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Abstract

Background: The metabolically obese normal-weight (MONW) 
phenotype has been considered a risk factor for different chronic dis-
eases, but its role in high blood pressure (HBP) is still unclear. The 
aim of the study is to determine if the MONW phenotype constitutes 
a risk factor for hypertension in Peruvian adults belonging to a 5-year 
cohort.

Methods: This is a retrospective cohort study. A secondary analysis 
from the database of the PERU MIGRANT study was carried out 
from the MONW and non-MONW cohorts; after a 5-year follow-up, 
the appearance of HBP was evaluated in the subjects of both cohorts. 
To assess the strength and magnitude of the association, a Poisson 
regression model (crude and adjusted) with robust variance was used. 
The measure of association was the relative risk (RR).

Results: The incidence of HBP was 11.30%. In the multivariable 
analysis, subjects with the MONW phenotype had a 2.879-fold risk 
of presenting HBP in 5 years compared with those who were not 
MONW at the beginning of the study; this was adjusted for catego-
rized age, sex, group, and state of smoker and alcohol drinker (RR: 
2.055; 95% confidence interval (CI): 1.118 - 3.777; P = 0.020).

Conclusions: The presence of the MONW phenotype doubled the 
incidence of HBP, even after adjusting for other covariates. How-
ever, studies in this field should continue. If these findings are con-

firmed, it should be considered that presenting an adequate weight 
for height should not be interpreted as a condition free of metabolic 
alterations, so screening for hypertension should be carried out re-
gardless of whether or not the body mass index obtained is consid-
ered normal.

Keywords: Obesity; Metabolism; Hypertension; Peru

Introduction

High blood pressure (HBP) is one of the main risk factors 
for the development of ischemic heart disease, cerebrovas-
cular disease, and other cardiovascular diseases [1]. By the 
year 2019 the number of people affected by hypertension was 
more than 1 billion, and this figure has doubled since 1990 [2]. 
Globally, the prevalence of HBP oscillates around 30% [3]. In 
Peru, the prevalence of hypertension is estimated at 21.7% [4] 
and the associated financial resources represent around 6% of 
the country’s total health budget [5].

The association between obesity and hypertension was es-
tablished prospectively from the Framingham study [6], and 
has been extensively documented by other studies, with even 
65% to 78% of cases of primary hypertension [7, 8]. However, 
there are different obesity phenotypes, including those that 
present metabolic alterations despite maintaining an average 
body mass index (BMI) [9, 10], which is called metabolically 
obese normal-weight (MONW). As previously reported in dif-
ferent studies, this phenotype is more common than expected 
[11-13].

Different studies, mainly carried out in the Asian popula-
tion, have reported an association between the MONW phe-
notype and the increased risk of developing HBP [12, 14] or 
cardiovascular risk [15], when compared to the healthy popu-
lation. In these works, follow-up of cohorts was carried out 
between 4 to 8 years, and it was observed that the risk of devel-
oping hypertension showed a pattern of increase over 4 years 
of follow-up [1, 12, 14]. However, not all studies have found 
a relationship between this obesity phenotype and the risk of 
hypertension, as is the case in the work by Ding et al, in which 
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the 6-year follow-up of a cohort of children and adolescents 
did not report a significant difference between the incidence 
of hypertension compared with healthy peers [16]; therefore, 
the age at which the association occurs could be a factor to 
consider [15]. In turn, elevations in blood pressure have previ-
ously been associated with different components of MONW 
criteria, such as waist circumference (WC) [17].

Since there are still controversies, and the lack of con-
clusive evidence of this in the Latin American population, the 
objective of the present study was to determine the risk of the 
MONW phenotype for HBP in Peruvians belonging to a 5-year 
cohort.

Materials and Methods

Design

This is a retrospective cohort study. The study constitutes a 
secondary analysis of the PERU MIGRANT study cohort da-
tabase, designed to assess the magnitude of the differences 
between groups of rural, rural to urban, and urban migrants 
concerning cardiovascular risk factors [18].

Study population

It was evaluated in two periods: the first was between the pe-
riod 2007 - 2008, then carried out a follow-up and subsequent 
evaluation of the population at 5 years, between the period 
2012 - 2013. Said database is freely accessible to the public 
[19].

At the beginning of the study, the study groups were de-
fined by a unique random sampling of participants aged 30 
years or older from the rural site of Ayacucho, the urban area 
of Lima, and migrants from the countryside to the city of Aya-
cucho who now reside in Lima. Information on selection cri-
teria, sample size, and participation rates have been previously 
published [18]. Initially, the total number of participants that 
were recruited in the primary study was 989 people. For the 
present manuscript, patients with a diagnosis of HBP and type 
2 diabetes mellitus were excluded at the first evaluation. Those 
who did not present the main variables of interest (HBP and 
MONW) were also excluded.

