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A B S T R A C T 
Background: The increasing burden of multimorbidity among people living with HIV (PLHIV) threatens the 
effectiveness of antiretroviral therapy (ART). Very few studies have been published on the predictors of 
treatment outcome with concurrent medical conditions in resource-poor setting. In this study; we assessed 
the relationship of multimorbidity with ART failure among HIV-infected adults in Karnataka, India. 

Methods: A retrospective study of 2,709 HIV-positive adults started on antiretroviral therapy (ART) from 
2019-2023 in a district treatment center in Belgaum. Data gathered were demographic, clinical data like 
comorbidities (tuberculosis, diabetes and hepatitis B/C) and treatment outcomes. Multivariate logistic regres-
sion found independent predictors of treatment failure according to virological, immunological, or clinical def-
initions. 

Results: In total, 542 (19.54%) participants failed treatment. A strong dose-response pattern was observed in 
treatment failure: 16.3% among patients without comorbidities increased to 22.0% with one co-morbidity 
condition, 51.6% with two, and 52.0% with all three comorbidities. Tuberculosis showed the highest inde-
pendent risk (adjusted OR 1.88; 95% CI: 1.44-2.45), and individuals with ≥2 comorbidities had more than 
double the odds of failure (adjusted OR 2.54; 95% CI: 1.88-3.42). Hepatitis B/C coinfection was also strongly 
associated with failure (adjusted OR 1.67; 95% CI: 1.11-2.52). Increasing multimorbidity corresponded with 
poorer CD4 recovery, lower viral suppression, and reduced adherence. 

Conclusions: Multimorbidity undermines ART efficacy with a combined impact on immune recovery and 
treatment adherence. These data support the design of integrated care models for HIV and comorbidities in 
settings with high burdens. Resource allocation and risk stratification based on the comorbidity burden might 
be optimized and improve treatment outcomes. 
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INTRODUCTION 

Human immunodeficiency virus (HIV) continues to 
be a major global health concern, with nearly ~40.8 
million people living with HIV worldwide in 2024.1 
More than 28 million people currently receive an-
tiretroviral therapy worldwide, and life expectancy 
among treated PLHIV now approaches that of the 
general population. Yet this success has transitioned 
the clinical landscape toward an emerging burden of 
multimorbidity-particularly in LMICs where infec-
tious conditions like tuberculosis, and metabolic dis-
orders such as diabetes and viral hepatitis, remain 
highly prevalent. Recent cohort and modeling studies 
predict that as people living with HIV age on long-
term ART, multimorbidity is becoming increasingly 
common, leading to a growing burden of non-AIDS 
comorbidities that will complicate long-term care 
and require integrated management beyond viral 
suppression.2 However, treatment failure remains 
common among patients on standard first-line ART, 
with studies reporting virological failure rates 
around 10-15%, and some cohorts documenting 
rates as high as 25-30%.3 

Recent data from ageing cohorts of people living with 
HIV indicate a rising burden of non-HIV comorbidi-
ties, especially cardiovascular, renal and metabolic 
diseases, which increases medical complexity, risk of 
polypharmacy and underscores the need for inte-
grated, long-term care models beyond simply achiev-
ing viral suppression.4,5 In the Swiss HIV Cohort 
(2005-2022) the profile of mortality among people 
living with HIV shifted: AIDS-related and liver-
related deaths declined, while non-AIDS causes in-
cluding non-AIDS cancers and cardiovascular disease 
became more common, especially as the population 
aged.6 In contrast, evidence remains limited, frag-
mented, and largely restricted to small single-center 
studies or disease-specific analyses from India and 
other LMICs. Indian programme data and registry-
based studies such as the Odisha study document tu-
berculosis and diabetes co-occurrence, and occa-
sionally HIV coinfection among TB patients. Howev-
er, very few studies have evaluated the combined 
impact of TB, diabetes, and HIV within ART-
programme cohorts, and almost none have included 
hepatitis B or C coinfection or assessed all these con-
ditions together under routine ART care.7 

