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Abstract Background: People living with HIV (PLWH) are susceptible to non-AIDS-related
events, particularly those with immunological nonresponses (INRs) to highly active antiretrovi-
ral therapy (HAART). This study assessed the association of INRs with incident non-AIDS-related
events among PLWH.
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response

Methods: This multicenter retrospective cohort study enrolled PLWH who had newly diagnosed
stage 3 HIV and received HAART between January 1, 2008, and December 31, 2019. The pa-
tients were divided into two groups according to their immunological responses on the 360th
day after HAART initiation: INR and non-INR groups. Cox regression and sensitivity analyses
were conducted to estimate the effects of INRs on overall and individual categories of non-
AIDS-related events (malignancies, vascular diseases, metabolic disorders, renal diseases,
and psychiatric disorders). Patient observation started on the 360th day after HAART initiation
and continued until February 28, 2022, death, or an outcome of interest, whichever occurred
first.
Results: Among the 289 included patients, 44 had INRs. Most of the included patients were
aged 26e45 years (69.55%) and were men who have sex with men (89.97%). Many patients
received HIV diagnoses between 2009 and 2012 (38.54%). INRs (vs. non-INRs) were associated
with composite non-AIDS-related events (adjusted hazard ratio [aHR] Z 1.80; 95% confidence
interval [CI]: 1.19e2.73) and metabolic disorders (aHR Z 1.75; 95% CI: 1.14e2.68). Sensitivity
analyses revealed consistent results for each Cox regression model for both composite non-
AIDS-related events and metabolic diseases.
Conclusion: Clinicians should be vigilant and implement early intervention and rigorous moni-
toring for non-AIDS-related events in PLWH with INRs to HAART.
Copyright ª 2023, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

The introduction of highly active antiretroviral therapy
(HAART) has engendered considerable reductions in the
mortality and morbidity of people living with HIV (PLWH).1

Although the life expectancy of PLWH is approaching that of
people without HIV, the difference in comorbidity-free
years between PLWH and the general population has per-
sisted over time.2 Non-AIDS events, including non-AIDS-
related malignancies, cardiovascular events, renal and
hepatic diseases, bone disorders, and neurocognitive
impairment, have become the primary causes of morbidity
and mortality since the introduction of potent HAART.3e5

Several factors are associated with the occurrence of
non-AIDS-related events in PLWH. The direct effects of
HIVdthat is, low nadir CD4þ T-cell count before antiretro-
viral therapy and low level of CD4þ T-cell recovery after
HAART, coinfections, and comorbiditiesdwere reported to
be significantly associated with the occurrence of non-AIDS-
related events.6 In the context of these factors, an immu-
nological nonresponse (INR) is still a public health concern.
Studies have revealed that approximately 25%e34% of PLWH
receiving HAART failed to achieve concordant complete
immunovirological responses.7,8 The pathogenesis of sub-
optimal immunological responses remains unclear. The
causes of immune system failure, such as thymus dysfunc-
tion and imbalanced cytokine production, may lead to T-cell
activation or apoptosis.9 Chronic inflammation and inap-
propriate immune responses may increase the risks of car-
diovascular disease and non-AIDS-defining cancers.10

Scholars have yet to reach a consensus regarding the defi-
nition of an optimal immunological response to HAART. For
example, several studies have defined an INR as a failure to
achieve an absolute increase in the CD4þ T-cell count at a
specific time point after HAART initiation; however, other
studies have argued that an INR should be represented by a
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CD4þ T-cell count exceeding a specific threshold, regardless
of the initial CD4þ T-cell count after HAART initiation.11 The
timing of HAART initiation has mostly been determined using
T-cell count thresholds in accordance with established
guidelines; for example, a couple of studies have applied a
T-cell count threshold of <200 or <350 cells/mL to deter-
mine the timing of HAART initiation.12,13 On the basis of the
aforementioned INR definitions, studies have reported INR
rates ranging from 10% to 30%.8,14

