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Abstract

Introduction With the global scale-up of antiretroviral therapy (ART) and improved life expectancy, people living
with HIV (PLWH) increasingly face non-infectious comorbidities, and metabolic syndrome (MetS) is one of the most
prevalent. MetS is associated with unfavorable health outcomes, including cardiovascular disease, chronic kidney
disease, and metabolic dysfunction-associated fatty liver disease. However, data on the prevalence and risk factors of
MetS among treatment-naive PLWH in China are limited. The aim was to investigate the prevalence and risk factors of
MetS and to understand its association with multi-organ damage.

Methods Data on sociodemographic, physical, and clinical characteristics were collected from a completed
multicenter, prospective cohort study in China. MetS was diagnosed according to criteria proposed by the China
Diabetes Society. Univariate and multivariable logistic regression were applied to identify associated risk factors for
MetS. The relationship with organ damage, including kidney, liver, heart, and bone health, were also been assessed.

Results Among the 449 participants (median age 30 years; 92.9% male), 16.9% met the criteria for MetS. Patients
met MetS criteria in our study presented with low HDL-C concentration (49.8%), hypertriglyceridemia (26.1%),
hypertension (23.1%), hyperglycemia (15.4%), and abdominal obesity (8.0%). Risk factors significantly associated with
MetS included older age (OR 1.08; 95% Cl 1.02-1.15) and alcohol consumption (OR 3.63; 95% CI 1.13-11.67). PLWH
with MetS exhibited higher level of organ involvement, including reduced kidney function, elevated liver enzymes,
and increased risks for cardiovascular events. Among them, 162 participants (36.0%) were classified as being at
moderate or high risk using pooled cohort equations (PCEs). It is worth noting that in the MetS group, the dropped
bone mineral density (BMD) in the spine decreased more significantly than that of the non-MetS group (P=0.007).
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Conclusion The incidence of MetS in ART-naive PLWH in China is relatively high. Older age and alcohol consumption
are associated with higher risk of MetS. Multiple organ damage may occur accompanied with MetS. Early
identification and intervention are critical in managing MetS in PLWH.

Keywords HIV, Metabolic syndrome, Cardiovascular disease, chronic kidney disease, Bone health

Introduction

Given the global scale-up of antiretroviral therapy (ART)
and improved life expectancy, people living with HIV
(PLWH) are increasingly confronted with non-infectious
comorbidities [1, 2]. Indeed, cardiovascular diseases,
metabolic complications, cancer, and bone disorders are
the most common comorbidities in long-treated PLWH
[3]. Among these, metabolic syndrome (MetS) is one of
the most frequent [4]. MetS, a complex disease spectrum
with various metabolic and cardiovascular risk factors, is
mainly characterized by disorders in carbohydrate, pro-
tein, and lipid metabolism [5, 6]. Previous studies have
shown that various risk factors, such as alcohol con-
sumption, undernutrition, and even family living habits,
may contribute to vulnerability to MetS [7]. Nowadays,
MetS has become a worldwide epidemic and a major
public health concern due to its multiple impacts, includ-
ing increasing incidence of myocardial infarction, stroke,
sudden cardiac death, and tumors [8]. Besides, other dis-
eases such as osteoporosis/osteopenia, chronic kidney
disease (CKD), and metabolic dysfunction-associated
fatty liver disease (MAFLD) are more likely to develop
and progress alongside MetS [8-10].

Many studies have confirmed that the prevalence of
MetS is higher in PLWH compared to the general pop-
ulation [11]. The prevalence of MetS among PLWH is
estimated at 11-48% globally, and were reported 23.9%
(95% CI 19.5-28.7) in Africa in meta-analyses [12, 13].
However, the reported prevalence of MetS varied due to
differences in diagnostic criteria for MetS [11, 14] and
different underlying population characteristics. Many
international organizations and expert groups, such as
the World Health Organization (WHO), the European
Group for the study of Insulin Resistance (EGIR), the
National Cholesterol Education Program Adult Treat-
ment Panel III (NCEP: ATPIII), the American Asso-
ciation of Clinical Endocrinology (AACE), and the
International Diabetes Federation (IDF) have attempted
to incorporate all the different parameters used to define
MetS [15]. The criteria proposed by the China Diabetes
Society [16] are widely used in China. However, lack of
a unified definition for MetS and the complexity in risk
factors have presented a great barrier in studies com-
paring MetS in PLWH versus the general population.
Meanwhile, the incidence and risk factors of MetS are
well documented in developed countries, but the data in
China are limited [17].

In this study, we estimated the prevalence of MetS in
PLWH in a multicenter, prospective cohort in China. The
presentation and risk factors of MetS were determined
in this population. Evidence on epidemiological, patho-
genetic and clinical data on MetS in HIV infection could
provide new lights of prevention strategies and therapeu-
tic options in the future.

Methods

Study design and participants

Data were drawn from the China AIDS Clinical Trial
(CACT)1807 study (NCT03598556, 2020-07-07). This
was a prospective, multicenter cohort study that enrolled
newly diagnosed PLWH before ART initiation at 6 clini-
cal sites in China between January 2017 and December
2020. The CACT 1807 study was originally designed to
assess the efficacy and safety of vitamin D supplemen-
tation in PLWH initiating the regimen of lamivudine
(3TC)-tenofovir disoproxil fumarate (TDF)-efavirenz
(EEV).

For the current study, we collected the baseline
sociodemographic and clinical data at study entry. Par-
ticipants who had bone mineral density (BMD) evalu-
ations at baseline with at least one-year follow-up were
included. The study received approval from an indepen-
dent ethics committee and the institutional review board
of Peking Union Medical College Hospital (PUMCH)
(No0.1-23PJ189). All participants provided written
informed consent. During the enrollment phase of the
CACT study, we consecutively screened ART-naive
PLWH. Figure 1 outlines the screening process, resulting
in 449 participants included in the final analysis.