Despite the rapidly growing awareness of multimor-
bidity among PLHIV, there remains a key gap in the 
evidence base. No large cohort derived from the 
NACO programme has measured the cumulative ef-
fect of tuberculosis, diabetes, and hepatitis B/C sin-
gly and in combination on antiretroviral therapy out-
comes using the nationally defined criteria for ART 
failure. Community-based studies to date typically 
consider single comorbidities in isolation, or have 
not accounted for time-varying conditions like tuber-
culosis, or have used nonstandard definitions of viro-
logical, immunological, and clinical failure. Conse-
quently, the programme lacks robust estimates with 

which to underpin risk stratification, differentiated 
service delivery, and integrated chronic disease 
management for patients with multiple conditions 
concurrently. Coinfection with tuberculosis is a spe-
cial concern, where people living with HIV have ap-
proximately 14-fold higher risk of developing active 
TB compared to HIV-negative individuals; TB re-
mains a leading cause of death among PLHIV, and 
HIV-TB coinfection continues to be associated with 
poorer TB outcomes in many settings.8 Meanwhile, 
metabolic disorders including liver, kidney and other 
non-AIDS comorbidities along with coinfections, 
have become increasingly common in aging people 
living with HIV. This growing multimorbidity adds 
complexity to clinical management and highlights the 
need for integrated, holistic care beyond viral sup-
pression.9 Poor adherence and emergence of HIV-
drug resistance remain critical threats to long-term 
ART effectiveness and virological failure, as high-
lighted by WHO.10 

The presence of multiple morbidities in people living 
with HIV often leads to complex clinical scenarios 
(polypharmacy, potential drug-drug interactions) 
which may theoretically affect adherence, immune 
recovery, and long-term treatment success. In fact, 
some studies show impaired immunological recov-
ery among older patients with comorbidities.11 De-
spite this acknowledgment having largely remained, 
strong scientific evidence on the impact of multi-
morbid conditions on ART failure is limited, especial-
ly in a country like India where infective comorbid 
illnesses are still highly prevalent. Knowing these as-
sociations is important in developing individualized 
therapeutic strategies to achieve better patient out-
comes. Accordingly, this study aimed to evaluate 
whether multimorbidity involving tuberculosis, dia-
betes, and hepatitis B/C is associated with antiretro-
viral therapy failure in a large public-sector cohort in 
Karnataka, India. Specifically, our primary objective 
was to determine the impact of accumulating comor-
bidities on NACO-defined ART failure. The secondary 
objectives were to assess how individual comorbidi-
ties influence immunological recovery, viral suppres-
sion, and adherence; and to identify independent 
predictors of treatment failure using multivariable 
regression models within a routine programme set-
ting. 
 

METHODOLOGY 

Study design and setting: This research used a ret-
rospective cohort design analyzing data obtained 
from clinical records of patients at the Belgaum dis-
trict ART center, located in Karnataka, India. Primary 
sources of information were clinical notes and thera-
peutic monitoring databases. A completed Strength-
ening the Reporting of Observational Studies in Epi-
demiology (STROBE) checklist has been provided as 
Supplementary File 1, in accordance with recom-
mended reporting standards for observational co-
hort studies. 
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Cohort Composition and Enrollment Parameters: 
Study enrollment comprised 2709 adults with con-
firmed HIV seropositivity, aged 18 years and above, 
who initiated antiretroviral therapy between 2019 
and 2023. Using a simple random sampling method, 
eligible participants were selected from the ART cen-
ter registry. Only patients with comprehensive clini-
cal documentation from treatment initiation through 
follow-up were included. Patients were included only 
if they had a minimum follow-up duration of at least 
six months after ART initiation, ensuring adequate 
time to assess virological, immunological, and clinical 
treatment outcomes. Records with missing data on 
medication adherence, immunological markers, 
comorbid conditions, or treatment outcomes were 
excluded from the analysis. 

Sample size and sampling methods: "We estimat-
ed the required sample size to reliably estimate the 
ART failure rate in our cohort. Based on previous lit-
erature, we assumed a failure proportion of 15.3%.12 
With a 95% confidence level and a margin of error of 
±1.5%, the minimum sample size required was calcu-
lated as ≈2,213. To account for expected attrition or 
missing data, we inflated the sample size by 20%, 
yielding a sample size of ≈2,655 participants which 
was rounded to nearest hundreds. So, the final sam-
ple size was 2700." 

