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a b s t r a c t 

Objective: To examine the risk of hospitalization within 14 days of COVID-19 diagnosis among people liv- 

ing with HIV (PLWH) and HIV-negative individuals who had laboratory-confirmed SARS-CoV-2 infection. 

Methods: We used Cox proportional hazard models to compare the relative risk of hospitalization in 

PLWH and HIV-negative individuals. Then, we used propensity score weighting to examine the influence 

of sociodemographic factors and comorbid conditions on risk of hospitalization. These models were fur- 

ther stratified by vaccination status and pandemic period (pre-Omicron: December 15, 2020, to November 

21, 2021; Omicron: November 22, 2021, to October 31, 2022). 

Results: The crude hazard ratio (HR) for risk of hospitalization in PLWH was 2.44 (95% confidence in- 

terval [CI]: 2.04-2.94). In propensity score-weighted models that included all covariates, the relative risk 

of hospitalization was substantially attenuated in the overall analyses (adjusted HR [aHR]: 1.03; 95% CI: 

0.85-1.25), in vaccinated (aHR 1.00; 95% CI: 0.69-1.45), inadequately vaccinated (aHR: 1.04; 95% CI: 0.76- 

1.41) and unvaccinated individuals (aHR: 1.15; 95% CI: 0.84-1.56). 

Conclusion: PLWH had about two times the risk of COVID-19 hospitalization than HIV-negative indi- 

viduals in crude analyses which attenuated in propensity score-weighted models. This suggests that the 

risk differential can be explained by sociodemographic factors and history of comorbidity, underscoring 

the need to address social and comorbid vulnerabilities (e.g., injecting drugs) that were more prominent 

among PLWH. 

© 2023 Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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The COVID-19 outbreak, which is caused by the novel coron- 

virus (SARS-CoV-2) [1] was declared a pandemic by the World 

ealth Organization on March 11, 2020. To date, over 760 mil- 

ion infections have been recorded, which have resulted in over 
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.9 million deaths [2] . Findings from epidemiologic studies suggest 

hat older adults, individuals who belong to certain ethnic minority 

roups (often a proxy for social and structural factors such as poor 

ccess to healthcare and racism), those with existing comorbidities, 

ndividuals with substance use disorders, immunocompromised in- 

ividuals such as transplant patients and people living with HIV 

PLWH) are at increased risk of SARS-CoV-2 infection and adverse 

OVID-19 outcomes [3–6] . 

Although the exact mechanism that accounts for greater COVID- 

9 risk among PLWH is relatively unclear, it is well established that 

IV is marked by impairments to the immune system, even among 

ctive antiretroviral therapy users [7] . While the immune system 

mpairments experienced by PLWH might in part explain their in- 

reased risk for severe COVID-19 outcomes, PLWH may experience 

ther compounding vulnerabilities that are known to be associated 

ith increased risk of SARS-CoV-2 acquisition and COVID-19 illness 

everity. They typically comprise a higher proportion of individu- 

ls with lower socioeconomic status, older adults, those with sub- 

tance use disorders, and individuals experiencing multimorbidity, 

esulting in a syndemic of infections, comorbidities, and social con- 

itions that could further exacerbate health outcomes [8–10] . 

Among studies that have sought to explore the impact of HIV 

tatus on clinical outcomes from COVID-19, it remains unclear 

hether HIV status is an independent risk factor for severe COVID- 

9 outcomes or if known social determinants or biological vulner- 

bilities that intersect with HIV infection might explain the in- 

reased risk for severe COVID-19 outcomes among PLWH [11] . Ad- 

itionally, given significant heterogeneity in the prevalence of HIV 

nd the composition of populations living with HIV between and 

ithin countries [12] , there is a need to explore this relationship 

n a Canadian context, which is currently lacking. Further, given the 

ntegral role COVID-19 vaccines have played in the control of the 

andemic, particularly among at-risk populations such as PLWH, it 

s important to know if the association of HIV and poorer SARS- 

oV-2 outcomes exists independently of vaccination receipt. This 

nformation is particularly salient for informing COVID-19 vaccine 

olicies for PLWH going forward. 

