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Abstract 

Background  Hypertriglyceridemia is associated with subclinical atherosclerosis and vascular inflammation even 
when low-density lipoprotein cholesterol levels are normal. However, few cohort studies on hypertriglyceridemia 
have been conducted in males with higher susceptibility to human immunodeficiency virus (HIV)-related deteriora‑
tion of arterial structure and function. Our objective was to investigate the incidence of hypertriglyceridemia during 
treatment with combination antiretroviral therapy (cART) in males with HIV and explore its related risk factors.

Methods  In this retrospective study, we included 309 males living with HIV (median age 31 years [interquartile range 
26–42.5]) who initiated cART treatment in our hospital from January 2013 to December 2018. We collected follow-up 
data on serum triglycerides and other related information as of June 31, 2021. A Cox proportional hazards regression 
model was used to analyze the related risk factors.

Results  In 666.7 person-years, hypertriglyceridemia occurred in 140 patients (triglyceride ≥2.3 mmol/L [200 mg/dL]), 
and the incidence rate was 21.0 per 100 person-years (Patients who took the lamivudine [3TC] + tenofovir disoproxil 
fumarate [TDF] + efavirenz [EFV] regimen accounted for 77.0% of the total patients.). Multiple Cox regression analy‑
sis showed that baseline CD4/CD8 ratio < 0.20 (hazard ratio [HR], 2.705 [95% confidence interval (CI): 1.381–5.296]; 
P = 0.004}, body mass index (BMI) ≥ 24.0 kg/m2 (HR, 1.768 [95% CI: 1.225–2.552]; P = 0.002), borderline high triglyceride 
at baseline (HR, 3.457 [95% CI: 2.162–5.527]; P < 0.001), and 3TC + zidovudine (AZT) + EFV regimen (HR, 2.702 [95% CI: 
1.593–4.581]; P < 0.001), or 3TC + TDF + lopinavir/ritonavir (LPV/r) regimen (HR, 4.349 [95% CI: 2.664–7.102]; P < 0.001) 
were independent risk factors for hypertriglyceridemia.

Conclusion  During the course of cART treatment, the incidence of hypertriglyceridemia in males with HIV was high. 
The main risk factors influencing its occurrence are a low baseline CD4/CD8 ratio, overweight and obesity, and the use 
of AZT or LPV/r in the cART regimen.
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Background
With the advent of combination antiretroviral therapy 
(cART) with high antiviral efficiency, human immunode-
ficiency virus (HIV) infection has changed from a fatal 
to a chronic disorder, but the clinical use of cART has 
been associated with a wide range of metabolic disorders 
[1, 2]. Furthermore, since cART regimens have led to a 
noteworthy extension of life expectancy in people liv-
ing with HIV, prolonged lipid and glucose metabolism 
imbalances could significantly affect the long-term prog-
nosis and outcome.

Low-level inflammation and chronic immune activa-
tion act on lipids through various mechanisms, mak-
ing them more prone to atherosclerosis [2]. Heightened 
inflammation, residual HIV infection, and highly athero-
genic lipoproteins contribute to a specific type of athero-
sclerosis in HIV, characterized by a higher prevalence of 
rupture-prone coronary plaques than that of ‘ordinary’ 
atherosclerosis [3]. Sun D’s al. found that HIV infection 
resulted in worse vascular status in all age groups and 
that men were more likely to undergo HIV-related dete-
rioration in arterial structure and function [4]. There is 
an increasing concern, particularly regarding the elevated 
risk of cardiovascular events and acute pancreatitis [1, 5]. 
Hypertriglyceridemia is the most common dyslipidemia 
in people living with HIV, whether or not they have been 
treated with cART [1, 2, 6]. The effect of cART on lipid 
levels varies greatly among classes of cART drugs, and 
even among drugs within the same class. Generally, pro-
tease inhibitors, nucleoside reverse-transcriptase inhibi-
tors (NRTIs), and non-NRTIs (NNRTIs) all increase 
triglyceride levels and newer drugs have more favorable 
effects compared to older ones [1, 2]. In addition, stud-
ies found that the prevalence of hypertriglyceridemia was 
higher in males with HIV [7, 8]. A recent study showed 
that hypertriglyceridemia is associated with subclinical 
atherosclerosis and vascular inflammation even in par-
ticipants with normal low-density lipoprotein cholesterol 
levels [9]. Although a hypolipidemic diet and physical 
exercise may certainly improve dyslipidemia, pharma-
cological therapy becomes indispensable when plasma 
lipid levels are excessively increased or persist for a long 
time. However, prevention of related events is particu-
larly important because of intolerance, potential drug 
interactions, and decreased patient adherence to multiple 
pharmacological regimens. Understanding the incidence 
of hypertriglyceridemia and its risk factors during cART 
will better meet the health needs of this population. Cur-
rently, only a few related cohort studies have been con-
ducted. This study retrospectively analyzed the follow-up 
data of males living with HIV receiving cART enrolled 
from 2013 to 2018 to provide the basis for the early iden-
tification of hypertriglyceridemia and the rational choice 

of cART regimen for Chinese males with HIV during 
antiviral treatment.

