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Abstract
Objective: To determine the optimal anthropometric cut-off points for predicting
the likelihood ratios of hypertension and diabetes in the Peruvian population.
Design: A cross-sectional study was performed to establish cut-off values for body
mass index (BMI), waist circumference (WC), waist:height ratio (WHtR) and
Conicity index (C-index) associated with increased risk of hypertension and dia-
betes. Youden’s index (YIndex), area under the curve (AUC), sensitivity and speci-
ficity were calculated.
Setting: Peruvian households.
Participants: Peruvian population over the age of 18 years.
Results: A total of 31 553 subjects were included, 57 % being women. Among the
women, 53·06 % belonged to the 25- to 44-year-old age group [mean age: 41·66 in
men and 40·02 in women]. The mean BMI, WHtR and C-index values were higher
in women 27·49, 0·61, 1·30, respectively, while the mean WC value was higher in
men 92·12 cm (SD ± 11·28). The best predictors of hypertension in men were the
WHtR (AUC= 0·64) and the C-index (AUC= 0·64) with an optimal cut-off point of
0·57 (YIndex = 0·284) and 1·301 (YIndex = 0·284), respectively. Women showed
an AUC of 0·63 and 0·61 in the WHtR and C-index, respectively, with an optimal
cut-off of 0·61 (YIndex = 0·236) and 1·323 (YIndex= 0·225). The best predictor for
diabetes was the C-index: with an AUC= 0·67 and an optimal cut-off of 1·337
(YIndex = 0·346) for men and an AUC = 0·66 and optimal cut-off of 1·313
(YIndex = 0·319) for women.
Conclusions:Our findings show that in Peruvian adults, theWHtR and the C-index
have the strongest association with hypertension in both sexes. Likewise, the
C-index had the strongest association with diabetes.
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Hypertension and diabetes represent a threat to global health
due to their growing trend and increased impact in develop-
ing countries(1). Hypertension currently affects one billion
people, while diabetes affects nearly 500 million people
worldwide(2,3). In Peru, the prevalence of hypertension is esti-
mated at 14·8 % and that of diabetes is between 3·6 and
7%(4,5). The complications of these conditions represent a sig-
nificant burden of disease in terms of mortality and disability
as well as a high economic burden at the country level(6–8).

Thus, it is relevant to implement prevention strategies and
timely screening in higher risk populations.

Overweight is one of the main risk factors for the onset of
hypertension and diabetes. The World Health Organisation
(WHO) proposed the use of the body mass index (BMI)
for the diagnosis of obesity and waist circumference (WC)
for measuring the risk of metabolic complications(9). For this
reason, the BMI is currently the most widely used measure in
clinical and epidemiological contexts, although there is a
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concern about its low accuracy in detecting cardiovascular
risk in specific populations(10).

Others indices such as the waist:hip ratio (WHR), the
waist:height ratio (WHtR) and the conicity index (C-index)
are currently performed to provide information about body
composition and to predict morbidity and mortality at the
population level(11). Some of the indices such as WC,
WHtR and WHR are better predictors than BMI of the risk
of developing hypertension and type 2 diabetes
mellitus in different countries(12–14). However, the WHO
concluded that cut-off points for WC and WHR must be
identified according to the anthropometric characteristics
of specific populations(15). Moreover, others indices such
as the C-index are in the exploratory stage, and accurate
cut-off points have not yet been defined.

In Peru, through the Ministry of Health, the National
Institute of Health has suggested the use of BMI for the
detection of obesity and WC for the detection of the risk
of hypertension and diabetes(16,17). However, there is con-
troversy about the cut-off points of WC for Latin America,
since the cut-off points for the Asian population have been
adopted(18). This is relevant because some studies in Latin
America show that the internationally proposed cut-off for
WC provides a poor estimate of cardiometabolic risk(19–21),
thereby demonstrating the need for regional limit values(22).

In contrast to this controversy, there are other anthropo-
metric indicators such as the WHtR that incorporates the
size of the individual in the measurement, improving the
precision of the estimation of risks(23). This is very impor-
tant in the Peruvian population because it has one of the
lower heights worldwide(24). Furthermore, a genetic varia-
tion has even been postulated in a recently published study
that would explain the short stature on this population(25).
The presence of this genetic variation would produce a
reduction of 2·2 to 4·4 cm in height and is more frequent
in the population from the coast - one of the three natural
regions of Peru which comprises 55·9 % of the total popu-
lation - than in the highlands or the Jungle.

