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ABSTRACT

Introduction: Obesity is a global health issue affecting
both high- and middle-income countries, with Peru being
among the affected nations. Relative Fat Mass (RFM) is a
novel anthropometric indicator that estimates body fat per-
centage and has demonstrated superior diagnostic accuracy
for obesity compared to other anthropometric estimators.
Therefore, this study aimed to determine the prevalence of
obesity according to RFM and its associated factors in Peru.

Material and methods: An observational study with
cross-sectional design was conducted. Data were analyzed
from a nationally representative survey in Peru: The Food and
Nutritional Surveillance by Life Stages 2017-2018 (VIANEYV,
by its Spanish acronym). Obesity was defined as RFM = 40%
in women and > 30% in men. Descriptive, bivariate, and mul-
tivariate analyses were conducted, accounting for the survey’s
complex design. To identify associated factors, a generalized
linear model of the Poisson family was used, adjusting for po-
tential confounders related to household characteristics and
adult biochemical markers.

Results: During 2017-2018, 59.38% of Peruvian adults
were classified as obese according to RFM, being more than
twice the prevalence of obesity according to Body Mass Index
(26.22%). In the multivariate model, obese individuals had a
45% and 25% higher prevalence of metabolic syndrome and
low HDL levels, respectively. Lifestyle habits were not signifi-
cantly associated with obesity.
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Conclusion: The prevalence of obesity according to the
RFM in Peru is high, affecting 6 out of 10 adults, with women
being the most susceptible. These findings show an unfavor-
able nutritional situation in Peru when using an alternative
anthropometric indicator.
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INTRODUCTION

Globally, obesity has become a major public health concern,
closely linked to the rise of non-communicable diseases such as
diabetes, hypertension, and cardiovascular diseases!. In Peru,
the prevalence of excess weight and obesity has increased sig-
nificantly in recent years, leading to a higher burden of meta-
bolic diseases among the adult population?. This trend has also
been observed in other Latin American countries, where obe-
sity levels and related comorbidities continue to rise3.

Although body mass index (BMI) is the most commonly
used tool for detecting obesity#, it has important clinical limi-
tations, such as not accounting for sex differences or the dis-
tribution of body fat to distinguish between fat mass and lean
mass, reducing its ability to estimate risks associated with co-
morbidities>8. These limitations have led to misclassifications
of obesity in individuals who do not have a high body fat per-
centage. Nevertheless, BMI continues to be widely used due
to its practical and simple application. Recently, the World
Health Organization (WHO) recommended the inclusion of
additional anthropometric markers to enable a more accurate
diagnosis of obesity, proposing two categories: preclinical and
clinical obesity®. This proposal underscores the need to seek
alternative approaches that incorporate a broader set of cri-
teria for obesity classification.
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Given the need for methods that balance practicality and ef-
fectiveness—especially in light of the limitations associated with
skinfold measurements or bicimpedance analysis—predictive
models have been proposed to estimate body fat percentage in
adults using easily obtainable anthropometric measurements.
Among these, the Relative Fat Mass (RFM) equation, developed
by Woolcott and Bergman in 2018, provides a more accurate
assessment of body composition, as it evaluates not only total
fat but also its distribution in the body!?. RFM has demon-
strated higher diagnostic accuracy in detecting obesity in both
sexes (AUC = 0.93) compared to BMI, highlighting its clinical
potentialll. However, despite the importance of RFM as a
health indicator, few studies in Peru and Latin America have ex-
amined its prevalence and the factors contributing to its vari-
ability. Additionally, as a secondary objective, we compared the
prevalence estimates based on RFM and BML.

The implementation of RFM could provide a different per-
spective on a country’s nutritional status, helping assess
whether public health interventions aimed at reducing over-
nutrition are effective. Therefore, given the limited evidence
on RFM in Peru and Latin America, this study aimed to de-
termine the prevalence of RFM and its associated factors in
a nationally representative sample of Peruvian adults from
2017-2018.

MATERIALS AND METHODS
Study design and population

A cross-sectional analytical study was conducted using data
from the Peruvian Food and Nutritional Surveillance by Life
Stages survey (VIANEV, by its Spanish acronym), carried out
by the National Center for Food and Nutrition, National
Institute of Health (Peru). The VIANEV participants included
in this study were selected from a subsample of adults aged
18 to 59 years who participated in the 2018 National
Household Survey (ENAHO) and had available information on
anthropometric measurements, biochemical markers, and
other assessments.

The survey ensures national inference through three do-
mains: Metropolitan Lima (the capital), urban areas, and ru-
ral areas of Peru. This process involved a two-stage random
sampling: first, a random selection of clusters, followed by a
second-stage random sampling of households. The survey in-
cluded information from 1,806 adults. For more technical de-
tails, the official survey report should be consulted!? In the
present study, pregnant women and adults with at least one
missing data on the covariates of interest were excluded.
(Figure 1) The final analyzed sample consisted of 895 partic-
ipants (Figure 1).