Methods
Study population
This was a retrospective cohort study of people liv-
ing with HIV who initiated cART treatment at the Fifth 
Medical Center of PLA General Hospital from January 
1, 2013 to December 31, 2018. Inclusion criteria were: 
(1) individuals aged 18 years or older; (2) males liv-
ing with HIV; (3) relevant clinical data such as baseline 
serum triglyceride (TG) levels, baseline HIV ribonu-
cleic acid (RNA) level, and baseline CD4+ T lymphocyte 
count; and (4) the time interval from diagnosis to initial 
treatment was < 12 months. Exclusion criteria were: (1) 
patients who were taking lipid-lowering drugs; (2) base-
line serum TG ≥ 2.3 mmol/L (200 mg/dL); (3) patients 
who were treated with cART before follow-up; and (4) 
those with tumors, autoimmune disease, kidney failure, 
and liver cirrhosis.

For eligible participants, serum TG levels and other 
relevant clinical data were collected from patients up to 
June 31, 2021. During the first 3 months after the start 
of cART, patients were followed up approximately once 
a month and then every 3 months (the specific time was 
based on the actual visit time of the patient). A patient 
was considered lost to follow-up if the interval between 
visits exceeded 12 months, or if the patient’s lipid data 
were missing for > 12 months.

The primary endpoint was hypertriglyceridemia 
(serum TG ≥ 2.3 mmol/L [200 mg/dL]). The occurrence 
of serum TG ≥ 2.3 mmol/L was considered a target event 
during the follow-up period (all participants were asked 
to fast overnight for approximately 12 h). For patients 
who switched to cART regimens during the follow-up, 
the first appearance of TG ≥ 2.3 mmol/L was taken as a 
node, and the cART regimen at that time was recorded. 
The relevant information of the participants included 
in the group mainly included demographic and clinical 
characteristics, and laboratory results. The demographic 
and clinical data collected included age, sex, body weight, 
height, mode of HIV acquisition, cART regimen, educa-
tion level, time of HIV diagnosis, and presence of dia-
betes. Laboratory tests included TG (mmol/L), plasma 
glucose (mmol/L), total cholesterol (mmol/L), CD4 cell 
count (cells/μL), CD8 cell count (cells/μL), plasma HIV 
RNA (copies/mL), and alanine aminotransferase (ALT, 
U/L).

Definitions and diagnostic criteria
According to current clinical practice guidelines for the 
treatment of dyslipidemia, it is recommended to start 
using statins when the serum TG > 2.3 mmol/L (200 mg/
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dL) [10]. Hypertriglyceridemia in our study was deter-
mined according to the Guidelines on National Choles-
terol Education Program (NCEP) Adult Treatment Panel 
(ATP) III [11]. It was defined as serum TG ≥ 2.3 mmol/L 
at follow-up. In addition, TG ≥ 1.7 mmol/L, defined as 
borderline high TG, used in the classification of TG levels 
at baseline.

The diagnosis of HIV infection was made in accordance 
with the diagnostic criteria of the Chinese guidelines for 
the diagnosis and treatment of HIV/acquired immuno-
deficiency syndrome (AIDS) (2021 edition)” [12]. Body 
mass index (BMI) = measured body mass (kg) ÷ height 
(m2): BMI ≥ 24.0 kg/m2 was defined as being overweight 
or obese; 18.5–23.9 kg/m2 as normal; and <18.5 kg/m2 
as being underweight [13]. Liver injury was diagnosed 
by referring to “EASL 2017 Clinical Practice Guide-
lines on the management of hepatitis B virus infection.” 
The occurrence of liver injury was defined as an ALT 
level 1.25 times higher than the upper limit of a normal 
standard value (ALT > 50 U/L, upper limit of normal 
[ULN] approximately 40 U/L) [14]. Hyperglycemia was 
diagnosed according to “Standards of Medical Care for 
Type 2 Diabetes in China 2019”: fasting plasma glucose 
(FPG) ≥ 6.1 mmol/L or under oral hypoglycemic drugs or 
insulin treatment [15].

Statistical analysis
All analyses were performed using Statistical Package for 
the Social Sciences (SPSS) version 25.0 (IBM SPSS, Chi-
cago, IL, USA) or GraphPad Prism 9. The Shapiro–Wilk 
test was used to test whether the data conformed to a 
normal distribution. When continuous variables were 
normally distributed, the mean and standard deviation 
(SD) were used. When continuous variables were non-
normally distributed, the median with interquartile range 
(IQR) was used. Categorical variables were summarized 
as numbers (%).

As patients entered the cohort at different times, the 
incidence density was calculated to account for the 
occurrence of hypertriglyceridemia during follow-up. 
Person-years were counted on an individual basis, start-
ing from the date cART treatment was initiated and 
ending with the time of hypertriglyceridemia detection, 
a follow-up period of 48 months, discontinuation of the 
cART regimen, last lipid test, or June 31, 2021, the final 
date of the follow-up, whichever occurred first. The inci-
dence of hypertriglyceridemia was defined as the num-
ber of new cases during the follow-up period divided 
by the number of person-years of follow-up. The cumu-
lative incidence and Kaplan–Meier curves of hypertri-
glyceridemia were drawn using GraphPad Prism 9, and 
the results of the log-rank test were calculated using 
GraphPad Prism 9. The approximate normal distribution 

method was used to calculate the 95% confidence interval 
(CI) for the incidence rate.