According to the literature, INRs are associated with an
increased risk of non-AIDS-related events. The AIDS Ther-
apy Evaluation in the Netherlands cohort study revealed
that 3068 (27.5%) PLWH failed to reach a CD4þ T-cell count
of 350 cells/mL at 2 years after combination antiretroviral
therapy (cART) initiation; the study indicated that this
failure was associated with increased risks of fatal and
nonfatal diseases and events, including non-AIDS-defining
and cardiovascular diseases and even death.13 However, a
limitation of the aforementioned study is its exclusion of
confounding variables (e.g., sex and use of protease in-
hibitors) from its multivariate model. Furthermore, a
multicenter prospective cohort study conducted in Italy
between January 1, 1996, and December 31, 2009, reported
an association between INRs and non-AIDS-related events
among 1221 PLWH.15 However, the mentioned study
examined only the association between INRs and composite
outcomesdincluding malignancies, severe infections, car-
diovascular events, renal events, hepatic events, AIDS-
defining events, and deathdinstead of specific non-AIDS-
related events, such as cardiovascular and neuropsychi-
atric disorders and chronic kidney disease. Determining the
association between INRs and specific non-AIDS-related
events is crucial because the recommended interventions
and treatment strategies for individuals exhibiting INRs may
vary depending on this association. HAART has been sub-
stantially improved over the past two decades with the
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introduction of simplified, less toxic, and more effective
regimens. In Taiwan, changes in dietary habits and life-
styles have led to increased consumption of cakes, sweets,
and sugary drinks as well as the adoption of more sedentary
lifestyles, resulting in increased prevalence rates of meta-
bolic syndrome, diabetes, hypertriglyceridemia, and
gout.16 Therefore, a contemporary study determining the
association between INRs and incident non-AIDS-related
events is warranted.

The present study assessed the association between INRs
and specific non-AIDS-related events to determine risk
factors for long-term non-AIDS-related events in PLWH.

Methods

Study design and setting

We conducted this retrospective cohort study at three
hospitals designated for HIV treatment: Kaohsiung Medical
University Hospital (the largest referral center for treating
PLWH in southern Taiwan), Kaohsiung Municipal Siaogang
Hospital (a regional hospital in southern Taiwan), and
Kaohsiung Municipal Ta-Tung Hospital (a regional hospital in
southern Taiwan). The institutional review boards of the
participating hospitals (KMUHIRB-SV[I]-20220078) approved
the study protocol, and the need for written informed
consent was waived.

Participants and study procedure

We screened the outpatient and inpatient department re-
cords of each participating hospital. PLWH with newly
diagnosed stage 3 HIVddefined according to the US Centers
for Disease Control (CDC) 2014 case definition of HIV
infection17dwho received HAART between January 1,
2008, and December 31, 2019, were enrolled. We defined
the date of HAART initiation as the enrollment date.
Moreover, we defined the first date of the observation
period as the 360th day after HAART initiation. We excluded
PLWH who had an initial CD4þ T-cell count of �200 cells/mL
and those who were lost to follow-up within 360 days of
HAART initiation. In addition, we excluded PLWH who had
non-AIDS-related events of interest at baseline and those
who developed non-AIDS-related events of interest within
360 days of HAART initiation.

At the start of the observation period, we divided the
included patients into two groups according to their
immunological responses on the 360th (�30) day after
HAART initiation: a non-INR group, comprising patients with
immunological responses, and an INR group, comprising
patients with INRs. We started the patient observation from
the 360th day after HAART initiation to February 28, 2022,
death, or the outcome of interest, whichever occurred
first.

