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Background: There is a limited research on predictive models of fat mass ratio (FMR) in people living 
with human immunodeficiency virus (HIV) (PWH). This study aimed to develop models considering 
anthropometric and health-related factors to predict and validate FMR in PWH regardless of sex. 
Methods: One hundred and six Brazilian PWH (46.4±9.8 years) were evaluated for body composition 
using dual-energy X-ray absorptiometry (DXA), body circumference (BC), and skinfold thicknesses (SKs). 
FMR predictive models were developed using stepwise linear regression, and their agreement with DXA was 
assessed using Bland-Altman plots. Cross-validation was performed using the predicted residual error sum of 
squares (PRESS) method. 
Results: Six FMR estimation models were developed for PWH, with adjusted R2 ranging from 0.43 to 
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Introduction

In 2022, it was reported that approximately 630,000 people 
living with human immunodeficiency virus (HIV) (PWH) 
died worldwide, according to World Health Organization 
(WHO) [2023] (1). In 1996, Brazil became one of the first 
low- and middle-income countries to provide universal 
and free-of-charge antiretroviral therapy (ART) to all  
PWH (2). In this Brazilian context and considering that ART 

controls HIV infection and the development of acquired 
immunodeficiency syndrome (AIDS) (3), the treatment 
for PWH has increased patients’ life expectancy by over 
30 years, and HIV is currently considered a manageable 
chronic disease (4). Nonetheless, side effects from ART 
treatment, together with HIV infection, can cause chronic 
non-communicable diseases (NCDs) (5). In the last few 
years, the amount of research regarding NCDs in PWH 
because of morphological and metabolic risk factors (6), and 
the consequent high number of AIDS-related deaths has 
largely improved. A common adverse health consequence 
of HIV infection is the “HIV lipodystrophy syndrome” (7). 
This syndrome is characterized by morphological changes 
such as the loss of subcutaneous adipose tissue (named 
“lipoatrophy”), and/or the accumulation of visceral adipose 
tissue (named “lipohypertrophy”) (7). Lipodystrophy 
syndrome triggers are multifactorial and include HIV 
infection, clinical stage of the disease, race/ethnicity, sex, 
physical activity level, eating habits, effects, and time of 
ART use (8,9). In addition, PWH experiences metabolic 
dysregulation such as dyslipidemia and increased blood 
hyperglycemia (10-12). Consequently, the association 
between body composition changes in PWH and the 
presence of metabolic risk factors leads to NCDs, especially 
atherosclerosis and diabetes (13,14).

Regarding the methods for screening body composition 
changes over time in lipodystrophy syndrome, dual-
energy X-ray absorptiometry (DXA) is highlighted in the 
scientific literature (15). Cutoff points for the diagnosis of 
lipodystrophy, considering the fat mass ratio (FMR) using 
DXA, have been proposed for PWH (16-19). However, 
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0.72, standard error of the estimate (SEE) from 0.16% to 0.22%, and 95% confidence interval (CI) from 
1.03 to 1.15. Model 6, including thigh SK, waist BC, therapy duration, subscapular SK, education years, 
and abdominal SK, exhibited the highest determination power (R2 adjusted 0.72, SEE 0.16%, and 95% CI: 
1.06–1.15). The agreement between DXA-based FMR and predictive models showed minimal bias (−0.03 to 
+0.04) and narrower limits of agreement, particularly for the top-performing model (−0.33 to +0.30). Model 
6 exhibited a high adjusted Q2PRESS (0.70) and low SPRESS (0.17). 
Conclusions: Our predictive models advance the study of body composition in PWH by consolidating the 
use of anthropometry for diagnosing and monitoring lipodystrophy regardless of sex. 
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even with the advancement of the use of FMR in research 
involving lipodystrophy, DXA is not accessible. DXA’s high 
acquisition and operating cost restrict its use in clinical care 
and in studies with large samples, especially in low- and 
middle-income countries such as Brazil (20).