To date, compared with the BMI, the cut-off points and
the level of prediction of risk of hypertension and diabetes
of the WC, WHtR and C-index in the Peruvian population
are unknown(26,27). Therefore, considering that the last
Demographic and Family Health Survey (ENDES, in
Spanish) 2018 has incorporated WC measurement, we
aimed to determine the optimal cut-off points of the BMI,
WC, the WHtR and the C-index to predict the probability
rates of hypertension and diabetes in the Peruvian popula-
tion according to sex and age groups.

Methods

Settings
Peru is a South American country made up of three regions:
the Coast, Highlands and Jungle, with 55·9 % of the popu-
lation residing on the Coast, 29·6 % in the Highlands and

14·5 % in the Jungle(28). Likewise, Peru has a population of
more than 35 million inhabitants, among which about 6·5
million live in rural areas of the Peruvian territory, especially
in the Highlands and Jungle regions(29). Unlike countries
with a marked predominance of a race, such as Caucasian
or Asian, these regions have a diversity of mixtures with a
series of genotypes and phenotypes that hinder the ethnic
classification of the population and explain some nutritional
characteristics of these populations(30,31).

Study design and subjects
A cross-sectional study was conducted based on the
data obtained by ENDES 2018, which is an annual
population-based survey performed by the Demographic
and Health Survey Programme that provides information
on maternal and child health indicators and communicable
and non-communicable diseases(4,32). The survey is super-
vised by the National Institute of Statistics and Informatics
of Peru and contains three questionnaires on households,
women’s health and health characteristics. The sampling
and analysis units were households and individuals,
respectively. A detailed description of the sampling
method, enrolment procedure and ENDES objectives has
been reported previously(4,32).

A total of 33 794 people over the age of 15 years were
interviewed in the ENDES 2018 survey. The sample selected
for this study included subjects >18 years of age (31 553).
Questionnaires and physical examinations were performed
to register socio-demographic and biophysical variables
by trained staff according to a standard protocol(33).

Hypertension, diabetes and anthropometric
measurements
Individuals were considered to have hypertension if
their average (two readings) systolic blood pressure was
≥140 mmHg or diastolic blood pressure was ≥90 mmHg(34)

using a digital blood pressure monitor, or a self-reported
diagnosis of hypertension by a doctor.

Diabetes was defined through self-reporting of whether
an individual had been diagnosed with diabetes mellitus
previously by a doctor (Has a physician ever diagnosed
you with diabetes or high blood sugar?).

Four anthropometric indices were used in the study: the
BMI, WC, the WHtR and the C-index. BMI was calculated
according to the Quetelet index as weight (kg) divided
by height squared (m2). WC was measured at a midway
point between the lower rib margin and the iliac crest.
The WHtR was calculated as WC (cm) divided by
height (m), and the C-index was determined applying
the following formula proposed by Valdez et al.(35)

C index ¼ Waist circumference

0 � 109 ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
weight=height

p

height and WC should be recorded in metres and the
weight in kilograms; the constant of 0·109 is to convert
volume and mass to height.
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Contrary to the previously mentioned anthropometric
indices, the C-index is considered an exploratory measure-
ment, and therefore, its cut-off points have not been accu-
rately defined. However, this index has been developed
taking into account that the human body changes from a
cylindrical shape (C-index equals 1·0) to a ‘double cone’
(C-index up to 1·73) when adiposity is accumulated in
the waist(35). This fact makes this index potentially usable
in certain populations, since it takes into account the rela-
tionship between weight, height and waist circumference
at a time, allowing the comparison of people with different
measurements of body weight and height(36).

For analytical purposes, the BMI was classified into four
categories: <18·5, 18·5–24·9, 25·0–29·9 and ≥30 kg/m2

according to the WHO classification(37). WC was classified
as a risk indicator when ≥90 cm for men and ≥ 80 cm for
women according to the International Diabetes Federation
of Ethnic South and Central Americans(18). The WHtR was
defined as a risk indicator when ≥0·5 for both men and
women(38). Currently, the C-index does not have estab-
lished cut-off points, and therefore, it was classified as a risk
indicator when ≥1·29 for men and ≥1·25 for women
according to a study conducted in Brazil(39).