Data Acquisition and Parameter Classification: 
Historical record review employed systematic data 
abstraction protocols. Socioeconomic parameters in-
cluded chronological age, biological gender (includ-
ing gender and sexual minority status), formal edu-
cation completion, household economic status, part-
nership arrangements, and vocational categories. 
Clinical parameters encompassed antiretroviral 
pharmaceutical protocols, baseline and serial CD4+ 
T-lymphocyte quantification, and therapeutic com-
pliance measurements. Co-existing medical condi-
tions investigated included mycobacterial pulmonary 
infection, Diabetes Mellitus and chronic viral hepati-
tis (types B and C), diagnosed per established na-
tional healthcare protocols. Primary analytical end-
points included therapeutic non-response, plasma 
viral suppression achievement, and immunological 
recovery patterns. 

Definitions and Classification: Medical and Clinical 
non-response status was defined based on the Na-
tional AIDS Control Organization (NACO) standard-
ized criteria. A virological non-responder was de-
fined as a patient with a plasma HIV RNA level of 
more than 1000 copies per ml after initiation of ARV 
drugs for 6 months. Immunological non-response in-
cluded relapses of T-lymphocyte CD4+>or= to pre-
treatment levels, decrease below baseline and per-
sistently <100 cells/µl. Clinical non-response was de-
fined as occurrence or recurrence of WHO Stage III 
or IV disease beyond six months from therapeutic 
treatment. Co-morbid multi-pathologies; being, the 
concurrent presence of two or more evaluated: my-
cobacterial pulmonary infection(s), glucose metabo-
lism abnormalities and chronic viral hepatitis B or C. 

Tuberculosis was defined as sputum GeneXpert-
positive or culture-positive disease, or clinician-
diagnosed TB based on compatible radiological find-
ings and clinical symptoms in accordance with 
RNTCP/NTEP national guidelines. Diabetes mellitus 
was defined as a fasting plasma glucose ≥126 mg/dL 
on two separate occasions or current use of anti-
diabetic medication. Hepatitis B infection was de-
fined as seropositivity for hepatitis B surface antigen 
(HBsAg). Hepatitis C infection was defined as positiv-
ity for anti-HCV antibody with detectable HCV RNA, 
or documented history of treated HCV infection. 

Analytical Approach and Statistical Procedures: 
For electronic data entry, Microsoft Excel was used 
although the analysis took place in Statistical Pack-
age for Social Sciences (SPSS) software version 25. 
Descriptive analysis was used to summaries the 
characteristics of the cohort - using mean and stand-
ard deviation for quantitative variables, and propor-
tions or percentage frequencies for qualitative varia-
bles. For comparisons of categorical variable, chi-
square test was used and for quantitative variables 
independent samples t-test were performed. Inde-
pendent risk factors for lack of response to therapy 
were analyzed using multivariable logistic regression 
models. Two multivariable logistic regression mod-
els were constructed: Model 1 included adherence, 
while Model 2 excluded it to assess the extent to 
which adherence mediated the association between 
multimorbidity and ART failure. Factors with p <0.20 
in the initial univariate screening were retained for 
inclusion in final models. Odd ratios adjusted by 95% 
confidence intervals were computed and compari-
sons were considered as statistically significant 
when p-values were less than 0.05. 

Regulatory Compliance and Institutional Ap-
provals: Ethical oversight approval was obtained 
from the Institutional Review Board of KLE Academy 
of Higher Education and Research as part of the re-
searcher’s PhD program (Ref no- KAHER/EC/24-
25/362). Operational permissions were secured 
from Karnataka State AIDS Prevention Society 
(KSAPS) and District AIDS Prevention and Control 
Office (DAPCO) under National AIDS Control Organi-
zation (NACO) administrative structure. Complete 
data de-identification protocols were implemented 
throughout the investigation. 
 

RESULTS 

Demographic and Clinical Characteristics of 
Study Population: A total of 3,148 patient records 
were screened from the ART centre database for the 
period 2019-2023. Of these, 439 records were ex-
cluded due to missing adherence data (n=152), miss-
ing CD4 or viral load measurements (n=174), incom-
plete comorbidity information for tuberculosis, dia-
betes, or hepatitis B/C (n=68), or incomplete 
treatment outcome status (n=45). The final analytical 
cohort comprised 2,709 adults who met all eligibility 
criteria (Figure 1).  
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Figure 1: Selection of Adults Included in the ART 
Cohort (2019-2023) 
 
Out of these 2709 antiretroviral-treated adults, 542 
(19.54%) failure cases and 2167 (81.46 %) success 
patients were included in the study. Results of age 
stratification showed a noteworthy difference, with 
the treatment-failure group presenting a mean age of 

41.8±11.3 years and that for the adequate partici-
pant (p=0.003) (Table 1). 