Cox proportional hazards models were used to ana-
lyze risk factors for hypertriglyceridemia. Variables with 
P < 0.20 in univariate analysis were entered into a multi-
ple Cox proportional hazard model. All reported P-values 
were two-sided. Statistical significance was set at P < 0.05. 
The adverse effects of dyslipidemia on blood vessels are a 
relatively slow process. In the first few months of initiat-
ing cART for people living with HIV, the relevant indica-
tors may fluctuate due to the sudden effects of antiviral 
drugs. To make the research results more practical, we 
excluded events within 3 months of the baseline.

Results
A total of 309 males with HIV met the study criteria 
from January 1, 2013 to June 31, 2018 (Fig. 1). They had a 
median age of 31 years (IQR, 26–42.5) and a median CD4 
cell count of 293 cells/μL (IQR 192–418). The patient’s 
primary antiviral regimen was lamivudine (3TC) + teno-
fovir disoproxil fumarate (TDF) + efavirenz (EFV), which 
accounted for 77.0% of the total (Table 1).

Figure 2. A shows the cumulative incidence of hypertri-
glyceridemia during the follow-up period, and we can see 
that the curve gradually flattens out, indicating a gradual 
decline in the incidence of hypertriglyceridemia in our 
patient. Older participants showed a higher incidence of 
hypertriglyceridemia, but the differences were not sta-
tistically significant on the log-rank test (Fig.  2B). Both 
lower and higher BMI showed a higher risk of hypertri-
glyceridemia, and the subgroup with lower BMI appeared 
to have a higher incidence of hypertriglyceridemia at the 
beginning, although this might be related to the smaller 
sample size (23 cases, Table 2) of this subgroup (Fig. 2C). 
Low CD4 and CD8 cell count showed the opposite trend. 
Low CD4 cell count was associated with high risk of 
hypertriglyceridemia (Fig. 2D), while low CD8 cell count 
was associated with low incidence of hypertriglyceri-
demia (Fig. 2E), and low CD4/CD8 ratio showed the same 
trend as low CD4 cell count (Fig. 2F), notably the statisti-
cal differences between the relevant subgroups of CD4/
CD8 ratio were more significant. Low HIV viral load 
indicated low risk, but there were no statistical differ-
ences between HIV RNA-associated subgroups (Fig. 2G). 
The antiviral regimens 3TC + TDF + lopinavir/ritonavir 
(LPV/r) and 3TC + azidothymidine (AZT) + EFV were 
significantly different from 3TC + TDF + EFV, with the 
3TC + TDF + LPV/r regimen showing a significant short-
term effect on hypertriglyceridemia and the effect of the 
3TC + AZT + EFV regimen was stable compared with 
that of the 3TC + TDF + LPV/r regimen (Fig. 2H).

The total number of person-years followed in this study 
was 666.7 (mean 2.16 years [range, 0.25–4.0]), during 
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which 140 patients developed hypertriglyceridemia with 
an incidence of 21.0/100 person-years (Table 2). The inci-
dence of hypertriglyceridemia was 19.9/100 and 10.6/100 
person-years in patients with CD4/CD8 ratio between 
0.20 and 0.59 and those with CD4/CD8 ratio > 0.60, 
respectively. Patients with a CD4/CD8 ratio < 0.20 had 
an incidence of 31.5/100 person-years. The incidence 
rate of patients with borderline high TG at baseline was 
83.1/100 person-years. The incidence rates in other sub-
groups are shown in Table 2. Univariate Cox regression 
analysis showed that BMI ≥ 24.0 kg/m2(P = 0.001), CD8 
cell count ≥1000 cells/μL (P = 0.045), HIV RNA load 
≥5 log10 copies/mL (P = 0.017), borderline high TG at 
baseline (P < 0.001), 3TC + AZT + EFV (P < 0.001), and 
3TC + TDF + LPV/r (P < 0.001) regimen were risk fac-
tors for hypertriglyceridemia in patients receiving cART 
treatment. Age, mode of HIV acquisition, education, 
ALT, plasma glucose, and TC levels were not significantly 
associated with hypertriglyceridemia in the univariate 
analysis (Table 2).

Variables in the multiple Cox models included age, 
BMI, CD4/CD8 ratio, HIV RNA, borderline high TG, 

and cART regimen. The results showed that BMI, CD4/
CD8 ratio, borderline high TG, and cART regimen were 
independently associated with the occurrence of hyper-
triglyceridemia (Fig.  3). Within subsets of each inde-
pendent risk factor, BMI ≥ 24.0 kg/m2 (hazard ratio 
[HR], 1.768 (95% CI: 1.225–2.552]; P = 0.002), CD4/CD8 
ratio < 0.20 (HR, 2.705 [95% CI: 1.381–5.296]; P = 0.004), 
borderline high TG (HR, 3.457 [95% CI: 2.162–5.527]; 
P < 0.001), 3TC + AZT + EFV regimen (HR, 2.702 [95% 
CI: 1.593–4.581]; P < 0.001), or 3TC + TDF + LPV/r regi-
men (HR, 4.349 [95% CI: 2.664–7.102]; P < 0.001) were 
statistically significant (Fig.  3). While a subset of HIV 
RNA was statistically significant, the overall difference 
in this item was not statistically significant (Fig. 3). Age 
was not significantly correlated with the occurrence of 
hypertriglyceridemia.