Covariates
Sex (male; female) and age groups (18–24, 25–44, 45–64,
65 or more years) were considered to stratify the selected
population. To describe the population characteristics, the
following variables were reported: current smokers
(smoked in the last 30 d) (yes/no), alcohol consumption
in the last 12 months for 12 or more days (yes/no) and area
of residence (urban/rural).

Data analysis
Continuous variables were presented as means and stan-
dard deviations (SD), and categorical variables were
expressed as absolute numbers and weighted proportions
with 95 % confidence intervals (CI). Prevalence and age-
standardised prevalence were estimated based on the
WHO reference population(40) for anthropometric
measures for hypertension and diabetes. Age-
standardised prevalence allows more accurate compari-
sons between structurally different populations(41). The
mean differences between groups (men and women)
and age-adjusted proportions were tested by linear combi-
nation of weighted means and the χ2 test. In addition,
alluvial diagrams to visualise relations among anthro-
pometric indices were also carried out. We included
the ENDES 2018 sampling specifications, including
stratification, and ponderation factor. The Youden’s index
((sensitivityþ specificy) − 1) (YIndex) was used to identify
optimal cut-off points according to sex and ages of the BMI,
WC, the WHtR and the C-index for the prediction of hyper-
tension and diabetes(42,43). The area under the curve (AUC),
sensitivity (S) and specificity (Sp) values were calculated

using the cutpt command. CI at 95 % of the AUC were also
estimated using bootstrapping with 1000 replications.

All statistical analyses were performed using Stata v14·2
(Stata Corporation). The level of statistical significance
was P< 0·05.

Ethical considerations
This study did not require the approval of an ethics commit-
tee because it is an analysis of aggregated secondary data
that are in the public domain (http://iinei.inei.gob.pe/
microdatos/) and does not identify any participants.

Results

Socio-demographic and clinical characteristics
of the sample
Of the 31 553 subjects evaluated, 57 % were women.
The most frequent age group was 25 to 44 years (51·57 %
of men and 53·06 % of women), and the mean age
was 41·66 years (SD 15·96) for men and 40·02 years
(SD 16·14) for women. The average heights were signifi-
cantly different according to natural region andwere lower,
both for men andwomen, in the rural Highlands. Themean
BMI, WHtR and C-index values were higher in women at
27·49 (SD 4·82), 0·61 (SD 0·08), 1·30 (SD 0·08), respectively,
while the mean WC was higher in men with 92·12 cm
(SD 11·28) (Table 1).

Prevalence of obesity, cardiometabolic risk,
hypertension and diabetes
The standardised prevalence of obesity calculated with the
BMIwas 21·05 % inmen and 27·78 % inwomen (P < 0·001).
The prevalence of cardiometabolic risk calculated with the
WC, WHtR and C-index was statistically higher in women
(84·91 %, 92·16 % and 76·93 %) compared with men
(60·77 %, 82·78 % and 50·50 %) (P < 0·001), respectively.

In addition, the standardised prevalence of hyper-
tension was 23·15 % in males and 18·41 % in females
(P< 0·001), while the prevalence of diabetes was 3·25 %
and 4 %, respectively (P= 0·017) (Table 2).

Figure 1a-c shows the differences in risk estimation
using the BMI v. the WC, WHtR, and C-index. A consider-
able group of males and females considered as normal
according to the BMI were considered at risk with the
WC, WHtR and C-index, respectively.

Accuracy and optimal cut-off points of
anthropometric indices to predict hypertension
and diabetes
Table 3 shows the cut-off points, S, Sp and AUCs estimates.
The most accurate indices for predicting hypertension in
males were the WHtR (AUC 0·64) and the C-index (AUC
0·64). In addition, the optimal cut-offs for these measures
were 0·57 (YIndex 0·284) and 1·301 (YIndex 0·284),
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Table 1 Socio-demographic and clinical characteristics of Peruvian adults, Demographic and Family Health Survey (ENDES) 2018*

Men (n 13 590) Women (n 17 963)

Characteristics % 95% CI % 95% CI

Age (years)
Mean 41·66 40·02
SD 15·96 16·14

Age groups
18–24 12·69 12·14, 13·26 15·45 14·93, 15·99
25–44 51·57 50·73, 52·41 53·06 52·33, 53·79
45–64 24·48 23·77, 25·21 21·28 20·69, 21·89
65þ 11·26 10·74, 11·80 10·20 9·77, 10·66