Variables and measurement

The response variable was the development of hypertension, 
defined as the presence of systolic blood pressure (SBP) ≥ 140 
mm Hg or diastolic blood pressure (DBP) ≥ 90 mm Hg, ac-
cording to international guidelines, or the current use of anti-
hypertensive medication prescribed by a physician.

MONW phenotype is defined as a person who presents an 
average BMI but also metabolic alteration [9, 10]. Two cohorts 
were reconstructed based on the absence or presence of the 
MONW phenotype: the cohort exposed to the MONW pheno-
type and the non-exposed cohort. The MONW phenotype was 

defined using the cut-off points of the metabolic syndrome cri-
teria proposed by the International Diabetes Federation (IDF) 
[20], as well as those for the homeostasis model assessment 
of insulin resistance (HOMA-IR) index and C-reactive protein 
(CRP) described by previous studies [21]. Finally, subjects 
were classified as having MONW if they presented at least two 
of the following criteria: WC ≥ 80 cm for women or ≥ 90 for 
men (the cut-off point for South Asia was used according to the 
IDF proposal), triglycerides ≥ 150 mg/dL, fasting glucose ≥ 
100 mg/dL (or if receiving glucose-lowering treatment), SBP ≥ 
130 mm Hg, or DBP ≥ 85 mm Hg (or if receiving treatment to 
lower blood pressure levels), high-density lipoprotein (HDL)-
cholesterol < 50 mg/dL in women or < 40 mg/dL in men, in-
sulin resistance (IR) through HOMA-IR ≥ 2.80 and CRP ≥ 3 
mg/dL.

The covariates that were considered in the first data col-
lection were age group 29 to 44, 45 to 59 and 60 years and 
over); sex (male vs. female); group (urban vs. rural vs. mi-
grant); current smoking status (yes vs. no); alcohol consump-
tion (low vs. high); level of physical activity (high vs. medium 
vs. low).

Data collection and procedure

Participants initially enrolled in the PERU MIGRANT study 
between 2007 and 2008 were contacted again between 2012 
and 2013 for follow-up purposes. After oral consent, the par-
ticipants were asked to respond to a detailed questionnaire.

Weight and WC were measured in triplicate using stand-
ardized techniques. Blood pressure was taken using an OM-
ROM HEM-780 digital blood pressure monitor (OMRON, 
Tokyo, Japan). Blood samples were obtained in the fasting 
period. Glucose was measured in plasma using an enzymatic 
colorimetric method (GOD-PAP; Modular P-E/Roche-Cobas, 
Grenzach-Whylen, Germany). To know the level of physical 
activity of the participant, the International Physical Activity 
Questionnaire (IPAQ) was used, which was categorized ac-
cording to the total number of days of physical activity and the 
metabolic equivalent in minutes/week in the three aforemen-
tioned categories.

Statistical analysis

All statistical analyzes were performed with Stata 17.0. The 
descriptive analysis was done with all the subjects of the first 
evaluation. The categorical variables were presented in fre-
quencies and percentages. Then, comparisons were made with 
subjects who remained until the second evaluation. Since the 
response variable and the exposure variables were categorical, 
the Chi-square test was used.

To assess the strength and magnitude of the association, a 
Poisson regression model (crude and adjusted) was used with 
robust variance between the development of obesity and the 
MONW phenotype, considering the possible confusion vari-
ables in the adjusted model. The association measure was the 
relative risk (RR) with its respective confidence interval (CI) 
of 95%.
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Ethical considerations

Approval was obtained from the Ethics Committee of the Uni-
versidad Peruana Cayetano Heredia. The purpose of the study 
was detailed to each participant, and informed consent was 
subsequently obtained. Participants who were originally part 
of the PERU MIGRANT 2007 - 2008 study were contacted 
in the years 2012 to 2013. Additionally, the present study was 
conducted in compliance with the ethical standards of the Hel-
sinki Declaration. The present study is an analysis of second-
ary data, in which there was no human contact with the sub-
jects who signed part of the study. Therefore, there was no risk 
to the participants.

Results

We only worked with those with a normal weight (n = 405). 
Subsequently, hypertensive patients (n = 24), those with DM2 
(n = 3) and those with missing values for the formation of the 
MONW variable (n = 11) were excluded.