Gender data showed 58.1% of treatment inadequate 
cases compared to 61.4% of those with adequate 
treatment (p = 0.128) (Table 1). Education level pro-
portions indicated statistically significant differ-
ences; uneducated individuals accounted for 39.2% 
versus 33.6% of treatment-inadequate and treat-
ment-adequate subjects, respectively (p=0.021). 
University-level education was more frequent among 
treatment-adequate participants (16.6%) than 
treatment-inadequate cases (13.2%) (Table 1). 

Financial stratification was associated with treat-
ment outcomes significantly. Households with 
monthly income less than ₹5000 were 65.3% in 
treatment inadequate category compared to 59.7% 
in treatment adequate (p=0.019) (Table 1). Status of 
profession has an inconsistent pattern and was sta-
tistically insignificant (p=0.318) too, while relation-
ship status showed equivalent distributions between 
groups (p=0.411) (Table 1). 

 

Table 1: Sociodemographic Characteristics of Participants (N = 2709) 

Variable ART Failure (n = 542)(%) No Failure (n = 2167) (%) p-value 
Age (mean ± SD) 41.8 ± 11.3 38.9 ± 10.7 0.003 
Gender 

   

Male 315 (58.1) 1330 (61.4) 0.128 
Female 224 (41.3) 832 (38.4) 

 

Transgender (TG/TS) 3 (0.6) 5 (0.2)  
Education 

   

Illiterate 212 (39.2) 728 (33.6) 0.021 
Primary/Secondary 258 (47.6) 1079 (49.8) 

 

Graduate & above 72 (13.2) 360 (16.6) 
 

Monthly Income 
   

<₹5000 354 (65.3) 1294 (59.7) 0.019 
≥₹5000 188 (34.7) 873 (40.3) 

 

Occupation 
   

Unskilled labor 178 (32.8) 653 (30.1) 0.318 
Housewife 159 (29.3) 596 (27.5) 

 

Govt/Private Service 76 (14.1) 410 (18.9) 
 

Others (student, retired) 129 (23.8) 508 (23.5) 
 

Marital Status 
   

Married 370 (68.2) 1535 (70.8) 0.411 
Single/Divorced/Widowed 172 (31.8) 632 (29.2) 

 

Note: Values are presented as number (%), unless otherwise indicated. p-values are based on the Chi-square test for categorical variables 
and independent samples t-test for continuous variables. Comparison of gender includes only male and female categories. TG/TS 
(Transgender/Transsexual) group was excluded from statistical testing due to small sample size. 
 

Table 2: Frequency of Comorbidities by ART Fail-
ure 

Comorbidity ART Failure 
(n = 542) (%) 

No Failure  
(n = 2167)(%) 

p-value 

Tuberculosis 133 (24.5) 306 (14.1) <0.001 
Diabetes 71 (13.1) 161 (7.4) 0.071 
Hepatitis B/C 48 (8.9) 93 (4.3) 0.012 
 

Concurrent Disease Burden and Antiretroviral 
Response: Co-occurring infectious pathologies dis-
played strong correlations with treatment effective-

ness (Table 2). Pulmonary tuberculosis prevalence 
was substantially higher among treatment-
inadequate participants (24.5%) versus treatment-
adequate individuals (14.1%, p<0.001). Diabetic 
conditions showed increased occurrence in treat-
ment-inadequate cases (13.1%) compared to treat-
ment-adequate participants (7.4%, p=0.071), nearing 
significance thresholds. Hepatitis B/C viral coinfec-
tions occurred more frequently among treatment-
failure participants (8.9%) than treatment-adequate 
cases (4.3%, p=0.012) (Table 2). 

Final sample included in analysis: 2,709 

Excluded (n = 439) 
 Missing adherence data (n = 152) 
 Missing CD4 or viral load results (n = 174) 
 Missing comorbidity information 

(TB/DM/HBV/HCV) (n = 68) 
 Incomplete treatment outcome status (n = 45) 

Records retrieved from ART centre 
database (2019-2023): 3,148 
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Table 3: ART Failure Rates Across Multimorbidity Categories 

Multimorbidity 
Category 

n ART Failure (%) Mean CD4 Change 
(cells/mm³) 

Viral Suppression Mean Adherence 

None 1854 302 (16.3) +182 88.3% 90.1% 
1 condition 582 128 (22.0) +142 84.5% 87.6% 
2 conditions 223 115 (51.6) +98 78.2% 84.4% 
All 3 conditions 50 26 (52.0) +76 61.0% 81.2% 
 