ENAHO 2017
N = 35,149 participants aged 0 - 98 years

h

VIANEV 2017 - 2018
N = 1,086 participants aged 18 - 59 years

Dropping observation with missing data (N = 192)

L 4

Eligible participants foy analysis
N =895

Sex.N=9

Age. N=20

Systolic pressure. N =44

High Density Lipoprotein. N= 112
HeightN =1

Abdominal perimeter. N=6

Figure 1. Flowchart of participant selection
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Variables
Outcome variable: Relative Fat Mass (RFM)

RFM is a linear equation that incorporates height (cm), waist
circumference (cm), and sex to estimate body fat percentage.
This indicator has been previously validated in European,
American, and Mexican populationsi?, and has also been applied
in both representative and non-representative national popula-
tions, including the Peruvian population3:14, RFM has a diag-
nostic accuracy of 91% in identifying obesity compared to DXA
in both men and women. Additionally, unlike BMI, RFM results in
a lower misclassification rate of obesity as determined by DXA.
The formula for calculating RFM is: 64 - (20 - (height(cm) / waist
circumference (cm)) + (12 x sex), where sex is assigned a value
of 1 for women and 0 for men. Obesity was classified as RFM
> 40% in women and RFM > 30% in men?®,

Additionally, for the classification of obesity according to
BMI (kg/m2), the equation proposed by the WHO was used:
weight (kg)/height (m)2. Obesity was defined as a BMI greater
than or equal to 30.

Explanatory variables

The explanatory variables were selected based on estab-
lished literature and included sociodemographic and lifestyle
factors. These variables comprised sex, age, educational
level, altitude of residence, region, type of residence (urban
or rural), daily smoking, alcohol consumption in the last
30 days, and daily intake of at least five servings of fruits
and/or vegetables'#16-19, Additionally, metabolic status-re-
lated variables were assessed following the definitions of the
Adult Treatment Panel III for metabolic syndrome classifica-
tion. Metabolic syndrome was defined as the presence of at
least three of the following components: diabetes (fasting
glucose > 110 mg/dL or a prior diagnosis of hyperglycemia),
hypercholesterolemia (total cholesterol > 200 mg/dL), hyper-
triglyceridemia (triglycerides > 150 mg/dL), hypertension
(systolic blood pressure > 140 mmHg or diastolic blood pres-
sure = 90 mmHg, or a prior diagnosis of hypertension), low
HDL cholesterol (< 40 mg/dL in men and < 50 mg/dL in
women), and elevated LDL cholesterol (= 100 mg/dL) 2.

Statistical analysis

The database was exported to STATA v16, where all statis-
tical analyses were performed. The analyses accounted for the
survey’s complex sampling design. Bivariate analyses were
conducted using Pearson’s chi-square test, the Kolmogorov—
Smirnov test, and the Kruskal-Wallis test, considering statisti-
cal significance at a p-value < 0.05. Multivariate analysis was
performed using a generalized linear model from the Poisson
family with a log link function and robust variance, establish-
ing crude (cPR) and adjusted prevalence ratios (aPR). The se-
lection of explanatory variables for the adjusted model was
based on both statistical and epidemiological criteria. Variables

with a p-value < 0.2 in the bivariate analysis (via Pearson’s
Chi-square test) were included in the adjusted model.
Additionally, the variable representing the daily consumption
of five servings of fruits and vegetables was included despite
not meeting the statistical criterion due to its epidemiological
significance. All association measures were reported with con-
fidence intervals (CI 95%).

To represent the national prevalence of obesity based on
RFM, a choropleth map of Peru was created using QGIS
Desktop 3.34.14. To visualize the severity of obesity at the na-
tional level, quintiles were generated by ranking prevalence
from lowest to highest, where the highest quintile repre-
sented the greatest severity.

Ethical considerations

The VIANEV survey is publicly accessible and available
through the Peruvian National Open Data Platform at the fol-
lowing link: https://datosabiertos.gob.pe/dataset/cenan-ins-
vigilancia-del-estado-nutricional-de-adolescentes-y-adultos-
mayores-per%C3%BA-2017-2018. The dataset does not
contain any sensitive information that could identify or con-
tact participants, ensuring confidentiality. Given that the study
does not involve the handling of sensitive participant data,
ethical committee approval was not required for this research.

RESULTS

Demographic, lifestyle, and biochemical characteristics of the
participants are presented in Table 1. A higher proportion of the
sample consisted of women, adults under 30 years old, and in-
dividuals with higher education. Three out of ten adults smoked
daily, and slightly more than half consumed alcohol in the past
month. About 30% consumed more than five servings of fruits
and vegetables per day, and 40% engaged in moderate to in-
tense physical activity. Regarding socioeconomic status and ge-
ographic distribution, 14.79% were in poverty, 15.36% lived be-
low 500 meters above sea level (m.a.s.l.), 51.03% resided in
Metropolitan Lima, and 18.95% lived in rural areas. Additionally,
33.26% of the sample had metabolic syndrome (Table 1).

