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Abstract

Background: Cardiovascular diseases (CVDs) are a global health 
threat, significantly impacting Latin America. Cardiometabolic ab-
normalities (CAs), encompassing lipid profile, fasting plasma glu-
cose, and blood pressure, contribute to CVD prevalence. Despite high 
CA incidence, research in Latin America has primarily focused on 
traditional adiposity indices, overlooking the intricate relationship be-
tween fat and lean body components. The study aimed to analyze the 
association between the lean-to-fat mass ratio (LFMR) and CAs in the 
adult Peruvian population.

Methods: This was an analytical cross-sectional study using second-
ary data from the PERU MIGRANT study (2007, 989 participants). 
The main outcome variable was CA defined as having ≥ 2 out of six 
metabolic components (high triglycerides, impaired fasting glucose, 
high blood pressure, low high-density lipoprotein (HDL)-cholesterol, 
insulin resistance, and high C-reactive protein). The main exposure 
variable LFMR was divided into tertiles. A generalized linear model 
was used with log link and robust variance Poisson family to calculate 

crude (cPR) and adjusted prevalence ratios (aPRs) and 95% confi-
dence intervals (95% CIs).

Results: A total of 959 adults aged 30 years or older were included 
in the analysis (53% females). The prevalence of CA was 50.9%. Fe-
males aged 30 - 44 years old showed statistically significant inverse 
associations for the middle (aPR: 0.57, 95% CI: 0.42 - 0.78) and high-
est (aPR: 0.22, 95% CI: 0.14 - 0.35) LFMR categories. Similar trends 
were seen for females aged 45 - 59 years and ≥ 60 years, and males 
aged 30 - 44 years, while for males aged 45 - 59 years, only the mid-
dle LFMR category was associated. No statistically significant asso-
ciation between LFMR and CA was found among old males.

Conclusions: LFMR was negatively associated with CA, among the 
Peruvian adult population. These findings underscore the relevance of 
LFMR in understanding cardiometabolic health disparities.

Keywords: Metabolic syndrome; Cardiometabolic risk factors; Body 
composition; Latin America; Fat mass; Lean mass

Introduction

Cardiovascular diseases (CVDs) are a major contributor to 
global mortality and reduced quality of life [1, 2]. In 2017, 
CVD ranked among the top 10 for disability-adjusted life years 
(DALYs), accounting for 336 million DALYs [1]. Further-
more, in 2014, CVD was the primary cause of death in Latin 
America representing 33.7% of total mortality [3] and by 2020 
accounted for more than 2,500 age-standardized DALYS [4]. 
Different metabolic risk factors such as lipid profile, fasting 
plasma glucose, and blood pressure, have been associated with 
CVD [4, 5]. Additionally, these clusters of metabolic factors, 
along with others such as C-reactive protein (CRP) and insulin 
resistance (IR) are used to define unhealthy metabolic condi-
tions [6]. Given that the prevalence of metabolic syndrome 
(MetS) in Latin America has been estimated at 24.9%, affect-
ing women more frequently than men [7], CVD has become a 
pressing concern in this population.

As increased adiposity levels, including both overall and 
central fat mass, have been associated with cardiometabolic 
risk factors and CVD [8] research has primarily concentrated 
on anthropometric indices like body mass index (BMI) and 
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waist circumference (WC) to assess adiposity and its distri-
bution [9, 10], often overlooking other significant body com-
position elements. This includes the lean compartment, which 
is primarily composed of skeletal muscle, an active metabolic 
tissue that has been related to an improvement in insulin sen-
sitivity and lower cardiometabolic abnormalities prevalence 
[11]. Furthermore, controversies arise when isolated assess-
ing the association of these body compartments with cardio-
metabolic risk factors. Notably, individuals with normal BMI 
are not necessarily free of cardiometabolic abnormalities, and 
not all obese patients exhibit unhealthy cardiometabolic pro-
files [12, 13]. Similarly, studies on skeletal mass indexes have 
yielded diverse results with some reporting a protective effect 
of muscle mass against MetS only in non-obese patients [14, 
15], while others have shown this trend regardless of BMI sta-
tus [11, 16, 17]. The intricate crosstalk between adipose tissue 
and lean tissues, such as skeletal mass, liver, and pancreas [18, 
19], suggests the importance of considering the interaction be-
tween fat and lean body components [20].