Table 4: Multivariable Logistic Regression Analysis of Factors Associated with ART Failure in HIV-
Positive Patients (N = 2709) 

Variable uOR Model 1: aOR (95% CI)  
(With Adherence) 

P-value (Model 1) Model 2: aOR (95% CI)  
(Without Adherence) 

p-value 

Tuberculosis 2.14 1.88 (1.44-2.45) <0.001 1.99 (1.52-2.60) <0.001 
Diabetes Mellitus 1.45 1.21 (0.92-1.58) 0.154 1.28 (0.98-1.67) 0.075 
Hepatitis B/C 1.93 1.67 (1.11-2.52) 0.012 1.78 (1.18-2.68) 0.006 
≥2 Comorbidities 2.98 2.54 (1.88-3.42) <0.001 2.75 (2.05-3.70) <0.001 
Age (per year) 1.03 1.02 (1.01-1.03) 0.001 1.02 (1.01-1.03) 0.001 
CD4 count (per 100) 0.82 0.87 (0.81-0.93) <0.001 0.86 (0.80-0.92) <0.001 
Adherence (per 1%) 0.94 0.96 (0.95-0.97) <0.001   
our – Unadjusted Odds Ration ; aOR – Adjusted Odds Ratio 

 

 

Figure 2: ART Failure Rates Across Multimorbidi-
ty Categories Among People Living with HIV (N = 
2709) 

 

Figure 3: Viral Suppression and Mean CD4 
Recovery by Multimorbidity Category 

 

 

Figure 4: Multivariate Analysis of Factors Associated with ART Failure in HIV-Positive Individuals 
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Multi-morbidity Spectrum and Treatment Effec-
tiveness: Increasing comorbidities disease burden 
correlated with declining therapeutic success (Table 
3, Figure 2). Participants with no comorbidity had 
the least amount of treatment inadequacy at 16.3% 
(302/1854 cases). Inadequacy rates rose to 22.0% 
(128/582 participants) with single-comorbidity 
presence. Dual-comorbidity prevalence significantly 
increased inadequacy to 51.6% (115/223). Partici-
pants with triple-comorbidity showed the highest 
sub-optimal level (52.0% [26/50 cases]) (Table 3, 
Figure 2). 

Immune system recovery correlated inversely with 
disease multiplicity (Table 3, Figure 3). Average 
CD4+ cell gains were greatest among disease-free 
participants (+182 cells/mm³), declining progres-
sively: single-disease (+142 cells/mm³), dual-disease 
(+98 cells/mm³), triple-disease (+76 cells/mm³) 
(Table 3, Figure 3). 

Viral elimination success showed similar trends as 
the immunological patterns (Table 3). Patients with-
out other comorbidities achieved 88.3% viral clear-
ance, decreasing sequentially to 84.5% (single-
disease), 78.2% (dual-disease), and 61.0% (triple-
disease). Medication compliance showed similar re-
ductions: 90.1% (disease-free), 87.6% (single-
disease), 84.4% (dual-disease), 81.2% (triple-
disease) (Table 3, Figure 2).  

Comparison of the two multivariable models demon-
strated partial mediation by adherence. When ad-
herence was excluded (Model 2), the effect estimates 
for tuberculosis (aOR 1.88 to 1.99), hepatitis B/C 
(1.67 to 1.78), and multimorbidity (2.54 to 2.75) in-
creased, indicating that part of their association with 
ART failure operates through reduced adherence. Di-
abetes showed a borderline increase (aOR 1.21 to 
1.28; p=0.075). Age and CD4 count remained stable 
across both models, suggesting independence from 
adherence-related pathways. (Table 4) 

Autonomous Risk Determinant Assessment: Mul-
tivariate regression identified independent treat-
ment inadequacy predictors (Table 4, Figure 4). 
Pulmonary tuberculosis coinfection constituted sig-
nificant risk with adjusted odds ratio 1.88 (95% CI: 
1.44-2.45, p<0.001). Hepatitis B/C coinfections 
showed adjusted odds ratio 1.67 (95% CI: 1.11-2.52, 
p=0.012). Diabetic conditions exhibited risk eleva-
tion without significance (adjusted odds ratio 1.21, 
95% CI: 0.92-1.58, p=0.154) (Table 4, Figure 4). 

