43) 2¢05 (1¢10-3¢82) 2¢79 (1¢52-5¢12) 0¢91 (0¢43-1¢89) 5¢70 (2¢03-15¢92) 3¢62 (1¢25-10¢49)

National level in 2019

Men n=1,332 n=1326 n=1,332 n=1,326 n=1,332 n=1,326

WC ≥ 90 cm 2¢94 (1¢98-4¢38) 1¢10 (0¢70-1¢72) 1¢74 (1¢12-2¢68) 0¢68 (0¢43-1¢11) 1¢62 (0¢97-2¢71) 0¢88 (0¢51-1¢50)
WC ≥ 94 cm 2¢09 (1¢04-4¢18) 0¢91 (0¢43-1¢92) 1¢51 (0¢69-3¢28) 0¢77 (0¢34-1¢75) 1¢54 (0¢63-3¢80) 0¢92 (0¢37-2¢29)
WHtR ≥ 0¢5 3¢17 (2¢49-4¢03) 1¢47 (1¢08-1¢99) 2¢56 (1¢94-3¢36) 1¢14 (0¢81-1¢59) 2¢19 (1¢58-3¢04) 1¢42 (0¢97-2¢07)

Women n=2,418 n=2,413 n=2,418 n=2,413 n=2,418 n=2,413

WC ≥ 80 cm 2¢74 (2¢27-3¢33) 1¢45 (1¢15-1¢84) 3¢06 (2¢36-3¢96) 1¢46 (1¢07-1¢98) 2¢22 (1¢60-3¢07) 1¢69 (1¢19-2¢39)
WC ≥ 88 cm 4¢07 (2¢89-5¢74) 1¢85 (1¢21-2¢83) 4¢24 (2¢91-6¢20) 1¢75 (1¢12-2¢75) 1¢49 (0¢82-2¢70) 0¢94 (0¢51-1¢75)
WHtR ≥ 0¢5 2¢42 (1¢99-2¢94) 1¢39 (1¢09-1¢78) 3¢73 (2¢77-5¢02) 1¢71 (1¢20-2¢41) 1¢79 (1¢28-2¢51) 1¢56 (1¢07-2¢26)

Table 3: Crude and adjusted
1

associations between high blood pressure and different cutoff points to define central obesity among norm weight adults living in Panama & Colon provinces in 2010-
11 and at national level in 2019 stratified by sex¢ Odd Ratio (OR) and 95% Confidence intervals (CI).

1 Model adjusted for age, tobacco use in last 30 days, family history of HBP and sociocultural group. HBP: High blood pressure defined as self-reported d gnosis, or Systolic Blood Pressure (SBP) ≥ 140 mmHg or a Diastolic

Blood Pressure (DBP) ≥90 mmHg or the current use of antihypertensive medications.
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Dyslipidemias

Total Cholesterol ≥ 200 mg/dL Triglycerides ≥ 150 mg/dL LDL-C ≥ 130 mg/ dL Diminished HDL-C

Crude OR (95% CI) Adjusted OR (95% CI) Crude OR (95% CI) Adjusted OR (95% CI) Crude OR (95% CI) Adjusted OR (95% CI) Crude OR (95% CI) Adjusted OR (95% CI)

Men n=471 n=417 n=471 n=419 n=471 n=419 n=471 n=417

WC ≥ 90 cm 2¢31 (1¢36-3¢91) 1¢46 (0¢79-2¢69) 2¢50 (1¢47-4¢25) 2¢43 (1¢30-4¢52) 1¢32 (0¢74-2¢36) 0¢89 (0¢45-1¢74) 1¢37 (0¢80-2¢35) 1¢94 (1¢02-3¢69)
WC ≥ 94 cm 1¢71 (0¢76-3¢85) 1¢02 (0¢39-2¢68) 2¢81 (1¢24-6¢33) 2¢64 (1¢00-6¢98) 1¢23 (0¢50-3¢02) 0¢76 (0¢26-2¢24) 1¢63 (0¢69-3¢86) 2¢54 (0¢85-7¢52)
WHtR ≥ 0¢5 2¢86 (1¢93-4¢23) 2¢00 (1¢22-3¢27) 2¢47 (1¢64-3¢27) 2¢37 (1¢41-4¢01) 2¢93 (1¢88-4¢59) 2¢22 (1¢27-3¢90) 1¢60 (1¢11-2¢32) 2¢39 (1¢45-3¢92)
Women n=769 n=735 n=769 n=735 n=769 n=735 n=769 n=735