As an alternative and considering that FMR involves 
values of % body fat in the upper and lower limbs, 
anthropometric measurements are interesting choices for 
diagnosing and monitoring changes in body composition 
in lipodystrophy (21,22). Additionally, studies report 
the importance and accuracy of using anthropometry to 
identify metabolic and body composition change in PWH 
(23-25). For the diagnosis of lipodystrophy by estimating 
the FMR, anthropometry is an objective, safe, accurate, 
and low-cost tool. However, there is a scarcity of FMR 
prediction proposals in the scientific literature, with 
only one study by Dos Santos et al. (26) proposing the 
prediction and validation of FMR through anthropometric 
models specific to male and female PWH. However, the 
prevalence of lipodystrophy among the sexes in PWH is 
similar (26-28). Therefore, considering the estimation of 
FMR in PWH through anthropometric models regardless of 
sex may facilitate and expedite the diagnosis and monitoring 
of changes in body composition in lipodystrophy. As a 
result, our study aims to develop models that consider 
anthropometric and health-related factors to predict and 
validate FMR in PWH, regardless of sex. We present 
this article in accordance with the STROBE reporting  
checklist (29) (available at https://atm.amegroups.com/
article/view/10.21037/atm-23-1946/rc).

Methods

Study population

For this cross-sectional study, PWH under ART treatment 
was enrolled from the Special Unit for the Treatment 
of Infectious Diseases at the Clinical Hospital from the 
University of São Paulo, Ribeirão Preto, Brazil. Enrollment 
of participants occurred from November 2013 to November 
2014. Inclusion criteria encompassed people diagnosed 
with HIV, aged between 18 and 59 years, and receiving 
ART for a minimum duration of 6 months. Exclusion 
criteria comprised ongoing treatment for cancer or 
opportunistic infections (e.g., pneumocystis, histoplasmosis, 
tuberculosis), administration of medications known to affect 
body composition (e.g., testosterone, growth hormone, 
insulin growth factor), pregnancy, limb amputation, and 

involvement in supervised exercise regimens within the 
preceding 6 months. The research received approval 
from the Ethics Review Board of the Clinical Hospital at 
the University of São Paulo, Ribeirão Preto, Brazil, under 
process number 7082/2011, and was conducted in accordance 
with the principles outlined in the Declaration of Helsinki (as 
revised in 2013). All participants provided written informed 
consent before data collection. To achieve a maximum 
estimate error (5%) for FMR with an accuracy of 95%, a 
sample size of 100 to 110 PWH was necessary (30).

Procedures

DXA
The body composition of the participants was evaluated 
using the DXA Hologic instrument (model QDR 4500 
W; software version 11.2; Bedford, MA, USA). The DXA 
measurements were conducted by a trained technician in 
accordance with established guidelines (31). The DXA 
scans provided the relative values of fat mass for the trunk 
and lower limbs. The FMR was used as the primary variable 
to diagnose lipodystrophy. The FMR was calculated as the 
percentage of trunk fat mass divided by the percentage of 
lower limb fat mass (16).

Anthropometric data
The study collected anthropometric measurements using 
standardized procedures. Body weight (kg) and height (cm) 
were measured using a Filizola® electronic anthropometric 
scale and a Filizola® aluminium stadiometer (Filizola® 
Professional, São Paulo, SP, Brazil), respectively. Skinfold 
thickness (SK) (mm) was assessed employing a Prime® 
caliper (Harpenden Scientific model) at six anatomical 
sites: triceps, subscapular, suprailiac, abdomen (horizontal), 
thigh, and medial calf, adhering to the prescribed 
protocols delineated by Harrison et al. [1988] (32). Body 
circumferences (BC) (cm) were measured with a 2 m Sanny® 
brand (São Bernardo do Campo, SP, Brazil) metal band 
with a latex device at the end, which was replaced every 20 
evaluated participants. The BC measurements followed 
the guidelines described by Callaway et al. [1988] (33) and 
encompassed 19 anatomical sites, including the shoulder 
(greatest diameter), breast (fourth costosternal junction), 
waist (smallest diameter), abdomen (umbilical region), hip 
(widest diameter), right arm extended, right arm flexed, 
right forearm, right wrist, left arm extended, left arm flexed, 
left forearm, left wrist, right thigh (proximal), right medial 
calf (greatest diameter), right ankle (smallest circumference 
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proximal to malleolus), left thigh (proximal), left medial calf 
(greatest diameter), and left ankle (smallest circumference 
proximal to malleolus). The BC measurements for the right 
arm extended, right arm flexed, left thigh (proximal), and 
left medial calf (greatest diameter) were adjusted for the 
respective segmental SK, as outlined by Lee et al. [2000] (34), 
to control for the influence of muscles on predictive models. 
The accuracy of the anthropometric measurements was 
ensured by obtaining SK and BC measurements three times 
by the same evaluator, and the median between all attempts 
was used as the final score. 