Working definitions

An INR, the variable of interest, was defined as having a
CD4þ T-cell count of <200 cells/mL at the 360th (�30) day
after HAART initiation.
979
We examined several non-AIDS-related events: cardio-
vascular events, cerebrovascular events, peripheral arterial
occlusive disease, dyslipidemia, dysglycemia, hyperten-
sion, chronic kidney disease, non-AIDS-related malig-
nancies, and psychiatric diseases (Supplementary Table 1).
A cardiovascular event was defined in accordance with the
2021 American Heart Association (AHA) guidelines as an
acute coronary syndrome, which includes unstable angina,
noneST segment elevation myocardial infarction, and ST
segment elevation myocardial infarction.18 Cerebrovascu-
lar events were categorized as ischemic or hemorrhagic
strokes confirmed through brain imaging (computed to-
mography [CT] or magnetic resonance imaging). Peripheral
arterial occlusive disease was defined in accordance with
the 2022 AHA guidelines as an ankleebrachial index of �0.9
or as an occlusion confirmed through CT or angiography.19

Dyslipidemia was defined in accordance with the 2019 Eu-
ropean Society of Cardiology and European Atherosclerosis
Society Guidelines for the Management of Dyslipidemias as
the occurrence of two consecutive measurements of serum
low-density lipoprotein (LDL) levels of >130 mg/dL.20 Dys-
glycemia was indicated by two consecutive measurements
of fasting blood sugar levels of >100 mg/dL, included
impaired fasting glucose and diabetes mellitus, and was
defined in accordance with the 2022 American Diabetes
Association Standard of Medical Care in Diabetes.21 Hy-
pertension was diagnosed using the Guidelines of the
Taiwan Society of Cardiology and the Taiwan Hypertension
Society for the Management of Hypertension22 and was
categorized according to the time of diagnosis and initia-
tion of antihypertensive agent treatment. Chronic kidney
disease was defined as an estimated glomerular filtration
rate of <60 mL/min/1.73 m2 for three or more months in
accordance with the Kidney Disease Improving Global Out-
comes 2012 Clinical Practice Guidelines for the Evaluation
and Management of Chronic Kidney Disease.23 Non-AIDS-
related malignancy was defined as any malignancy other
than AIDS-related malignancies. AIDS-related malignancies
were defined using the US CDC 2014 guidelines.17 The ma-
lignancies considered were cervical cancer, Kaposi’s sar-
coma, primary central nervous system lymphoma, Burkitt
lymphoma, and immunoblastic lymphoma (or equivalent
term). Psychiatric diseases were defined using diagnostic
codes for depression, mania, psychosis, and anxiety but not
diagnostic codes for psychiatric diseases related to sub-
stance use disorder. All psychiatric diseases were diagnosed
using the Diagnostic and Statistical Manual of Mental Dis-
orders guidelines.

The non-AIDS-related events of interest were further
divided into five categories: vascular diseases (cardiovas-
cular disease, cerebrovascular disease, and peripheral
arterial occlusive disease), metabolic diseases (dyslipide-
mia, dysglycemia, and hypertension), malignancies (non-
AIDS-related malignancies), renal disease (chronic renal
disease), and psychiatric diseases (Supplementary Table 2).
Primary and secondary outcomes

The primary outcome of the study was the survival analysis
of the influence of INR on the composite non-AIDS-related
events, including: cardiovascular events, cerebrovascular
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events, peripheral arterial occlusive disease, dyslipidemia,
dysglycemia, hypertension, chronic kidney disease, non-
AIDS-related malignancies, and psychiatric diseases. We
considered individuals who had any of these non-AIDS-
related events as experiencing the primary outcome.
Moreover, the secondary outcome was the cause-specific
survival analysis of the influence of INR on the non-AIDS-
related events in the following categories: vascular dis-
eases, metabolic diseases, renal diseases, malignancies,
and psychiatric diseases. We considered individuals who
had events in any of these categories as experiencing the
secondary outcome.

Statistical analysis

Categorical variables are presented using frequency tables.
We analyzed between-group differences in several char-
acteristics by using Fisher’s exact test or the c2 test for
categorical variables.