Level of education
No education 1·60 1·33, 1·92 6·58 6·08, 7·12
Primary 18·34 17·46, 19·26 22·98 22·09, 23·89
Secondary 44·03 42·65, 45·41 37·36 36·26, 38·47
Higher 36·03 34·68, 37·41 33·08 31·97, 34·22

Wealth Index
Poorest 18·65 17·84, 19·49 18·66 17·94, 19·40
Poorer 21·20 20·10, 22·35 19·80 18·90, 20·73
Middle 20·41 19·39, 21·47 21·39 20·38, 22·43
Richer 20·81 19·65, 22·02 19·71 18·71, 20·75
Richest 18·93 17·64, 20·29 20·44 19·37, 21·56

Urban 64·22 63·41, 65·02 66·40 65·74, 67·12
Weight (kg)
Mean 71·17 63·12
SD 13·61 12·24

Height (cm)
Mean 163·60 151·39
SD 6·69 6·09

Mean height by natural region and residence area
Rural jungle
Mean 161·59 149·95
SD 0·16 0·14
Urban jungle
Mean 163·86 152·25
SD 0·15 0·12
Rural highlands
Mean 160·86 149·14
SD 0·12 0·10
Urban highlands
Mean 164·46 151·42
SD 0·15 0·11
Rural coast
Mean 162·79 150·97
SD 0·28 0·22
Urban coast
Mean 165·52 152·76
SD 0·09 0·07

BMI (kg/m2)
Mean 26·49 27·49
SD 4·27 4·82

WC (cm)
Mean 92·12 91·56
SD 11·28 11·57

WHtR
Mean 0·563 0·605
SD 0·067 0·078

C-index
Mean 1·285 1·304
SD 0·074 0·079

SBP, mmHg
Mean 125·74 114·98
SD 15·83 16·93

DBP, mmHg
Mean 75·48 70·77
SD 10·10 9·50

Smoker 19·81 19·15, 20·49 3·25 3·00, 3·51
Alcohol drinker 32·94 32·15, 33·73 12·50 12·03, 13·00

WC, waist circumference; WHtR: waist:height ratio; C-index, conicity index; SBP, systolic blood pressure; DBP, diastolic blood pressure.
*Weights and sample specifications of the ENDES 2018 were included (except for continuous variables).
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respectively. Likewise, the most accurate indices to predict
hypertension were the WHtR (AUC 0·63) and the C-index
(AUC 0·61) for women, with the optimal cut-off points for
these measures being 0·61 (YIndex 0·236) and 1·323
(YIndex 0·225) (Table 3).

For diabetes, the C-index showed the highest accuracy
inmen (AUC 0·67), with an optimal cut-off of 1·337 (YIndex
0·346), compared with women (AUC 0·66), who had an
optimal cut-off of 1·313 (YIndex 0·319) (Table 4).

Optimal cut-offs of the anthropometric indices
by age group
The optimal cut-offs for theWHtR in men to predict the risk
of hypertension ranged from 0·51 (AUC –0·63, S 65, Sp 60)
in the 18–24-year-old group to 0·58 (AUC 0·61, S 66, Sp 56)
in the 65-year-old group. In relation to the C-index, the opti-
mal cut-offs for predicting hypertension ranged from 1·245
(AUC 0·60, S 47, Sp 74) in 18 to 24 years of age group to
1·359 (AUC 0·58, S 55, Sp 61) in the 65-year-old group.
In women, the optimal cut-offs of the WHtR ranged from
0·58 (AUC 0·59, S 75, Sp 42) in the 65-year-old group to
0·65 (AUC 0·58, S 53, Sp 62) in the 45–64-year-old group.
In addition, the optimal cut-offs for the C-index were
1·237 (AUC 0·59, S 76, Sp 41) for the 18–24-year-old group
and 1·344 (AUC 0·55, S 54, Sp 57) for the 45–64-year-old
group (Table 3).