Dual-plus comorbidity presence represented the 
strongest autonomous predictor with adjusted odds 
ratio 2.54 (95% CI: 1.88-3.42, p<0.001) (Table 4, 
Figure 4). Increasing age elevated inadequacy prob-
ability 2% annually (adjusted odds ratio 1.02, 95% 
CI: 1.01-1.03, p=0.001) (Table 4).  

Protective elements included higher initial CD4+ 
concentrations, with each 100-cell/mm³ elevation 
reducing inadequacy risk 13% (adjusted odds ratio 
0.87, 95% CI: 0.81-0.93, p<0.001). Superior medica-

tion compliance provided protection, with each 1% 
compliance improvement reducing inadequacy risk 
4% (adjusted odds ratio 0.96, 95% CI: 0.95-0.97, 
p<0.001) (Table 4, Figure 4). 

Dose-Response Relationship Observations: 
Comorbidity accumulation demonstrated consistent 
inverse relationships with therapeutic effectiveness 
across all measured parameters (Figures 1, 2, 3). 
Multiple-disease participants exhibited not only in-
creased treatment inadequacy frequencies but also 
impaired immune reconstitution, reduced viral 
clearance rates, and diminished medication adher-
ence behaviors. These findings indicate complex 
pathophysiological mechanisms linking concurrent 
pathologies with antiretroviral effectiveness, under-
scoring the necessity for integrated multidisciplinary 
therapeutic strategies in HIV management protocols. 
The time-weighted cumulative incidence of ART fail-
ure was calculated within each comorbidity stratum, 
and adjusted for the competing events of LTFU and 
death. There was a clear gradient with dose-
response effect, as cumulative incidence gradually 
rose from 15·2% in patients without comorbidities 
to 22·5% in those with one comorbidity and 35·0% 
in those with two or more comorbidities. Mortality 
and LTFU also rose in a stepwise fashion with in-
creasing comorbidity burden, highest combined 
death/LTFU proportions being observed among pa-
tients with more than 1 comorbidities. 
 

DISCUSSION 

The present study examining 2,709 HIV-positive in-
dividuals demonstrates a compelling association be-
tween concurrent medical conditions and antiretro-
viral therapy outcomes. Our observed treatment-
failure prevalence of 19.5% is similar to rates re-
ported in regional meta-analyses from Eastern Afri-
ca, where immunological failure among ART-treated 
adults was estimated at ~22%, (95% CI 15-29%) re-
ported by Dessie et al., 2021. This suggests that our 
cohort’s failure rate is within the range observed in 
comparable resource-limited settings, supporting the 
representativeness of our findings.13 

Multimorbid Disease Patterns and Cumulative Ef-
fects: Our study provides robust evidence of cumula-
tive morbidity effect on ART efficacy. Patients with a 
greater number of simultaneous comorbidities 
showed exponentially higher odds of failure; for 
those with dual-plus comorbidity, the odds were 
154% higher (aOR: 2.54, 95% CI: 1.88-3.42). The in-
crease from 16.3% in disease free to 52.0% for triple 
comorbid people demonstrates pathological action 
beyond mere additive effects. The comparison of 
models with and without adherence demonstrated 
that a substantial proportion of the effect of tubercu-
losis, hepatitis B/C, and multimorbidity on ART fail-
ure is mediated through reduced adherence. 

Our results are consistent with new evidence from 
LMICs on the rising impact of multimorbidity on HIV 
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care outcomes. Emerging evidence from low- and 
middle-income countries indicates that people living 
with HIV (PLHIV) who have age-associated comor-
bidities for example, cardiovascular, renal, metabolic 
or other chronic non-communicable diseases (NCDs) 
are more likely to experience sub-optimal HIV 
treatment outcomes, such as virological or immuno-
logical failure. This growing burden of multimorbidi-
ty underscores the need for integrated care models 
that address comorbid conditions alongside HIV.11,14 
More recent analyses from India also highlight a 
growing burden of metabolic and non-communicable 
comorbidities among people living with HIV; this 
evolving multimorbidity may compromise long-term 
HIV care and underscores the need for integrated 
HIV-NCD services.15,16 In line with these findings, our 
results highlight that multimorbidity significantly 
compromises the impact of first-line ART regimes in 
programme settings. 