Data collection and variable definitions

Baseline sociodemographic and clinical data were
obtained from 449 consenting participants and recorded
in a password-protected spreadsheet accessible only
to the research team. All personal identifiers, includ-
ing names and identification numbers, were removed
to maintain confidentiality. Clinical characteristics were
extracted including gender, age, body mass index (BMI),
level of education, occupation, religion, smoking status,
alcohol consumption, physical activity, blood pressure,
vitamin D supplementation, HIV transmission route,
viral load (loglO copies/ml), and baseline CD4+T cell
count (cells/mm?). Waist circumference (WC) measure-
ments were used to assess abdominal obesity, measured
in a standing position at the level of the navel, using a
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Fig. 1 Flow chart of included participants

non-elastic, plastic tape measure. Measurements were
taken three times, and the average value was used for
analysis to minimize error. All measurements were per-
formed by trained research staff following standard
protocols to ensure consistency and accuracy. Liver
enzymes, including alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase
(ALP), gamma-glutamyl transpeptidase (GGT). BMDs
of the lumbar spine (LS), femoral neck (FN), and total
hip (TH) were obtained for each participant using dual-
energy X-ray absorptiometry (DXA) scan equipment (GE
Lunar Prodigy Advanced scanner, GE Healthcare, Madi-
son, WI) and the same GE Lunar software (enCORE ver-
sion 10.50.086).

Definition

Definition of MetS

Metabolic Syndrome (MetS) was defined according to
the China Diabetes Society guidelines [16]. Individu-
als meeting at least three of the following criteria were
classified as having MetS: (1) Abdominal obesity: waist
circumference >102 c¢cm in men and >88 c¢cm in women;
(2) Hyperglycemia: fasting blood glucose>6.1 mmol/L
or a diagnosis of diabetes; (3) Hypertension (systolic
blood pressure>130 mmHg and/or diastolic blood pres-
sure > 85 mmHg) or a history of hypertension; (4) Hyper-
triglyceridemia: triglycerides>1.70 mmol/L; (5) Low
HDL-C: < 1.04 mmol/L.

CVDrrisk

Pooled cohort equations (PCEs) were used to compare
CVD risk in the next 10 years in people living with HIV
with or without MetS [18]. The 10-year atherosclerotic

Did not complete baseline

assessment(n=151)

Quitted participation(n=3)

CVD risk scores were categorized as low risk (<5%),
moderate risk (5-9%), and high risk (= 10%).

Statistical analysis

All statistical analyses were performed using R 4.3.0
(https://www.r-project.org/). Continuous variables are
expressed as the median and interquartile range (IQR).
Categorical variables are presented as the number and
percentage (%). The chi-square test or Fisher’s exact test
was used for comparisons between categorical vari-
ables, while the t-test or Mann-Whitney U test was used
for continuous variables, as appropriate. Associations
between MetS and its components (i.e., hypertension,
dyslipidemia, and hyperglycemia) with potential risk
factors and organ damage were analyzed using logis-
tic regression models, reporting odds ratios (ORs) and
95% confidence intervals (Cls). Sensitivity analyses were
performed to assess the robustness of the results, by
excluding individuals with hepatitis B and C co-infection
(defined as HBsAg or hepatitis C virus antibody positive),
alcohol use and participants with baseline CD4+ T cell
counts under 200 cells/mm? to reduce potential selection
bias. All tests were two-sided, with statistical significance
set at P<0.05.

Results

Demographic characteristics

A total of 449 PLWH were enrolled in the study, with the
majority being male (92.9%, 417/449) (Fig. 1). The median
age (IQR) was 30 (26-39) years. Over half participants
had a high level of education or higher (62.6%, 281/449),
were of Han ethnicity (88.0%, 281/449), were homosexual
(68.4%, 307/449), and were employed (92.7%, 416/449).
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The median CD4+ T cell count (IQR) at enrollment was
370 (252-508) cells/mm?®. All participants were intended
to be treated with an ART regimen of 3TC-TDF-EFV.
A total of 76 patients (16.9%) met the criteria for MetS.
The composition of MetS, listed by prevalence, were
low HDL-C concentration (49.8%), hypertriglyceridemia
(26.1%), hypertension (23.1%), hyperglycemia (15.4%),
and abdominal obesity (8.0%) (Table 1).

Factors associated with MetS

Table 1 presents the results of the univariate analysis
of factors associated with MetS, including sociodemo-
graphic, behavioral, physical, and clinical characteris-
tics. Factors associated with a higher prevalence of MetS
included age, routes of transmission, and alcohol con-
sumption. Additionally, compared with patients without
MetS, those with MetS had significantly higher levels of
abnormal liver enzymes (ALT, AST, GGT, and ALP) and
renal dysfunction. In the adjusted multivariable logistic
regression analysis, older age (OR=1.08; 95% CI 1.02—
1.15) and alcohol consumption (OR=3.63; 95% CI 1.13—
11.67) were significantly associated with MetS (Fig. 2).

Association between MetS and target organ damage
We further assessed the organ impact of MetS, includ-
ing the kidney, liver, heart, and bone. The proportion of
participants with an estimated glomerular filtration rate
(eGFR)<90 mL/min/1.73 m® was higher in the MetS
group than in the non-MetS group (22.4% vs. 14.5%), and
the median eGFR (IQR) was lower in the MetS group
than in the non-MetS group (107.2 [90.6-118.6] vs. 111.5
[98.7-125.3], P<0.05). Univariate analysis revealed a sig-
nificant association between positive urine albumin and
MetS (P=0.008). Liver enzymes, including ALT, AST,
and GGT, were notably elevated in the MetS group. Spe-
cifically, the median ALT (IQR) was significantly higher
(28.7 [17.3-41.1] vs. 20.0 [13.7-30.0], P<0.001), as was
the median AST (IQR) (25.0 [18.9-32.0] vs. 21.0 [17.8-
25.3], P=0.004) and the median GGT (IQR) (30.2 [21.0-
48.7] vs. 20.0 [14.0-31.0], P<0.001). However, there
was no significant difference in the median ALP (IQR)
between the groups (71.1 [59.0-83.1] vs. 73.8 [63.3-85.2],
P>0.05). The logistic regression analysis indicated a posi-
tive association between MetS and elevated ALT levels
(P<0.05). Regression models were applied to assess the
outcomes of (1) ALT levels exceeding the upper limit of
normal (ULN), defined as 50 U/L for men and 40 U/L
for women, and (2) the degree of ALT elevation above
ULN at the most recent visit (Table 2). The two aspects
of results both showed a positive link between abnormal
ALT and MetS (P<0.05).

