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Introduction
Since the discovery of human immunodeficiency 
virus (HIV) in the 1980s, AIDS (acquired immu-
nodeficiency syndrome) has become one of the 
major causes of death worldwide.1 From 2004 to 
2016, there were reported to be totally 318,895 
cases of people living with HIV in China.2 
However, with the introduction of antiretroviral 
therapy (ART), the morbidity and mortality of 
people living with HIV decreased significantly.3,4 
From 2000 to 2019, there was an approximate 

45% reduction in AIDS-related mortality rate.5 
Although ART has significantly reduced the 
death rate among people living with HIV, improv-
ing the long-term prognosis of people living with 
HIV remains a challenge.1,6,7 In particular, the 
morbidity of HIV-related metabolic syndrome, 
fatty liver, hyperlipidemia, and high body mass 
index (BMI) has increased.7,8

Weight changes in people living with HIV after 
initiation of ART is very common.8 BMI is a 
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Objective: The objective of this study was to evaluate the characteristics of high body mass 
index (BMI) and normal weight people living with HIV after antiretroviral therapy (ART) and 
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Methods: A total of 290 people living with HIV after 1 year of ART treatment were enrolled and 
divided into two groups based on whether their BMI index was <24 or ⩾24 at week 48. The 
demographic, clinical data were collected and analyzed. Multivariable logistic regression analysis 
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Results: A total of 290 people living with HIV were included in this study; 200 had a normal BMI 
(BMI < 24) and 90 were high BMI (BMI ⩾ 24) after 1-year ART. Their baseline characteristics 
were significantly different in relation to age (p = 0.007), sex distribution (p = 0.040), ART 
regimen (p = 0.040), alanine aminotransferase levels (p < 0.001), and three major serum lipid 
levels: triglycerides (p < 0.001), cholesterol (p = 0.011), and low-density lipoprotein (p = 0.005). 
A multivariate logistic regression analysis resulted in the development of a model for the 
diagnosis of high BMI and hyperlipidemia. The model score is an independent risk factor 
for hyperlipidemia (odds ratio = 2.674, p = 0.001) and high BMI (p < 0.001). The model score 
is significantly correlated with the controlled attenuation parameter (CAP) value (r = 0.230, 
p < 0.001) and can be used to divide the severity of liver steatosis based on CAP value.
Conclusions: This study demonstrated a easy-to-use model to detect high BMI, 
hyperlipidemia, and liver steatosis in people living with HIV without risk factors for BMI 
changing at baseline after 1 year of ART treatment.
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widely applied indicator for assessing the degree 
of obesity. While studies have shown that BMI 
is related to the mortality of people living with 
HIV, the conclusions of which are contradictory. 
Studies have found that high BMI is negatively 
correlated with the disease progression and mor-
tality in people living with HIV.9,10 High BMI is 
closely related to fatty liver, metabolic syndrome, 
cardiovascular events, and other diseases.11–13 
Therefore, maintaining a healthy BMI is essential 
for long-term prognosis of people living with 
HIV. However, it is still unclear how to assess the 
risk of BMI change in people living with HIV 
after receiving ART.

Thus, we conducted a retrospective study. We 
enrolled people living with HIV with and without 
high BMI after 48 weeks of ART. By analyzing 
the differences in baseline clinical data, we con-
structed a model that helps to group people living 
with HIV at baseline to assess their prognosis.

Subjects and methods

People living with HIV studied and  
study design
This is a retrospective study. According to the 
sample size estimation formula, a total of 290 
people living with HIV were enrolled in our study. 
All the people living with HIV were Asians. All 
the people living with HIV enrolled were regularly 
followed up at Nanfang Hospital. People living 
with HIV were excluded (1) if there was a lack of 
vital medical information or (2) if the people liv-
ing with HIV had an underlying disease(s) or 
medical conditions that influence BMI index: 
cancers, T2DM, hyperthyroidism, tuberculosis 
(TB), eating disorders, and not taking meno-
pausal hormone therapy for the past 3 months. 
Moreover, to avoid the influence on measure-
ment of CAP value, viral hepatitis including HBV 
infection and HCV infection were also excluded. 
The medical records of complete blood count 
(CBC), biochemical tests, and HIV virological 
parameters were documented. The ethics com-
mittee of Nanfang Hospital approved this study, 
and each enrolled people living with HIV pro-
vided informed consent.