Introducing a novel anthropometric surrogate, the lean-
to-fat mass ratio (LFMR), presents a different perspective on 
body composition and its relevance to health outcomes as it 
integrates the complex interplay between lean and fat mass. 
Previous studies have demonstrated an inverse association be-
tween LFMR and cardiometabolic abnormalities, such as IR 
in Mexican adolescents [21], and in women with and without 
polycystic ovarian syndrome [20]. Similarly, other populations 
such as cancer patients and those undergoing hemodialysis 
have shown an inverse association between LFMR and overall 
mortality [22, 23], and cardiac events [22].

While body composition can be accurately assessed using 
techniques like dual-energy X-ray absorptiometry (DXA), the 
clinical and epidemiological settings in low-middle-income 
countries, such as Peru, may face limitations in implementing 
these methods [24]. Nevertheless, validated anthropometric 
equations to estimate lean and fat mass have been published 
[25]. These equations have been developed using DXA as the 
reference method, considering the Latino population and its 
calculations rely on weight, height, and waist measured in the 
same units, offering high predictive capacity [25].

Considering the high prevalence of cardiometabolic ab-
normalities in Latin America and acknowledging that the 
LFMR integrates the antagonistic effects of both fat and lean 
mass depots, the present study aimed to examine the associa-
tion between the ratio and cardiometabolic abnormalities prev-
alence within the Peruvian population.

Materials and Methods

Study design

An analytical cross-sectional study using data collected from 
the PERU MIGRANT cohort study (primary study) by CRON-
ICAS Center of Excellence in Chronic Diseases between 2007 
and 2008, was conducted. The primary study aimed to assess 
cardiovascular risk factor differences among urban, rural, and 
urban-rural migrant populations.

Population and sample

The original study enrolled men and women aged 30 years and 
older, excluding individuals with a history of mental illness 
or those who were currently pregnant, and residing in Peru. 
Participant recruitment from both rural and urban areas was 
done with a single-stage random sampling approach based 
on the 2006 and 2007 censuses. Rural residents were selected 
from San Jose de Secce, Huanta, Ayacucho, while individuals 
who had migrated from rural to urban areas, along with urban 
residents, were chosen from Las Pampas de San Juan de Mi-
raflores, Lima, the capital of Peru. Migrants were identified 
as those who were permanent residents of Las Pampas de San 
Juan de Miraflores during the assessment but were originally 
born in Ayacucho. Detailed information regarding selection 
criteria, evaluated variables, sample size, and participation 
rates has been previously published in the original study pro-
tocol [26]. For the present study, only those with missing data 
on any of the variables of interest from the original sample 
were excluded (n = 30). The final sample included 959 men 
and women.

Variables and measurements

The outcome variable was the presence of cardiometabolic ab-
normalities using a modified criteria from Wildman [6] and 
previous studies for homeostatic model assessment-insulin 
resistance (HOMA-IR) and CRP [27]. Cardiometabolic abnor-
malities components were triglycerides ≥ 150 mg/dL, fasting 
glucose ≥ 100 mg/dL or on hypoglycemic treatment, systolic 
blood pressure (SBP) ≥ 130 mm Hg or diastolic blood pressure 
(DBP) ≥ 85 mm Hg or on antihypertensive treatment, high-
density lipoprotein (HDL)-cholesterol < 50 mg/dL in women 
or < 40 mg/dL in men, IR measured by the HOMA-IR index 
≥ 2.80, and CRP ≥ 3 mg/dL. Cardiometabolic abnormalities 
were defined as ≥ 2 risk factors.