We estimated the unadjusted cumulative probabilities
of the incidence of composite non-AIDS-related events over
time by using the KaplaneMeier method and log-rank test.
We also performed univariable and Cox regression analyses
with backward selection to examine variables associated
with time to the occurrence of composite non-AIDS-related
events. The covariables in the Cox regression included
sociodemographic variables (gender, age group at HIV pre-
sentation, period of starting HAART, HIV transmission route,
occupation, and marital status), composite AIDS-defining
opportunistic illness, laboratory examination (CD4 count at
start of HAART, plasma viral load at start of HAART and
hepatitis virus markers), and type of first-line HAART at
initiation. In our cause-specific survival analyses, we esti-
mated the cumulative probabilities of the incidence of each
categorized non-AIDS-related events of interest and
analyzed the association between INRs and each group
outcome by using univariable and Cox regression analyses
with backward selection. A two-sided P value of <0.05
indicated significance.

Finally, we conducted a sensitivity analysis to determine
the robustness of the significant associations of INRs with
the incident composite non-AIDS-related events and cate-
gorized events, as determined in the aforementioned
cause-specific survival analyses. The covariables in the
sensitivity analysis were the same with those in the original
model. This sensitivity analysis included patients with
different durations of observation after HAART initiation
and different thresholds of CD4þ T-cell recovery after
HAART initiation. We used two models for our analysis
(Supplementary Table 3). All statistical analyses were con-
ducted using SAS (version 9.4; SAS Institute, Cary, NC, USA).

Results

Patient selection process

This study enrolled a total of 522 patients who had newly
diagnosed stage 3 HIV and received HAART between
January 1, 2008, and December 31, 2019. Of these patients,
233 were excluded; specifically, we excluded patients with
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initial CD4þ T-cell counts of �200 cells/mL (n Z 16), those
with no follow-up CD4þ T-cell count (n Z 39), those lost to
follow-up or dying within 360 days after cART initiation
(n Z 38), those with non-AIDS-related events of interest at
baseline (n Z 30), and those experiencing any episodes of
the outcomes of interest within 360 days of cART initiation
(n Z 110). We divided the remaining 289 patients into a
non-INR group (n Z 245) and an INR group (n Z 44) ac-
cording to their immunological responses on the 360th day
after HAART initiation (i.e., the first day of the observation
period; Fig. 1).
Characteristics of patients in the two groups

The patients’ baseline sociodemographic characteristics,
composite AIDS-defining opportunistic infections, labora-
tory profiles, and first-line cART types at initiation are lis-
ted in Table 1.

The majority of the patients were men (98.27%), were
aged 26e45 years (69.55%), were men who have sex with
men (89.97%), had a CD4þ T-cell count of 51e199 cells/mL
at cART initiation (59.17%), had a plasma viral load of
>100,000 copies/mL at cART initiation (68.17%), and star-
ted cART with a nonnucleoside reverse transcriptase in-
hibitor (nNRTI)-based regimen (59.52%). Moreover, 38.54%
of the patients received a diagnosis of HIV between 2009
and 2012, and 38.75% of the patients had composite AIDS-
defining opportunistic infections.

The two groups differed significantly in terms of the time
of cART initiation, incidence of composite AIDS-defining
opportunistic infections, CD4þ T-cell count at cART initia-
tion, and type of first-line cART used at initiation.

Factors associated with the occurrence of incident
composite non-AIDS-related events during the observation
period.

The median observational duration (interquantile range)
were 712 (514e2097) days. The cumulative probability of
composite non-AIDS-related events at 360 days after cART
initiation differed significantly between the two groups
(log-rank test, P Z 0.012; Fig. 2). Factors associated with
the occurrence of incident composite non-AIDS-related
events during the observation period are listed in Table 2.
Older age (26e45 vs. �25 years; adjusted hazard ratio
[aHR]: 1.92; 95% confidence interval [CI]: 1.23e3.01; �46
vs. �25 years; aHR: 2.30; 95% CI: 1.03e5.13) and INRs (vs.
non-INRs: aHR: 1.81; 95% CI: 1.19e2.73) were associated
with the occurrence of incident composite non-AIDS-
related events.