After applying the selection criteria, 367 people were 
available for analysis; 43.9% were female; 15.5% were 60 or 
older. Regarding harmful habits, 12.6% were currently smok-
ers, while 10.9% consumed alcohol in high quantities (Table 1).

From the sample, the MONW cohort was reconstructed, 
which consisted of 85 people; while, the people who did not 
present this phenotype, who constituted the unexposed cohort, 
were 221.

After 5 years of follow-up, 345 subjects completed the 
study, 22 subjects due to loss to follow-up. Arterial hyperten-
sion (AHT) was diagnosed in 20.6% of the MONW cohort and 
in 7.1% of the unexposed cohort (Chi-square test; P < 0.001); 
thus, the incidence in the MONW cohort was 3.8 cases per 100 
person-years and 1.4 cases per 100 person-years (Fig. 1). The 
age group (P < 0.001) and the migration group (P = 0.042) also 
had a statistically significant association with the development 
of this disease (Table 2).

In the multivariable analysis, the subjects who presented 
the MONW phenotype had a 2.879-fold risk of presenting HBP 

in 5 years, compared to those who were not MONW at the 
beginning of the study. This was adjusted by categorized age, 
sex, group, state of smoker and alcohol drinker (RR: 2.055; 

Table 1.  Baseline Characteristics of the Study Sample

Characteristics N (%)
Sex
  Feminine 161 (43.9)
  Masculine 206 (56.1)
Age group (years)
  29 to 44 years old 177 (48.2)
  45 to 59 years old 133 (36.2)
  60 years old or older 57 (15.5)
Migration group
  Rural 145 (39.5)
  Migrant 171 (46.6)
  Urban 51 (13.9)
Physical activity levela

  Low 67 (18.5)
  Moderate 80 (22.1)
  High 214 (59.4)
Currently smoker
  No 322 (87.7)
  Yes 45 (12.3)
Alcohol consumption
  Low 327 (89.1)
  High 40 (10.9)
MONW
  No 250 (68.1)
  Yes 117 (31.9)

aDoes not add to 367 due to missing values. MONW: metabolically 
obese normal-weight.

Figure 1. Reconstruction of cohorts from the PERU MIGRANT 2007 - 2008 study. HBP: high blood pressure; MONW: metaboli-
cally obese normal-weight.
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95% CI: 1.118 - 3.777; P = 0.020) (Table 3).

Discussion

Main findings

After the 5-year follow-up, the MONW phenotype was a risk fac-

tor for hypertension in the sample studied, observing that those 
exposed to the MONW phenotype doubled the risk of develop-
ing hypertension than those who did not present the MONW phe-
notype, considering the adjustment of the confusing variables.

Comparison with previous studies

The incidence of hypertension in the MONW group was 

Table 2.  Bivariate Analysis of the Characteristics Associated With the Presence of Hypertension

Characteristics
Development of arterial hypertension

PaNo (n = 306) Yes (n = 39)
N (%) N (%)

MONW
  No 221 (92.9) 17 (7.1) < 0.001
  Yes 85 (79.4) 22 (20.6)
Sex
  Feminine 134 (88.2) 18 (11.8) 0.780
  Masculine 172 (89.1) 21 (10.9)
Age group (years)
  29 to 44 years old 157 (96.7) 5 (3.1) < 0.001
  45 to 59 years old 109 (85.8) 18 (14.2)
  60 years old or older 40 (71.4) 16 (28.6)
Migration group
  Rural 122 (84.1) 23 (15.9) 0.042
  Migrant 141 (93.4) 10 (6.6)
  Urban 43 (87.8) 6 (12.2)
Physical activity level
  Low 59 (95.2) 3 (4.8) 0.169
  Moderate 63 (88.7) 8 (11.3)
  High 179 (86.5) 28 (13.5)
Currently smoker
  No 270 (89.1) 33 (10.9) 0.515
  Yes 36 (85.7) 6 (14.3)
Alcohol consumption
  Low 277 (89.1) 34 (10.9) 0.509
  High 29 (85.3) 5 (14.7)

aChi-square of independence. MONW: metabolically obese normal-weight.

Table 3.  Relative Risks of the Association Between the Metabolically Obese Thin and the Development of HBP: Crude and Adjusted 
Models

RRc 95% CI P RRaa 95% CI P*
MONW
  No Reference Reference
  Yes 2.879 1.594 - 5.199 < 0.001 2.055 1.118 - 3.777 0.020

aAdjusted for age group, sex, migration group, level of physical activity, smoking status, and alcohol consumption. *Significant P value < 0.05. RRc: crude 
risk ratio; RRa: adjusted risk ratio; CI: confidence interval; MONW: metabolically obese normal-weight; HBP: high blood pressure. Elaboration: own source.
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lower than that reported by previous studies [14, 21, 22] in 
which it was between 15% and 20.4%. These differences can 
be explained when considering that how said studies defined 
MONW was ≥ 1 altered cardiometabolic factor, while our re-
search thought the presence of at least two of these.