The optimal cut-offs of the C-index to predict the risk of
diabetes in men ranged from 1·194 (AUC 0·66, S 91, Sp 41)
in the 18–24-year-old group to 1·357 (AUC 0·59, S 65, Sp 54)
in the 65-year-old group. Inwomen, the optimal cut-offs for
the C-index ranged from 1·232 (AUC 0·63, S 87·5, Sp 38·6)
in the group of 18–24 years old to 1·325 (AUC 0·63, S 83·13,
Sp 42·5) in the 65-year-old group (Table 4).

Discussion

In this study, we estimated the optimal cut-off points for the
BMI, the WC, the WHtR, and the C-index in Peruvian men
and women for predicting the development of hyperten-
sion and diabetes. We found that in Peruvian adults, the
WHtR and the C-index have the strongest association with
hypertension in both sexes. Likewise, the C-index had the
strongest association with diabetes. To our knowledge, this
is the first study to estimate optimal anthropometric cut-off
points using representative populational data in Peru.

Several systematic reviews and primary studies have
reported better performance of the WHtR to predict hyper-
tension and diabetes compared with other anthropometric
indicators such as the BMI andWC(12,23,44–46). In this regard,
it should be specified that both the WHtR and WC better
identify abdominal obesity than the BMI(47,48), but the better
predictive capacity of the WHtR over WC could be
explained because WC is a simple measure that does not
take into account the size and proportions of the individual,
assuming that individuals of short stature have the same
risk as subjects of tall stature(49). Unlike other anthropomet-
ric indicators, such as the BMI, the WHR, the WHtR and the
C-index, which construct ratios, by incorporating height or
another dimensions in their formulas(23,50). For this reason,
some authors have reported thatWC is biased by the height
of the individual and that people of short stature with high
WC would be more at risk than people with high stature
and the same WC(51).

In this regard, the WHtR, by incorporating the patient’s
height in the formula, overcomes the limitation of assuming
the same cut-off point for individuals with different heights
and body proportions(23,51). This fact is important in the
Peruvian context since a large proportion of the population

Table 2 Anthropometric indices and clinical characteristics of Peruvian adults, Demographic and Family Health Survey (ENDES) 2018*

Men (n 13 590) Women (n 17 963)

P-valueCharacteristics Prevalence 95% CI

Age-
standardised
prevalence 95% CI Prevalence 95% CI

Age-
standardised
prevalence 95% CI

BMI
Underweight 3·04 2·65, 3·49 3·11 2·74, 3·53 3·39 3·00, 3·82 3·24 2·90, 3·62 0·628
Normal 36·10 34·89, 37·32 36·19 35·06, 37·34 30·15 29·08, 31·25 30·50 29·50, 31·51 < 0·001
Overweight 39·74 38·45, 41·05 39·64 38·40, 40·90 38·67 37·56, 39·80 38·48 37·42, 39·56 0·160
Obese 21·12 20·07, 22·21 21·05 20·04, 22·10 27·79 26·72, 28·88 27·78 26·77, 28·82 < 0·001

WC (cm)
Normal 44·44 43·60, 45·27 39·23 38·11, 40·35 15·93 15·40, 16·47 15·09 14·35, 15·87 < 0·001
At risk (≥90 M,

≥80W)
55·56 54·73, 56·40 60·77 59·65, 61·89 84·07 83·53, 84·60 84·91 84·13, 85·65 < 0·001

WHtR
Normal 18·32 17·68, 18·98 17·22 16·41, 18·05 7·88 7·50, 8·29 7·84 7·29, 8·43 < 0·001
At risk (≥0·50) 81·68 81·02, 82·32 82·78 81·95, 83·59 92·12 91·71, 92·50 92·16 91·57, 92·71 < 0·001

C-index
Normal 52·41 51·57, 53·25 49·50 48·40, 50·60 24·02 23·40, 24·65 23·07 22·21, 23·96 < 0·001
At risk (≥1·29

M, ≥1·25W)
47·59 46·75, 48·43 50·50 49·40, 51·60 75·98 75·35, 76·60 76·93 76·04, 77·79 < 0·001

Hypertension 21·07 20·39, 21·76 23·15 22·15, 24·18 15·38 14·86, 15·91 18·41 17·59, 19·27 < 0·001
Diabetes 2·71 2·45, 2·99 3·25 2·83, 3·74 2·98 2·74, 3·24 4·00 3·55, 4·51 0·017