Factors associated with the occurrence of incident
categorized non-AIDS-related events during the observation
period in cause-specific survival analysis.

In our cause-specific survival analysis, the cumulative
probability of metabolic outcomes at 360 days after cART
initiation differed significantly between the two groups
(log-rank test, PZ 0.016; Fig. 3). The Cox regression results
revealed that INRs were significantly associated with
metabolic outcomes (aHR: 1.75; 95% CI: 1.14e2.68). How-
ever, the KaplaneMeier analysis and Cox regression results
indicated that INRs were not significantly associated with
other non-AIDS-related events in the four categories



Figure 1. Flowchart of enrollment of patients with newly diagnosed stagee3 HIV (2008e2019). Abbreviations: CKD, chronic
kidney disease; CVA, cardiovascular accident; DM, diabetes mellitus; HAART, highly active antiretroviral therapy; HIV, human
immunodeficiency virus; HTN, hypertension; INR, immunological nonresponse; LFU, loss of follow-up; non-INR, noneimmunological
nonresponse; PSY, psychiatric disorder.
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(vascular diseases, malignancies, renal disease, and psy-
chiatric diseases).

Sensitivity analysis

The sensitivity analysis results revealed that the results of
each Cox regression model were consistent in terms of
composite events and metabolic diseases (Supplementary
Tables 3 and 4).

Discussion

Despite improvements in the potency of HAART, our study
revealed associations between composite events and INRs.
This finding is consistent with those of previous stud-
ies.13,15Notably, we observed that INRs were associated
with metabolic diseases (e.g., dyslipidemia, dysglycemia,
and hypertension). These findings indicate that PLWH with
poor immunological responses require more rigorous
metabolic risk factor management strategies than do PLWH
with adequate immunological responses. Additional studies
are warranted to identify the optimal frequencies for the
981
follow-up of metabolic parameters used to identify in-
dividuals vulnerable to metabolic events.

Our study revealed that INRs were associated with an
increased risk of metabolic diseases. The reason for this
association may be multifactorial. Previous studies have
reported that bone marrow dysfunction increased T-cell
apoptosis and that decreased thymic activity may be
involved in delayed CD4þ T-cell recovery.8,24e26 An Italian
cohort study observed lower levels of interleukin (IL)-2 and
IL-7 and a higher level of tumor necrosis factor a in its INR
group; this imbalance in cytokine production may prevent
the mediation of T-cell differentiation and activation,
leading to T-cell apoptosis,25 which contributes to chronic
inflammation and may engender comorbidities. In addition
to these immune system abnormalities, microbial trans-
location and dysbiosis in PLWH were revealed to play a
major role in immune activation.27 This association could be
due to gastrointestinal tract mucosal dysfunction, including
immunological alterations in the gut, disruption of the
epithelial barrier, translocation of microbial products into
circulation, and dysbiosis of the gut microbiome. Circulating
microbial products interfere with the immune system by
persistently inducing immune activation, as evidenced by



Table 1 Comparisons of sociodemographic characteristics of the non-INR group (n Z 245) and INR group (n Z 44).

All n Z 289 non-INR
group n Z 245

INR
group n Z 44

P-value

Sociodemographic variables
Male, n (%) 284 (98.27) 240 (97.96) 44 (100.0) 0.339
Subgroup of age at HIV presentation, (years) n (%) 0.751

&25 74 (25.61) 62 (25.31) 12 (27.27)
26-45 201 (69.55) 172 (70.20) 29 (65.91)
46& 14 (4.84) 11 (4.49) 3 (6.84)

Period of starting HAART, n (%) 0.018
2009e2012 111 (38.54) 86 (35.25) 25 (56.82)
2013e2016 103 (35.76) 90 (36.89) 13 (29.55)
2017e2019 74 (25.69) 68 (27.87) 6 (13.64)