Individual Comorbid Conditions and Therapeutic 
Outcomes: There are a number of possible biological 
and behavioural mechanisms that can account for 
why multimorbidity is associated with an increased 
risk of ART failure. Tuberculosis coinfection our best 
predictor of failure (aOR 1.88) leads to chronic im-
mune activation, parallel disease progression be-
tween dual infections and kinetic alterations be-
tween antitubercular and antiretroviral agents as 
previously outlined by Tiberi et al17 and Meintjes et 
al18. Concomitantly, chronic viral hepatitis also con-
tributes to liver metabolic dysfunction and continued 
inflammation that together reduce the effectiveness 
of ART as reported by Griensven et al19. Patients with 
multiple comorbidities also receive a higher number 
of medications being used at the same time, which 
can make compliance difficult. The small attenuation 
of effect sizes on adjusting for adherence from our 
multivariable model also provides indirect evidence 
that adherence may be a partial mediator in these 
pathways. 

Socio-demographic factors such as younger age, low-
er education, and low income/unstable earning have 
been shown to drive ART non-adherence in urban 
HIV care settings as posited by Sangeda et al.20 The 
growing prevalence of comorbidities and multimor-
bidity among people living with HIV (PLHIV) forecast 
to reach around 70% by 2030 in the United States 
underscores that health systems will increasingly be 
required to manage more complex patients, as previ-
ously reported by Althoff and co-workers2. Adher-
ence continued to be an important modifiable factor 
with failure risk decreasing by 4% per percentage 
point improved adherence; however, it decreased 
with increasing multimorbidity suggesting that a 
one-size-fits-all approach may not be appropriate. 
Innovative, patient-centred interventions such as 
digital adherence tools and peer mentoring approach 
need to be scaled up, in conjunction with simplified 
regimens although effective early diagnosis of HIV 
infection and prompt ART initiation are also im-
portant, with evidence that higher baseline CD4+ 

counts translated to improved outcome. 
 

STUDY LIMITATIONS 

Several methodological limitations constrain the in-
terpretation of our results: the retrospective design 
does not permit establishment of causal inferences, 
and unmeasured confounding factors cannot be ex-
cluded. Single-center recruitment means that our re-
sults are potentially not generalizable across differ-
ent types of healthcare settings and study popula-
tions. Furthermore, limitations of our data did not 
enable adjustment for antiretroviral regimen differ-
ences, treatment duration differences and detailed 
adherence measures. 

 

CONCLUSION 

In this large Indian public-sector cohort, we demon-
strate a strong, dose-dependent increase in ART fail-
ure with accumulating tuberculosis, diabetes, and 
chronic viral hepatitis. Individuals with two or more 
of these comorbidities represent a high-risk group 
who need priority attention within national HIV pro-
grammes. Strengthened adherence counselling, rou-
tine screening and treatment for hepatitis, and dif-
ferentiated service delivery models are essential in 
efforts to improve outcomes and deal with an in-
creasing burden of multimorbidity among people liv-
ing with HIV. 

Future research should target prospective cohort de-
sign to assess longitudinal associations of comorbidi-
ty onset with treatment outcome. Prospective ran-
domized controlled trials testing integrated care in-
terventions for multimorbid patients with HIV are of 
high research concern and of considerable interest to 
the community in order for observational results to 
be translated into evidence-based practice. 

 

POLICY IMPLICATIONS 

These results have significant implications for the 
national HIV programme and health system planning 
in India. Given the rising prevalence of multimorbidi-
ty in people living with HIV, incorporation of comor-
bidity assessment into routine risk stratification at 
ART centres may help identify individuals likely to 
require intensified, comprehensive care a need un-
derscored by recent reviews on HIV-multimorbidity, 
as per intensified service models proposed by Suku-
maran et al.21 Patients with two or more comorbidi-
ties would require priority of adherence reinforce-
ment, the use of digital tools, and differentiated ser-
vice delivery; systematic screening for hepatitis and 
diabetes at the time of ART initiation and follow-up 
should be promoted. Harmonized care cascade for 
PLHIV specially impacted by multi-morbidity, ageing 
and institutionalization should be promoted. Age-
associated non-communicable diseases be added to 
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the care cascade as they become part of routine lon-
gitudinal treatment monitoring.22 Comprehensive re-
searcher-provider and policy discussions might help 
determine how best researchers can contribute to 
such programme efforts. The implications for future 
policy and service delivery initiatives are that holis-
tic, patient-centred care pathways targeting the 
range of chronic conditions simultaneously to im-
prove long-term outcomes.  
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