Consequently, we utilized population-level data to examine the 

isk of hospitalization related to COVID-19 infection in PLWH 

nd HIV-negative individuals among laboratory-confirmed cases of 

ARS-CoV-2. As a secondary objective, we sought to determine if 

he risk of hospitalization differs by vaccination status and pan- 

emic period. 

ethods 

tudy population and data sources 

This was a retrospective cohort study using the British 

olumbia (BC) COVID-19 Cohort (BCC19C) dataset to examine the 

isk of hospitalization among PLWH and HIV-negative individuals. 

he BCC19C was established as a collaboration among the BC Cen- 

re for Disease Control (BCCDC), the Data, Analytics Reporting and 

valuation (DARE), the Provincial Health Services Authority (PHSA), 

nd the BC Ministry of Health (MoH) to support the COVID-19 pan- 

emic response. The BCC19C includes population-level province- 

ide COVID-19 datasets including SARS-CoV-2 testing, COVID-19 

ase surveillance, hospitalizations, and vaccinations, which are in- 

egrated with data from other provincial administrative data hold- 

ngs and registries including (1) data on physician visits as cov- 

red by the publicly funded health insurance plan known as the 

edical Services Plan (MSP); (2) Chronic Disease Registry (CDR); 

3) Death Records (Vital Stats); (4) Client Roster; (5) hospitaliza- 

ions as recorded in the Discharge Abstract Database (DAD); and 

6) emergency department visits as recorded in the National Am- 
50 
ulatory Care Reporting System (NACRS). Detailed information re- 

ated to the datasets is included in Supplemental File 1. 

tudy cohort 

The study cohort included all individuals who tested positive 

or SARS-CoV-2 between December 15, 2020, when COVID-19 vac- 

ination first started in BC, and October 31, 2022, when data analy- 

is started. Those who were under 19 years of age as of December 

5, 2020, not residents of BC, had unknown place of residence, had 

issing data on income, or invalid date of deaths were excluded. 

tudy outcome and follow-up 

The primary outcome of interest is COVID-19 hospitalization, 

efined as a hospital admission occurring 2 days before or 14 days 

fter a positive laboratory collection date [13] . Follow-up time was 

alculated starting from either the laboratory positive collection or 

ospital admission date, whichever is earlier. Follow-up was cen- 

ored at hospitalization, death, or at 14 days. 

tudy variables 

The primary explanatory variable is PLWH status, which was as- 

ertained using a previously developed algorithm [14] . Other co- 

ariates include sex, age, regional health authority, neighborhood 

ncome quintile, history of injecting drugs, number of other co- 

orbid medical conditions, vaccination status, and biweekly test- 

ng periods (to account for time variations in COVID-19 case counts 

hroughout the length of the study). Income quintiles as an area- 

evel measure of socioeconomic status were derived from census 

ata and postal codes. The health authorities delineate important 

eographic distinctions relating to healthcare service delivery that 

ight provide insight into disparities, particularly among PLWH 

see Supplemental File 2 for detailed information about health re- 

ions). History of injecting drugs was ascertained using previously 

ublished and validated algorithm that looks for International Clas- 

ification of Diseases-9 and International Classification of Diseases- 

0 codes in physician claims and hospitalization data [15] . Number 

f comorbid medical conditions was ascertained from diagnostic 

odes in physician claims and hospitalization data using the Elix- 

auser Comorbidity Index, which we modified to exclude HIV and 

ubstance use from the list of medical comorbidities. We used a 

ategorical version of the index to identify people who have zero 

not counting HIV and history of injecting drugs), one, two, and 

hree or more comorbid conditions. 