Health-related factors 
The study also collected health-related factors, called 
additional predictive variables, through interviews and 
clinical records. These factors included age (years), self-
reported skin color consistent with Brazilian guidelines (i.e., 
White, Black, Asian, or Pardo Brazilians), an education level 
(years), time of HIV diagnosis (months since the diagnosis), 
time of exposure to ART (months since the beginning of 
treatment), type of ART (whether the patient uses protease 
inhibitor “PI” or not), CD4+ T-cell lymphocyte count 
(cells per microliter), and HIV viral load (copies per mm3) 
assessed within the last 6 months.

Statistical analysis

The data were entered into Microsoft Excel® and validated 
using double-key verification to ensure the highest accuracy 
and quality. An exploratory analysis was performed to check 
for outliers and data entry errors. Measures of central 
tendency were calculated for all continuous variables to 
describe the characteristics of the sample. Parametric 
statistical procedures were used, considering the central 
limit theorem (35). Categorical variables were presented as 
absolute (n) and relative (%) frequency.

Principal component analysis was used to select the 
independent variables for the generation of predictive 
models in an attempt to reduce the number of variables 
while not compromising the assumptions expected for 
predictions. Information on this process has been described 
previously (26). Nevertheless, elevated adjusted R2 values 
for the predictive models were not observed (data not 
presented). Consequently, a stepwise linear regression 
analysis was performed, incorporating all anthropometric 
variables and additional predictor variables associated with 
lipodystrophy. The resulting stepwise linear regression 

models were utilized to forecast FMR as measured by 
DXA. To mitigate multicollinearity, thresholds of variance 
inflation factor (VIF) ≤4.0 and eigenvalues ≥0.7 were 
adhered to (36). The adjusted R2 value was shown for 
each predictive model. Bland-Altman plots were used to 
verify the degree of agreement between the values of the 
predicted models and those measured by DXA (37). We 
developed binary (dummy) variables for the additional 
predictor variables ‘skin color’, ‘sex’, and ‘type of ART’ to 
investigate their effect on the models. The standard error 
of the estimate (SEE) in relative values was used to define 
the accuracy of predictive models. To investigate the limits 
of agreement between FMR predicted by DXA and FMR 
estimated by predictive models, we used 95% confidence 
interval (CI). Finally, to be considered valid, the model 
should meet the criteria described by Lohman [1992] (38), 
which includes no significant difference with the reference 
method and adjusted R2>0.70. In this study, the FMR 
predicted by the developed models serves as the primary 
outcome variable. Statistical analyses were conducted using 
SPSS® version 20.0, with a significance level set at α=5% 

Cross-validation was performed utilizing the “leave-
one-out” method, derived from the predicted residual error 
sum of squares (PRESS), to evaluate the efficacy of each 
generated predictive model (21). The Q2

PRESS and SEEPRESS 
values were calculated for all predictive models. The PRESS 
analysis was conducted using Minitab® software version 17.

Results

A total of 125 PWH agreed to participate in this study. 
However, 19 of them were excluded because they did not 
meet the inclusion and/or exclusion criteria. Therefore, the 
final sample comprised 106 PWH, of which 65 were male. 
Descriptive analysis of anthropometric measurements, 
early life, and body composition variables in a sample of 
106 people living with HIV from the Clinics Hospital of 
Medicine Faculty in Ribeirão Preto, São Paulo, Brazil are 
presented in Table 1. The mean age of the participants was 
46.4±9.8 years, the mean time since HIV diagnosis was 
114.3±79.3 months (9.5 years), the mean time under ART 
was 87.6±63.5 months (7.3 years), and the mean formal 
education time was 8.3±3.5 years. In terms of self-reported 
skin color, a higher frequency was observed among white 
individuals (n=67; 63.3%) and Pardo Brazilians (n=20; 
18.8%), followed by Black individuals (n=10; 9.4%) and 
Asians (n=9; 8.5%).
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Predictive models to estimate FMR