Discussion
In this study, the incidence of hypertriglyceridemia 
during antiretroviral treatment was 21.0/100 person-
years among males with HIV who were treated early 
with cART upon diagnosis. Multiple Cox regression 

350 carry out a detailed investigation.

41  excluded
5   already on cART ; 
2   taking lipid-lowering drugs ;

27   baseline TG ≥2.3 mmol/L ;
7   people suffering from tumors, 

autoimmune disease, etc.

309   included in this study. 

140   during the follow-up, 
hypertriglyceridemia occurred.

169   during the follow-up, no 
hypertriglyceridemia occurred.

429   initiated cART treatment in our hospital
(1/1/2013-31/12/2018)

79   excluded
14   female;

2   age >18 years old; 
40   no baseline TG;

2   no baseline CD4;
11   no baseline HIV RNA;

4   the time from  initial treatment
to diagnosis <12 months.

Fig. 1  Flowchart of patient selection for the study
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analysis showed that BMI ≥ 24.0 kg/m2, baseline 
CD4/CD8 ratio < 0.20, borderline high TG at base-
line, and the use of the 3TC + AZT + EFV regimen or 
3TC + TDF + LPV/r regimen were independent risk fac-
tors for hypertriglyceridemia.

In a cohort of 4577 persons living with HIV, the inci-
dence of dyslipidemia (dyslipidemia was defined as 
random TC > 240 mg/dL, high density lipoprotein 
[HDL] < 35 mg/dL, TG > 200 mg/dL, or initiation of lipid-
lowering therapy) during antiretroviral treatment in 
cART-naive people was 227.7/1000 person-years [16]. 
One possible reason the incidence of hypertriglyceri-
demia was lower than that in our study was that the study 
included both female and Black individuals. Studies have 
found that the incidence of dyslipidemia is significantly 
lower in female and Black ethnicity [16, 17]. However, 

our study only included Chinese males. Other reasons 
include different cART regimens and economic levels. 
This also demonstrates that the incidence of hypertriglyc-
eridemia in males living with HIV is high.

Multivariate analysis showed that the incidence of 
hypertriglyceridemia in overweight or obese patients 
was higher than in those with normal weight. This sug-
gests that overweight or obese patients should pay more 
attention to cART regimen selection. Simultaneously, 
they should pay attention to changing their lifestyle and 
reducing their weight to the normal range as soon as 
possible. The presence of CD4 cell counts < 200 cells/μL 
before treatment in people living with HIV usually indi-
cates that the patient’s immunity has been severely dam-
aged. At this time, even if patients with CD4 cell counts 
< 200 cells/μL receive the same cART regimen as those 
with CD4 cell counts > 350 cells/μL, patients’ immu-
nity recovery is weak, never reaching the level achieved 
by patients with CD4 cell counts > 350 cells/μL. Grun-
feld C et al. found that TG levels were above normal in 
patients with CD4 cell counts < 200 and approximately 
twice normal in symptomatic patients with AIDS [18]. 
In our study, we found that both CD4 < 200 cells/μL and 
CD8 ≥ 1000 cells/μL were at high risk for hypertriglyc-
eridemia, and the difference was more significant when 
expressed as the CD4/CD8 ratio. Multivariate analysis 
also showed that baseline CD4/CD8 ratio < 0.20 was a 
risk factor for hypertriglyceridemia. This indicates that 
the serum TG level of the patients may be related to their 
immune status. The worse the immune function is, the 
more likely the TG level will increase. The possible rea-
son is that the worse the immunity, the more susceptible 
it is to infection by other viruses, resulting in an increase 
in the secretion of interferon, which in turn leads to an 
increase in the level of TG [18, 19]. Low CD4 cell counts 
(< 200 cells/μL) have also been shown to be a risk factor 
for hypertriglyceridemia by Duan Y et  al.’s study [20]. 
This suggests that people living with HIV must receive 
antiviral treatment as soon as possible to avoid irrevers-
ible damage to immunity caused by the virus and possibly 
a higher incidence of hypertriglyceridemia.

The HIV viral load is associated with the disease stage 
in patients and is relatively high in those who have just 
been infected or are in the AIDS phase. Statistically sig-
nificant differences in the incidence of hypertriglyceri-
demia between the subgroup with geometric viral loads 
between 4.00 and 4.99 and the subgroup with geometric 
viral loads < 4.00 may reflect differences in the patient’s 
immunity. Patients with geometric viral loads < 4.00 had 
greater immunity. Because our inclusion criteria required 
< 12 months from the initial diagnosis to treatment, the 
time to infection for most patients may be short, and the 
virus causes less damage to the patient’s immunity. This 

Table 1  Baseline characteristics (n = 309, all male)

Other regimens: 3TC + AZT + LPV/r, 3TC + ABC + LPV/r, 3TC + AZT + NVP, 
3TC + ABC + EFV, 3TC + TDF + NVP, etc.