The anthropometric characteristics of the sample, stratified
by sex and age, are presented in Table 2. The median RFM
and BMI were 37.82 and 26.66, respectively. Unlike waist cir-
cumference, the other measurements differed significantly by
sex. The median waist circumference was similar between
men and women. Regarding age, both RFM and BMI in-
creased from ages 18 to 49 and then declined in individuals
aged 50 and older, with statistically significant differences ob-
served across age groups. (Table 2) Additionally, six out of ten
Peruvian adults were classified as obese based on RFM
(59.38%) (Figure 2). The national prevalence of obesity
based on RFM was more than twice that reported using BMI
(26.22%). Among men, however, obesity was more fre-
quently identified according to BMI criteria. Regarding age, no
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Table 1. Characteristics of the sample. N = 895

N %* CI 95%%* N %%* CI 95%%*
Sex Region
Male 385 42.98 0.39 - 0.46 Metropolitan Lima 395 51.03 47.82 - 54.23
Female 510 57.01 0.53 - 0.60 Coast 177 1781 | 14.65-21.47
Age (years) Highlands 191 2026 | 16.72-24.33
Under 30 251 29.4 26.05 - 32.98
Jungle 132 10.88 8.5-13.84
30a39 230 25.12 21.92 - 28.62
Residence
40 a 49 218 24.15 20.97 - 27.64
Metropolitan Lima 395 51.03 47.82 - 54.23
50 a 59 196 21.31 18.39 - 24.55
Maximum level of education attained Urban 207 30.01 27.20 - 32.8
No education 20 1.54 0.94 - 2.52 Rural 293 18.95 | 17.06 - 20.99
Primary 190 16.35 13.9 - 19.14 Elevated waist circumference
Secondary 332 35.4 31.45 - 39.56 Low 536 58.71 55.01 - 62.31
Higher 353 46.69 42.37 - 51.06 High 359 41.28 37.68 - 44.98
Daily smoking Hypertension
No 873 97.02 95.19 - 98.17 No 796 90.13 87.6 - 92.2
Yes 22 2.97 1.82-4.8
Yes 99 9.86 7.79 - 12.39
Drinking alcohol during the last month
Diabetes
No 451 46.19 42.3 - 50.12
No 580 65.66 61.34 - 69.71
Yes 444 53.8 49.87 - 57.69
. ] _ Yes 315 34.34 30.28 - 38.65
Consumption of 5 servings of fruits or vegetables
per day Hypercholesterolemia
No 627 67.66 | 63.58 - 7149 No 615 7058 | 66.87 - 74.03
ves 268 3233 | 285-3641 Yes 280 2941 | 25.96-33.12
Physical activi
ysical activity Low HDL
Mild 512 60.34 56.37 - 64.17
No 207 22.25 19.01 - 25.87
Moderate/Severe 383 39.65 35.82 - 43.62
Yes 688 77.74 74.12 - 80.98
Poverty
Elevated LDL
Poor 150 14.79 12 -18.11
Not poor 745 85.2 81.88 - 87.99 No 339 39.39 3544 - 43.49
Altitude Yes 556 60.6 56.5 - 64.55
<500 626 73.68 69.52 - 77.45 Metabolic syndrome
500 - 2499 124 10.95 8.31 - 14.3 No 596 66.73 63.18 - 70.09
> 2500 145 15.36 12.18 - 19.18 Yes 299 33.26 29.9 - 36.81

* Weighted percentages according to survey complex sampling. CI: Confidence Interval.
RFM: relative fat mass, HDL: high-density lipoprotein, LDL: low-density lipoprotein.

Nutr Clin Diet Hosp. 2025; 45(2):194-203



PREVALENCE AND FACTORS ASSOCIATED WITH RELATIVE FAT MASS IN PERU: A CROSS-SECTIONAL ANALYSIS OF THE 2017—2018 NATIONAL SURVEY

Table 2. Anthropometric measurements of the participants and prevalence of obesity according to RFM and BMI