WC ≥ 80 cm 2¢28 (1¢65-3¢15) 1¢57 (1¢07-2¢30) 2¢31 (1¢56-3¢43) 1¢71 (1¢10-2¢65) 2¢06 (1¢44-2¢96) 1¢47 (0¢98-2¢22) 1¢37 (0¢96-1¢95) 1¢54 (1¢04-2¢26)
WC ≥ 88 cm 2¢51 (1¢75-3¢59) 1¢22 (0¢79-1¢88) 2¢24 (1¢52-3¢30) 1¢21 (0¢78-1¢87) 2¢89 (1¢99-4¢18) 1¢68 (1¢10-2¢57) 1¢63 (1¢01-2¢64) 2¢12 (1¢26-3¢58)
WHtR ≥ 0¢5 2¢75 (1¢91-3¢96) 1¢71 (1¢11-2¢63) 3¢15 (1¢95-5¢09) 1¢79 (1¢07-3¢01) 2¢45 (1¢61-3¢72) 1¢56 (0¢97-2¢50) 1¢14 (0¢78-1¢68) 1¢12 (0¢73-1¢72)

Diabetes

Diabetes Prediabetes Self-report medical diagnosis diabetes FBG ≥126 mg/dL

Crude OR (95% CI) Adjusted OR (95% CI) Crude OR (95% CI) Adjusted OR (95% CI) Crude OR (95% CI) Adjusted OR (95% CI) Crude OR (95% CI) Adjusted OR (95% CI)

Men n=471 n=429 n=471 n=429 n=471 n=429 n=471 n=371

WC ≥ 90 cm 5¢27 (2¢44-11¢38) 3¢02 (1¢28-7¢06) 1¢87 (0¢98-3¢55) 1¢33 (0¢66-2¢65) 4¢52 (1¢77-11¢51) 3¢11 (1¢12-8¢60) 6¢24 (2¢43-16¢00) 3¢89 (1¢38-10¢99)
WC ≥ 94 cm 8¢65 (3¢38-22¢14) 5¢90 (2¢04-17¢13) 1¢46 (0¢53-4¢04) 1¢05 (0¢36-3¢05) 7¢18 (2¢37-21¢73) 5¢66 (1¢67-19¢13) 10¢52 (3¢60-30¢69) 10¢04 (2¢97-33¢80)
WHtR ≥ 0¢5 3¢39 (1¢48-7¢74) 2¢15 (0¢81-5¢66) 2¢56 (1¢49-4¢38) 1¢59 (0¢85-2¢97) 3¢44 (1¢23-9¢63) 2¢12 (0¢66-6¢80) 4¢32 (1¢41-13¢22) 3¢29 (0¢89-12¢18)
Women n=769 n=740 n=769 n=740 n=769 n=740 n=769 n=694

WC ≥ 80 cm 2¢09 (0¢94-4¢64) 1¢41 (0¢61-3¢27) 2¢40 (1¢31-4¢39) 1¢53 (0¢79-2¢92) 2¢40 (0¢97-5¢93) 1¢57 (0¢61-4¢06) 1¢41 (0¢54-3¢68) 0¢84 (0¢29-2¢36)
WC ≥ 88 cm 2¢23 (1¢11-4¢49) 1¢31 (0¢61-2¢83) 2¢41 (1¢42-4¢01) 1¢31 (0¢73-2¢36) 2¢60 (1¢23-5¢49) 1¢53 (0¢67-3¢50) 2¢01 (0¢79-5¢07) 1¢04 (0¢38-2¢88)
WHtR ≥ 0¢5 2¢02 (0¢83-4¢92) 1¢26 (0¢48-3¢28) 2¢77 (1¢35-5¢69) 1¢63 (0¢75-3¢52) 2¢65 (0¢91-7¢66) 1¢65 (0¢53-5¢11) 1¢22 (0¢44-3¢38) 0¢68 (0¢22-2¢10)

Table 4: Crude and adjusted
1

associations of high blood lipids concentration, diabetes and different cutoff points to define abdominal adiposity among normal weight adults living in Panama & Colon
provinces PREFREC-2010-11¢ Odd Ratio (OR) and 95% Confidence intervals (CI).