Abbreviations: IQR Interquartile range, BMI Body mass index, SD Standard 
deviation, ALT Alanine aminotransferase, TC Total cholesterol, MSM Men who 
have sex with men, TG Triglyceride, 3TC Lamivudine, EFV Efavirenz, LPV/r 
Lopinavir/ritonavir, TDF Tenofovir disoproxil fumarate, NVP Nevirapine, AZT 
Zidovudine, ABC Abacavir, y Years old
a n = 307; b n = 308; c n = 304

Characteristic Value

Median (IQR) age, y 31 (26–42.5)

Median (IQR) BMI, kg/m2 a 22.15 (20.32–24.22)

Median (IQR) plasma glucose, mmol/L 5.30 (5.00–5.60)

Median (IQR) ALT, U/L 20 (14–28)

Median (IQR) CD4+ count, cells/μL 293 (192–418)

Median (IQR) CD8+ count, cells/μL 886 (628.5–1275)

Median (IQR) CD4/CD8 ratio 0.31 (0.20–0.45)

Geometric median (IQR) viral load, copies/mL b 4.67 (4.16–5.21)

Mean (SD) TC, mmol/L 3.72 ± 0.89

Mode of HIV acquisition c

  Hetero 48 (15.5%)

  MSM 243 (79.9%)

  Other 13 (4.2%)

Degree of education

  High school and below 126 (40.8%)

  University and above 106 (34.3%)

  No information 77 (24.9%)

TG borderline high

  No 280 (90.6%)

  Yes 29 (9.4%)

cART regimen

  3TC + TDF + EFV 238 (77.0%)

  3TC + AZT + EFV 22 (7.1%)

  3TC + TDF + LPV/r 31 (10.0%)

  Other regimens 18 (5.8%)
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Fig. 2  Cumulative incidence of hypertriglyceridemia during follow-up and Kaplan-Meier curves of its main risk factors. A Cumulative incidence of 
hypertriglyceridemia during follow-up; B-H Kaplan-Meier curve under different risk factors. Abbreviations: BMI, body mass index; 3TC, lamivudine; 
EFV, efavirenz; LPV/r, lopinavir/ritonavir; TDF, tenofovir disoproxil fumarate; AZT, Zidovudine; y, years old
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Table 2  Incidence of hypertriglyceridemia and univariate Cox regression analysis in each subgroup (n = 309, all male)

Abbreviations: PYFU Person-years of follow-up, ULN Upper limit of normal
a n = 307; bn = 304; cn = 232; dn = 308

Events/patients PYFU Incidence per /100 PYFU 
(95% CI)

HR (95%CI) P Value Global P

Age (years)

  18 ~ 39 88/208 462.8 19.0 (15.4, 22.6) Ref 0.119

   ≥ 40 52/101 203.9 25.5 (19.5, 31.5) 1.313 (0.932–1.851) 0.119

BMI (kg/m2) a

  18.5 ~ 23.9 80/201 462.6 17.3 (13.8, 20.7) Ref 0.004

   ≤ 18.4 9/23 49.9 18.0 (7.4, 28.7) 1.068 (0.536–2.129) 0.851

   ≥ 24.0 50/83 151.3 33.1 (25.6, 40.6) 1.817 (1.275–2.589) 0.001

Mode of HIV acquisition b

  Hetero 22/48 98.1 22.4 (14.2, 30.7) Ref 0.918

  MSM 113/243 525.5 21.5 (18.0, 25.0) 0.956 (0.605–1.509) 0.845

  Other 5/13 27.9 17.9 (3.7, 32.1) 0.815 (0.309–2.154) 0.680

Degree of education c

  High school and below 57/126 266.3 21.4 (16.5, 26.3) Ref 0.509

  University and above 45/106 244.6 18.4 (13.5, 23.3) 0.876 (0.592–1.297) 0.509

CD4 cell count (cells/μL)

   ≥ 350 53/115 248.3 21.3 (16.2, 26.4) Ref 0.021

  200 ~ 349 43/114 270.0 15.9 (11.6, 20.3) 0.758 (0.507–1.134) 0.178

   < 200 44/80 148.3 29.7 (22.3, 37.0) 1.376 (0.922–2.052) 0.118

CD8 cell count (cells/μL)

   ≥ 1000 68/128 252.9 26.9 (21.4, 32.4) Ref 0.045

  500 ~ 999 59/145 330.7 17.8 (13.7, 22.0) 0.673 (0.475–0.954) 0.026

   < 500 13/36 83.1 15.6 (7.8, 23.5) 0.599 (0.331–1.084) 0.090

CD4/CD8 ratio

   ≥ 0.60 11/40 103.5 10.6 (4.7, 16.6) Ref 0.003

  0.20 ~ 0.59 83/187 417.1 19.9 (16.1, 23.7) 1.799 (0.958–3.377) 0.068

   < 0.20 46/82 146.1 31.5 (24.0, 39.0) 2.803 (1.449–5.422) 0.002

HIV RNA (log10 copies/mL)

   < 4.00 21/63 158.9 13.2 (7.9, 18.5) Ref 0.058

  4.00 ~ 4.99 66/144 303.3 21.8 (17.1, 26.4) 1.562 (0.956–2.553) 0.075

   ≥ 5.00 53/102 204.5 25.9 (19.9, 31.9) 1.850 (1.116–3.068) 0.017

ALT(U/L)