Sex Age
Global Male Female Under 30 30-39 40 - 49 50 - 59
(n = 895) | (n = 385) | (n = 510) (n = 251) | (n = 230) | (n = 218) | (n = 196)
Median (IQ) P value® Median (IQ) P value®
Weight (58: 5-'775.0) (61: Ei'779.2) (56.26 ?1.471.8) <0.001 (54.66 1—'770.2) (59.36 7—.476.3) (59.86 Eil77.4) (59.96 3.776.2) <0.001
Height (15155—7-%64.2) (160.;6f'569.5) (148.315—2'i56.4) <0.001 (153.31555'?66.9) (151.(1)5—7"1564.2) (150.%359?63.3) (150.105 5-'61562.1) <0.001
Waist %056 9.5 %038 . 823 9.9 9438 %.5 <0001
Gircumference | (828-989) | (83.1-99) | (826-98.9) (767-896) | (847-99.0) | (869~ 101.3) | (894 - 102.2)
RFM (29.6:;7;824.17) (25.0?8;93%1.65) (40.0;3;5:156.27) <0.001 (25.33 2-'5329.92) (29.728i5i4.24) (31.311;3:5.66) (31.629;6i5.37) <0.001
BMI (23.6§6i6§o.04) (22.9?)6;0228.58) (24.2?57;420.76) <0001 (21.724;256.93) (24.5297 '9630.4) (24.628i2311.01) (25.2§7i5§0.85) <0001
RFM obesity (n = 533) BMI obesity (n = 583)
% (CI95%) % (CI95%) P valor
Global 59.38 (55.56 — 63.09) 26.22 (22.87 — 29.86) < 0.001
Sex
Male 29.15 (24.96 — 33.74) 34.34 (27.7 - 41.63) < 0.001
Female 70.85 (66.25 — 75.03) 65.66 (58.36 — 72.29)
Age
Under 30 13.93 (10.92 - 17.62) 12.54 (8.45 — 18.18) 0.069
30 - 39 26.85 (22.66 — 31.49) 25.62 (19.52 — 32.85) 0.452
40 - 49 31.35 (26.68 — 36.39) 33.18 (26.24 — 40.92) 0.457
50 - 59 27.87 (23.64 - 32.54) 28.66 (22.43 — 35.83) 0.132

Weighted percentages according to survey complex sampling. 2: p-value obtained from the Kolmogorov-Smirnov test. b: p-value obtained from
the Kruskal-Wallis test. Relative fat mass. BMI: Body Mass Index. CI: confidence interval.

significant differences were found in obesity prevalence when
comparing the two anthropometric measures. (Table 2)

Table 3 presents the bivariate analysis between obesity
based on RFM and explanatory variables. The proportion of
women with obesity was higher (73.8%) compared to men
(40.28%). Obesity prevalence ranged from 63% to 77%
across different age groups (p<0.001). A lower prevalence of
obesity was observed among individuals with higher educa-
tional attainment (p<0.001). Except for diabetes, which
showed no significant difference between obesity groups,
chronic diseases were present in more than 65% of individu-
als with obesity (p<0.001).

In the multivariate analysis, women had a 70% higher
prevalence of RFM obesity compared to men. Regarding age
groups, older adults had a progressively higher prevalence of
RFM obesity, with those aged 50-59 years having more than
double the prevalence compared to younger adults.
Educational level, smoking, alcohol consumption, fruit and
vegetable intake, and physical activity were not significantly
associated with RFM. Among metabolic outcomes, hyperten-
sion, diabetes, and hypercholesterolemia were not signifi-
cantly associated with RFM obesity in the adjusted model.
However, low HDL levels and metabolic syndrome remained
significantly associated with RFM obesity (Table 4).
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Table 3. Bivariate analysis between RFM-defined obesity and other adult characteristics