The exposure variable was the LFMR. For lean mass and 
fat mass calculation, previously validated regression equa-
tions using weight, height, WC, age, and sex were used [25]. 
The chosen equations were validated against DXA with a co-
efficient of determination (R2) of 0.91 and 0.85 for lean mass 
in men and women, respectively. As reported by Lee et al, 
lean body mass excluded bone density mineral content, total 
fat mass, and total percent fat [25]. Fat mass R2 was 0.90 and 
0.93, for men and women, respectively [25]. The LFMR was 
computed as the quotient between the lean mass (kg) and the 
fat mass (kg). Finally, LFMR was divided into tertiles (high-
est, middle, lowest) by sex. Similarly, lean mass index (lean 
mass/height in meters2), and fat mass index (fat mass/height 
in meters2) were computed and divided into tertiles based on 
sex.

Covariates included sex (male vs. female), categorized 
age (30 - 44 years, 45 - 59 years, and 60 years or older), mi-
gration status (urban, rural, or migrant), current smoking sta-
tus (yes vs. no), alcohol consumption (high vs. low), level of 
physical activity (low, moderate, or high), educational level 
(none/incomplete primary, complete primary, incomplete/
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complete secondary), and socioeconomic status (low, medium, 
and high). Migration status was defined based on participants’ 
baseline values as rural, migrant, or urban. Smoking and al-
cohol consumption responses were reported using an adapted 
version of the World Health Organization (WHO) STEPS 
questionnaire [28], while physical activity levels were defined 
according to the International Physical Activity Questionnaire 
(IPAQ) protocol [29].

WC was measured at the midpoint between the lower rib 
and the iliac crest. Height was measured with a precision of 
0.1 cm using a stadiometer and standard stools. Weight was re-
corded with a precision of 0.05 kg, considering the individual 
lightly dressed, using an electronic scale (SECA model 940). 
The BMI was calculated using the formula (weight/height in 
meters2).

SBP and DBP measurements were taken in a seated posi-
tion on the right arm at chest level. Three separate measure-
ments were recorded with at least 5 min between each, using 
a previously validated oscillometer device for adults (Omron 
M5-i, Omron, Japan). The average of the last two SBP and 
DBP measurements was used for analysis.

Trained personnel performed all laboratory assessments. 
Venous samples were collected in the morning, after a mini-
mum fasting period of 8 h. Fasting glucose and fasting insulin 
measurements were performed in plasma and whole blood, 
respectively. IR was evaluated using the HOMA-IR index, 
calculated as = (glucose (mg/dL) × insulin (µU/mL))/405. 
Triglyceride and HDL-cholesterol levels were determined in 
serum, while CRP was quantified in plasma [26].

Statistical analysis

STATA v17.0 was employed. Descriptive analyses were pre-
sented as absolute frequencies and percentages for categorical 
variables and median and interquartile ranges for numerical 
variables. Bivariate analysis was conducted using the Chi-
squared test for independence and the Mann-Whitney test 
for categorical and numerical variables, respectively. For re-
gression analysis, a generalized linear model with a log link 
and Poisson family with robust variance was fitted, obtain-
ing crude and adjusted prevalence ratios (cPR and aPR) with 
95% confidence interval (CI). Covariates in adjusted models 
included migration status, smoking, alcohol intake, physical 
activity level, educational attainment, and socioeconomic sta-
tus (model 1). Two additional adjusted models, incorporating 
all covariates, along with the presence of overweight/obesity 
and abdominal obesity (model 2), and blood pressure and 
blood glucose control medication (model 3) were developed 
and run. Analyses were stratified by sex and age group. A sig-
nificance level of P < 0.05 was considered for all analyses. In 
response to the identification of outliers, values of the LFMR 
equal to or exceeding 7 were excluded for sensitivity analysis. 
Subsequent regression models were then performed to ensure 
the robustness of the findings. To assess whether the LMFR 
showed superiority in assessing the association with cardio-
metabolic abnormalities compared to the individual lean mass 
and fat mass indexes, separate regression analyses were con-
ducted for each index.