Laboratory testing
CBC tests were performed after an overnight fast 
and analyzed using a Sysmex SE9000 automated 

blood cell analyzer. Serum alanine aminotrans-
ferase (ALT), albumin, and other serum bio-
chemical parameters were measured using an 
Olympus AU5400 automated biochemical ana-
lyzer. Lymphocyte detection was performed with 
a flow cytometer. HIV RNA was detected using a 
polymerase chain reaction machine. Plasma levels 
of cholesterol and triglycerides (TG) were deter-
mined using enzymatic methods. Low-density 
lipoprotein (LDL)-cholesterol levels were calcu-
lated using the Friedewald’s equation. All the 
detections and evaluations were performed in a 
central laboratory in the Department of Clinical 
Laboratory in Nanfang Hospital.

Clinical parameters
Information was collected including people living 
with HIV’s demographic data, ART regimen, 
CBC, serum lipids profile, HIV RNA viral load, 
CD4+ T cell count, and CD8+ T cell count. 
People living with HIV are staged according to 
their clinical presentation and peripheral CD4+ T 
cell count.14 Education level was defined as  
follows: primary if people living with HIV had 
received <12 years of education and senior if peo-
ple living with HIV had received >12 years of edu-
cation. Hyperlipidemia was defined in this study 
as total cholesterol (T-CHOL) and/or TG levels 
exceeding the upper limit of normal (1*ULN).

Controlled attenuation parameter (CAP) 
measured by transient elastography
The CAP value was assessed using transient elas-
tography by a professionally trained technician 
according to the manufacturer’s instructions. 
Briefly, the operation was performed on the right 
lobe of the liver through the intercostal spaces 
while they were lying in the decubitus position 
with the right arm abducted. Ultrasonic attenua-
tion was measured at 3.5 MHz using signals 
assessed by transient elastography. The median 
CAP value was expressed in decibels per meter 
(dB/m). A CAP value was considered reliable 
with both interrogative range/median <0.3 and a 
success rate of >60%. We considered a CAP 
value of >248, 268, and 280 dB/m for >S0, >S1, 
and >S2 to indicate liver steatosis.15

Statistical analysis
The measurement units were expressed as 
mean ± SD for normally distributed data and 
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median (range) for data showing non-normal dis-
tribution. Categorical data were expressed as a 
percentage. Paired t test and Pearson correlation 
analysis were used to compare the differences, 
when appropriate. The area under the receiver 
operating characteristic (AUROC) curve and 
logistic regression were calculated. Sensitivity, 
specificity, and odds ratio (OR) values were 
applied. All analyses were performed using SPSS 
(version 26.0) software with an alpha level of 0.05.

Results

Baseline demographics and clinical 
characteristics
A total of 290 people living with HIV were included 
and divided into two groups based on whether their 
BMI was <24 or ⩾24 after 48 weeks’ ART (control 
group and high BMI group). Age in the high BMI 
group was significantly higher than in the control 
group (37.94 ± 10.85 versus 34.07 ± 12.17 years, 
respectively; p = 0.007) (Table 1).

Analysis of baseline characteristics as a 
predictor of BMI ⩾ 24 after ART
A multivariate analysis was conducted to evalu-
ate the risk factors associated with BMI ⩾ 24 
after 48 weeks’ ART. The results showed  
that gender (OR = 0.261, p = 0.042), age 
(OR = 1.030, p < 0.012), baseline ALT level 
(OR = 1.032, p < 0.001), baseline TG level 
(OR = 1.825, p = 0.001), and baseline LDL-C 
level (OR = 1.592, p = 0.033) were independ-
ent risk factors associated with high BMI after 
ART (Table 2).