When assessing the 10-year risk of developing cardio-
vascular disease (CVD) events using pooled cohort equa-
tions (PCEs), 162 participants (36.0%) were classified as
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being at moderate or high risk. The proportion of patients
at very high risk for CVD events was significantly greater
in the MetS group compared to the non-MetS group,
with 65/76 (85.53%) versus 73/373 (19.57%), respectively
(Fig. 3A). Overall, the MetS group had a significantly
higher proportion of patients at high or very high risk for
CVD events in the next 10 years compared to the non-
MetS group (P<0.001).

Among the 201 patients who completed two bone min-
eral density (BMD) assessments with the 3TC-TDF-EFV
regimen, there was consistent bone loss in both femur
neck and spine BMD measurements (P<0.05 for both)
(Fig. 3B). Between baseline and one-year follow-up, spine
BMD decreased by 0.08 g/m? in the MetS group and by
0.01 g/m? in the non-MetS group (P=0.007). However,
there was no significant difference in femur neck BMD
and total BMD(Table 3).

Sensitivity analysis

Considering the potential confounding factors between
ALT and MetS, a sensitivity analysis was conducted by
excluding participants with HBV/HCV coinfections and
alcohol use (n=67) and those with nadir CD4+T cell
counts < 200 cells/mm?® (n = 103). After balancing the con-
founders, The associations remained consistent, under-
scoring the stability of the findings (eTables 1 and 2 in the
Supplementary).

Discussion
In our multicenter study, the overall prevalence of MetS
among Chinese PLWH before receiving antiretroviral
therapy (ART) was 16.9%, which was higher compared
to reported data in other parts of the world (15.2% in
Kenya [19] and 13.9% in Africa [20]). Globally, the preva-
lence of MetS among PLWH ranges from 24.5-35.1% [12,
21]. The prevalence of MetS among the general Chinese
population was found to be 21.25-38.63% according to
different definitions [22]. Variations in MetS prevalence
among studies could be attributed to different definitions
of MetS. Furthermore, considering the younger median
age (30 years), and limited period of follow-up (only
one year) in our cohort, the prevalence of MetS may be
underestimated. Meanwhile, our study reported a prev-
alence rate of 23.6% (106 out of 449) according to the
NCEP: ATP III criteria. In contrast, a smaller cross-sec-
tional study reported a prevalence of 5.92% based on the
same criteria [23].The prevalence may further increase
when incorporating metabolic impacts from various
long-term ART regimens. For example, Liu et al. [17]
reported a prevalence of 33.9% in PLWH on long-term
ART in China.

In our study, traditional MetS risk factors were assessed
using adjusted multivariable logistic regression analy-
sis. Older age (OR=1.08; 95% CI 1.02-1.15) and alcohol
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Table 1 Baseline demographics and clinical characteristics by MetS group

Variables Total Non-MetS MetS P

(n=449) (n=373) (n=76)

Age(years) 30.00 (26.00, 39.00) 29.00 (25.00, 36.00) 36.00 (28.00, 46.50) <0.001

Gender, male, n(%) 417 (92.87) 348 (93.30) 69 (90.79) 0439

BMI (kg/mz) 21.91 (20.05,24.22) 2143 (19.72,23.18) 25.68 (23.32,27.14) <0.001

Waist Circumference (cm) 85.00 (79.00, 92.00) 83.00 (78.00, 89.00) 94.00 (90.00, 100.00) <0.001

Hip Circumference (cm) 95.00 (91.00, 100.00) 94.00 (90.50, 99.00) 102.00 (98.00, 106.00) <0.001

HGB(g/L) 149.00 (138.00, 159.00) 149.00 (138.75, 159.00) 148.00 (137.75,157.25) 0.709

WBC(*10%/L) 526 (4.42,642) 525 (4.44,642) 542 (4 36, 6. 43) 0916

Lymphocyte (%) 31.85(23.37,39.52) 31.50 (22.37,39.20) 33.05(27.17,41.68) 0.055

PLT(*10'/L) 216.00 (179.00, 247.25) 215.00 (180.00, 245.25) 227.50 (1 75. 25 253.50) 0.609

ALT(U/L) 21.00 (14.00, 32.00) 20.00 (13.70, 30.00) 28.70(17.30,41.10) <0.001

AST(U/L) 21.50 (18.00, 27.00) 21.00 (17.80, 25.30) 25.00 (18.93,32.00) 0.004

GGT(U/L) 22.00 (14.80, 34.00) 20.00 (14.00, 31.00) 5(20.95,48.70) <0.001

ALP(U/L) 73.00 (63.00, 85.00) 73.75 (63.30, 85.22) 05 (59.00, 83.12) 0.349

Cr (umol/L) 72.00 (64.70, 79.00) 72.00 (64.40, 79.00) 70 (65.85,79.25) 0.568

eGFR(mL/min/1.73m?) 10.25 (97.80, 124.28) 111.52(98.69, 125.33) 107.17 (90.59, 118.64) 0.028

eGFR < 90mL/min/1.73m?, n(%) 71(15.81) 54 (14.48) 17 (22.37) 0.086

FBG (mmol/L) 5.33(4.99,5.75) 527 (4.97,5.61) 6.08 (5.43,6.62) <0.001

TG (mmol/L) 1.16 (0.82,1.73) 06 (0.75, 1.50) 6(1.76,2.95) <0.001

CHO (mmol/L) 4.02 (3.53,4.53) 401 (3.54,4.52) 3(3.51,4.56) 0411

LDL (mmol/L) 2.35(1.97,2.79) 236 (1.99, 2.80) 2.29(1.80,2.77) 0470

HDL (mmol/L) 1.00 (0.85, 1.20) 06 (0.88, 1.25) 0.83(0.73,091) <0.001

Baseline viral load (log10copies/ml) 4.58 (4.18,5.05) 457( 19,5.01) 466 (4.12,5.29) 0333

Baseline CD4+T cell count (cell/mm?)