‘L"&"s‘l’t“"t Obesity Without obesity Obesity
N = 362 N = 533 p N = 362 N = 533 p
- valor valor
% (CI 95%) | % (CI 95%) % (CI 95%) % (CI 95%)
Sex Altitude
Male 63.21 (57.37 - 68.69) | 29.15 (24.96 - 33.74) <500 73.03 (67.39 - 78.01) | 74.12 (69.09 - 78.59)
<0.001
Female 36.78 (31.3 - 42.62) | 70.84 (66.25 - 75.03) 500 - 2499 1042 (7.39 - 14.48) | 11.32(8.04-15.71) | 0.751
Age (years) > 2500 16.54 (12.09 - 22.22) 14.55 (11 - 19)
Region
Under 30 52,01 (45.9 - 58.07) | 13.93 (10.92 - 17.61)
Metropolitan Lima | 52.72 (48.95 - 56.47) 49.87 (46 - 53.74)
30 a 39 22.6 (18.28 - 27.6) | 26.85 (22.66 - 31.49)
<0.001 Coast 15.89 (12.22 - 20.42) | 19.11 (15.39 - 23.48)
40 a 49 13.64 (1035 - 17.77) | 31.33 (26.67 - 36.4) 0.244
Highlands 21.68 (16.92 - 27.35) | 19.29 (15.14 - 24.26)
50 a 59 11,72 (8.16 - 16.56) | 27.87 (26.63 - 32.54)
Jungle 9.68 (7.1 - 13.06) 11.71 (8.76 - 15.48)
Maximum level of education attained Residence
No education 06(0.1-187) | 219(125-38) Metropolitan Lima | 52.72 (48.95 - 56.47) |  49.87 (46 - 53.74)
Primary 12.31(9.13-16.39) | 19.12 (15.8 - 22.94) 0001 Urban 26.74 (23.45 - 30.29) | 32.25(28.88 - 35.86) | 0.457
<U.
Secondary 32.6 (27.24 - 38.45) | 37.32 (32.5 - 42.39) Rural 20.53 (18.2 - 23.07) | 17.87 (15.84 - 20.09)
Higher 54,48 (48.49 - 60.34) | 41.36 (36.31 - 46.6) Hypertension
Daily smoking No 94.68 (91.41 - 96.75) | 87.02 (83.54 - 89.85) o001
No 95.89 (92.2- 97.87) | 978 (35.6 - 98.91) Yes 531(3.24-8.58) | 12.97 (10.14 - 16.45)
0.187 -
Yes 41(212-779) | 2.19(1.08-439) Diabetes
. - No 63.51 (57.09 - 69.47) | 67.11 (61.79 - 72.03)
Drinking alcohol during the last month 0.346
Yes 36.48 (30.52 - 42.9) | 32.88 (27.96 - 38.2)
No 39.05 (33.76 - 44.62) | 51.06 (46.11 - 56)
0.001 Hypercholesterolemia
Yes 60.94 (55.37 - 66.23) | 48.93 (43.99 - 53.88)
No 78.81 (73.94 - 82.98) | 64.95 (59.84 - 69.74)
Consumption of 5 servings of fruits <0.001
or vegetables per day Yes 21.18 (17.01 - 26.05) | 35.04 (30.25 - 40.15)
No 65.12 (58.7 - 71.02) | 69.4 (6448 - 73.92) Low HDL
0.251 . i
Ves 34,87 (2897 - 41.29) | 3059 (26.07 - 35.51) No 34.7 (29.03 - 40.84) | 13.74 (10.27 - 18.13) <001
- — Yes 65.29 (59.15 - 70.96) | 86.25 (81.86 - 89.72)
Physical activity
Elevated LDL
Mild 54,08 (48.18 - 59.87) | 64.61 (59.75 - 69.19)
0.003 No 49.23 (42.83 - 55.66) | 32.66 (28.12 - 37.56)
Moderate/Severe | 45,91 (40.12 - 51.81) | 35.38 (30.8 - 40.24) <0.001
Yes 50.76 (44.33 - 57.16) | 67.33 (62.43 - 71.87)
P
overty Metabolic syndrome
Poor 13.94 (10.31 - 18.59) | 15.38 (12.12 - 19.31) 0550 No 90.15 (85.89 - 93.22) | 5071 (45.83 - 55.56)
. <0.001
Not poor 86.06 (81.4 - 89.68) | 84.61 (80.68 - 87.87) Yes 9.84(6.77 - 14.1) | 49.28 (44.41 - 54.16)

* Weighted percentages according to survey complex sampling. CI: Confidence Interval.
RFM: relative fat mass. HDL: high-density lipoprotein. LDL: low-density lipoprotein.
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Table 4. Multivariate analysis between obesity as defined by RFM and other adult characteristics

cPR | CI95% | aPR* | CI95% cPR | CI95% | aPR* | CI95%
Male Ref Ref < 500 Ref )
Female 192 | 1.68-2.20 | 1.7 | 1.5-1.93 >0 - 2499 0.95 | 0.81-1.12
> 2500 0.93 | 0.79 - 1.09
Age (years)
Region
Under 30 Ref Ref
Metropolitan Lima | Ref -
30a 39 203 | 1.64-252 | 1.75 | 1.44-2.13
@ Coast 11 |0.96-1.26
40 a 49 2.4 1.96 - 2.95 1.87 1.54 - 2.27 Highlands 0.93 0.8 - 1.09
50 a 59 2.62 | 2.15-3.21 2.1 1.72 - 2.56 Jungle 1.04 | 0.89 - 1.22
Maximum level of education attained Residence
No education Ref Ref Metropolitan Lima | Ref -
Primary 0.82 | 0.66-1.01 | 1.02 | 0.8-1.29 Urban 1.1 10.96-1.25
Secondary 0.7 | 0.57-0.86 | 1.05 | 0.82-135 Rural 0.97 ] 0.85-1.10
; Hypertension
Higher 0.6 0.49 - 0.75 0.95 0.74 - 2.56
No Ref Ref
Daily smoking
Yes 141 | 1.26 - 1.59 1.03 |0.92-1.15
No Ref Ref -
Diabetes
Yes 0.91 | 0.62-1.34 1.02 0.76 - 1.36 No Ref j
Drinking alcohol during the last month Yes 0.98 | 0.88 - 1.10
No Ref Ref Hypercholesterolemia
Yes 0.83 | 0.74-0.92 0.97 0.88 - 1.08 No Ref Ref
Consumption of 5 servings of fruits or vegetables per day Yes 1.29 | 1.16-1.44 | 1.01 [0.91-1.12
No Ref Ref Low HDL
Yes 0.94 | 0.83-1.06 | 1.01 | 0.91-1.11 No Ref Ref
Yes 1.8 1.5-2.18 1.25 | 1.05-1.49
Physical activity
Elevated LDL
Mild Ref Ref
No Ref Ref
Moderate/Severe | 0.85 | 0.76 - 0.95 0.94 0.86 - 1.04
Yes 1.34 | 1.19-1.52 1.11 | 0.99-1.26
Poverty Metabolic syndrome
Poor Ref - No Ref Ref
Not poor 0.97 | 0.84-1.12 Yes 1.98 1.8-2.18 145 |1.31-1.61