Therefore, the following model was constructed: 
model = −4.686 − 1.345 × gender (1 if male and 
0 if female) + 0.030 × age + 0.031 × ALT +  
0.602 × TG +  0.465 × LDL-C.

Validation of model score as a predictor of 
BMI ⩾ 24 after 48 weeks’ ART
People living with HIV were grouped into a low-
risk group and a high-risk group based on the 
mean value of model scores (−2.0). As shown in 
Figure 1(a), BMI was significantly higher in the 
high-risk group than in the low-risk group 
(23.88 ± 3.64 versus 21.39 ± 3.06, respectively; 
p < 0.001). Likewise, the proportion of high BMI 

people living with HIV were higher in the high-
risk group than that in the low-risk group (47.9% 
versus 19.8%, respectively; p < 0.001, Figure 
1(b)). AUROC curve was then constructed show-
ing our model variables performed better than 
other variables in predicting progression into high 
BMI after 48 weeks’ ART (Figure 1(c)). When the 
model was used to predict high BMI with a cutoff 
value of −2.90, its sensitivity and specificity were 
94.4% and 32.7%, respectively. When the model 
was used to predict high BMI with a cutoff value 
of −1.35, its sensitivity and specificity were 41.1% 
and 81.9%, respectively.

High model score as an independent risk factor 
associated with high BMI after 48 weeks’ ART
To further validate the efficacy of our model in 
predicting high BMI after 48 weeks’ ART, uni-
variate and multivariate analyses were conducted. 
In multivariate analysis, we employed three meth-
ods to establish different models. In the enter 
analysis, model score (p = 0.001) and gender 
(p = 0.005) were independent risk factors associ-
ated with high BMI after 48 weeks’ ART treat-
ment among people living with HIV. In the 
forward analysis, model score (p < 0.001), gender 
(p < 0.001), and platelet (PLT) counts (p = 0.017) 
were independent risk factors. In the backward 
analysis, CHOL levels (p = 0.031) rather than 
PLT counts were used as a risk factor, while 
model score (p < 0.001) and gender (p < 0.001) 
remained independent risk factors. All the results 
are shown in Supplementary Table 1.

Performance of model to predict hyperlipidemia 
after 48 weeks’ ART
We found a positive correlation between model 
score and serum TG level at week 48 (r = 0.351, 
p < 0.001). Similar trends were observed in 
CHOL level (r = 0.398, p < 0.001) and LDL-C 
level (r = 0.345, p < 0.001). In addition, the model 
scores showed that the model was able to distin-
guish the serum lipid profile at week 48. TG lev-
els at week 48 in people living with HIV were 
significantly higher in the high-risk group than in 
the low-risk group (1.96 ± 1.49 versus 1.34 ± 0.96, 
respectively; p < 0.001)—likewise, in the values 
observed for CHOL level at week 48 (4.80 ± 0.89 
versus 4.24 ± 0.79, respectively; p < 0.001) and 
LDL-C level at week 48 (2.98 ± 0.81 versus 
2.60 ± 0.62, respectively; p < 0.001) (Figure 2).
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A multivariable analysis was conducted and the 
results showed that age (OR = 0.934, p = 0.038) 
and model score (OR = 2.674, p = 0.001) were 
the only two independent risk factors associated 

with hyperlipidemia after 48 weeks’ ART (Table 3).  
When the model was used to predict hyper-
lipidemia with a cutoff value of −2.90, its sensi-
tivity and specificity were 86.7% and 24.8%, 

Table 1. Baseline characteristics of the high BMI and normal BMI people living with HIV after ART treatment.