WC, waist circumference; WHtR, waist:height ratio; C-index, conicity index; M, men; W, women.
*Weights and sample specifications of the ENDES 2018 were included.
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Fig. 1 (a) Comparison of the estimation of risk of BMI against WC. (b) Comparison of the estimation of risk of BMI against WHtR. (c)
Comparison of the estimation of risk of BMI against C-index
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of this country have a low height, and a measurement tak-
ing into account this characteristic would give a better esti-
mation of risk(25). In addition, an inverse association of
height with morbidity and mortality due to CVD has been
described(50), which could be explained by adult height
reflecting the nutritional situation in early childhood.
Thus, inadequate nutrition during pregnancy and during
early life stages ‘programme’ a metabolic imprint that pre-
disposes the individual to obesity, resistance to insulin and
other cardiovascular risk factors as well as short stature in
adulthood(23,52).

Regarding the C-index, our findings may be considered
as preliminary, since, to date, no cut-off points to diagnose
obesity or risk of metabolic diseases have been defined for
this indicator. In our study, we applied the criteria defined
by Pitanga et al. in Brazil(52).

The prevalence of cardiometabolic risk and abdominal
obesity estimated by the WHtR, WC and the C-index was

very high and has not been reported previously in the
Peruvian population. Thus, abdominal obesity calculated
with the WHtR was 83 % in males and 92 % in females,
while the BMI reported overweight and obesity in 61·3 %
and 66 % of males and females, respectively. These
differences between indicators indicate that the BMI could
underestimate the risk of CVD, because it is an indirect
measure of obesity, it does not allow assessment of fat dis-
tribution in the body(52) and is influenced by body propor-
tions, so that subjects with lower height have a higher
BMI(53,54).

The prevalence of self-reported diabetes was low in
our study (3·5 % in males and 4 % in females); however,
a systematic review by Carrillo-Larco et al. reported
that the prevalence of diabetes had risen from 5·1 %
to 7 % in national and subnational studies(5). This differ-
ence may be due to an underestimation of diabetes in
undiagnosed subjects in our study, which is not

Table 3 Anthropometric indices and hypertension in Peruvian adults, Demographic and Family Health Survey (ENDES) 2018

Characteristics n Optimal cut-off point AUC Sensitivity (%) Specificity (%) Younden index 95 % CI

Men 13 593
BMI (kg/m2) 27·7 0·60 51 70 0·203
18–24 1725 24·6 0·64 64 63 0·271 0·199–0·343
25–44 7008 27·7 0·62 57 66 0·233 0·201–0·265
45–64 3327 27·8 0·61 56 67 0·228 0·195–0·261
65þ 1533 27·2 0·59 41 77 0·180 0·140–0·221

WC (cm) 93·3 0·62 64 61 0·248
18–24 1725 87·2 0·64 56 72 0·281 0·209–0·352
25–44 7008 96·2 0·61 52 70 0·222 0·194–0·250
45–64 3327 96·9 0·62 61 63 0·236 0·199–0·271
65þ 1533 90·3 0·59 69 49 0·182 0·142–0·222

WHtR 0·57 0·64 64 64 0·284
18–24 1725 0·51 0·63 65 60 0·256 0·175–0·337
25–44 7008 0·56 0·61 70 52 0·225 0·194–0·256
45–64 3327 0·57 0·62 74 50 0·241 0·213–0·270
65þ 1533 0·58 0·61 66 56 0·226 0·179–0·274

C-Index 1·301 0·64 64 64 0·284
18–24 1725 1·245 0·60 47 74 0·207 0·125–0·289
25–44 7008 1·277 0·58 62 54 0·165 0·130–0·200
45–64 3327 1·311 0·60 71 48 0·195 0·161–0·228
65þ 1533 1·359 0·58 55 61 0·161 0·111–0·212

Women 17 963
BMI (kg/m2) 28·6 0·58 51 65 0·160
18–24 2776 23·8 0·57 73 41 0·146 0·060–0·232
25–44 9531 29·7 0·60 49 70 0·196 0·160–0·231
45–64 3823 28·6 0·58 58 58 0·162 0·129–0·194
65þ 1833 26·2 0·58 57 59 0·160 0·120–0·199