* The estimates shown were adjusted for the variables that showed a p value <0.2 in the bivariate analysis (Pearson's chi-square). The variable
“consumption of 5 portions of fruit or vegetables per day” was also adjusted for its epidemiological relevance despite not meeting the statistical
criterion. RFM: relative fat mass, HDL: high-density lipoprotein, LDL: low-density lipoprotein, cPR: crude prevalence ratio, aPR: adjusted preva-
lence ratio. CI: Confidence interval, Ref: Referential.

Nutr Clin Diet Hosp. 2025; 45(2):194-203



NUTRICION CLINICA Y DIETETICA HOSPITALARIA

Obesity prevalence based on the Relative Fat Mass (RFM)
in Peruvian adults between the ages of 18 and 59 years
during 2017-2018

RFM Obesity Prevalence (%)
| 41.7 - 51.6

[]1516-602

[ 60.2 - 65.8

B 65.8 - 70.9

B 70.9 - 80.8

Figure 2. Prevalence of obesity defined by RFM in Peru during
2017-2018

DISCUSSION

In this study, we assessed the prevalence of obesity based
on RFM in Peruvian adults and its associated factors, using a
nationally representative sample. We found that six out of ten
adults were classified as obese according to RFM, which is
twice the prevalence observed when using BMI criteria. These
substantial differences in obesity prevalence depending on the
diagnostic criteria reveal an alarming scenario in Peru, sug-
gesting a potential underestimation of obesity when using BMI.

This difference in obesity prevalence has also been ob-
served in the United States, where BMI-based obesity preva-

Nutr Clin Diet Hosp. 2025; 45(2):194-203

lence was 42.2% in 2017-2020, whereas RFM-based preva-
lence reached 64.7%, particularly affecting women and older
adults!! Additionally, our findings confirm that obesity preva-
lence increases with age, doubling among those aged 50-59
years compared to adults under 30 year, with a higher preva-
lence observed among women.

RFM incorporates height, waist circumference, and sex into
its equation, making it a strong predictor of body fat percent-
age. These characteristics position RFM as a potential tool for
cardiovascular risk assessment?!, Regarding dyslipidemias, we
found that low HDL levels were significantly associated with
obesity, consistent with the inverse relationship between body
fat percentage and this lipid marker?2. However, no association
was found with hypercholesterolemia or elevated LDL levels.
These results could be due to genetic and ethnic variations in
our sample of Latino adults, who appear to be less susceptible
to hypercholesterolemia?324, Regarding metabolic syndrome,
several studies have evaluated RFM’s predictive ability for this
condition yielding results consistent with our findings?>:2%, in-
cluding studies conducted in Peruvian adults?3.

Contrary to expectations, obesity was not associated with
socioeconomic determinants such as education level, poverty,
or place of residence3. This might be explained by the specific
characteristics of our surveyed population, where no signifi-
cant differences were observed among subgroups. In the
context of epidemiological and nutritional transitions, Peru
has improved health equity indicators, narrowing the gap in
healthcare access across different groups?’. Similarly, lifestyle
factors such as smoking, alcohol consumption, and fruit and
vegetable intake were not associated with obesity. Fruits and
vegetables provide essential nutrients for a healthy diet and
are key in obesity prevention. However, our results align with
findings from other Peruvian population-based surveys,
where fruit and vegetable consumption was not associated
with obesity based on BMI?8 or with high waist circumfer-
ence?®, While some evidence suggests that fruit and veg-
etable intake has no direct effect on obesity3?, these findings
could be influenced by the data collection method used in the
survey—24-hour dietary recall.

This study has some limitations that should be consid-
ered. First, the cross-sectional design only allows for asso-
ciations to be established, not causal pathways, and re-
verse causality cannot be ruled out. Second, due to our
sample’s characteristics, findings may not be generalizable
to other Latin American ethnic groups. Third, we did not
account for additional potential confounders that could in-
fluence the associations, as the survey did not collect such
information. Nevertheless, a key strength of our study is its
national representativeness, enabled by the survey’s sam-
pling technique. This allows for population-level inference
in Peru, making our findings relevant for public health de-
cision-making.
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CONSLUSIONS

Six out of ten Peruvian adults were classified as obese ac-
cording to RFM during 2017-2018. Women had an obesity
prevalence more than 30 percentage points higher than men.
Additionally, obesity prevalence increased with age, nearly
doubling among adults aged 50-59 years compared to
younger adults. By using an alternative diagnostic criterion for
obesity, our findings reveal a concerning epidemiological sce-
nario, suggesting that the true burden of obesity in Peru may
be underestimated.