We proposed six predictive models to estimate FMR for 
PWH (Table 2). After conducting stepwise linear regression 
for the models, we observed variations in the R2

adjusted values 
between 0.43 to 0.72, SEE 0.16 to 0.22, and 95% CI: 1.03 
to 1.15. Considering the Lohman [1992] criteria, model 
number 6 was the best predictive model. Linear regression 
resulted in a high R2

adjusted value of 0.72, SEE 0.16%, and 
95% CI: 1.06 to 1.15 (38). The variables included were: SK 
of the thigh, BC of the waist, time under ART in months, 
SK of subscapular, formal education in years, and SK of the 
abdomen.

Figure 1  shows the Bland-Altman plots for each 
predictive model. The agreement between the FMR by 
DXA and FMR by the predictive models was accurate 
since the models exhibited practically no bias (−0.03 to 
+0.04), with reduced limits of agreement, especially for 
the best predictive model suggested (−0.33 and +0.30)  
(Figure 1F). In addition, it was found that the predictive 
models tended to underestimate the FMR by DXA when 
the FMR values were higher. No significant association 
(r<0.4) was identified between the x and y axes of the Bland-
Altman plots, indicating the absence of heteroscedasticity. 
Thus, the predictive models were accurately used to 

Table 1 The overall characteristics of the participants

Variables Participants (n=106)

Male 65 (61.3)

Age (years) 46.4±9.8 (44.3–48.3)

Body weight (kg) 67.9±12.0 (65.6–70.3)

Height (cm) 164.9±9.5 (163.0–166.7)

Diagnosis of HIV (months) 114.3±79.3 (99.4–128.3)

Exposure to ART (months) 87.6±63.5 (75.5–99.5)

Education level (years) 8.3±3.5 (7.7–9.0)

FMRDXA (%) 1.11±0.34 (1.03–1.20)

Race

White 67 (63.3)

Black 10 (9.4)

Asian 9 (8.5)

Brown 20 (18.8)

Type of ART

With-PI 46 (43.4)

Without-PI 60 (56.6)

Anthropometric measurements

Body circumferences (cm)

Left arm extended 28.4±3.4 (27.8–29.1)

Left arm contracted 29.4±3.3 (28.9–30.1)

Left forearm 25.4±2.4 (24.9–25.7)

Left wrist 16.3±1.9 (16.1–16.7)

Right arm extended 29.0±3.3 (28.4–29.7)

Right arm extended corrected 25.3±2.8 (24.8–25.9)

Right arm contracted 30.0±3.2 (29.5–30.7)

Right arm contracted corrected 26.4±2.8 (25.8–26.9)

Right forearm 25.9±2.3 (25.4–26.3)

Right wrist 16.4±1.4 (16.1–16.1)

Left thigh 51.6±9.4 (49.6–53.2)

Left medial calf 34.7±3.2 (34.0–35.3)

Left ankle 21.4±1.7 (21.1–21.8)

Right thigh 53.2±6.9 (51.9–54.5)

Right thigh corrected 48.0±4.8 (47.0–49.0)

Right medial calf 34.8±3.4 (34.0–35.5)

Right medial calf corrected 31.9±3.2 (31.3–32.7)

Right ankle 21.3±1.7 (21.0–21.7)

Table 1 (continued)

Table 1 (continued)

Variables Participants (n=106)

Shoulder 105.3±8.1 (103.7–106.9)

Breast 93.4±9.0 (91.7–95.1)

Waist 87.0±9.2 (85.3–88.7)

Abdomen 91.2±12.4 (88.7–93.5)

Hip 94.0±9.3 (92.4–96.0)

Skinfold thickness (mm)

Triceps 11.8±7.5 (10.3–13.2)

Subscapular 20.6±8.4 (18.9–22.2)

Suprailiac 19.1±9.9 (17.3–21.0)

Horizontal abdomen 21.3±9.2 (19.7–23.1)

Thigh 16.8±11.3 (14.5–18.8)

Medial calf 9.0±7.2 (7.5–10.3)

Data are presented as n (%), mean ± SD (95% CI). HIV, human 
immunodeficiency virus; ART, antiretroviral therapy; FMRDXA, fat 
mass ratio by dual-energy X-ray absorptiometry; PI, protease 
inhibitor; SD, standard deviation; CI, confidence interval.
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estimate FMR, and the extreme values of FMR were rarely 
outside the limits of agreement.