1 For dyslipidemias, the model was adjusted for age, tobacco use in last 30 days, family history of high blood cholesterol concentration and sociocultural group. For diabetes, model was adjusted for age, family history of diabetes

and sociocultural group. LDL-C: low density lipoprotein; Diminished HDL-C: HDL-C< 40 mg/dL in men and < 50 mg/dL in women. HDL: high density lipoprotein; FBP: fasting blood glucose; Diabetes: self-report medical diagno-

sis or fasting blood glucose levels ≥ 126 mg/dL or a Hemoglobin A1c (HbA1C) ≥ 6¢5%, or current use of diabetes medication treatment.
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Dyslipidemias

Total Cholesterol ≥ 200 mg/dL Triglycerides ≥ 150 mg/dL LDL-C ≥ 130 mg/ dL Diminished HDL-C

Crude OR (95% CI) Adjusted OR (95% CI) Crude OR (95% CI) Adjusted OR (95% CI) Crude OR (95% CI) Adjusted OR (95% CI) Crude OR (95% CI) Adjusted OR (95% CI)

Men n=285 n=284 n=285 n=419 n=285 n=284 n=285 n=284

WC ≥ 90 cm 1¢75 (0¢87-3¢55) 1¢09 (0¢52-2¢34) 2¢93 (1¢45-5¢92) 2¢58 (1¢22-5¢43) 1¢17 (0¢58-2¢38) 0¢71 (0¢33-1¢52) 1¢11 (0¢53-2¢32) 1¢73 (0¢77-3¢86)
WC ≥ 94 cm 1¢07 (0¢39-2¢94) 0¢74 (0¢26-2¢08) 2¢87 (1¢09-7¢54) 2¢77 (1¢02-7¢45) 1¢08 (0¢40-2¢87) 0¢74 (0¢27-2¢02) 1¢90 (0¢72-5¢00) 2¢91 (1¢04-8¢05)
WHtR ≥0¢5 1¢93 (1¢17-3¢20) 1¢23 (0¢67-2¢25) 2¢89 (1¢73-4¢85) 2¢54 (1¢37-4¢70) 1¢68 (1¢03-2¢72) 1¢24 (0 9-2¢25) 1¢06 (0¢34-1¢76) 1¢44 (0¢75-2¢74)
Women n=793 n=792 n=793 n=792 n=793 n=792 N=793 N=792

WC ≥ 80 cm 1¢92 (1¢40-2¢63) 1¢15 (0¢80-1¢64) 2¢67 (1¢88-3¢80) 1¢85 (1¢26-2¢71) 1¢55 (1¢14-2¢10) 1¢06 (0 5-1¢49) 1¢01 (0¢74-1¢37) 1¢10 (0¢80-1¢52)
WC ≥ 88 cm 2¢64 (1¢44-4¢86) 0¢99 (0¢49-2¢00) 3¢54 (1¢92-6¢55) 1¢73 (0¢88-3¢39) 2¢16 (1¢17-3¢97) 1¢09 (0 6-2¢11) 0¢77 (0¢42-1¢42) 0¢88 (0¢47-1¢66)
WHtR ≥0¢5 2¢22 (1¢64-2¢99) 1¢31 (0¢92-1¢86) 2¢40 (1¢68-3¢41) 1¢40 (0¢94-2¢08) 1¢86 (1¢39-2¢49) 1¢39 (1 1-1¢92) 1¢18 (0¢89-1¢57) 1¢26 (0¢93-1¢71)

Diabetes

Diabetes Prediabetes Self-report medical diagnosis FBG ≥126 mg/dL

Crude OR (95% CI) Adjusted OR (95% CI) Crude OR (95% CI) Adjusted OR (95% CI) Crude OR (95% CI) Adjust OR (95% CI) Crude OR (95% CI) Adjusted OR (95% CI)