Ethical considerations

Ethical approval was obtained from the Universidad Perua-
na Cayetano Heredia (Ethics Committee approval number 
60014). The study purpose was thoroughly explained, and 
informed consent was obtained. All procedures of the pre-
sent study were conducted in compliance with the Helsinki 
Declaration for research on human beings [30]. As this study 
involved a secondary analysis of openly accessible data [31], 
there was no direct interaction with participants, mitigating 
potential risks.

Results

A total of 959 participants were included from the original 
sample of the PERU MIGRANT study. Excluded participants 
represented 3.03% of the original sample. The detailed exclu-
sion process of the missing data on interest variables is shown 
in Figure 1.

Females represented 53.18% of the sample. Only 14.91% 
were aged 60 years or older, more than half pertained to the 
migrant group, and socioeconomic status was equally dis-
tributed. The prevalence of smoking (11.26%) and alcohol 
intake (8.86%) was low, while most of the participants had 
moderate/high physical activity level. Neither blood pres-
sure (3.75%) nor blood glucose control (0.94%) medication 
was frequent (Table 1). The LFMR tended to decrease with 
age both in males and females (Fig. 2). Those in the high-
est tertiles of the ratio showed the lowest values for weight, 
WC, lean mass, and fat mass adjusted by height both in men 
and women regardless of age (Supplementary Material 1, 2, 
www.jocmr.org).

Cardiometabolic abnormalities prevalence was present in 
50.9% of the study population. The bivariate analysis showed 
that all the evaluated factors, but smoking, and socioeconomic 
status were statistically significantly differently distributed 
according to the presence of cardiometabolic abnormalities. 
Lean and fat mass adjusted by height were higher in the car-
diometabolic abnormalities group compared to their healthy 
peers. Conversely, those with cardiometabolic abnormalities 
exhibited lower values of LFMR compared with their non-
metabolically altered peers (Table 1). Each component of car-
diometabolic abnormalities was less frequent among those in 
the highest LFMR group (Supplementary Material 3, www.
jocmr.org). Furthermore, there was a significant variation in 
the number of cardiometabolic abnormalities based on the 
LFMR. More than half of individuals without abnormalities 
displayed a high ratio, while those with four or more abnor-
malities showed a notably high frequency of the lowest ratio 
(Fig. 3). Additionally, it was found that among those exhibiting 
cardiometabolic abnormalities, the most prevalent abnormality 
was low HDL-cholesterol (82.82%), followed by hypertriglyc-
eridemia (67.69%). On the contrary, dysglycemia was the least 
prevalent abnormality (18.40%).

The adjusted regression analysis for the association be-
tween the LFMR and cardiometabolic abnormalities was 
stratified by sex and age group. Among females aged 30 to 44 
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years, both the middle and highest ratio categories showed sta-
tistically significant inverse associations. The prevalence ratio 
(PR) was 0.57 (95% CI: 0.42 - 0.78) for the middle category 
and 0.22 (95% CI: 0.14 - 0.35) for the highest category. This 
trend persisted for females in the 45 to 59 years age group (PR: 
0.74, 95% CI: 0.60 - 0.92; and PR 0.68, 95% CI: 0.50 - 0.92, 
respectively) and those aged 60 or older (PR: 0.61, 95% CI: 
0.41 - 0.88; and PR 0.55, 95% CI: 0.35 - 0.84, respectively). 
In contrast, among men, a reduction in PR associated with in-
creasing LFMR was observed only within the 30 to 44 years 
age group (PR: 0.5, 95% CI: 0.33 to 0.74; and PR 0.21, 95% 
CI: 0.11 to 0.37, for middle and highest categories, respective-
ly). For men aged 45 to 59 years, an inverse association with 
cardiometabolic abnormalities was evident solely for the high-
est ratio category, while no statistically significant association 
emerged among men aged 60 or older. Further adjustments for 
the presence of overweight/obesity and abdominal (model 2), 
as well as blood pressure and blood glucose control medication 
(model 3), showed consistent patterns, indicating a decrease 
in cardiometabolic abnormalities prevalence as the LFMR in-
creased (Table 2). These trends persisted after the exclusion of 
outliers in the sensitivity analysis.