After validating the predictive models to estimate 
FMR, the best-suggested model “model 6” (Table 2) had 
a high adjusted value of Q2

PRESS (0.70) and a small SPRESS 
(0.17). The models accurately predicted FMR due to 
the short interval for the limit of agreement observed in 
each predictive model by the Bland-Altman plots and the 
adjusted Q2

PRESS value, mainly in the best predictive model 
suggested.

Discussion

The present study aimed to develop and validate sexless 
predictive models of FMR in PWH using anthropometric 
measurements and health-related factors. The models 
exhibited high determination coefficients and low 
prediction errors. Among the six proposed models, model 6 
showed the best predictive performance due to the highest 
coefficient of determination for cross-validation and the 
lowest limit of agreement in the Bland-Altman plots. To 
the best of our knowledge, this is the first study proposing 
predictive models of FMR in PWH regardless of sex, which 
enhances the healthcare provided to this population.

A single Brazilian study has previously developed 
anthropometric predictive models for the diagnosis of 
lipodystrophy in PWH, which were sex-specific (26). 
Six models were generated for males (R2=0.50–0.77; 
SEE =0.14–0.20), in which the best model included the 

relationship between subscapular/medial calf SK, thigh SK, 
waist BC, years of education, time since HIV diagnosis, 
and type of ART. For females, five models were generated 
(R2=0.34 to 0.70; SEE =0.10–0.13), in which the best model 
included thigh skinfold, subscapular skinfold, time of 
exposure to ART, chest circumference, and race/ethnicity 
(Asian or non-Asians) (26). When comparing the cited 
models with the present research, we identified similar 
determination coefficients and forecast errors. However, our 
models did not exhibit any discrepancies in predictive power 
even with gender grouping in the regression equation and 
were developed using the same set of independent variables. 
In clinical practice, the same set of variables in the model 
can facilitate and expedite the use of equations by healthcare 
professionals (39), enabling targeted interventions based on 
the individual needs of PWH.

Given the statistical assumptions adopted in our study, 
the best anthropometric predictive model was model 6 
due to the inclusion of important key variables for the 
clinical understanding of PWH. Low levels of formal 
education are associated with the occurrence of NCDs, as 
poor health knowledge can impact behavioural changes 
related to prevention actions, adherence to treatment, and 
adverse outcomes throughout life (40). Anthropometric 
measurements such as waist circumference, subscapular and 
abdominal skinfolds (lipohypertrophy in the trunk region), 
and fat loss (lipoatrophy) in the thigh region are associated 
with an increased risk of cardiovascular disease (20). About 
the use of ART, longer exposure times are associated 

Table 2 Anthropometric and health-related factors models to predict FMR in people living with HIV from the Clinics Hospital of Medicine Faculty in Ribeirão 

Preto, São Paulo, Brazil

Models

Independents variables

β R2
adjusted SEE 95% CI

Validation

SK thigh  

(mm)

BC waist  

(cm)

T ART  

(months)

SK 

subscapular 

(mm)

Formal 

education 

(years)

SK abdomen 

(mm)
Q²PRESS SPRESS

1 −0.017±0.002 1.39±0.04 0.43 0.22 1.03 to 1.12 0.40 0.23

2 −0.018±0.002 0.013±0.002 0.26±0.18 0.59 0.19 1.03 to 1.12 0.57 0.19

3 −0.016±0.002 0.013±0.002 0.001±0.000 0.12±0.17 0.64 0.18 1.03 to 1.13 0.62 0.18

4 −0.018±0.002 0.010±0.002 0.001±0.000 0.008±0.003 0.31±0.18 0.67 0.17 1.05 to 1.15 0.64 0.18