WC 93·3 0·60 59 60 0·198
18–24 2776 81·0 0·57 76 38 0·139 0·065–0·214
25–44 9531 98·1 0·60 47 73 0·200 0·167–0·233
45–64 3823 91·4 0·58 74 42 0·160 0·133–0·187
65þ 1833 83·9 0·59 77 41 0·177 0·138–0·217

WHtR 0·61 0·63 64 59 0·236
18–24 2776 0·61 0·57 33 80 0·136 0·061–0·212
25–44 9531 0·61 0·60 62 58 0·195 0·162–0·229
45–64 3823 0·65 0·58 53 62 0·154 0·121–0·188
65þ 1833 0·58 0·59 75 42 0·177 0·139–0·215

C-Index 1·323 0·61 60 62 0·225
18–24 2776 1·237 0·59 76 41 0·173 0·091–0·255
25–44 9531 1·289 0·56 70 43 0·129 0·095–0·163
45–64 3823 1·344 0·55 54 57 0·105 0·076–0·135
65þ 1833 1·323 0·57 68 46 0·134 0·91–0·178

WC, waist circumference; WHtR, waist:height ratio; C-index, conicity index.
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consistent with the growing trend of diabetes in devel-
oping countries(55).

The anthropometric indicators that best predicted
hypertension in the Peruvian population were the WHtR
and the C-index. However, they are the least used by health
care personnel, who routinely perform the BMI and WC as
recommended by the WHO. Other studies in Brazil agree
with the performance of the WHtR found in our study, as it
has been reported as the best predictor for hypertension
when compared with other indicators such as the
WC, WHR, body fat percentage, BMI and C-index(12,39).
However, another study in Nigeria reported BMI as the best
predictor of hypertension in the study population when
compared with metabolic risk indicators(56). In this regard,
it should be taken into account that the average height of
the sample in this study was 169·81 cm in men and
162·45 cm in women, which is greater than the Peruvian

population, in which the average height was 163·60 cm
in men and 151·39 cm in women according to our estima-
tions presented in Table 1. Compared with the Nigerian
population, the WC was higher in the Peruvian population
for both men (88·37 v. 92·12) and women (90·03 v. 91·56),
which suggests a more uniform distribution of body fat in
the Nigerian population, making the BMI the best predictor
of risk in Nigerians. These results highlight the need for
re-evaluation of these indicators in different population
groups, as this would allow identification of which indica-
tors best predict the risk of hypertension at clinical and
population levels.

TheWHtR showed good performance for predicting the
risk of hypertension in the Peruvian population as did the
C-index for men, being very similar in women. The C-index
was also the indicator which best predicted diabetes inmen
andwomen in our study. However, as described above, the

Table 4 Anthropometric indices and diabetes in Peruvian adults, Demographic and Family Health Survey (ENDES) 2018

Characteristics n Optimal cut-off point AUC Sensitivity (%) Specificity (%) Younden index 95 % CI

Men 13 590
BMI (kg/m2) 27·3 0·61 60 62 0·220
18–24 1725 26·3 0·69 64 75 0·388 0·145–0·630
25–44 7008 27·4 0·64 68 60 0·279 0·186–0·373
45–64 3327 24·8 0·61 89 33 0·215 0·170–0·260
65þ 1530 26·3 0·61 58 63 0·213 0·130–0·297

WC (cm) 94·1 0·66 72 60 0·320
18–24 1725 87·7 0·72 73 71 0·442 0·171–0·712
25–44 7008 99·9 0·65 52 78 0·298 0·194–0·402
45–64 3327 94·0 0·63 80 47 0·264 0·206–0·322
65þ 1530 97·1 0·63 61 65 0·266 0·178–0·353

WHtR 0·58 0·66 70 62 0·316
18–24 1725 0·50 0·69 82 56 0·378 0·135–0·620
25–44 7008 0·58 0·64 59 68 0·276 0·177–0·375
45–64 3327 0·58 0·61 74 49 0·225 0·165–0·285
65þ 1530 0·58 0·60 73 46 0·191 0·106–0·276

C-index 1·337 0·67 58 77 0·346
18–24 1725 1·194 0·66 91 41 0·323 0·114–0·533
25–44 7008 1·313 0·61 48 75 0·229 0·132–0·326
45–64 3327 1·346 0·62 58 66 0·234 0·163–0·304
65þ 1530 1·357 0·59 65 54 0·188 0·107–0·270