When separately assessing the associations of fat mass 
and lean mass indexes with cardiometabolic abnormalities, 
the highest tertiles of the lean mass index showed a positive 
association in all groups, except in men aged 45 to 59 years 
(Table 3). Similarly, the highest tertiles of the fat mass index 
were positively associated with cardiometabolic abnormalities 
for all groups but men aged 45 and older (Table 4). In the fully 
adjusted models for LFMR and the individual mass indexes, 
stronger associations for LFMR were revealed. Notably, wom-

en aged 30 to 44 exhibited a 7.69 times lower prevalence of 
abnormalities in the highest LFMR tertile, while the highest 
tertiles of lean and fat mass indexes showed a four-fold higher 
prevalence. Similar patterns were observed among women 
aged 60 or older and men aged 40 to 59, while in men aged 
30 to 44, associations magnitudes of the LFMR, lean, and fat 
mass indexes were comparable.

Discussion

Main findings

Our study makes a distinctive contribution to the understand-
ing of body composition and its implications for cardiometa-
bolic health. Unlike many previous investigations solely fo-
cusing on larger lean mass or low body fat, we specifically 
explored the LFMR which offers a different perspective on the 
interplay between lean and fat mass components, providing in-
sights beyond conventional assessments. Our examination of 
LFMR allows for a more nuanced understanding of these lean 
and fat mass relationships.

Our data revealed a statistically significant inverse asso-
ciation between the LFMR and the prevalence of cardiometa-
bolic abnormalities. This inverse association was consistently 
observed in females across all age groups, following a dose-re-
lated pattern. In contrast, among males, the same relationship 
was evident only in those under the age of 60 years. Further-
more, LFMR showed superiority compared to the individual 
lean and fat mass indexes.

Figure 1. Flow diagram of participant selection.
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Table 1.  Sample Characteristics According to Cardiometabolic Abnormalities Presence

Characteristics Total (n = 959)
Cardiometabolic abnormalities

Pa
No (n = 470), n (%) Yes (n = 489), n (%)

Sex < 0.001*
  Female 510 (53.18) 217 (42.55) 293 (57.45)
  Male 449 (46.82) 253 (56.55) 196 (43.65)
Age < 0.001*
  30 to 44 years 421 (43.9) 259 (61.52) 162 (38.48)
  45 to 59 years 395 (41.19) 161 (40.76) 234 (59.24)
  60 or older 143 (14.91) 50 (34.97) 93 (65.03)
Migration status < 0.001*
  Rural 189 (19.71) 118 (62.43) 71 (37.57)
  Migrant 574 (59.85) 274 (47.74) 300 (52.26)
  Urban 196 (20.44) 78 (39.80) 118 (60.20)
Current smoker 0.300
  No 851 (88.74) 412 (48.41) 439 (51.59)
  Yes 108 (11.26) 58 (53.70) 50 (56.30)
Alcohol intake 0.034*
  Low 874 (91.14) 419 (47.94) 455 (52.06)
  High 85 (8.86) 51 (60.00) 34 (40.00)
Physical activity level 0.001*
  Low 249 (25.96) 106 (42.57) 143 (57.43)
  Moderate 282 (29.41) 126 (44.68) 156 (55.32)
  High 428 (44.63) 238 (55.61) 190 (44.39)
Educational level 0.020*
  None/incomplete primary 312 (32.53) 133 (42.63) 179 (57.57)
  Complete primary 148 (15.43) 80 (54.05) 68 (45.95)
  Secondary 499 (52.03) 257 (51.50) 242 (48.50)
Socioeconomic status 0.099
  Low 329 (34.91) 176 (53.5) 153 (46.5)
  Medium 324 (33.79) 156 (48.15) 168 (51.85)
  High 306 (31.91) 138 (45.10) 168 (54.90)
Hypertensive medication 0.003*
  No 923 (96.25) 461 (49.95) 462 (50.05)
  Yes 36 (3.75) 9 (25.00) 27 (75.00)
Blood glucose medication 0.002b