Median (IQR) 370.00 (252.00, 508.00) 363.00 (253.00, 505.00) 396.74 (243.50, 518.25) 0.635
<200 65 (14.48) 53(14.21) 12(15.79) 0.850
200-500 267 (59.47) 224 (60.05) 43 (56.58)
>500 7 (26.06) 96 (25.74) 21 (27.63)

Ethnicity, n (%) 0.269
Han 395 (87.97) 331 (88.74) 64 (84.21)

Others 54(12.03) 42 (11.26) 2(15.79)

Highest level of education, n (%) 0.088
Under high school 168 (37.42) 133 (35.66) 35 (46.05)

College/university 281 (62.58) 240 (64.34) 41 (53.95)

Employment, n (%) 0.495
Yes 416 (92.65) 347 (93.03) 69 (90.79)

No 33(7.35) 26 (6.97) 7(9.21)

Route of Transmission, n (%) 0.044
Homosexual/Heterosexual 307 (68.37) 264 (70.78) 43 (56.58)

Blood transfusion 89(19.82) 67 (17.96) 22 (28.95)
Unknown 53(11.80) 42 (11.26) 11(14.47)

Urine albumin, n (%) 0.074
No 384 (85.52) 314 (84.18) 70(92.11)

Yes 65 (14.48) 59(15.82) 6 (7.89)

Smoking, n(%) 0.951
Never 254 (57.86) 211(57.97) 43 (57.33)

Past smoked 62 (14.12) 52 (14.29) 10(13.33)
Currently smoking 123 (28.02) 101 (27.75) 22 (29.33)

Alcohol consumption, n(%) 0.029
Yes 46 (33.58) 42 (37.84) 4(15.38)

No 91 (66.42) 69 (62.16) 22 (84.62)
Vitamin D supplementation 224 (49.89) 186 (49.87) 38 (50.00) 0.983
Physical exercise 0.091
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Table 1 (continued)
Variables Total Non-MetS MetS P
(n=449) (n=373) (n=76)
Yes 147 (33.72) 128 (35.46) 19 (25.33)
Not active 289 (66.28) 233 (64.54) 56 (74.67)

Abbreviations: IQR, interquartile range; ART, antiretroviral therapy; BMI, body mass index; HGB: hemoglobin; WBC: white blood cell; PLT: platelets; ALT: alanine
aminotransferase; AST: aspartate aminotransferase; ALP: alkaline phosphatase; GGT: gamma-glutamyl transpeptidase; Cr: creatinine; eGFR, estimated glomerular
filtration rate; FBG: fasting blood glucose; TG, triglycerides; CHO: total cholesterol; LDL: low-density lipoprotein cholesterol; HDL: high-density lipoprotein cholesterol

Variables OR(95%CI) P value
age = 1.08(1.02-1.15) 0.01
education ——>2.95(0.81-10.76) 0.10
foute of . A 0.93(0.55-1.59) 0.80
ransmission
alcohol ——>3.63(1.13-11.67) 0.03

I 1 1

0.5 1 1.5 2

Fig. 2 Forest plot of factors associated with metabolic syndrome (multi-
variable analysis)

Table 2 Comparison of target organ function between the
metabolic syndrome (MetS) group and non-MetS group

Variables B SE zZ P OR (95%Cl)
Urine albumin

Negative 1.00 (Reference)

Positive -110 042 -266 0.008 0.33(0.15~0.75)
eGFR <90 mL/min/1.73m?

No 1.00 (Reference)

Yes 031 031 101 0313 136(0.75~249)
eGFR(mL/min/1.73m?) -001 001 -158 0.114 0.99 (0.98~1.00)
ALT(U/L)

Normal 1.00 (Reference)

Elevated 066 025 260 0.009 1.94(1.18~3.19)
ALT(ULN)

Normal 00 (Reference)

<2ULN 041 028 144 0151 150(0.86~2.62)

<3ULN 137 042 325 0.001 3.93(1.72~8.98)

>3ULN 157 078 201 0.045 4.82(1.04~2242)

Abbreviations: OR: Odds Ratio, Cl: Confidence Interval; eGFR, estimated
glomerular filtration rate; ALT: alanine aminotransferase; ULN: upper limit of
normal

Note: the ULN of ALT was >40U/L for women or >50U/L for men

consumption (OR=3.63; 95% CI 1.13-11.67) were sig-
nificantly associated with MetS, which aligns with pre-
vious studies [17, 20, 24]. In addition, previous studies
also pointed out that male, significant weight gain since
the age of 20, current smoking, slow walking speed, and

fast eating speed were independently related to multiple
MetS components. Besides, both traditional factors and
specific single nucleotide polymorphisms (SNPs) play a
significant role in predicting MS in a recent study using
machine learning. For men, alcohol consumption and
the genetic variant rs11216126 were evident, whereas for
women, dietary intake and the genetic variant rs780094
were more significant [25].