   ≤ 50 (1.25 ULN) 131/289 624.0 21.0 (17.8, 24.2) Ref 0.963

   > 50 (1.25 ULN) 9/20 42.7 21.1 (8.9, 33.3) 1.016 (0.517–1.997) 0.963

Plasma glucose (mmol/L)

   < 6.1 119/267 577.9 20.6 (17.3, 23.9) Ref 0.589

   ≥ 6.1 21/42 88.8 23.7 (14.8, 32.5) 1.136 (0.714–1.808) 0.589

TC (mmol/L) d

   < 5.2 134/294 633.7 21.1 (18.0, 24.3) Ref 0.871

   ≥ 5.2 6/14 30.2 19.9 (5.6, 34.1) 0.934 (0.412–2.117) 0.871

TG borderline high

  No 115/280 636.6 18.1 (15.1, 21.1) Ref < 0.001

  Yes 25/29 30.1 83.1 (69.7, 96.5) 3.948 (2.546–6.122) < 0.001

cART regimen

  3TC + TDF + EFV 85/238 557.8 15.2 (12.3, 18.2) Ref < 0.001

  3TC + AZT + EFV 18/22 33.9 53.1 (36.3, 69.9) 3.048 (1.827–5.084) < 0.001

  3TC + TDF + LPV/r 24/31 39.4 60.9 (45.7, 76.1) 3.497 (2.213–5.527) < 0.001

  Other regimens 13/18 35.6 36.5 (20.7, 52.4) 2.276 (1.269–4.083) 0.006

Overall 140/309 666.7 21.0 (17.9, 24.1)
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may explain the small difference between the subgroup 
with a geometric viral load > 5.00 and the subgroup with 
a geometric viral load < 4.00. In combination with the 
associated CD4/CD8 ratio results, the high risk of hyper-
triglyceridemia may be associated with the low baseline 
immunity in our patient. The patient’s low immunity may 
lead to an increase in susceptibility to related inflamma-
tion and infection and eventually to an increase in TG 
levels [21].

Our study showed that the risk of hypertriglyceri-
demia in patients with borderline high TG was 3.457 
times higher than that in those with normal TG lev-
els. For these patients, special lipid-lowering measures, 
such as strengthening physical exercise or targeted 
dietary changes, should be carried out at the same time 
as choosing the cART regimen. Ozemek et  al. showed 
that physical activity and sports training could improve 
the cardiovascular health of adults living with HIV, and 
even in the presence of cardiovascular disease, it can 
help reduce the mortality rate [22]. Among the antiviral 
treatment regimens, there was a statistically significant 

difference in the incidence between 3TC + TDF + EFV 
and 3TC + TDF + LPV/r, and 3TC + AZT + EFV. Com-
pared with 3TC + TDF + EFV, the two regimens have 
differences in AZT and LPV/r, which are consistent with 
the study results of Feeney ER [23] and Calza L [24] in 
that the inclusion of AZT or LPV/r in antiviral regimens 
may cause elevated serum TG levels in people living with 
HIV. Considering that 58.1% (not shown in this article) 
of patients on the 3TC + TDF + LPV/r regimen switched 
from other regimens during follow-up and that 22.7% of 
the patients on the 3TC + AZT + EFV regimen switched 
from other regimens during follow-up, the effect of the 
3TC + TDF + LPV/r regimen on TG levels was likely to 
be stronger than that shown in Fig. 2. B. The strong influ-
ence of the antiviral regimen containing LPV/r on serum 
TG levels in our patients may be due to its inhibition of 
the nuclear form of sterol regulatory element binding 
proteins (regulating the level of fat and cholesterol in 
cells and plasma) degradation in the liver and adipose tis-
sue nuclei or suppression of proteasome-mediated apoli-
poprotein B decomposition in the liver [25]. The effect of 

Age (years)

18~39

≥40

BMI (kg/m2)

18.5~23.9

≤18.4

≥24.0

CD4/CD8 ratio

≥0.60

0.20~0.59

<0.20

HIV RNA (log10 copies/mL)

<4.00

4.00~4.99

≥5.00

Borderline high TG

No

Yes

cART regimen

3TC+TDF+EFV 

3TC+AZT+EFV 

3TC+TDF+LPV/r 

Other regimens

HR (95%CI) P Value Global P

Ref 0.913

1.020 (0.712-1.462) 0.913

Ref 0.006

0.919 (0.449-1.880) 0.817

1.768 (1.225-2.552) 0.002

Ref 0.002

1.567 (0.827-2.969) 0.168

2.705 (1.381-5.296) 0.004

Ref 0.112

1.709 (1.028-2.840) 0.039

1.396 (0.829-2.351) 0.210

Ref <0.001

3.457 (2.162-5.527) <0.001

Ref <0.001

2.702 (1.593-4.581) <0.001

4.349 (2.664-7.102) <0.001

2.477 (1.353-4.534) 0.003

Fig. 3  Multiple Cox regression analysis of risk factors associated with hypertriglyceridemia in males with HIV receiving cART. CD4 cell count, CD8 
cell count, and CD4/CD8 ratio were collinear, and only the index with the smallest P value was included in the multivariate analysis. Other regimens: 
3TC + AZT + LPV/r, 3TC + ABC + LPV/r, 3TC + AZT + NVP, 3TC + ABC + EFV, 3TC + TDF + NVP, etc
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AZT on serum TG in patients indicated that AZT might 
have a chronic lesion on TG regulation in the body, just 
as it produces other toxic side effects [26].