Vaccination status at the beginning of the follow-up period was 

etermined based on the date of vaccination and the number of 

ays between positive laboratory collection date and the start of 

he follow-up period. Using an approach to determining vaccina- 

ion status used by other researchers [16] , we regarded those with 

o recorded immunization date at the start of follow-up as unvac- 

inated. Those that received one dose only or that received their 

econd and subsequent doses more than 180 days since the begin- 

ing of the follow-up period were regarded as inadequately vacci- 

ated [16] . Adequately vaccinated individuals were those who re- 

eived their second or subsequent doses ≤180 days before the start 

f the follow-up period [16] . 

thics statement 

This study was performed using de-identified data routinely 

ollected as part of public health surveillance and/or routine 

ealthcare encounters. Patient consent was not required in accor- 

ance with the Canadian Tri-Council Policy Statement: Ethical Con- 

uct for Research Involving Humans article 5.5B. This study was re- 
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Figure 1. Percentage distribution of COVID-19 cases and hospitalizations throughout the study period. PLWH, people living with HIV. 
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iewed and approved by the University of BC Research Ethics Board 

#H20-02097). 

tatistical analyses 

The sociodemographic and clinical characteristics of the overall 

ample and of the study cohorts were summarized using counts, 

roportions, and median values. We described the distribution of 

ases and outcomes by plotting monthly percentages of COVID- 

9 infection and hospital admissions. The crude risk of hospital- 

zation between PLWH and HIV-negative individuals was obtained 

y calculating the proportion of individuals in each cohort that 

ad COVID-19 hospitalization. We estimated the unadjusted rela- 

ive hazard of hospitalization by running Cox proportional hazard 

odels with only the indicator for PLWH or HIV-negative individ- 

als as predictor, and we ran these models on the overall data 

nd on data stratified by vaccination status and pandemic period 

pre-Omicron: December 15, 2020, to November 21, 2021; Omi- 

ron: November 22, 2021, to October 31, 2022). 

We used propensity score weighting to determine whether the 

bserved difference in risk of COVID-19 hospitalization between 

LWH and HIV-negative individuals could be explained by differ- 

nces in sociodemographic characteristics, comorbid conditions, or 

 combination of both. Hence, we derived three sets of propensity 

cores. The first set was obtained from a logistic regression model 

ontaining the full set of baseline covariates that included sociode- 

ographic characteristics, such as sex, age, area-level income, re- 

ional health authority, and, comorbid conditions such as history 

f injecting drugs and number of other comorbid medical condi- 

ions regressed on HIV status. The second set was similar to the 

rst except only sociodemographic characteristics were included, 

hile the third set was based solely on comorbid conditions. 
51 
We used overlap weights to achieve balance in baseline co- 

ariates between the two cohorts. Overlap weighting is a type 

f propensity score weighting that ensures an exact balance on 

he mean of every included covariate when the propensity score 

odel is based on logistic regression [17] . This type of weight- 

ng overcomes some of the limitations associated with inverse 

robability of treatment weighting and matching on propensity 

cores, such as failure to achieve good balance, loss of precision, 

nd poor alignment with the target population [17] . In our anal- 

sis, we performed overlap weighting by assigning every indi- 

idual in the PLWH cohort weights equal to the probability of 

ot being a PLWH (1 – propensity score); all individuals in the 

IV-negative cohort were assigned weights equal to the probabil- 

ty of being a PLWH (propensity score). We checked for covari- 

te balance by calculating the absolute standardized difference be- 

ore and after weighting and used < 0.1 as the threshold for good 

alance. 

We applied the overlap weights in the calculation of the ad- 

usted hazard ratios (aHR) using Cox proportional hazard models 

ith month and year of COVID-19 infection and pandemic waves 

s additional covariates. We ran separate regression analyses us- 

ng the three different sets of overlap weights. We calculated aHRs 

verall and as stratified by vaccination status and by pandemic pe- 

iod (pre-Omicron: December 15, 2020, to November 11, 2021, and 

micron: November 11, 2021, to October 31, 2022). We evaluated 

hether the hazard ratios (HRs) were proportional over time us- 

ng Schoenfeld test and by plotting the Cox regression coefficient 

or PLWH status over time. 

Sensitivity analyses based on propensity scores estimated from 

eneralized boosted models that use the full set of covariates were 

lso performed. All data preparation and statistical analyses were 

erformed using SAS version 9.4, R version 4.1.0, and PSweight for 

 version 1.1.8. 
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Table 1 

Study characteristics by PLWH status. 