Consistent with previous studies [26], we did not find
HIV-specific factors potentially associated with MetS,
including baseline CD4+T cell counts or viral load.
The pathophysiological mechanisms linking MetS with
ART-naive PLWH are not fully elucidated. HIV-specific
factors such as immune activation and chronic inflamma-
tion, interacting with traditional risk factors (e.g., smok-
ing, poor diet, sedentary lifestyle), drive MetS in aging
PLWH simultaneously in separate or synergic ways [11,
28]. Additionally, chronic inflammation and oxidative
stress which are common in PLWH may promote insulin
resistance and endothelial dysfunction, further contrib-
uting to MetS development [28]. However, our cohort
was ART-naive, avoiding therapeutic confounding factors
such as ART regimens, duration of ART, and immune
reconstitution status.

Meanwhile, organ damage could be influenced and reg-
ulated by these factors as well. MetS is associated with an
increased risk of renal injury, diabetes, fatty liver disease,
cardiovascular events, and mortality [27-29]. Although
our study did not find a significant association between
MetS and chronic kidney disease (CKD), the presence of
proteinuria suggested early kidney damage, according to
previous studies [17]. This may result from the imbalance
of glucose and lipid metabolism regulated by the kidney,
which involves in MetS pathogenesis through hemody-
namic changes, sympathetic nerve excitation, increased
reactive oxygen species (ROS) production, renin-angio-
tensin-aldosterone system (RAAS) activation, and adipo-
kine abnormalities due to insulin resistance (IR), obesity,
hypertension, and hyperlipidemia [30, 31]. Furthermore,
persistent liver inflammation (indicative of potential liver
disease) was observed in one-third of participants with-
out viral hepatitis, drug-induced liver injury, or heavy
alcohol use. These findings were constant in sensitive
analysis and consistent with previous research [29, 32].
Moreover, we also assessed the 10-year cardiovascu-
lar disease (CVD) risk using Pooled Cohort Equations
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Fig. 3 (A) Comparison of cardiovascular disease risk classification between the groups with (MetS) and without (non-MetS) metabolic syndrome in the
next 10 years. (B) Comparison of BMD in different detection locations in the baseline and 1 year after

Table 3 Decreases in BMD by site between the metabolic
syndrome (MetS) group and non-MetS group

Variables  Total (n=201) Non- MetS P
MetS(n=161) (n=40)

Neck BMD 0.03(-0.07,0.12) 0.03(-0.08,0.12) 0.03(-0.03, 0.525
0.13)

Total BMD  0.04 (-0.07,0.11)  0.03 (-0.09,0.11)  0.05 (-0.04, 0.281
0.16)

spineBMD  0.03 (-0.08,0.12) 0.01(-0.10,0.11) 0.08 (0.00, 0.007
0.18)

Neck 0.20 (-0.50,1.00)  0.20(-0.50,0.90) 0.30(-0.23, 0.396

T-Score 1.15)

Neck 0.20 (-0.60,1.10)  0.20(-0.60,0.90) 0.35(-0.10, 0.179

7Z-Score 1.23)

Total T-Score  0.20 (-0.50,0.80)  0.10 (-0.60,0.70)  0.40(0.00,  0.089
1.22)

Total 0.20 (-0.50,0.90) 0.20(-0.60,0.80) 0.40(-0.10, 0.085

Z-Score 1.22)

spine 0.20(-0.80,1.10)  0.10(-0.90, 1.00)  0.70 (0.08, 0.006

T-Score 1.63)

spine 0.20(-0.80,1.10) 0.10(-0.90,1.00) 0.70(0.10,  0.004

Z-Score 1.60)

Note: presented with Median and interquartile

(PCEs), finding a marginally increased HIV-associated
CVD risk in the MetS group, consistent with previ-
ous research [17]. Indeed, the calculations for CVD risk
were complex and varied, and were not conducted as fre-
quently as necessary. Further cohort studies are needed
to investigate in this issue.

Antiretroviral therapy (ART) drugs might contribute
to accelerated bone loss. Previous studies have shown a
strong and consistent association between TDF exposure
and bone deficits [33, 34]. MetS can also contribute to
bone loss in the general population [35]. Although stud-
ies did not provide direct evidence for the mechanistic
role of MetS in bone loss, several hypotheses are worth
considering. Obesity and insulin resistance generally have
a negative impact on BMD, considering their association

with systemic inflammation, increased inflammatory
cytokines, and regulatory hormones for bone metabolism
[36, 37]. A study revealed a positive correlation between
MetS and BMD at the pelvis (f: 0.046 [95% CI 0.02—
0.07]), thoracic spine (B: 0.047 [95% CI 0.02-0.07]), and
lumbar spine (B: 0.040 [95% CI 0.02-0.06]) [35]. How-
ever, BMD can be influenced by various factors, includ-
ing diet, physical activity and vitamin D supplementation
[38]. To reduce confounding factors, we compared the
baseline characteristics, which yielded comparable
results. However, interpreting these findings is compli-
cated by the inherent limitations of observational studies
and the complex interactions involved, which make them
susceptible to confounding factors and reverse causation.
To address these challenges, statistical methods such as
inverse probability weighting (IPW) and Mendelian ran-
domization (MR) analysis are employed, particularly in
studies with large sample sizes [39].

Our study had several limitations worthy of discussion.
Firstly, the definition of MetS and its key components is
based on models specific to China with limited evidence
in foreign populations, which may exhibit significant phe-
notypic and genotypic differences. Secondly, the sample
size was relatively small, and we did not include a control
population of people without HIV from the same region
for comparison. Thirdly, the research period was rela-
tively short, preventing us from including the gold stan-
dard for CVD events and lacking imaging checks, such as
carotid artery and cardiac ultrasonography. Additionally,
osteoporosis is a long-term process, and the decrease in
BMD within the first year can be subtle. Further research
is warranted. Lastly, abnormal liver enzyme levels could
be influenced by several confounding factors, such as
side effects of drugs and co-infections. In this regard, we
presented a sensitivity analysis, which did not change the
observed link.
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Conclusions

In conclusion, this study highlights the significant inci-
dence of metabolic syndrome in ART-naive PLWH in
China, and shows that older age and alcohol consump-
tion have significant associations with metabolic syn-
drome. The presence of MetS correlates with increased
liver enzyme abnormalities and renal dysfunction, bone
loss, and a higher risk of cardiovascular events. These
findings emphasize the urgency of integrating MetS
screening and management into HIV care protocols to
mitigate long-term health risks. Public health resources
should focus on early intervention strategies and con-
tinuous monitoring to address MetS in PLWH, ultimately
improving overall health outcomes and life expectancy
in this vulnerable population. Further research is needed
to explore the underlying mechanisms and long-term
impacts of MetS in PLWH, particularly in the context of
ART initiation and progression.