ACKNOWLEDGMENTS

We extend our gratitude to the National Institute of Health
of Peru and the National Center for Food, Nutrition, and
Healthy Living for their efforts in developing the VIANEV sur-
vey, which continues to provide valuable data for research.

BIBLIOGRAPHY

1. Zhang X, Ha S, Lau HCH, Yu J. Excess body weight: Novel insights
into its roles in obesity comorbidities. Seminars in Cancer Biology.
2023;92: 16-27. https://doi.org/10.1016/j.semcancer.2023.03.008.

2. Guzman-Vilca WC, Carrillo-Larco RM. Sindrome metabdlico en el
Pert: Analisis de una encuesta nacional de salud en 2017-2018.
Revista del Cuerpo Médico Hospital Nacional Almanzor Aguinaga
Asenjo. 2024;17(2). https://doi.org/10.35434/rcmhnaaa.2024.
172.2245.

3. De Menezes MC, Duran AC, Langellier B, Pérez-Ferrer C, Barnoya
J, Mayén AL. Socioeconomic Position, Pre-Obesity and Obesity in
Latin American Cities: A Systematic Review. International Journal
of Social Determinants of Health and Health Services. 2024;54(3):
224-232. https://doi.org/10.1177/27551938241238677.

4. Trends in adult body-mass index in 200 countries from 1975 to
2014: a pooled analysis of 1698 population-based measurement
studies with 19-2 million participants. The Lancet. 2016;
387(10026): 1377-1396. https://doi.org/10.1016/S0140-6736
(16)30054-X.

5. WuY, Li D, Vermund SH. Advantages and Limitations of the Body
Mass Index (BMI) to Assess Adult Obesity. International Journal
of Environmental Research and Public Health. 2024;21(6): 757.
https://doi.org/10.3390/ijerph21060757.

6. Okorodudu DO, Jumean MF, Montori VM, Romero-Corral A,
Somers VK, Erwin PJ, et al. Diagnostic performance of body mass
index to identify obesity as defined by body adiposity: a system-
atic review and meta-analysis. International Journal of Obesity.
2010;34(5): 791-799. https://doi.org/10.1038/ijo.2010.5.

7. Nuttall FQ. Body Mass Index: Obesity, BMI, and Health A Critical
Review. Nutrition Today. 2015;50(3): 117-128. https://doi.org/
10.1097/NT.0000000000000092.

8. Romero-Corral A, Somers VK, Sierra-Johnson ], Thomas RJ,
Collazo-Clavell ML, Korinek J, et al. Accuracy of body mass index
in diagnosing obesity in the adult general population. International
Journal of Obesity. 2008;32(6): 959-966. https://doi.org/
10.1038/ijo.2008.11.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Rubino F, Cummings DE, Eckel RH, Cohen RV, Wilding JPH,
Brown WA, et al. Definition and diagnostic criteria of clinical obe-
sity. The Lancet Diabetes & Endocrinology. 2025;13(3): 221—-
262. https://doi.org/10.1016/S2213-8587(24)00316-4.

Woolcott OO, Bergman RN. Relative fat mass (RFM) as a new es-
timator of whole-body fat percentage - A cross-sectional study in
American adult individuals. Scientific Reports. 2018;8(1): 10980.
https://doi.org/10.1038/s41598-018-29362-1.

Woolcott OO, Seuring T. Temporal trends in obesity defined by
the relative fat mass (RFM) index among adults in the United
States from 1999 to 2020: a population-based study. BMJ Open.
2023;13(8): e071295. https://doi.org/10.1136/bmjopen-2022-
071295.

INS/CENAN. Informe técnico de la Vigilancia Alimentaria y
Nutricional por Etapas de Vida;, Adultos 2017 2018. 2021.
https://www.gob.pe/institucion/ins/informes-publicaciones/420
2390-informe-tecnico-estado-nutricional-en-adultos-de-18-a-59-
anos-vianev-2017-2018

Chaquila JA, Ramirez-Jeri G, Miranda-Torvisco F, Baquerizo-Sedano
L, Aparco JP. Predictive ability of anthropometric indices for risk of
developing metabolic syndrome: a cross-sectional study. Journal of
International Medical Research. 2024;52(11): 03000605241300017.
https://doi.org/10.1177/03000605241300017.

Woolcott OO0, Seuring T, Castillo OA. Lower Prevalence of Body Fat-
Defined Obesity at Higher Altitudes in Peruvian Adults. High
Altitude Medicine & Biology. 2023;24(3): 214-222. https://doi.org/
10.1089/ham.2022.0097.

Woolcott OO, Bergman RN. Defining cutoffs to diagnose obesity
using the relative fat mass (RFM): Association with mortality in
NHANES 1999-2014. International Journal of Obesity. 2020;
44(6): 1301-1310. https://doi.org/10.1038/s41366-019-0516-8.

Cao C, Yu K, Lin F, Xu A, Zhou M. Relationship between relative
fat mass and low-carbohydrate diet scores and sleep disorders in
United States: a real-world cross-sectional study. Frontiers in
Nutrition. 2024;11.