Characteristics PLWH 

N = 658 

n (%) 

HIV-negative individuals 

N = 252,471 

n (%) 

Total 

N = 253,129 

n (%) 

Female 221 (33.6) 136432 (54.0) 136653 (54.0) 

Age 

Median (IQR) 50 (19.0) 42 (28.0) 42 (28.0) 

19-29 36 (5.5) 59898 (23.7) 59934 (23.7) 

30-39 120 (18.2) 55940 (22.2) 56060 (22.1) 

40-49 164 (24.9) 43160 (17.1) 43324 (17.1) 

50-59 180 (27.4) 35538 (14.1) 35718 (14.1) 

60-69 114 (17.3) 24377 (9.7) 24491 (9.7) 

70-79 35 (5.3) 15489 (6.1) 15524 (6.1) 

≥80 9 (1.4) 18069 (7.2) 18078 (7.1) 

Neighborhood income 

Lowest quintile 276 (41.9) 55817 (22.1) 56093 (22.2) 

Second 129 (19.6) 52357 (20.7) 52486 (20.7) 

Third 110 (16.7) 50930 (20.2) 51040 (20.2) 

Fourth 89 (13.5) 49343 (19.5) 49432 (19.5) 

Highest quintile 54 (8.2) 44024 (17.4) 44078 (17.4) 

Regional health authority 

Fraser 183 (27.8) 104250 (41.3) 104433 (41.3) 

Interior 44 (6.7) 48024 (19.0) 48068 (19.0) 

Northern 36 (5.5) 21536 (8.5) 21572 (8.5) 

Vancouver Coastal 335 (50.9) 50182 (19.9) 50517 (20.0) 

Vancouver Island 60 (9.1) 28479 (11.3) 28539 (11.3) 

Persons who inject drugs 282 (42.9) 10752 (4.3) 11034 (4.4) 

Elixhauser comorbidity index 

None 94 (14.3) 77411 (30.7) 77505 (30.6) 

1 100 (15.2) 62560 (24.8) 62660 (24.8) 

2 129 (19.6) 41843 (16.6) 41972 (16.6) 

3 or more 335 (50.9) 70657 (28.0) 70992 (28.0) 

Pandemic Ws 

W2: 15 December 2020-6 February 2021 71 (10.8) 21009 (8.3) 21080 (8.3) 

W3: 07 February 2021-03 July 2021 123 (18.7) 57420 (22.7) 57543 (22.7) 

W4: 04 July 2021-04 December 2021 153 (23.3) 49166 (19.5) 49319 (19.5) 

W5: 05 December 2021-22 October 2022 311 (47.3) 124876 (49.5) 125187 (49.5) 

Vaccination status a 

Unvaccinated 245 (37.2) 103779 (41.1) 104024 (41.1) 

Non-adequately vaccinated 167 (25.4) 53419 (21.2) 53586 (21.2) 

Adequately vaccinated 246 (37.4) 95273 (37.7) 95519 (37.7) 

Hospitalized within ≤14 days 115 (17.5) 19166 (7.6) 19281 (7.6) 

Received critical care 17 (2.6) 4319 (1.7) 4336 (1.7) 

Died ≤ 28 days 8 (1.2) 3734 (1.5) 3742 (1.5) 

PLWH, people living with HIV; W, wave. 
a Vaccination status was determined at the date of testing positive for Covid-19 as follows: unvaccinated if no recorded immu- 

nization date; inadequately vaccinated if only one dose was received or if the second and subsequent doses were received > 180 

days; adequately vaccinated if second subsequent doses were received < 180 days. 