Abbreviations

PLWH  People living with HIV

MetS Metabolic syndrome

ART Antiretroviral therapy

BMD Bone mineral density

CvD Cardiovascular disease

PCEs Pooled cohort equations
3TC Lamivudine

TDF Tenofovir disoproxil fumarate
EFV Efavirenz

Supplementary Information
The online version contains supplementary material available at https://doi.or
g9/10.1186/512879-025-10735-7.

[ Supplementary Material 1 ]

Acknowledgements

The authors would like to thank all participants for their contributions to this
study, especially the patients and the staff in PUMCH. In particular, the authors
gratefully acknowledged the support of all laboratory researchers and data
collectors during the visit time.

Author contributions

JT.and T.L. designed the study, L.C, W.P, W.L, XS, and FG, and L.L. performed
the research and collected the data. X.L, J.T, L.Z, and L.Z. carried out the
analysis. J.T. and L.C. wrote the manuscript. T, W.C, and E.H. reviewed the
manuscript and the whole process. All authors read and approved the final
version of the manuscript.

Funding

This work was funded by the National Key Technologies R&D Program for

the 13th Five-year Plan [grant number: 20172X10202101-001], the Special
Research Fund for the Central High-level Hospitals of Peking Union Medical
College Hospital [grant number: 2022-PUMCH-D-008], and Chinese Academy
of Medical Sciences (CAMS) Innovation Fund for Medical Sciences [grant
number: 2021-12M-1-037].

Data availability
All data generated or analyzed during this study are included in this published
article.

Page 8 of 9

Declarations

Ethics approval and consent to participate

The study received approval from an independent ethics committee and
the institutional review board of Peking Union Medical College Hospital
(PUMCH) (No.1-23PJ189). All participants provided written informed consent.
All procedures adhered to the ethical standards stated in the Declaration of
Helsinki (https://www.wma.net/policies-post/wma-declaration-of-helsinki/).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Infectious Diseases, Peking Union Medical College
Hospital, Chinese Academy of Medical Sciences & Peking Union Medical
College, Beijing 100730, China

’Information Center Department, State Key Laboratory of Complex
Severe and Rare Diseases, Peking Union Medical College, Chinese
Academy of Medical Sciences, Peking Union Medical College Hospital,
Beijing 100730, China

*Department of Infectious Disease, The Second Hospital of Nanjing,
Nanjing Medical University, Nanjing 210003, China

“School of Medicine, Tsinghua University, Beijing, China

>Section of Rheumatology, Department of Internal Medicine, Allergy and
Immunology, Yale School of Medicine, New Haven, CT 06510, USA
SState Key Laboratory of Complex Severe and Rare Diseases, Peking
Union Medical College Hospital, Chinese Academy of Medical Science
and Peking Union Medical College, Beijing 100730, China

’Department of Basic Medical Sciences, School of Medicine, Tsinghua
University, Beijing 100084, China

®Tsinghua-Peking Center for Life Sciences, Beijing 100084, China

Received: 18 October 2024 / Accepted: 3 March 2025
Published online: 12 March 2025

References

1. Kalra DK, et al. Dyslipidemia in human immunodeficiency virus disease: JACC
review topic of the week. J Am Coll Cardiol. 2023;82(2):171-81. https://doi.org
/10.1016/}jacc.2023.04.050.

2. Deeks SG, Lewin SR, Havlir DV. The end of AIDS: HIV infection as a chronic
disease. Lancet. 2013;382(9903):1525-33. https://doi.org/10.1016/50140-6736
(13)61809-7.

3. Touloumi G, et al. Cardiovascular risk factors in HIV infected individuals:
comparison with general adult control population in Greece. PLoS ONE.
2020;15(3):0230730. https://doi.org/10.1371/journal.pone.0230730.

4. Saklayen MG. The global epidemic of the metabolic syndrome. Curr Hyper-
tens Rep. 2018;20(2):12. https://doi.org/10.1007/511906-018-0812-z.

5. Alberti KG, et al. Harmonizing the metabolic syndrome: a joint interim
statement of the international diabetes federation task force on epidemiol-
ogy and prevention; National heart, lung, and blood institute; American
heart association; world heart federation; international atherosclerosis
society; and international association for the study of obesity. Circulation.
2009;120(16):1640-5. https://doi.org/10.1161/CIRCULATIONAHA.109.192644.

6. Ozmen M, et al. Prevalence of the metabolic syndrome in rheumatoid arthri-
tis. Eur J Rheumatol. 2014;1(1):1-4. https://doi.org/10.5152/eurjrheun.2014.0
01.

7. HsuCN, et al. Early-Life origins of metabolic syndrome: mechanisms and
preventive aspects. Int J Mol Sci. 2021,22(21). https://doi.org/10.3390/ijms222
111872.

8. NasiM, et al. Ageing and inflammation in patients with HIV infection. Clin Exp
Immunol. 2017;187(1):44-52. https://doi.org/10.1111/cei.12814.

9. PalR, etal. Fracture risk and bone health in adrenal adenomas with mild
autonomous cortisol secretion/subclinical hypercortisolism: a systematic
review, meta-analysis and meta-regression. J Bone Min Res. 2024. https://doi.
0rg/10.1093/jbmr/zjae067.