Although it has been reported that the increase in BMI is 
a factor that increases the risk of HBP [14, 23], the findings 
in this study would indicate that the idea that maintaining an 
average weight would be an exclusive condition for develop-
ing metabolic diseases should be discarded. The choice to con-
sider metabolic factors has been reported in other studies; for 
example, the Kip KE study found that metabolic syndrome, but 
not BMI, predicted future cardiovascular risk in a sample of 
women [24].

Other previous works, mainly in the Asian population, 
both in adolescents and in adults, reported that being MONW 
presented a risk of between 23% and 77% for HBP [14, 16, 21, 
22]. Although there are differences in the number of factors 
included to define MONW (≥ 1 vs. ≥ 2 altered factors) between 
the different studies, the association between the MONW phe-
notype and the development of HBP seems consistent. In turn, 
comparisons with other studies worldwide have the problem of 
using different definitions of the metabolically healthy state. 
Some authors considered that metabolically healthy individu-
als should not have more than one [21] or two [25] of the five 
metabolic risk factors, whereas in other studies, metabolically 
healthy participants were defined as those who had none or 
one of the six metabolic risk factors [26]. Furthermore, the cut-
off point must be considered to define said alterations (Adult 
Treatment Panel III, IDF, Wildman, or others), the number of 
factors used, and regardless of the presence or not of a higher-
than-normal BMI and/or WC.

However, as the study by Zhao et al [14], an altered meta-
bolic state is related to greater cardiovascular risk than meta-
bolically normal subjects. In addition, a reported feature of the 
MONW phenotype is the increased deposit of visceral adipos-
ity [10], same as in our work it was considered to include the 
WC as a MONW criterion and that has been shown to be asso-
ciated with the prevalence and incidence of HBP [14], regard-
less of BMI [27].

Results interpretation

This research shows the importance of detecting the MONW 
phenotype in individuals from the general population due to 
their risk of HBP intervening early in their lifestyle. The mech-
anisms to explain the association of MONW and hypertension 
go beyond the increase in fat linked to the increase in BMI, 
chronic diseases could be further related to the accumulation 
of intraorganic fat, which can induce the development of hy-
pertension through various mechanisms that lead to chronic 
systemic inflammation and oxidative stress in obesity such as 
hyperactivation of the sympathetic nervous system, increased 
action of the renin angiotensin aldosterone system, changes in 
the structure and function of the left ventricle [21], chronic 
vascular inflammation [28], insulin resistance [29] and conse-
quent endothelial dysfunction [10, 30].

Strengths and limitations

The present study had limitations as strengths that deserve to be 
considered. The first is that since our study was an analysis of 
secondary data, we could not control for some important con-
founding variables, such as family history of HBP [16] and in-
take of critical nutrients such as sodium and potassium that play 
a critical role in regulating blood pressure [23]. Furthermore, 
the results are limited to the Peruvian population, so they may 
not represent other races or ethnicities fully. Additionally, our 
study did not consider any socioeconomic variable. However, 
despite the limitations, the study had strengths such as the fact 
that, to the authors’ knowledge, no previous studies have evalu-
ated the association in the Peruvian population of the MONW 
phenotype with the incidence of HBP. Secondly, the study con-
sidered the inclusion of criteria factors proposed by the Wild-
man model [26] and concordant with the IDF [20], as well as 
using previously defined HOMA-IR and CRP cut-off points for 
the Peruvian population [31], which would increase internal va-
lidity. Finally, the study design considered objective measures 
of anthropometry, biochemical and metabolic markers.

Conclusions

The MONW phenotype was a risk factor for hypertension in 
the sample studied. Those exposed to the MONW phenotype 
doubled the risk of developing HBP compared to those without 
the MONW phenotype.

If these findings are confirmed, it should be considered 
that presenting an adequate weight for height should not be 
interpreted as a condition free of metabolic alterations. There-
fore, HBP screening should be carried out regardless of wheth-
er or not a normal BMI is obtained. Likewise, the importance 
of detecting the MONW phenotype in individuals from the 
general population is evidenced due to their risk of cardio-
metabolic diseases in order to intervene early in their lifestyle.
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