  No 950 (99.06) 470 (49.47) 480 (50.53)
  Yes 9 (0.94) 0 (0.00) 9 (100.00)
BMI categories < 0.001*
  Normal 393 (40.98) 253 (64.38) 140 (35.62)
  Overweight 373 (38.89) 185 (49.60) 188 (50.40)
  Obesity 193 (30.12) 32 (16.58) 161 (83.42)
Lean-to-fat mass ratio (tertiles) < 0.001*
  Lowest 322 (33.58) 84 (26.09) 238 (73.91)
  Middle 325 (33.89) 164 (50.46) 161 (49.54)
  Highest 312 (33.53) 222 (71.15) 90 (28.85)
Lean mass index (kg/m2)c 17.00 (15.33 - 18.45) 16.83 (15.11 - 18.24) 17.1 (15.63 - 18.79) 0.002d

Fat mass index (kg/m2)c 8.55 (6.32 - 1.30) 7.40 (5.38 - 9.64) 9.82 (7.37 - 13.01) < 0.001d

Lean-to-fat mass ratioc 1.86 (1.40 - 2.84) 2.26 (1.56 - 3.33) 1.59 (1.27 - 2.45) < 0.001d

aAnalysis was performed with the Chi-square test for independence. bAnalysis was performed with Fisher’s exact test. cMedian (interquartile ranges). 
dAnalysis was performed with the Mann-Whitney test. *The significative P value (P < 0.05). BMI: body mass index.
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Figure 2. Lean-to-fat mass ratio (kg/kg) according to sex and age group (a). Lean-to-fat mass ratio (kg/kg) according to sex and 
age group, stratified by tertiles of the ratio are shown in (b) for women and (c) for men.
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Comparison with previous studies

The prevalence of cardiometabolic abnormalities identified 
in the present study aligns with earlier investigations in the 
North American population, reporting a prevalence of 46% [6, 
32]. Similarly, a systematic review highlighted a wide-ranging 
prevalence of MetS among Latin Americans, ranging from 
18.8% to 43.3%. It is noteworthy that the criteria used in this 
review were based on the Adult Treatment Panel-III, which in-
corporates WC as one of the cardiometabolic components. In 
contrast, our study utilized a modified version of the Wildman 
criteria [6]. Nevertheless, our findings, particularly regarding 
low HDL-cholesterol and hypertriglyceridemia, were consist-
ent with the results of the present study. This can be explained 
by the genetic-related ethnic differences in lipid metabolism 
favoring a lower HDL-cholesterol and higher serum triglycer-
ides in the Latin American population [33-35].

Previous research has demonstrated that the reciprocal of 
LFMR (i.e., fat-to-lean mass ratio) is associated with a higher 
prevalence of hyperinsulinemia [21], MetS [36], glucose intol-
erance, altered fasting glucose, and type-2 diabetes [37]. It has 
also shown positive correlations with the HOMA index [20] 
and inflammatory markers like CRP and interleukin-6 [22]. 
Collectively these findings suggest that maintaining a higher 
proportion of lean mass relative to fat mass may serve as a pro-
tective factor against metabolic disturbances. This aligns with 
the conceptual framework of the metabolic load and metabolic 
capacity model postulated by Wells [38], wherein fat mass is 