Men n=287 n=258 n=285 n=284 n=1,343 n=114 n=285 n=242

WC ≥ 90 cm 3¢41 (1¢29-8¢96) 2¢51 (0¢89-7¢10) 1¢90 (0¢91-3¢97) 1¢05 (0¢46-2¢38) 6¢47 (2¢35-17¢87) 2¢95 (0 9-8¢77) 7¢59 (2¢08-27¢67) 5¢81 (1¢35-25¢05)
WC ≥ 94 cm 5¢36 (1¢72-16¢72) 4¢27 (1¢25-14¢58) 0¢91 (0¢28-2¢85) 0¢57 (0¢17-1¢88) 13¢76 (4¢23-44¢76) 6¢61 (1 6-23¢41) 7¢43 (1¢74-31¢64) 5¢31 (1¢04-26¢91)
WHtR ≥ 0¢5 1¢21 (0¢51-2¢83) 0¢79 (0¢29-2¢11) 2¢61 (1¢49-4¢57) 1¢32 (0¢67-2¢57) 2¢97 (1¢09-8¢08) 1¢75 (0 8-5¢25) 3¢10 (0¢79-12¢26) 2¢28 (0¢49-10¢50)
Women n=794 n=793 n=794 n=782 n=2,472 n=2,47 n=790 n=653

WC ≥ 80 cm 4¢02 (2¢32-6¢97) 2¢31 (1¢25-4¢27) 2¢64 (1¢67-4¢18) 1¢62 (0¢98-2¢68) 3¢32 (1¢63-6¢77) 1¢91 (0 9-4¢06) 5¢28 (2¢44-11¢39) 3¢21 (1¢38-7¢46)
WC ≥ 88 cm 7¢24 (3¢59-15¢58) 2¢81 (1¢21-6¢50) 2¢25 (1¢04-4¢84) 0¢88 (0¢38-2¢06) 5¢60 (2¢47-12¢70) 2¢71 (1 1-6¢60) 8¢21 (3¢53-19¢12) 3¢07 (1¢10-8¢57)
WHtR ≥ 0¢5 2¢60 (1¢46-4¢62) 1¢25 (0¢63-2¢49) 2¢87 (1¢76-4¢70) 1¢55 (0¢90-2¢68) 3¢01 (1¢35-6¢74) 2¢11 (0 8-5¢08) 3¢29 (1¢45-7¢44) 2¢12 (0¢83-5¢41)

Table 5: Crude and adjusted
1

associations of high blood lipids concentration, diabetes and different cutoff points to define abdominal ad osity among normal weight adults at national level in 2019¢
Odd Ratio (OR) and 95% Confidence intervals (CI).

1 For dyslipidemias, the model was adjusted for age, tobacco use in last 30 days, family history of high blood cholesterol concentration and sociocultural gro . For Diabetes, model was adjusted for age, family history of diabetes

and sociocultural group. LDL: low density lipoprotein; Diminished HDL-C: HDL-C< 40 mg/dL in men and < 50 mg/dL in women. HDL: high density lipopr in; FBP: fasting blood glucose; Diabetes: self-report diagnosis or fast-

ing blood glucose levels ≥ 126 mg/dL or a Hemoglobin A1c (HbA1C) ≥ 6¢5%, or current use of diabetes medication treatment; Prediabetes: fasting blood gluc ≥ 100 mg/dL and and <126 mg/dL or HbA1C ≥5¢7% and <6¢5%.
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12
study, all NWCO definitions showed increased odds
with having at least three CVD risk factors: the preva-
lence odds ratio for men with a WC ≥ 90 cm was 3¢65
(95%-CI 1¢04-12¢77) and prevalence odds ratio for those
with WHtR ≥ 0¢5 was 9¢39 (95%-CI 3¢48-25¢33).