Women 17 963
BMI (kg/m2) 28·3 0·59 57 61 0·181
18–24 2776 25·9 0·68 75 61 0·361 0·060–0·662
25–44 9531 31·4 0·59 37 81 0·172 0·102–0·242
45–64 3823 28·4 0·57 62 53 0·143 0·092–0·193
65þ 1833 27·0 0·61 63 59 0·221 0·152–0·290

WC 94·2 0·63 65 61 0·258
18–24 2776 90·7 0·68 63 73 0·359 0·043–0·674
25–44 9531 89·3 0·61 82 41 0·229 0·167–0·290
45–64 3823 97·4 0·59 59 59 0·183 0·124–0·242
65þ 1833 90·4 0·65 78 51 0·291 0·239–0·343

WHtR 0·63 0·63 64 63 0·268
18–24 2776 0·56 0·66 75 56 0·311 0·044–0·578
25–44 9531 0·63 0·60 56 63 0·192 0·119–0·264
45–64 3823 0·66 0·60 55 64 0·193 0·126–0·260
65þ 1833 0·58 0·63 89 36 0·251 0·208–0·295

C-index 1·313 0·66 77 55 0·319
18–24 2776 1·232 0·63 88 39 0·261 0·034–0·488
25–44 9531 1·276 0·60 86 35 0·207 0·149–0·264
45–64 3823 1·308 0·60 84 35 0·189 0·142–0·237
65þ 1833 1·325 0·63 83 43 0·256 0·199–0·314

WC, waist circumference; WHtR, waist:height ratio; C-index, conicity index.
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results of the C-index in our study should be considered
with caution, and further studies are needed to validate
these findings. In this sense, the use ofWHtRwould be use-
ful in the clinical and epidemiological setting for the detec-
tion of abdominal obesity, since it would substitute the use
of two independent risk indicators such as BMI for obesity
and WC for hypertension and diabetes. Using a single indi-
cator, which according to our results, has greater precision
in detecting cardiovascular risk factors, and by not involv-
ing other measurements, it would not generate additional
costs for the health system. Likewise, its use would grant
greater accuracy than WC for the detection of cardiometa-
bolic risk in the Peruvian population since it incorporates
height, considering the great variability of height in our
population. In addition, there is a need for further research
to investigate the use of the C-index, as although it was the
best-performing indicator for predicting the risk of diabe-
tes, it has shown different results in other populations(56–58).

One of the main limitations of this study was its obser-
vational design which does not allow causality to be
inferred between anthropometric markers and hyperten-
sion/diabetes. Furthermore, we considered the diagnosis
of hypertension and diabetes through self-reporting the
estimates could be underestimated, although self-reporting
of both diseases has shown good accuracy compared with
clinical measures(59). Moreover, the cut-offs for the C-index
were taken from a study in Brazil, without being validated
in our country, and therefore, the estimates might have
been different if other cut-offs had been applied.
Likewise, it should be borne in mind that the prediction
of disease risk of some anthropometric measures may be
inadequate in populations with a low prevalence of the dis-
ease, such as young adults. Also, due to the cross-sectional
nature of the study, some individuals with hypertension or
diabetes might have improved their lifestyle and reduced
weight after diagnosis; therefore, some of the anthropomet-
ric indices could actually have been similar or lower than
healthy participants. In addition, information bias could
happen by pollsters who participated in ENDES 2018,
although they were trained to reduce the probability of this
bias. Despite these limitations, it is worth highlighting the
strengths of the study, such as the representativeness of
the results with the use of data from the ENDES survey.
In addition, this survey has the technical support of the
well-recognised Demographic and Health Survey
Programme.

The present study is the first to highlight that the WHtR
and the C-index are the best predictors for hypertension
and diabetes in the Peruvian population, thereby justifying
their use in the health system for health personnel training
and for population risk assessment and behaviour
changing.

The results of this study show that the WHtR and the
C-index were the best predictors for hypertension and
diabetes in the Peruvian population. However, given the
exploratory nature of the C-index, the use of the WHtR

is recommended. Optimal cut-off points were also estab-
lished to identify the risk of hypertension and diabetes,
based on sex and age. According to our results, the
WHtR may be considered as the principal indicator for
the detection of these conditions in clinical and epidemio-
logical fields in our country. In addition, we encourage
the adoption of the optimal cut-off points identified in
our study.
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