Variable People living with HIV with ART p value

Control group High BMI group

Age, years 34.07 ± 12.17 37.94 ± 10.85 0.007

Sex 0.040

 Male 179 (89.5) 87 (96.7)  

 Female  21 (10.5)  3 (3.3)  

Education 0.931

 Primary 141 (70.5) 63 (70.0)  

 Senior  59 (29.5) 27 (30.0)  

Disease stage 0.822

Early stage 136 (68.0) 60 (66.7)  

AIDS stage  64 (32.0) 30 (33.3)  

ART regimen 0.040

 INSTI based  17 (8.5) 15 (16.7)  

 Others 183 (91.5) 75 (83.3)  

CD4+ T counts, cells/µl 287.08 ± 164.80 287.21 ± 176.58 0.995

CD8+ T counts, cells/µl 1027.57 ± 583.84 1023.52 ± 542.41 0.954

HIV RNA log10copies/ml 4.29 ± 0.71 4.45 ± 0.74 0.098

WBC counts, cells/ml 5.62 ± 3.06 5.71 ± 1.71 0.759

HGB g/L 142.40 ± 20.39 146.98 ± 13.54 0.053

PLT counts, cells/ml 216.37 ± 63.86 212.06 ± 70.94 0.622

ALT U/L 21.30 ± 14.33 35.27 ± 30.30 <0.001

ALB g/L 44.57 ± 4.96 45.02 ± 4.48 0.466

TG mmol/L 1.19 ± 0.64 1.71 ± 1.11 <0.001

CHOL mmol/L 4.01 ± 0.79 4.27 ± 0.85 0.011

LDL mmol/L 2.54 ± 0.64 2.77 ± 0.65 0.005

ALB, albumin; ALT, alanine aminotransferase; ART, antiretroviral therapy; BMI, body mass index; CHOL, cholesterol; 
HGB, hemoglobin; INSTI, integrase strand transfer inhibitor; LDL, low-density lipoprotein; PLT, platelet; TG, triglycerides; 
WBC, white blood cell.
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respectively. When the model was used to predict 
hyperlipidemia with a cutoff value of -1.35, its 
sensitivity and specificity were 73.3% and 77.4%, 
respectively.

Performance of model to predict liver steatosis 
after 48 weeks’ ART
We next investigated the feasibility of the model 
score to predict liver steatosis. A significantly 

Table 2. Univariate and multivariate analysis for high BMI after 48 weeks’ ART.

Variables Univariate analysis Multivariate analysis

 OR 95% CI p OR 95% CI p

Gender 0.294 0.085–1.012 0.052 0.261 0.072–0.950 0.042

Age 1.027 1.006–1.049 0.011 1.030 1.007–1.055 0.012

ART regimen 2.153 1.023–4.533 0.044  

Education 0.976 0.567–1.682 0.931  

CD4+ T 1.000 0.999–1.001 0.995  

CD8+ T 1.000 1.000–1.000 0.955  

HIV RNA 1.358 0.950–1.942 0.093  

WBC 1.011 0.926–1.105 0.802  

HGB 1.014 1.000–1.029 0.055  

PLT 0.999 0.995–1.003 0.607  

ALT 1.034 1.019–1.050 <0.001 1.032 1.016–1.049 <0.001

ALB 1.020 0.967–1.075 0.465  

TG 2.097 1.499–2.935 <0.001 1.825 1.291–2.580 0.001

CHOL 1.491 1.093–2.034 0.012  

LDL 1.732 1.169–2.567 0.006 1.592 1.037–2.445 0.033

ALB, albumin; ALT, alanine aminotransferase; ART, antiretroviral therapy; BMI, body mass index; CHOL, cholesterol; 
CI, confidence interval; HGB, hemoglobin; LDL, low-density lipoprotein; OR, odds ratio; PLT, platelet; TG, triglycerides; 
WBC, white blood cell.