R

S

2

t

t

H

a

L

a

a

2

1

t

P

c

2

a

m

l

C

i

c

4

q

F

p

4

c

i

c

o

a

u

(

w

(

C

w

esults 

tudy population 

From the linked health data, we identified 663 PLWH and 

66,569 HIV-negative individuals, 19 years of age and older, who 

ested positive for SARS-CoV-2 from December 15, 2020, to Oc- 

ober 31, 2022. We excluded 11,585 individuals (1 PLWH; 11,584 

IV-negative) who were not residents of BC, and 2249 individu- 

ls with unknown residency status (2 PLWH; 2247 HIV-negative). 

astly, those with missing income data (0 PLWH; 147 HIV-negative) 

nd invalid dates of death (2 PLWH; and 156 HIV-negative) were 

lso excluded. The final study cohorts consisted of 658 PLWH and 

52,471 HIV-negative. Figure 1 describes the distribution of COVID- 

9-positive cases and hospitalizations throughout the study dura- 

ion. The bi-monthly case and hospitalization patterns across both 

LWH and the HIV-negative groups were relatively comparable, ex- 

ept for between August and October 2021 and April and June 

022, where noticeable spike in the proportion of COVID-19 cases 

nd hospitalizations for PLWH was observed. 

The cohort of PLWH was predominantly male (66.4%), had a 

edian age of 50, and a relatively higher proportion of people 

iving in the poorest neighborhood (41.9%) and in the Vancouver 
52 
oastal Health region (50.9%) (see Supplemental File 2 for detailed 

nformation about BC health regions). In contrast, the HIV-negative 

ohort had a larger proportion of females (54%), a median age of 

2, an even distribution of individuals across neighborhood income 

uintiles, and a relatively larger proportion of people living in the 

raser Health regions. The PLWH cohort had a substantially larger 

roportion of persons with a history of injecting drugs (42.9% vs 

.3% in the HIV-negative cohort) and with three or more comorbid 

onditions (50.9% vs 28.0% in the HIV-negative cohort) ( Table 1 ). 

The distribution of individuals across pandemic waves was sim- 

lar in both cohorts, with nearly half of the individuals in both 

ohorts having recorded COVID-19 infection during the fifth wave 

f the pandemic. In terms of vaccinations status, about 37% were 

dequately vaccinated overall in both cohorts; the proportion of 

nvaccinated individuals was slightly lower in the PLWH cohort 

37.2%) than in the HIV-negative cohort (41.1%), whereas there 

ere more inadequately vaccinated individuals in the PLWH cohort 

25.4%) than in the HIV-negative cohort (21.2%) ( Table 1 ). 

rude risk of hospitalization 

Overall, there was a higher proportion of people hospitalized 

ithin 14 days in the PLWH (17.5%) than in the HIV-negative (7.6%) 
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Table 2 

HR of COVID-19 hospitalization by PLWH, stratified by vaccination status. 

Propensity score weighting and stratification Group n/N Crude HR (95% CI) Adjusted HR (95% CI) 

Full, pre-Omicron, and Omicron 

All PLWHIV 115/658 2.44 (2.04, 2.94) 1.03 (0.85, 1.25) 

HIV-negative 19,166/252,471 

Unvaccinated PLWHIV 43/245 2.39 (1.77, 3.23) 1.15 (0.84, 1.56) 

HIV-negative 8110/103,779 

Inadequately Vaccinated PLWHIV 40/167 2.90 (2.12, 3.96) 1.04 (0.76, 1.41) 

HIV-negative 4839/53,419 

Adequately Vaccinated PLWHIV 32/246 2.07 (1.46, 2.92) 1.00 (0.69, 1.45) 

HIV-negative 6217/95,273 

Full, pre-Omicron only 

All PLWHIV 49/343 2.52 (1.90, 3.33) 1.07 (0.80, 1.43) 

HIV-negative 7523/124,730 

Unvaccinated PLWHIV 34/216 2.65 (1.89, 3.71) 1.17 (0.83, 1.67) 

HIV-negative 5884/92,547 

Inadequately Vaccinated PLWHIV 11/65 2.75 (1.52, 4.97) 0.95 (0.52, 1.72) 

HIV-negative 1057/15,974 

Adequately Vaccinated PLWHIV < 5/62 1.84 (0.69, 4.92) 0.77 (0.28, 2.16) 

HIV-negative 582/16,209 

Full, Omicron only 

All PLWHIV 66/315 2.46 (1.93, 3.13) 1.01 (0.78, 1.29) 