construed as the metabolic load and lean mass as the metabolic 
capacity. According to this model, not only the levels of fat mass 
but also its interaction with lean tissues contribute to modify-
ing the metabolic response. Dysfunctional hypertrophic adipose 
tissue is linked to increased leptin secretion, reduced omentin, 
and adiponectin release, therefore increasing pro-inflammatory 
cytokines release and promoting adipose tissue IR and systemic 
metabolically induced inflammation [39]. Furthermore, a low-
grade leakage of fatty acids from hypertrophic adipose tissue 
contributes to lipid ectopic deposition in lean organs such as the 
skeletal muscle, further contributing to metabolic dysfunctions 
[40]. Lean mass is primarily composed of skeletal muscle, an 
active metabolic tissue known for its role in insulin sensitivity 
and glucose uptake [41] and has been positively related to meta-
bolic health [41-43]. Consistent with this idea, other studies ana-
lyzing the muscle-to-fat mass ratio demonstrated its high diag-
nostic accuracy for MetS [44] and insulin sensitivity measured 
by hyperinsulinemic-euglycemic clamp [45, 46]. Individuals 
presenting low values of this index were more likely to exhibit a 
higher prevalence of MetS and its components [44]. Similarly, a 
12-year cohort study reported that the highest quintile of the fat-
to-muscle ratio, indicative of a low muscle-to-fat ratio, showed 
nearly a 30% higher risk for CVD mortality among men, regard-
less of age [47]. Our findings may be attributed, at least in part, 
to the intricate relationships between adipose and lean tissues.

In the present study, the protective effect of a high LFMR 
was notably absent in older men even after further adjustments 
for BMI, abdominal obesity status, and medication. Several fac-

Figure 3. The proportion of cardiometabolic abnormalities according to lean-to-fat mass ratio tertiles by sex. Cardiometabolic ab-
normality was defined as a clustering of abnormalities that comprise hypertriglyceridemia, dysglycemia, altered blood pressure, 
low HDL-cholesterol, insulin resistance, and high C-reactive protein. The Chi-squared test for independence was performed for 
bivariate analysis between the number of cardiometabolic abnormalities and lean-to-fat mass ratio tertiles by sex (P < 0.001). 
HDL: high-density lipoprotein.
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tors, including age [48], and ethnicity [49] related to accretion, 
distribution, and function of the fat and lean mass may contrib-
ute to nullifying the protective effect of a high LFMR against 
metabolic perturbations. A 15-year cohort study found that a high 
lean mass was not protective against type 2 diabetes mellitus de-
velopment among elderly Europeans [50]. Notably, individuals 
with the highest levels of both lean and fat mass exhibited the 
most adverse metabolic profile when compared to other combi-
nations of lean and fat mass phenotypes. This can be explained 
by the association of high-fat mass with increased muscle lipid 
infiltration, potentially impairing normal muscle metabolic func-
tion [48]. Furthermore, aging might promote sex-specific body 
fat accretion, function, and distribution patterns. For instance, 
fat mass accretion peaks at 65 to 75 in men, occurring later in 
women [19, 51]. While aging-induced redistribution of subcu-
taneous adipose tissue (SAT) to visceral adipose tissue (VAT) is 
acknowledged, evidence of a higher capacity of VAT expandabil-
ity in the female sex and lower macrophage infiltration in the 
liver compared to male has emerged from animal studies [52]. 
Varghese et al found that a high-fat diet significantly increased 
VAT in females but not in male older mice, whereas the males in-
creased their liver lipid content [52]. Moreover, when comparing 
young and old female mice, no difference was found regarding 
pro-inflammatory adipose tissue macrophage infiltration, but the 
opposite was observed for aged male mice [52]. Aging in males 
may lead to reduced VAT expandability, potentially increasing 
the ectopic fat accretion in lean tissues such as skeletal muscle 
[48] and reducing its capacity to protect against cardiometabolic 
risk. These findings suggest that sex differences, coupled with 
the effects of aging, could help elucidate the divergent role of a 
high LFMR among older individuals. However, further research 
is necessary to confirm the observed trends among elderly men.