Figure 1. (a) High BMI people living with HIV are divided into a low-risk and high-risk group according to 
model score (p < 0.001). (b) Proportions of people living with HIV who are high BMI or not in the low-risk and 
high-risk groups (p < 0.001). (c) The AUROC curve relating to model score and age, ALT level, TG level, and 
LDL-C level.
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positive correlation was found between CAP 
value and model score (r = 0.230, p < 0.001). 
Different proportions of distribution in the four 
stages of liver steatosis were also observed (Low-
risk group, S0/S1/S2/S3%, 84.9/9.9/2.3/2.9; 
High-risk group, 70.9/14.5/4.3/10.3; p = 0.017) 
(Figure 3). When the model was used to predict 
liver steatosis with a cutoff value of −2.90, its sen-
sitivity and specificity was 90.0% and 27.9%. 
When the model was used to predict liver steato-
sis with a cutoff value of −1.35, its sensitivity and 
specificity were 35.0% and 77.3%, respectively.

Discussion
In this study, we included 290 people living with 
HIV who had received 1-year-long ART treat-
ment. The demographic and clinical data were 
documented and analyzed. All 290 people living 
with HIV were stratified into two groups accord-
ing to whether their BMI index was <24 or ⩾24 
at week 48. We found that the high BMI group 
included people living with HIV who were older 
than those in the control group and had a higher 
proportion of male people living with HIV. The 
high BMI group had a larger percentage of people 

living with HIV receiving integrase strand transfer 
inhibitor (INSTI)-based treatment than the con-
trol group. The similar results were reported in 
early studies. INSTI- and protease inhibitor–
based first-line ARTs are associated with greater 
weight gain compared with non-nucleoside 
reverse transcriptase inhibitor (NNRTI)-based 
ART.16 In our study, we also found that high 
BMI group’s average ALT level was higher than 
the others in the control group. Similarly, all three 
serum lipid levels documented in the high BMI 
group were also higher than those in the control 
group. In view of these findings, we esta blished a 
model with which the people living with HIV 
could be stratified into risk stages of developing 
high BMI, hyperlipidemia, and liver steatosis.

Body weight changes frequently among people 
living with HIV.17 Moreover, study indicated 
that 22% of people living with HIV with normal 
BMI became high BMI and 18% of high BMI 
individuals became obese within 3 years after 
ART.18 The underlying mechanism here is vari-
ous. Another study reported that CD4 count 
<100 cells/µL, hemoglobin < 12 g/dl, and use of 
protease inhibitor–based regimen were factors 

Figure 2. (a) Scatter plot of TG level and model score (r = 0.351, p < 0.001). (b) Scatter plot of CHOL level and 
model score (r = 0.398, p < 0.001). (c) Scatter plot of LDL-C level and model score (r = 0.345, p < 0.001). (d) TG 
level (mmol/L) are divided into the low-risk or high-risk group according to model score (p < 0.001). (e) CHOL 
levels (mmol/L) are divided into the low-risk or high-risk group according to model score (p < 0.001). (f) LDL-C 
levels (mmol/L) are divided into the low-risk or high-risk group according to model score (p < 0.001).
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Table 3. Univariate and multivariate analysis for hyperlipidemia after 48 weeks’ ART.

Variables Univariate analysis Multivariate analysis

 OR 95% CI p OR 95% CI p

Gender 1.278 0.161–10.159 0.817  

Age 0.983 0.937–1.031 0.475 0.934 0.875–0.996 0.038

ART regimen 2.121 0.565–7.958 0.265  

Education 1.625 0.560–4.715 0.372  

CD4+ T 1.002 0.999–1.005 0.224  

CD8+ T 1.000 0.999–1.001 0.742  

HIV RNA 1.450 0.684–3.073 0.333  

WBC 1.056 0.946–1.178 0.333  

HGB 1.025 0.991–1.060 0.152  

PLT 1.002 0.994–1.009 0.639  

ALT 1.025 1.011–1.041 0.001  

ALB 1.181 1.022–1.365 0.024  

TG 2.145 1.437–3.200 <0.001  

CHOL 2.709 1.457–5.036 0.002  

LDL 3.540 1.608–7.795 0.002  

Model 2.302 1.556–3.406 <0.001 2.674 1.736–4.120 0.001

ALB, albumin; ALT, alanine aminotransferase; ART, antiretroviral therapy; CHOL, cholesterol; CI, confidence interval; 
HGB, hemoglobin; LDL, low-density lipoprotein; OR, odds ratio; PLT, platelet; TG, triglycerides; WBC, white blood cell.