HIV-negative 11,643/127,741 

Unvaccinated PLWHIV 9/29 1.64 (0.85, 3.16) 0.95 (0.53, 1.70) 

HIV-negative 2226/11,232 

Inadequately Vaccinated PLWHIV 29/102 3.14 (2.18, 4.52) 1.07 (0.75, 1.54) 

HIV-negative 3782/37,445 

Adequately Vaccinated PLWHIV 28/184 2.23 (1.54, 3.24) 1.04 (0.70, 1.55) 

HIV-negative 5635/79,064 

Sociodemographic, pre-Omicron, and Omicron 

All PLWHIV 115/658 2.44 (2.04, 2.94) 1.57 (1.30, 1.91) 

HIV-negative 19,166/252,471 

Unvaccinated PLWHIV 43/245 2.39 (1.77, 3.23) 1.69 (1.25, 2.28) 

HIV-negative 8110/103,779 

Inadequately Vaccinated PLWHIV 40/167 2.90 (2.12, 3.96) 1.57 (1.16, 2.13) 

HIV-negative 4839/53,419 

Adequately Vaccinated PLWHIV 32/246 2.07 (1.46, 2.92) 1.55 (1.07, 2.26) 

HIV-negative 6217/95,273 

Comorbidities, pre-Omicron, and Omicron 

All PLWHIV 115/658 2.44 (2.04, 2.94) 1.33 (1.10, 1.60) 

HIV-negative 19,166/252,471 

Unvaccinated PLWHIV 43/245 2.39 (1.77, 3.23) 1.52 (1.13, 2.05) 

HIV-negative 8110/10,3779 

Inadequately Vaccinated PLWHIV 40/167 2.90 (2.12, 3.96) 1.44 (1.06, 1.96) 

HIV-negative 4839/53,419 

Adequately Vaccinated PLWHIV 32/246 2.07 (1.46, 2.92) 1.22 (0.85, 1.75) 

HIV-negative 6217/95,273 

CI, confidence interval; HR, hazard ratio; PLWH, people living with HIV. Pre-Omicron period was from December 15, 2020, to November 21, 2021; 

Omicron period was from November 22, 2021, to October 31, 2022. In the full model, baseline differences between PLWH and HIV- cohorts were 

balanced using overlap propensity score weights derived from logistic regression models containing the following covariates: sex, age, income quintile, 

health region, history of injecting drugs, and comorbidities as measured by Elixhauser comorbidity index. The sociodemographic model was similar 

to the full model except only sex, age, health region, and income quintile were included as covariates in the propensity score model. The comorbid 

model was similar to the full model except only the history of injection drug use and Elixhauser comorbidity index was included as covariates in 

the propensity score model. Vaccination status was determined at the date of testing positive for COVID-19 as follows: unvaccinated if no recorded 

immunization date; inadequately vaccinated if only one dose was received or if the second and subsequent doses were received > 180 days; adequately 

vaccinated if second subsequent doses were received < 180 days. All adjusted HR estimates were also adjusted for the month and year COVID-19 

infection occurred. 
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ohort. Similarly, the proportion of people who received critical 

are during hospitalization was higher in the PLWH (2.6%) than 

n the HIV-negative cohort ( Table 1 ). Unweighted Cox regression 

esults indicate that the hazard of hospitalization within 14 days 

as more than two-fold higher in the PLWH than in the HIV- 

egative cohort. The crude HR was 2.44 (95% confidence inter- 

al [CI]: 2.04-2.94) for the overall sample and is nearly the same 

uring the pre-Omicron (crude HR: 2.52, 95% CI: 1.90-3.30) and 

micron era (crude HR: 2.46, 95% CI: 1.93-3.13) ( Table 2 ). Across 

accination status, there was a consistently higher risk of hos- 

italization among PLWH relative to HIV-negative individuals, al- 

hough the smallest and highest relative difference was found 

mong those that were adequately (crude HR: 2.07, 95% CI: 1.46- 
b

53
.92) and inadequately vaccinated (crude HR: 2.90; 95% CI: 2.12- 

.96), respectively. This pattern was similar before and during the 

micron period, except that the highest unadjusted HR was ob- 

erved among individuals with inadequate vaccination during the 

micron wave (crude HR: 3.14; 95% CI: 2.18-4.52) ( Table 2 ). 