Implications of the findings

Our study highlights key findings on body composition and 
metabolic health. A higher LFMR was associated with signifi-
cantly lower cardiometabolic abnormalities prevalence (up to 
87% in women and 74% in men). LFMR demonstrated strong-
er associations with cardiometabolic abnormalities compared 
to individual indexes of lean and fat mass. Contrary to the par-
adigm of a larger lean mass as a metabolic health-protecting 
factor, our findings challenge this notion. Across age groups 
and sexes, those with the highest LFMR had the lowest lean 
and fat mass indexes. Conversely, those with cardiometabolic 
abnormalities had the highest values of these indexes. This is 
in line with previous reports that interventional studies aiming 
at increasing lean mass have not shown a protective role in 
metabolic health [53]. This underscores the significance of as-
sessing both lean and fat mass in an integrated manner, rather 
than relying on conventional individual assessments.

Different methodological approaches have been used in in-
tegrating these two components, leading to different findings. 
In a study among non-elderly adult Koreans, body composition 
phenotypes based on the separate median values of muscle and 
fat mass found that the high-muscle/low-fat phenotype was not 
significantly associated with MetS when compared to the low-
muscle/low-fat peers [16]. Conversely, studies analyzing the fat-Ta
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to-lean mass ratio have consistently shown its association with 
different cardiometabolic health alterations [20-22, 36, 37].

The absence of a protective effect of LFMR for cardio-
metabolic abnormalities among older men underscores the 
need for more tailored interventions and emphasizes the po-
tential role of other factors such as hormonal changes, age-
related metabolic alterations [54], genetic polymorphisms for 
lean and fat mass interaction [55], and skeletal mass strength 
assessment [56]. Further research is needed to fully understand 
the mechanisms and develop age-specific strategies.

With roughly 21% of CVD stemming from cardiometabolic 
disorders, leading to 4.3-year reductions in life expectancy [57], 
our findings underscore the potential of LFMR as an assessment 
tool for optimizing body composition and differentiation of met-
abolic subtypes, therefore promoting metabolic health, and sub-
stantially mitigating CVD risk. This is particularly relevant in 
ethnically diverse populations, such as those in Latin America, 
where cardiometabolic alterations are highly prevalent [7].

Study limitations

The present study had several limitations that should be consid-
ered. Lean and fat mass components were not directly assessed 
with objective methods, rather they were estimated by regres-
sion equations validated against the DXA data derived from the 
National Health and Nutrition Examination Survey (NHANES) 
in the USA which included the Latino population, relying on 
weight, height, and waist. While these equations demonstrated 
high accuracy, it is essential to recognize that direct measure-
ments of lean and fat mass might provide even greater precision. 
Furthermore, the use of high-cost methods like DXA in clinical 
and epidemiological settings, especially in low-middle-income 
countries like Peru, may encounter practical limitations. Sev-
eral potentially confounding variables, including dietary intake, 
energy expenditure, dyslipidemia medication, muscle strength, 
and visceral fat measurements, were not considered due to their 
unavailability in the original dataset. Similarly, endocrine dis-
eases, other than diabetes mellitus were not considered in the 
original design of the PERU MIGRANT study. These variables 
could influence the observed relationships, and their absence 
represents a limitation. Nevertheless, additional adjustments us-
ing WC and BMI as well as blood pressure and glucose control 
medication were made, with significant trends persisting. Simi-
larly, endocrine diseases, other than diabetes mellitus, have a 
low prevalence in community settings [58], so different trends 
in the reported findings are not expected. Finally, the cross-sec-
tional nature of the study limits our ability to establish causal 
relationships. While it provides valuable insights into associa-
tions, it cannot elucidate the direction of causality or the tempo-
ral evolution of the observed effects.

Conclusions

The present findings suggest that a high LFMR may serve as a 
protective factor against cardiometabolic abnormalities. By in-
tegrating the contrasting influences of fat and lean mass depots, 
this ratio may provide a more suitable surrogate for differentiat-

ing metabolic subtypes. Nevertheless, it is crucial to recognize 
that the protective effect may vary with age and sex, as observed 
in the case of elderly men who did not exhibit significant pro-
tection. Therefore, further investigations that consider regional 
body composition and the dynamic interaction of these key 
components across different age groups are warranted.
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