HIV transmission route, n (%) 0.832
MSM 260 (89.97) 220 (89.80) 40 (90.91)
Heterosexual contact 27 (9.34) 23 (9.39) 4 (9.09)
IDU 2 (0.69) 2 (0.89) 0 (0.00)

Occupation, n (%) 0.101
Unemployed 44 (15.22) 33 (13.47) 11 (25.00)
Employed 219 (75.78) 188 (76.73) 31 (70.45)
Student 26 (9.00) 24 (9.80) 2 (4.55)

Marital status 0.420
Unmarried 274 (94.81) 234 (95.51) 40 (90.91)
Married 12 (4.15) 9 (3.67) 3 (6.82)
Divorced 3 (1.04) 2 (0.82) 1 (2.27)

Composite AIDS-defining Opportunistic illness, n (%) 112 (38.75) 89 (36.33) 23 (52.27) 0.046
Pneumocystis jiroveci pneumonia 99 (34.26) 82 (33.47) 17 (38.64) 0.506
Disseminated Mycobacterium avium-intracellulare

complex
11 (3.81) 8 (3.27) 3 (6.82) 0.257

Mycobacterium tuberculosis infection 8 (2.77) 5 (2.04) 3 (6.82) 0.075
Cryptococcosis 6 (2.08) 2 (0.82) 4 (9.09) <0.001
Kaposi’s sarcoma 1 (0.35) 1 (0.41) 0 (0.00) 0.671
Lymphoma 1 (0.35) 1 (0.41) 0 (0.00) 0.671

Laboratory examination
CD4 count at start of HAART, cells/mL <0.001

&50 118 (40.83) 86 (35.10) 32 (72.73)
51e199 171 (59.17) 159 (64.90) 12 (27.27)

PVL at start of HAART, copies/mL 0.293
<100,000 92 (31.83) 75 (30.61) 17 (38.64)
100,000& 197 (68.17) 170 (69.39) 27 (61.36)

HAV Ab seropositivity, n (%) 48 (17.14) 39 (16.39) 9 (21.43) 0.424
HBsAg seropositivity, n (%) 31 (10.08) 26 (10.70) 5 (11.36) 0.896
HCV Ab seropositivity, n (%) 10 (3.52) 9 (3.73) 1 (2.33) 0.644
VDRLS1:8 67 (23.18) 60 (24.49) 7 (15.91) 0.214

Type of first-line HAART at initiation, n (%)rowhead
Backbone regimen, n (%)

Zidovudine-based 107 (37.02) 90 (36.73) 17 (38.64) 0.810
Abacavir-based 111 (38.41) 92 (37.55) 19 (43.18) 0.480
TDF/TAF-based 71 (24.57) 63 (25.71) 8 (18.18) 0.285

Third regimen, n (%)
nNRTI-based 172 (59.52) 141 (57.55) 31 (70.45) 0.108
PI-based 29 (10.03) 23 (9.39) 6 (13.64) 0.388
II-based 88 (30.45) 81 (33.06) 7 (15.91) 0.023

Abbreviations: Ab, antibody; AIDS, acquired immunodeficiency syndrome; HAART, highly active combination antiretroviral therapy; HAV,
hepatitis A virus; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; HIV, human immunodeficiency virus; IDU, injection drug use;
II, integrase inhibitors; INR, immunological nonresponse; MSM, men who have sex with men; nNRTI, non-nucleoside reverse transcriptase
inhibitor; non-INR, noneimmunological nonresponse; PI, protease inhibitor; PVL, plasma viral load; TAF, tenofovir alafenamide; TDF,
tenofovir disoproxil fumarate; VDRL, venereal disease research laboratory.
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Figure 2. Cumulative probability of composite non-AIDS-related events from the 360th day after highly active antiretroviral
therapy initiation to the end of follow-up. The KaplaneMeier curve indicates the difference between the non-INR and INR groups in
terms of the cumulative probability of composite non-AIDS-related events (P Z 0.012, log-rank test). Abbreviations: INR, immu-
nological nonresponse; non-INR, noneimmunological nonresponse.
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high plasma lipopolysaccharide levels in PLWH.27 This form
of microbial translocation starts during an acute infection
and continues in the chronic disease stage; it is associated
with several morbidities, including insulin resistance,
hypertension, cardiovascular disease, neurocognitive
disorders, depression, liver disease, non-Hodgkin
lymphoma,28e30 and metabolic diseases. Therefore, to
reduce the morbidity of PLWH with poor immunological re-
sponses, novel therapies have been developed for restoring
the microbiome and repairing damaged gastrointestinal
epithelial barriers. Probiotics have also emerged as a ther-
apeutic option for treating PLWH with poor immunological
responses,31,32 but additional studies are warranted to
determine the optimal content and dosage of probiotics for
reducing the burden of comorbidities in such PLWH.