The advantages of our study lie in its longitudinal 
cohort design, which is more reliable than that of the 
cross-sectional design in confirming causality, and it is 
of great theoretical and practical significance to guide 
clinical practice by analyzing related risk factors from a 
clinical perspective. However, there are also limitations, 
such as only male participants and single centers contain-
ing only people living with HIV-1 were included. In the 
future, females can be included in the study, and the sam-
ple size can be expanded to verify further and promote 
the conclusion of this study.

Conclusions
In conclusion, the incidence of hypertriglyceridemia 
was high in male cART-naive participants during anti-
viral treatment. Therefore, clinicians should pay atten-
tion to the changes in TG levels of patients with baseline 
CD4/CD8 ratio < 0.20, BMI ≥ 24.0 kg/m2, or borderline 
high TG at baseline during antiviral treatment, and pay 
special attention to patients who use the antiviral regi-
men, including AZT or LPV/r, and check their TG levels 
regularly.

Abbreviations
AIDS	� Acquired immune deficiency syndrome
ABC	� Abacavir
ALT	� Alanine aminotransferase
AZT	� Zidovudine
ART​	� Antiretroviral therapy
BMI	� Body mass index
cART​	� Combination antiretroviral therapy
EFV	� Efavirenz
HIV	� Human immunodeficiency virus
IQR	� Interquartile range
LDL-C	� Low-density lipoprotein cholesterol
LPV/r	� Lopinavir/ritonavir
MSM	� Men who have sex with men
NRTIs	� Nucleoside reverse-transcriptase inhibitors
NNRTIs	� Non- nucleoside reverse-transcriptase inhibitors
NVP	� Nevirapine
PYFU	� Person-years of follow-up
ULN	� Upper limit of normal.
SD	� Standard deviation
TC	� Total cholesterol
TG	� Triglycerides
TDF	� Tenofovir disoproxil fumarate
3TC	� Lamivudine
y	� Years old

Acknowledgements
We thank all people from the Department of Infectious Diseases, Fifth Medical 
Center of Chinese PLA General Hospital, National Clinical Research Center for 
Infectious Diseases for their work and help.

Authors’ contributions
XY, YJ and FW planned the study protocol. XY, HH and YJ carried out the study 
and drafted the manuscript. JL, XF and DZ coordinated the research and 

revised the paper. FW revised the final version of the manuscript. All authors 
approved the final manuscript.

Funding
This work was supported by the National Science and Technology Major 
Project of the Ministry of Science and Technology of China (2018ZX10302104–
002 and 2018ZX10302104–003). The funding organization had no role in the 
preparation of the manuscript.

Declarations

Ethics approval and consent to participate
This study was approved by the institutional review board of the Fifth Medical 
Center of the Chinese PLA General Hospital (KY-2021-12-32-1). All participants 
provided written informed consent, and all collected data were anonymized.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 18 October 2022   Accepted: 2 February 2023

References
	1.	 Hsue PY, Waters DD. HIV infection and coronary heart disease: mecha‑

nisms and management. Nat Rev Cardiol. 2019;16(12):745–59.
	2.	 Waters DD, Hsue PY. Lipid abnormalities in persons living with HIV infec‑

tion. Can J Cardiol. 2019;35(3):249–59.
	3.	 D’Ascenzo F, Cerrato E, Calcagno A, Grossomarra W, Ballocca F, Omedè 

P, et al. High prevalence at computed coronary tomography of non-
calcified plaques in asymptomatic HIV patients treated with HAART: a 
meta-analysis. Atherosclerosis. 2015;240(1):197–204.

	4.	 Sun D, Wu Y, Yuan Y, Wang Y, Liu W, Yang J. Is the atherosclerotic process 
accentuated under conditions of HIV infection, antiretroviral therapy, 
and protease inhibitor exposure? Meta-analysis of the markers of arterial 
structure and function. Atherosclerosis. 2015;242(1):109–16.

	5.	 Shah ASV, Stelzle D, Lee KK, Beck EJ, Alam S, Clifford S, et al. Global burden 
of atherosclerotic cardiovascular disease in people living with HIV: sys‑
tematic review and Meta-analysis. Circulation. 2018;138(11):1100–12.

	6.	 Friis-Møller N, Sabin CA, Weber R, d’Arminio Monforte A, El-Sadr WM, 
Reiss P, et al. Combination antiretroviral therapy and the risk of myo‑
cardial infarction [published correction appears in N Engl J Med. 2004 
26;350(9):955]. N Engl J Med. 2003;349(21):1993–2003.

	7.	 Julius H, Basu D, Ricci E, Wing J, Basu JK, Pocaterra D, et al. The burden of 
metabolic diseases amongst HIV positive patients on HAART attending 
the Johannesburg hospital. Curr HIV Res. 2011;9(4):247–52.