10.  Kang SY, et al. How obesity and metabolic syndrome affect cardiovascular
events, progression to kidney failure and all-cause mortality in chronic kidney


https://doi.org/10.1186/s12879-025-10735-7
https://doi.org/10.1186/s12879-025-10735-7
https://www.wma.net/policies-post/wma-declaration-of-helsinki/
https://doi.org/10.1016/j.jacc.2023.04.050
https://doi.org/10.1016/j.jacc.2023.04.050
https://doi.org/10.1016/S0140-6736(13)61809-7
https://doi.org/10.1016/S0140-6736(13)61809-7
https://doi.org/10.1371/journal.pone.0230730
https://doi.org/10.1007/s11906-018-0812-z
https://doi.org/10.1161/CIRCULATIONAHA.109.192644
https://doi.org/10.5152/eurjrheum.2014.001
https://doi.org/10.5152/eurjrheum.2014.001
https://doi.org/10.3390/ijms222111872
https://doi.org/10.3390/ijms222111872
https://doi.org/10.1111/cei.12814
https://doi.org/10.1093/jbmr/zjae067
https://doi.org/10.1093/jbmr/zjae067

Tang et al. BMC Infectious Diseases

20.

22.

23.

24.

(2025) 25:351

disease. Nephrol Dial Transpl. 2024;39(5):778-87. https://doi.org/10.1093/ndt/
gfad214.

Masenga SK; et al. Hypertension and metabolic syndrome in persons with
HIV. Curr Hypertens Rep. 2020;22(10):78. https://doi.org/10.1007/511906-02
0-01089-3.

Moyo-Chilufya M, et al. The burden of non-communicable diseases among
people living with HIV in Sub-Saharan Africa: a systematic review and meta-
analysis. EClinicalMedicine. 2023;65:102255. https://doi.org/10.1016/j.eclinm.
2023.102255.

Girma D, et al. Metabolic syndrome among people living with HIV in Ethiopia:
a systematic review and meta-analysis. Diabetol Metab Syndr. 2023;15(1):61.
https://doi.org/10.1186/513098-023-01034-9.

Todowede OO, Mianda SZ, Sartorius B. Prevalence of metabolic syndrome
among HIV-positive and HIV-negative populations in sub-Saharan Africa-a
systematic review and meta-analysis. Syst Rev. 2019;8(1):4. https://doi.org/10.
1186/513643-018-0927-y.

Kassi E, et al. Metabolic syndrome: definitions and controversies. BMC Med.
2011,9:48.

Chinese Diabetes Society. Guideline for the prevention and treatment of
type 2 diabetes mellitus in China (2020 edition). Chin J Endocrinol Metab.
2021;41(05):482-548. https://doi.org/10.3760/cma.j.cn311282-20210304-001
42.

Liu M, et al. Prevalence of, risk factors for, and target organ damage from
metabolic syndrome among people living with HIV on ART: A cross-sectional
analysis in Chongging, China. HIV Med. 2024;25(5):529-39. https://doi.org/10.
1111/hiv.13605.

Chinese Society of Cardiology of Chinese Medical. [Chinese guideline on the
primary prevention of cardiovascular diseases]. Zhonghua Xin Xue Guan Bing
Za Zhi. 2020;48(12):1000-38. https://doi.org/10.3760/cma.j.cn112148-202010
09-00796.

Osoti A, et al. Metabolic syndrome among antiretroviral Therapy-Naive versus
experienced HIV-Infected patients without preexisting cardiometabolic
disorders in Western Kenya. AIDS Patient Care STDS. 2018;32(6):215-22. https:
//doi.org/10.1089/apc.2018.0052.

Amutuhaire W, et al. Prevalence of cardiometabolic disease risk factors in
people with HIV initiating antiretroviral therapy at a High-Volume HIV clinic in
Kampala, Uganda. Open Forum Infect Dis. 2023;10(6):0fad241. https://doi.org
/10.1093/0fid/ofad241.

Abera W, Wube TB, Alemayehu T. The association of aspartate trans-
aminase-to-alanine transaminase ratio and metabolic syndrome

among HIV patients in Sidama region, South Ethiopia. SAGE Open Med.
2023;11:20503121231196701. https://doi.org/10.1177/20503121231196701.
Ma K, et al. Comparison of metabolic syndrome prevalence and characteris-
tics using five different definitions in China: a population-based retrospective
study. Front Public Health. 2024;12:1333910. https://doi.org/10.3389/fpubh.2
024.1333910.

Espiau M, et al. CoRISpe-MetS working group. Metabolic syndrome in chil-
dren and adolescents living with HIV. Pediatr Infect Dis J. 2016;35(6):e171-6. h
ttps://doi.org/10.1097/INF.0000000000001118.

Kikuchi A, et al. Risk factors for multiple metabolic syndrome components in
obese and non-obese Japanese individuals. Prev Med. 2021;153:106855. http
s://doi.org/10.1016/j.ypmed.2021.106855.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

Page 9 of 9

Lee M, et al. A comprehensive multi-task deep learning approach for predict-
ing metabolic syndrome with genetic, nutritional, and clinical data. Sci Rep.
2024;14(1):17851. https://doi.org/10.1038/541598-024-68541-1.

Chihota BV, et al. Metabolic syndrome among treatment-naive people living
with and without HIV in Zambia and Zimbabwe: a cross-sectional analysis. J
Int AIDS Soc. 2022;25(12):e26047. https://doi.org/10.1002/jia2.26047.

Lin L, et al. Chronic kidney disease combined with metabolic syn-

drome is a non-negligible risk factor. Ther Adv Endocrinol Metab.
2024;15:20420188241252309. https://doi.org/10.1177/20420188241252309.
Yang S, et al. Metabolic dysfunction, rather than obesity, is a risk fac-

tor for chronic kidney disease in Chinese population. Aging Male.
2024;27(1):2335158. https://doi.org/10.1080/13685538.2024.2335158.