In addition to the aforementioned factors, older age, the
male sex,33 a low nadir CD4þ T-cell count,34 a low CD4/CD8
ratio, and a low naı̈ve/memory CD4þ T-cell count ratio35

are associated with unfavorable CD4þ T-cell recovery.
Host genetic factors, metabolic characteristics, and spe-
cific antiretroviral therapy (ART) regimens may also
contribute to a suboptimal immunological response. Addi-
tionally, evidence in the literature indicates a relationship
between ART and metabolic diseases, including increased
insulin resistance, hyperlipidemia, and lipodystrophy.
Different classes of ART have different effects on lipid
profiles and insulin resistance.36 Protease inhibitors used in
ARTwere reported to contribute the most to increased lipid
levels and to engender chronic inflammation and cardio-
vascular events or other morbidities.37 However, the pre-
sent study did not observe an increase in the incidence of
non-AIDS-related events related to ART use. The absence
of this association is attributable to our small sample size.
In addition, we examined only ART regimens implemented
at treatment initiation. We could not determine whether
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regimen switches between different classes of ART affected
incident non-AIDS-related events. To address this limita-
tion, future studies should determine when ART regimens
should be switched and examine the association between
ART switching and non-AIDS-related events. A time-
dependent Cox regression model can also be applied to
address this limitation.

The strength of this study is its contemporariness rela-
tive to previous studies; specifically, our study covered the
period from January 1, 2008, to December 31, 2019. Thus,
our findings may be more applicable to the current era of
potent HAART compared with those of earlier studies. Our
study also demonstrated that INRs were associated with an
increased risk of composite outcomesda finding that is
consistent with previous findingsdparticularly for meta-
bolic diseases. We performed two sensitivity analyses
regarding the definition of INR, and the analysis results
indicate that our results were consistent for both composite
events and metabolic diseases, further demonstrating the
robustness of our findings.

The present study has several limitations. First, the
retrospective cohort study design may have been affected
by incomplete or missing documentation, which would
have affected the accuracy and reliability of our statistical
analyses. Second, the definition of the metabolic disease
category in this study is not fully consistent with those
used in practice. Although our working definition of
metabolic diseases included dysglycemia, elevated LDL
levels, and hypertension, the current definition of meta-
bolic syndrome also includes dyslipidemia (low high-
density lipoprotein levels and elevated triglyceride
levels) and central obesity (waist circumference).38

Finally, some variables were not included in this study,
including body weight, body mass index, and visceral fat,
which may have contributed to an increased risk of



Table 2 Univariable and multivariable analysis results for factors associated with occurrence of composite non-AIDS-related
events during the observation period.