In addition, all men with a WHtR ≥0¢5 presented
also increased odds of having two and one CVD risk fac-
tors (OR: 3¢59; 95% CI 1¢59-8¢05 and OR: 2¢53; 95% CI
1¢15-5¢57 respectively), while all men with a WC ≥
94 cm had one or more CVD risk factor. Among women
from the PREFREC study, the odds of having a WC ≥
80 cm, a WC ≥ 88 cm and a WHtR ≥ 0¢5 and at least
three CVD risk factors were 3¢56 (95%-CI 1¢78-7¢15),
2¢97 (95%-CI 1¢18-7¢41) and 2¢49 (95%-CI 1¢10-5¢64)
respectively. In the ENSPA study, normal weight
women with a WHtR ≥ 0¢5 and a WC ≥ 80 or ≥88 cm
was associated with at least 3 CVD risk factors (OR:
2¢00; 95% 1¢13-3¢51, OR: 2¢27; 95% 1¢28-4¢02 and OR:
6¢22; 95% 1¢26-30¢55, respectively). Further a NWCO
defined as WC ≥ 80 cm and a WHtR ≥ 0¢5was associ-
ated with 2 CVD risk factors (OR: 2¢07; 95% CI 1¢27-
3¢35 and OR: 2¢60; 95% CI 1¢65-4¢09 respectively). No
significant association was found between CO and clus-
ter CVD risk factors in men in the ENSPA study.

Sociodemographic variables associated to NWCO in
both studies showed a higher OR of having NWCO
among women than men, sedentary people than non-
sedentary, Afro-Panamanians than Whites and married
people than singles (Supplementary Table 3 and 4).
Discussion
In the present study, we found CO among people classi-
fied as normal weight according to BMI. In addition,
NWCO, according to all analyzed definitions, was asso-
ciated with cardiometabolic risk factors, particularly ele-
vated TG concentration in both sexes.

Currently the most utilized CO cutoff point by
national health campaigns to identify individuals at risk
of cardiometabolic diseases is a WC ≥ 102 cm for men
and a WC ≥ 88 cm for women.33 Our results suggest
that the current threshold for WC could not identify
NWCO among men. While in women, NWCO defined
as WC ≥ 80 cm showed a more consistent co-occur-
rence with CVD risk factors in both studies.

Overall, estimated prevalence of NWCO was higher
in PREFREC than ENSPA study, nevertheless this varia-
tion is difficult to assess given the differences in the year
of survey, baseline characteristics and WC technique
used in both study groups.

Our prevalence results of NWCO, defined as WC ≥
80 cm among women in the ENSPA study, was in
agreement with the ones reported in the Chilean
National Health Survey (data collected between October
2009-September 2010).34 However, our NWCO preva-
lence from the ENSPA study was 15¢1 and 6¢0 percen-
tages points lower among men and women respectively
compared to a multicentric Latin America and The
Caribbean (LAC) WC study of 2005.35 Nevertheless, due
to scarce of literature assessing NWCO defined with
WHtR in the LAC region it is difficult to make compari-
sons.

Prevalence of NWCO defined as WC ≥ 80 cm in
women from China in 2011 was 13¢1%, while in men
(defined as WC ≥ 85 cm) was 16¢0%. This prevalence
increased up to 22¢1% in women and 17¢5% in men
when NWCO was defined as WHtR ≥ 0¢5.36 In contrast,
in two population based health surveys conducted in
Canada, prevalence of NWCO decreased from 22¢8%
(when defined as WC ≥ 80 cm) to 17¢7% (when defined
as WHtR ≥ 0¢5) in women, but it increased in men
from 6¢3% (when defined as WC ≥ 94 cm) up to 20¢3%
(when defined as WHtR ≥0¢5),37 whereas in a longitudi-
nal study in Australia, the prevalence of NWCO (defined
as WHtR ≥ 0¢5) was 12¢6% in women and 13¢8% in
men.38 Our higher prevalence of NWCO defined by a
WHtR observed in ENSPA study (43¢9%), might be eth-
nicity or cultural related due to a higher WC, a smaller
height, or a combination of both among our study popu-
lation.

Even though we cannot elucidate which of the two
components of WHtR are substantially different from
other studies, it is well known that the mean heights for
men and women differ worldwide and are higher than
the mean heights presented in our study
populations.39,40 In addition, estimates of the median
and IQR of the WC (cm) from our normal weight
ENSPA group was 80¢7 cm (75¢5-85¢1) among men and
77¢1 cm (72¢0-82¢2) among women.

Consistent with our results, the NWCO was higher
among women than men from China when using the
WHtR.36 Sex differences in body fat mass have been
well established.41 Men present greater lean mass and
lower fat mass than women, while women present
more total adipose tissue than men. Fat mass distribu-
tion is also different, as it is mainly located peripherally
in women and centrally in men.36,42 Sex differences in
diet and/or physical activity might also play a role in the
differences observed in our results.