djusted risk of hospitalization 

Before applying the propensity score weights, examination of 

bsolute standardized differences (ASD) between the PLWH and 

IV-negative cohorts show covariate imbalances ranging from 

.03-1.02 ( Figure 2 ). In particular, there were moderate to large im- 

alances with respect to history of injection drug use (ASD = 1.02), 
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Figure 2. Balance across covariates between people living with HIV and HIV-negative individuals before and after overlap weighting using logistic regression and GBMs. 

GBM, generalized boosted model. 
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umber of comorbidities (ASD = 0.48), residence in health regions 

ASD = 0.69), and sex (0.42). Exact balance was achieved after ap- 

lying the overlap weights obtained from a propensity score model 

ased on logistic regression model with the full set of adjustment 

ariables. 

In propensity score-weighted models that used the full set of 

ovariates for adjustment, the relative risk of hospitalization was 

ubstantially attenuated and became statistically non-significant in 

he overall analyses (aHR: 1.03; 95% CI: 0.85-1.25). The aHR among 

he unvaccinated (aHR: 1.15; 95% CI: 0.84-1.56) was comparable to 

he inadequately vaccinated (aHR: 1.04; 95% CI: 0.76-1.41) group, 

hile in the adequately vaccinated group, the adjusted HR was 

.00. Analyses stratified by pandemic period also show similar pat- 

ern of attenuation in the adjusted HRs before and during the Omi- 

ron wave. 
54 
In propensity score-weighted models that balanced differences 

n sociodemographic variables only, the relative differences in hos- 

italization risk were reduced in both the overall (aHR: 1.57) and 

tratified analyses (unvaccinated aHR: 1.69; inadequately vacci- 

ated aHR: 1.57; adequately vaccinated aHR: 1.55). There were 

imilar, albeit more pronounced, reductions in the relative risk 

f hospitalization in propensity score-weighted models that bal- 

nced differences in injection drug use history and number of co- 

orbid conditions, as indicated by adjusted HRs of 1.33, overall, 

nd 1.52, 1.44, and 1.22 for the unvaccinated, inadequately vacci- 

ated and adequately vaccinated groups. Neither model that ac- 

ount for differences in sociodemographic or comorbid conditions, 

xclusively, yielded results that indicate complete attenuation of 

he relative differences in risk of hospitalization between PLWH 

nd HIV-negative individuals. 
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Sensitivity analyses that use propensity score weights derived 

rom using generalized boosted models show similar results based 

n logistic regression models as reported above (See Supplemental 

ile 3). 

iscussion 

In this retrospective analysis of linked health data, we found 

hat PLWH has about two times the risk of COVID-19 hospitaliza- 

ion than HIV-negative individuals, with the relative risk more pro- 

ounced in the unvaccinated or inadequately vaccinated groups. 

he elevated risk was observed before and during the Omicron 

ave of the COVID-19 pandemic. Importantly, most of the increase 

n risk of COVID-19 hospitalization appears to be driven by dif- 

erences in sociodemographic characteristics and comorbid condi- 

ions, including history of injection drug use given the null differ- 

nces upon adjustment using propensity score-weighted models. 