Univariable analysis Multivariable analysis

Crude HR (95%CI) P-value Adjusted HR (95%CI) P-value

Sociodemographic variables
Males (vs. Females) 0.68 (0.22e2.14) 0.507
Subgroup of age at HIV presentation (years)

&25 Reference Reference
26-45 1.90 (1.21e3.00) 0.005 1.92 (1.23e3.01) 0.004
46& 2.32 (1.03e5.18) 0.041 2.30 (1.03e5.13) 0.043

Period of starting HAART
2009e2012 Reference
2013e2016 0.86 (0.58e1.28) 0.471
2017e2019 1.09 (0.65e1.82) 0.758

HIV transmission route
MSM Reference
Heterosexual contact 1.26 (0.70e2.29) 0.443
IDU 3.96 (0.55e28.78) 0.173

Occupation
Unemployed Reference
Employed 1.00 (0.62e1.62) 1.000
Student 0.44 (0.19e1.04) 0.061

Marital status
Unmarried Reference
Married 2.40 (1.17e5.00) 0.018
Divorced 2.80 (1.03e7.57) 0.044

Composite AIDS-defining Opportunistic illness (vs. No) 1.23 (0.87e1.74) 0.236
Laboratory examination
CD4 count at start of HAART, cells/mL

50< Reference
&50 1.37 (0.97e1.93) 0.071

PVL at start of HAART, copies/mL
<100,000 Reference
100,000& 0.79 (0.56e1.13) 0.196

HAV Ab seropositivity (vs. No) 1.70 (1.09e2.66) 0.019
HBsAg seropositivity (vs. No) 1.18 (0.72e1.95) 0.509
HCV Ab seropositivity (vs. No) 2.14 (0.94e4.89) 0.069
VDRLS1:8 (vs. No) 0.92 (0.61e1.38) 0.672
INR (vs. No) 1.81 (1.10e2.98) 0.020 1.81 (1.19e2.73) 0.005

Type of first-line HAART at initiation
Backbone regimen

Zidovudine-based (vs. No) 1.08 (0.76e1.53) 0.679
Abcavir-based (vs. No) 0.92 (0.65e1.32) 0.663
TDF/TAF-based (vs. No) 1.00 (0.66e1.54) 0.982

Third regimen
nNRTI-based (vs. No) 0.85 (0.59e1.22) 0.363
PI-based (vs. No) 1.09 (0.65e1.80) 0.752
I-based (vs. No) 1.20 (0.78e1.86) 0.406

Abbreviations: Ab, antibody; AIDS, acquired immunodeficiency syndrome; HAART, highly active combination antiretroviral therapy; HAV,
hepatitis A virus; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; HIV, human immunodeficiency virus; HR, hazard ratio; IDU,
injection drug use; II, integrase inhibitors; INR, immunological nonresponse; MSM, men who have sex with men; nNRTI, nonnucleoside
reverse transcriptase inhibitor; PI, protease inhibitor; PVL, plasma viral load; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil
fumarate; VDRL, venereal disease research laboratory.
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metabolic diseases.39 However, our finding of the associ-
ation between INRs and metabolic diseases may not have
been confounded by body weight or waist circumference
because no evidence suggests an association between INRs
and either of these factors.40 This study did not include
984
variables regarding patient lifestyles and nutritional sta-
tus, which may have confounded the results and limited
the causal inference of the association of INRs with
increased risks of composite non-AIDS-related events and
metabolic diseases among PLWH.



Figure 3. Cumulative probability of metabolic diseases from the 360th day after highly active antiretroviral therapy initiation to
the end of follow-up. In the cause-specific survival analysis, the KaplaneMeier curve indicates the difference between the non-INR
and INR groups in terms of the cumulative probability of metabolic diseases (P Z 0.016, log-rank test). Abbreviations: INR,
immunological nonresponse; non-INR, noneimmunological nonresponse.
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Conclusion

Our results indicate that PLWH with poor immunological
responses after HAART initiation may be more likely to
develop composite non-AIDS-related events, particularly
metabolic diseases such as dyslipidemia, dysglycemia, and
hypertension, compared with those with superior immu-
nological responses. Accordingly, clinicians should be vigi-
lant and provide early intervention and more rigorous
monitoring for non-AIDS-related events in PLWH with INRs.
With the advancement of medical care, improved and
personalized health care can be provided to patients.
Additional studies are warranted to identify the metabolic
diseases that are more likely to occur in PLWH with INRs.
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