Figure 3. (a) Scatter plot of CAP value and model score (r = 0.230, p < 0.001). (b) Proportions of people living 
with HIV with different liver steatosis stages of severity in the low-risk and high-risk groups (p = 0.017).
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that promoted weight change, and age ⩾ 50 years, 
female sex, and black race were negative factors 
for weight change.19 Because people living with 
HIV in our study were all Asian, we were unable 
to verify differences in the proportion of high 
BMI across ethnic groups. However, according 
to our results, we confirmed that age is a risk fac-
tors associated with high BMI after ART treat-
ment. We further constructed an easy-to-use 
model to detect high BMI, hyperlipidemia, and 
liver steatosis after ART treatment in people liv-
ing with HIV without risk factors for BMI chang-
ing at baseline.

People living with HIV with high BMI may pro-
mote the development of metabolic syndrome 
and cardiovascular events, which can lead to a 
poor prognosis. Gelpi reported that living with 
HIV is an independent risk factor for abdomi-
nal obesity, elevated LDL-C, and hyper-
triglyceridemia.20 Lemoine et al. use Fibroscan 
to assess people living with HIV and evaluate 
the extent of their liver fibrosis. The study indi-
cated that 25.1% of people living with HIV with 
metabolic syndrome had significant fibrosis, 
and 8.4% had suspected cirrhosis.21 However, 
the specific immune-pathogenic mechanisms 
remain unknown.

Living with HIV can have an impact on immune 
system. Body weight change over a short period 
may predict a poor clinical outcome.18,22 It espe-
cially occurs under the circumstance of a falling 
BMI. A study showed that low BMI and falling 
BMI were independently associated with greater 
risk of developing TB among people living with 
HIV with CD4 counts of ⩾200 cells/μl living in a 
high TB prevalence area.23 Therefore, for people 
living with HIV, maintaining a healthy weight is 
very important. Although dramatic weight loss 
after ART treatment appears to be rarely reported, 
further research is needed to assess risk in this 
population.

Hyperlipidemia and liver steatosis are common 
among people living with HIV especially with 
high BMI.24–28 It generally takes biochemical 
markers detections, ultrasonography, and 
MR-based detection to diagnose hyperlipidemia 
and nonalcoholic fatty liver disease (NAFLD), 
which may result in a certain economic burden. 
Considering the high incidence of NAFLD and 
hyperlipidemia among people living with HIV, 
there is a demand for a simple and efficient 

diagnostic method that is capable of predicting 
disease(s). Here we established a model including 
five significant factors extracted from baseline 
characteristics and showed great superiority in 
diagnosing and staging hyperlipidemia and high 
BMI. There is significant linear correlation 
between CAP value and model score, which 
shows a potential to diagnose liver steatosis. The 
model may assist with early detection and early 
intervention of hyperlipidemia and high BMI. It 
could also stratify high BMI and hyperlipidemia 
into different risk stages. By screening high-risk 
groups, the medical economic burden can be 
effectively reduced. This study had some limita-
tions. First, it is a retrospective and single-center 
study which may affect the stability of the model. 
Second, the relatively small sample size increases 
the systematic bias. These limitations could be 
lessened in subsequent studies.

Conclusion
In our study, we found that the high BMI people 
living with HIV after ART treatment were signifi-
cantly different in demographic characteristics, 
such as age, gender, and ART regimens. Hence, 
we constructed a model to predict high BMI after 
ART treatment. For the people living with HIV 
without risk factors associated with BMI chang-
ing, our model can be effectively and efficiently 
used to predict the occurrence of high BMI, 
hyperlipidemia, and liver steatosis after ART 
treatment and to stratify these diseases into differ-
ent stages of severity.
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