Evidence is mixed on whether HIV is an independent risk factor 

or adverse COVID-19 outcomes. One meta-analysis which pooled 

dds ratio from six studies found that PLWH were more likely to 

e hospitalized from COVID-19 than their HIV-negative counter- 

arts (pooled odds ratio = 1.49, 95% CI 1.01-2.21), with individ- 

al odds ratio from included studies ranging from 0.69-2.19 [18] . 

ystematic reviews conducted by Mellor et al. [19] and Barbera 

t al. [20] , exploring the links between HIV and risk of hospital- 

zation, however, appear conflicting. Two of the studies included 

 21 , 22 ] in these review studies reported increased risk for HIV

elative to a propensity score matched comparator groups. Two 

thers [ 23 , 24 ], including a large cohort of n = 107,636 veterans

ound risk of hospitalizations to not vary by PLWH status. It should 

e noted that the studies included in the review papers differed 

n the list of covariates accounted for and the specific methods 

sed (i.e., propensity score methods vs covariate adjustment), rais- 

ng important questions regarding the lack of methodological stan- 

ardizations to allow for meaningful comparisons across the range 

f studies included. In studies that have additionally taken into ac- 

ount variables indicative of HIV progression such as viral suppres- 

ion and/or clusters of differentiation 4 counts, findings suggest 

hose without viral suppression and lower clusters of differentia- 

ion 4 counts consistently had increased risk for hospitalizations 

25–27] . Given the interrelatedness between sociodemographic fac- 

ors, prevalence of comorbidities, and HIV clinical parameters and 

onsidering the lack of standardization in the selection and as- 

essment of sociodemographic variables and comorbidity history 

n these studies, it is possible that clinical measures of HIV care 

ight be more reliable for consideration in future analyses. 

In the full study sample and pre-Omicron pandemic period 

i.e., December 15, 2020, to November 21, 2021), patterns based 

n point estimates from vaccination-stratified, propensity score- 

eighted models alone showed that any level of vaccination re- 

eipt also attenuated the differences in hospitalization risk be- 

ween PLWH and HIV-negative individuals. These patterns may 

ffirm the importance of vaccines in this population at mitigat- 

ng risk for hospitalization and are confirmed by previous work 

rom our group which showed that two doses of COVID-19 vac- 

ines were highly effective against SARS-CoV-2 infection [28] and 

ospitalizations among PLWH in a pre-Omicron period [29] . Given 

verlapping confidence intervals, however, caution is warranted in 

nterpreting the findings, as it is possible that this link might be 

nflated. Consequently, studies with larger sample sizes will be 

eeded to fully confirm what impact vaccines may have in ad- 

ressing risk of adverse outcomes in PLWH. 

The disproportionate prevalence of injection drug use (IDU) 

mong the cohort of PLWH is noteworthy and could represent 

n area of focus for potential intervention in this cohort. We 

ecently reported that IDU history was associated with slower 
55 
uildup and faster waning of vaccine effectiveness among PLWH in 

 pre-Omicron era. Given findings from IDU-adjusted models that 

howed substantial attenuation, it is plausible that PLWH with IDU 

ight represent a sub-group at increased risk of COVID-19 hospi- 

alizations, as has been reported in the larger BC population [30] . 

Our study has some limitations. First, low hospitalization counts 

mong the PLWH cohort resulted in imprecise estimates which re- 

tricts our ability to make meaningful inferences. Second, although 

ur use of overlap weights based on logistic regression ensured 

alance on the mean of every included covariate, our results may 

till be subject to residual confounding due to unmeasured covari- 

tes. Third, there were changes in COVID-19 testing policy during 

he study period, specifically during the Omicron wave when peo- 

le infected with COVID-19 were less likely to get tested in BC. 

hese people were not represented in our data, and it is currently 

ot known if the proportion of these people differed by HIV or 

accination status. However, the results of the analyses stratified 

y the pandemic period suggest that the impact of this potential 

imitation on study results is probably minimal. Lastly, our use of 

alidated algorithms to ascertain PLWH status and history of IDU, 

ike any other case-finding algorithms developed for health admin- 

strative data, is likely associated with potential misclassification 

rrors. 

onclusion 

We found that PLWH who tested positive for SARS-CoV-2 had 

bout two times the risk of COVID-19 hospitalization than HIV- 

egative individuals but that this difference can likely be explained 

y sociodemographic factors and history of comorbidities. This un- 

erscores the need for public health programs and interventions to 

ddress social and comorbid vulnerabilities—particularly the high 

ates of IDU among PLWH—and the importance of vaccinations in 

itigating the morbidity impacts of the COVID-19 pandemic. 
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