	8.	 Mendicino CC, Braga LP, Pádua CA, Guimarães MD. High incidence of 
hypertriglyceridemia in a Brazilian cohort of people living with HIV/AIDS 
undergoing antiretroviral treatment in Belo Horizonte, 2001-2010. Rev 
Soc Bras Med Trop. 2016;49(6):758–62.

	9.	 Raposeiras-Roubin S, Rosselló X, Oliva B, Fernández-Friera L, Mendiguren 
JM, Andrés V, et al. Triglycerides and residual atherosclerotic risk. J Am Coll 
Cardiol. 2021;77(24):3031–41.

	10.	 Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L, et al. 
ESC/EAS guidelines for the management of dyslipidaemias: lipid modifi‑
cation to reduce cardiovascular risk [published correction appears in Eur 
heart J. 2020 Nov 21;41(44):4255]. Eur Heart J 2020. 2019;41(1):111–88.

	11.	 National Cholesterol Education Program (NCEP) Expert Panel on Detec‑
tion, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult 
Treatment Panel III). Third Report of the National Cholesterol Education 
Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of 
High Blood Cholesterol in Adults (Adult Treatment Panel III) final report. 
Circulation. 2002;106(25):3143–421.



Page 10 of 10Yu et al. Lipids in Health and Disease           (2023) 22:27 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	12.	 AIDS and Hepatitis C Professional Group. Society of infectious diseases, 
Chinese medical association; Chinese center for disease control and 
prevention. Zhonghua Nei Ke Za Zhi. 2021;60(12):1106–28.

	13.	 Zhou BF. Cooperative Meta-Analysis Group of the Working Group on 
Obesity in China. Predictive values of body mass index and waist circum‑
ference for risk factors of certain related diseases in Chinese adults--study 
on optimal cut-off points of body mass index and waist circumference in 
Chinese adults. Biomed Environ Sci. 2002;15(1):83–96.

	14.	 European Association for the Study of the liver. Electronic address: easlo​
ffice@​easlo​ffice.​eu; European Association for the Study of the liver. EASL 
2017 clinical practice guidelines on the management of hepatitis B virus 
infection. J Hepatol. 2017;67(2):370–98.

	15.	 Jia W, Weng J, Zhu D, Ji L, Lu J, Zhou Z, et al. Standards of medical care for 
type 2 diabetes in China 2019. Diabetes Metab Res Rev. 2019;35(6):e3158.

	16.	 The RESPOND Study Group. Incidence of dyslipidemia in people with 
HIV who are treated with integrase inhibitors versus other antiretroviral 
agents. AIDS. 2021;35(6):869–82.

	17.	 Frank AT, Zhao B, Jose PO, Azar KM, Fortmann SP, Palaniappan LP. 
Racial/ethnic differences in dyslipidemia patterns. Circulation. 
2014;129(5):570–9.

	18.	 Grunfeld C, Kotler DP, Shigenaga JK, Doerrler W, Tierney A, Wang J, et al. 
Circulating interferon-alpha levels and hypertriglyceridemia in the 
acquired immunodeficiency syndrome. Am J Med. 1991;90(2):154–62.

	19.	 Xu T, Peng B, Liu M, Liu Q, Yang J, Minli Q, et al. Favorable genotypes 
of type III interferon confer risk of dyslipidemia in the population with 
obesity. Front Endocrinol (Lausanne). 2022;13:871352.

	20.	 Duan Y, Zhao H, Tang W, Chen M, Liu X, Yang D, et al. Longitudinal analysis 
of new-onset non-AIDS-defining diseases among people living with HIV: 
a real-world observational study. HIV Med. 2022;23(Suppl 1):32–41.

	21.	 Feingold KR, Grunfeld C. The Effect of Inflammation and Infection on 
Lipids and Lipoproteins. Feingold KR, Anawalt B, Boyce A, et al. Endotext. 
South Dartmouth: MDText.​com, Inc.; March 7, 2022.

	22.	 Ozemek C, Erlandson KM, Jankowski CM. Physical activity and exercise to 
improve cardiovascular health for adults living with HIV. Prog Cardiovasc 
Dis. 2020;63(2):178–83.

	23.	 Feeney ER, Mallon PW. HIV and HAART-associated dyslipidemia. Open 
Cardiovasc Med J. 2011;5:49–63.

	24.	 Calza L, Manfredi R, Farneti B, Chiodo F. Incidence of hyperlipidaemia in a 
cohort of 212 HIV-infected patients receiving a protease inhibitor-based 
antiretroviral therapy. Int J Antimicrob Agents. 2003;22(1):54–9.

	25.	 Hui DY. Effects of HIV protease inhibitor therapy on lipid metabolism. 
Prog Lipid Res. 2003;42(2):81–92.

	26.	 D’Andrea G, Brisdelli F, Bozzi A. AZT: an old drug with new perspectives. 
Curr Clin Pharmacol. 2008;3(1):20–37.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

mailto:easloffice@easloffice.eu
mailto:easloffice@easloffice.eu
http://mdtext.com

	Incidence and risk factors of hypertriglyceridemia in males with human immunodeficiency virus who are treated with combination antiretroviral therapy: a retrospective cohort study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Study population
	Definitions and diagnostic criteria
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