Cacciatore S, Gava G, Calvani R, Marzetti E, Coelho-JUnior HJ,
Picca A, et al. Lower Adherence to a Mediterranean Diet Is
Associated with High Adiposity in Community-Dwelling Older
Adults: Results from the Longevity Check-Up (Lookup) 7+ Project.
Nutrients. 2023. https://doi.org/10.3390/nu15234892.

Kyle UG, Morabia A, Schutz Y, Pichard C. Sedentarism affects body
fat mass index and fat-free mass index in adults aged 18 to 98
years. Nutrition. 2004;20(3): 255-260. https://doi.org/10.1016/
j.nut.2003.11.019.

Wang D, Chen Z, Wu Y, Ren J, Shen D, Hu G, et al. Association
between two novel anthropometric measures and type 2 diabetes
in a Chinese population. Diabetes, Obesity and Metabolism.
2024;26(8): 3238-3247. https://doi.org/10.1111/dom.15651.

Rubio MA, Moreno C, Cabrerizo L. Guias para el tratamiento de las
dislipemias en el adulto: Adult Treatment Panel III (ATP-III).
Endocrinologia y Nutricion. 2004;51(5): 254-265. https://doi.org/
10.1016/S1575-0922(04)74614-8.

Nutr Clin Diet Hosp. 2025; 45(2):194-203



NUTRICION CLINICA Y DIETETICA HOSPITALARIA

21.

22.

23.

24.

25.

Woolcott OO0, Samarasundera E, Heath AK. Association of rela-
tive fat mass (RFM) index with diabetes-related mortality and
heart disease mortality. Scientific Reports. 2024;14(1): 30823.
https://doi.org/10.1038/s41598-024-81497-6.

Gomez-Ambrosi ], Silva C, Galofré JC, Escalada J, Santos S,
Millan D, et al. Body mass index classification misses subjects
with increased cardiometabolic risk factors related to elevated
adiposity. International Journal of Obesity. 2012;36(2): 286—
294. https://doi.org/10.1038/ijo.2011.100.

Rivas-Gomez B, Aimeda-Valdés P, Tussié-Luna MT, Aguilar-Salinas
CA. DYSLIPIDEMIA IN MEXICO, A CALL FOR ACTION. Revista De
Investigacion Clinica; Organo Del Hospital De Enfermedades De
La Nutricion. 2018;70(5): 211-216. https://doi.org/10.24875/
RIC.18002573.

Rodriguez CJ, Daviglus ML, Swett K, Gonzalez HM, Gallo LC,
Wassertheil-Smoller S, et al. Dyslipidemia patterns among
Hispanics/Latinos of diverse background in the United States. The
American Journal of Medicine. 2014;127(12): 1186-1194.el.
https://doi.org/10.1016/j.amjmed.2014.07.026.

Al-Shami I, Alkhalidy H, Alnaser K, Mukattash TL, Al Hourani H,
Alzboun T, et al. Assessing metabolic syndrome prediction quality
using seven anthropometric indices among Jordanian adults: a
cross-sectional study. Scientific Reports. 2022;12: 21043.
https://doi.org/10.1038/s41598-022-25005-8.

Nutr Clin Diet Hosp. 2025; 45(2):194-203

26.

27.

28.

29.

30.

Kobo O, Leiba R, Avizohar O, Karban A. Relative fat mass is a
better predictor of dyslipidemia and metabolic syndrome than
body mass index. Cardiovascular Endocrinology & Metabolism.
2019;8(3): 77-81. https://doi.org/10.1097/XCE.00000000000
00176.

Carrillo-Larco RM, Guzman-Vilca WC, Leon-Velarde F, Bernabe-Ortiz
A, Jimenez MM, Penny ME, et al. Peru — Progress in health and sci-
ences in 200 years of independence. Lancet Regional Health -
Americas. 2021;7: 100148. https://doi.org/10.1016/j.lana.2021.
100148.

Arribas-Harten C, Battistini-Urteaga T, Rodriguez-Teves MG,
Bernabé-Ortiz A. Association between obesity and fruit and veg-
etable consumption: a population-based study in Peru. Revista chi-
lena de nutricion. 2015;42(3): 241-247. https://doi.org/10.4067/
S0717-75182015000300003.

Guerra Valencia J, Ramos W, Cruz-Ausejo L, Torres-Malca JR,
Loayza-Castro JA, Zefas-Trujillo GZ, et al. The Fruit Intake—
Adiposity Paradox: Findings from a Peruvian Cross-Sectional
Study. Nutrients. 2023;15(5): 1183. https://doi.org/10.3390/
nu15051183.

Wilunda C, Sawada N, Goto A, Yamaji T, Takachi R, Ishihara J, et
al. Associations between changes in fruit and vegetable con-
sumption and weight change in Japanese adults. European
Journal of Nutrition. 2021;60(1): 217-227. https://doi.org/
10.1007/s00394-020-02236-x.