5 −0.018±0.002 0.010±0.002 0.001±0.000 0.008±0.003 0.014±0.005 0.20±0.17 0.69 0.16 1.05 to 1.15 0.67 0.17

6* −0.015±0.002 0.010±0.002 0.001±0.000 0.010±0.003 0.014±0.005 −0.007±0.003 0.21±0.17 0.72 0.16 1.06 to 1.15 0.70 0.17

*, model 6: fat mass ratio = 0.214 + [SK thigh (mm) × −0.015] + [BC waist (cm) × 0.010] + [T ART (months) × 0.001] + [SK subscapular (mm) × 0.010] + [formal 
education (years) × 0.014] + [abdomen SK (mm) × −0.007]. FMR, fat mass ratio; HIV, human immunodeficiency virus; SK thigh, skinfold thickness of thigh; 
BC waist, body circumference of waist; T ART (months), time under antiretroviral therapy in months; SK subscapular, skinfold thickness of subscapular; SK 
abdomen, skinfold thickness of abdomen; β, beta value; R2

adjusted, r square adjusted; SEE, standard error of estimate; CI, confidence interval; Q2
PRESS, Q

2 of the 
predicted residual error sum of squares; SPRESS, S of the predicted residual error sum of squares. 
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with higher insulin resistance, leading to lipotoxicity and 
lipodystrophy, which contribute to comorbidities and 
cardiovascular pathogenesis (41). PWH using ART also 
have a higher presence of markers of accelerated ageing, 
such as systemic inflammation, frailty, and cardiovascular 
risk factors (42). Therefore, in addition to the high accuracy 
of model 6, we can diagnose lipodystrophy by monitoring 
body changes in PWH, paying attention to possible 
abnormalities that can lead to poor outcomes in this 
population.

A limitation to be considered in our study is the size 
and geographic location of the sample since PWH were 
recruited at a university hospital in the city of Ribeirão 

Preto, which could limit the expansion of the sample to 
other cities and states. At the same time, the specificity of 
the sample causes the representativeness to be reduced, 
as shown in previous studies in Brazil (12), France (16), 
Portugal (17), Kenya (43), Cameroon (44), and Zambia (45). 
Another limitation would be the use of DXA, which is not 
the most accurate method available to assess body fat (46). 
However, even estimating at the molecular level, the fat 
mass derived from DXA is widely used in the literature to 
calculate FMR and, consequently, diagnose lipodystrophy in 
PWH (16,21,26). Therefore, our use of DXA as a reference 
is consistent with the evidence available in the scientific 
literature.

Figure 1 Bland-Altman plots for derivation predictive models (A-F) of FMR for people living with HIV. FMR, fat mass ratio; SD, standard 
deviation; HIV, human immunodeficiency virus.
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Early diagnosis of lipodystrophy is feasible, as it will 
allow health professionals to properly treat changes in 
body composition, preventing some NCDs, especially 
atherosclerosis (26). With the use of anthropometric 
models, this diagnosis becomes simplified, as the models 
are objective, accurate and low cost. As shown in our study, 
models grouped by sex with high predictive power and low 
estimation error may be viable alternatives for monitoring 
PWH. Furthermore, our anthropometric predictive models 
can be useful for a large number of low- and middle-
income countries with limited resources available. For 
widespread accessibility and dissemination, the diagnosis 
and monitoring of lipodystrophy utilizing our developed 
predictive models are available in an Excel® spreadsheet 
accessible via the following hyperlink: http://posgraduacao.
eerp.usp.br/files/Routine_Models_FMR.xlsx.

For future investigations, we suggest validating our 
models in other countries and performing cross-validation 
between our models and those previously reported in 
the literature, to verify their generalizability to other 
populations of PWH.

Conclusions

The proposed FMR sexless models using anthropometric 
measurements and health-related factors in PWH have been 
shown to be valid. The high coefficient of determination 
and low estimation error, particularly in model 6 with the 
variables included for analysis, support the validity of our 
models. Therefore, our predictive models represent an 
advancement in the study of body composition in PWH, 
consolidating the use of anthropometry and health-related 
factors for diagnosing and monitoring lipodystrophy.
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