In both PREFREC and ENSPA studies, associations
were found between NWCO, defined as WC ≥ 94 cm,
with diabetes and elevated FBG among men. Even
though association of diabetes and NWCO among
women was observed only in the ENSPA study, our find-
ings are similar with a cross-sectional study among 35-
75 years old women in Switzerland, where normal weight
obesity (NWO), defined as a BMI < 25kg/m2 and a body
fat percentage ≥ 66th percentile, was associated with a
higher prevalence of dyslipidemia, blood pressure and
glycaemia levels, after adjusting for confounder variables.
Interestingly, in the same study women with NWO had
also larger WC than lean women.43

Waist-to-Hip Ratio (WHR), used as a proxy measure
of intra-abdominal fat depot, is positively correlated
www.thelancet.com Vol 10 Month June, 2022
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with metabolic abnormalities, while subcutaneous fat in
the femorogluteal area showed a negative correlation.6

A longitudinal study in the Australian population found
that NWCO defined by WHR and WHtR resulted in
similar prevalence, nevertheless the WHR was a better
prediction for all-cause and cardiovascular mortality.38

A previous analysis of a matrix combining BMI
ranks and the WC cutoff points to identified people
with early health risk factors in comparison to WHtR
alone, showed that WHtR identified more people with
cardiometabolic risk factors.44,45 The advantage of the
WHtR over the WC alone is that for the WHtR a unique
cutoff point could be used for both sexes, thus making
easier to promote the public health message “keep your
waist circumference to less than half your height” as
stated by other authors.19 The disadvantage is that the
height measure is needed to compute the ratio; never-
theless, currently height is a regular measurement
assessed at the primary health care level.

In agreement with findings from an Australian study
from 2001-2009, we also found an association between
NWCO and sex, age, and physical activity.38 Although
CO association with CVD risk factors among different
ethnic groups has been previously published, popula-
tion-based studies of NWCO are recently gaining rele-
vance and a smaller number of publications are now
available.

All analyzed CO definitions presented a co-occur-
rence with having at least three CVD risk factors among
normal weight individuals of both sexes from the PRE-
FREC study and the female group of the ENSPA study.
These results underscore the evaluation of CO among
people classify as normal weight with the BMI.

Several limitations should be acknowledged. First,
both studies, were cross-sectional designs and causality
should not be inferred. Therefore, we could not analyze
the best cutoff to identify people at risk of developing
CVD. Second, ENSPA study was designed to estimate
biomarkers levels at a national level rather than at a
province-level, thus comparison with PREFREC study
for biomarkers related outcome cannot be assessed.
Third, most of the literature about CO evaluates the
waist circumference at the mid-point of the lower rib
and the top of the iliac crest and seldomly uses the mea-
surement of waist circumference at umbilicus level
among normal weight population, hence comparison of
PREFREC results with other studies was difficult.
Fourth, we do not have information regarding meno-
pause status. Lastly, we evaluate a surrogate measure of
visceral fat mass and a non-direct assessment of body
composition, yet sophisticated measures are expensive
and rarely used at the primary health care level.

However, we underscored the fact that for the present
study the two population-based surveys have a large
number of participants, representing for the PREFREC
study a large segment of the Panamanian population
and in the case of ENSPA, a study of the whole country.
www.thelancet.com Vol 10 Month June, 2022
For both studies, standardized anthropometric measure-
ment were performed by trained personnel despite there
were two different methods regarding the waist circum-
ference.
Conclusion
The present study underscores the importance of using
different anthropometric measures to identify persons
classified as normal according to the BMI, but with met-
abolically obese characteristics in NWCO population,
and thus with the need of counseling and clinical fol-
low-up at the primary health care level.

Taking our results altogether, the question if a WC ≥
102 cm among normal weight men adequately assesses
CVD risk factor in our population may be asked. It is
possible that NWCO defined as WHtR ≥ 0¢5 could be a
message to stress more in public health campaigns
than defining it with WC. Further observational analytic
studies are required to better define the best cutoff point
for defining NWCO.
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