Chew KW, et al. Liver inflammation is common and linked to metabolic
derangements in persons with treated human immunodeficiency virus (HIV).
Clin Infect Dis. 2023;76(3):e571-9. https://doi.org/10.1093/cid/ciac708.

Vatier C, et al. [Leptin, adiponectin, lipodystrophic and severe insulin resis-
tance syndromes]. Ann Biol Clin (Paris). 2020;78(3):261-4. https://doi.org/10.1
684/abc.2020.1551.

Ma A, et al. Both insulin resistance and metabolic syndrome accelerate the
progression of chronic kidney disease among Chinese adults: results from a
3-year follow-up study. Int Urol Nephrol. 2018;50(12):2239-44. https://doi.org
/10.1007/511255-018-1934-6.

Lake JE, et al. Expert panel review on nonalcoholic fatty liver disease in
persons with human immunodeficiency virus. Clin Gastroenterol Hepatol.
2022;20(2):256-68. https://doi.org/10.1016/}.cgh.2020.10.018.

Rukuni R, et al. Effect of HIV infection on growth and bone density in peripu-
bertal children in the era of antiretroviral therapy: a cross-sectional study in
Zimbabwe. Lancet Child Adolesc Health. 2021;5(8):569-81. https://doi.org/10.
1016/52352-4642(21)00133-4.

Zhang Z, et al. Effect of different antiretroviral therapy on muscle mass, bone
mineral density, and trabecular bone score in Chinese HiV-infected males.
Arch Osteoporos. 2023;18(1):48. https://doi.org/10.1007/511657-023-01238-6.
Tan MY, et al. Impact of metabolic syndrome on bone mineral density in men
over 50 and postmenopausal women according to U.S. Survey results. Sci
Rep. 2024;14(1):7005. https://doi.org/10.1038/541598-024-57352-z.

Shapses SA, Pop LC, Wang Y. Obesity is a concern for bone health with aging.
Nutr Res. 2017;39:1-13. https://doi.org/10.1016/j.nutres.2016.12.010.

Greere D, et al. Relative contribution of metabolic syndrome components in
relation to obesity and insulin resistance in postmenopausal osteoporosis. J
Clin Med. 2024;13(9). https://doi.org/10.3390/jcm13092529.

Eckard AR, et al. Effects of vitamin D supplementation on bone mineral den-
sity and bone markers in HIV-Infected youth. J Acquir Immune Defic Syndr.
2017,76(5):539-46. https://doi.org/10.1097/QA1.0000000000001545.
Rothman KJ, Greenland S. Causation and causal inference in epidemiology.
Am J Public Health. 2005;95(1):5144-50. https://doi.org/10.2105/AJPH.2004.05
9204

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1093/ndt/gfad214
https://doi.org/10.1093/ndt/gfad214
https://doi.org/10.1007/s11906-020-01089-3
https://doi.org/10.1007/s11906-020-01089-3
https://doi.org/10.1016/j.eclinm.2023.102255
https://doi.org/10.1016/j.eclinm.2023.102255
https://doi.org/10.1186/s13098-023-01034-9
https://doi.org/10.1186/s13098-023-01034-9
https://doi.org/10.1186/s13643-018-0927-y
https://doi.org/10.1186/s13643-018-0927-y
https://doi.org/10.3760/cma.j.cn311282-20210304-00142
https://doi.org/10.3760/cma.j.cn311282-20210304-00142
https://doi.org/10.1111/hiv.13605
https://doi.org/10.1111/hiv.13605
https://doi.org/10.3760/cma.j.cn112148-20201009-00796
https://doi.org/10.3760/cma.j.cn112148-20201009-00796
https://doi.org/10.1089/apc.2018.0052
https://doi.org/10.1089/apc.2018.0052
https://doi.org/10.1093/ofid/ofad241
https://doi.org/10.1093/ofid/ofad241
https://doi.org/10.1177/20503121231196701
https://doi.org/10.3389/fpubh.2024.1333910
https://doi.org/10.3389/fpubh.2024.1333910
https://doi.org/10.1097/INF.0000000000001118
https://doi.org/10.1097/INF.0000000000001118
https://doi.org/10.1016/j.ypmed.2021.106855
https://doi.org/10.1016/j.ypmed.2021.106855
https://doi.org/10.1038/s41598-024-68541-1
https://doi.org/10.1002/jia2.26047
https://doi.org/10.1177/20420188241252309
https://doi.org/10.1080/13685538.2024.2335158
https://doi.org/10.1093/cid/ciac708
https://doi.org/10.1684/abc.2020.1551
https://doi.org/10.1684/abc.2020.1551
https://doi.org/10.1007/s11255-018-1934-6
https://doi.org/10.1007/s11255-018-1934-6
https://doi.org/10.1016/j.cgh.2020.10.018
https://doi.org/10.1016/S2352-4642(21)00133-4
https://doi.org/10.1016/S2352-4642(21)00133-4
https://doi.org/10.1007/s11657-023-01238-6
https://doi.org/10.1038/s41598-024-57352-z
https://doi.org/10.1016/j.nutres.2016.12.010
https://doi.org/10.3390/jcm13092529
https://doi.org/10.1097/QAI.0000000000001545
https://doi.org/10.2105/AJPH.2004.059204
https://doi.org/10.2105/AJPH.2004.059204

	﻿Prevalence of metabolic syndrome in people living with HIV and its multi-organ damage: a prospective cohort study
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design and participants
	﻿Data collection and variable definitions
	﻿Definition
	﻿Definition of MetS
	﻿CVD risk


	﻿Statistical analysis
	﻿Results
	﻿Demographic characteristics
	﻿Factors associated with MetS
	﻿Association between MetS and target organ damage
	﻿Sensitivity analysis

	﻿Discussion
	﻿Conclusions
	﻿References


