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Introduction: To estimate the effectiveness of two-dose COVID-19 vaccination in reducing hospitalization, 
accounting for complex confounding factors in observational studies.
Methods: Researchers applied propensity score methods to adjust for confounding variables, comparing 
their performance to traditional covariate adjustment methods. Multiple Logistic Regression and Propensity 
Score Matching were employed to analyze the data, ensuring a balanced comparison between vaccinated and 
unvaccinated groups.
Results: Both analytical methods demonstrated a significant reduction in the likelihood of hospitalization 
among vaccinated individuals. The adjusted odds ratios (OR) were 0.29 (95% CI: 0.26, 0.31) via logistic 
regression and 0.32 (95% CI: 0.30, 0.34) using propensity score matching.
Conclusion: The study confirms the effectiveness of two-dose COVID-19 vaccination in decreasing 
hospitalization. It highlights the importance of using meticulous approaches like propensity score methods to 
assess real-world impacts in complex observational data settings.
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Introduction  

In the ongoing battle against COVID-19, 
vaccines have become vital tools to protect 
public health without promoting panic. Yet, 
assessing their true effectiveness in real-world 
scenarios presents formidable challenges, 
particularly within observational studies where 
the absence of randomization, a hallmark of 

clinical trials, complicates matters. In these 
studies, the lurking presence of confounding 
variables threatens to distort the genuine 
relationship between vaccination and outcomes, 
potentially skewing results if left unaddressed.
Amid this intricate landscape, propensity score 
analysis has risen as a stalwart methodological 
fortress, offering a robust defense against 
confounding in observational research. 
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Propensity score analysis orchestrates balanced 
groups, similar to randomized allocation in 
clinical trials, by discerning the probability of 
treatment receipt, such as vaccination, based 
on observed baseline characteristics. This 
orchestration fosters a more precise evaluation 
of vaccination's causal impact on outcomes 
such as hospitalization, fortifying against the 
distorting effects of confounding factor.1
The imperative to comprehend the effectiveness 
of two-dose COVID-19 vaccination regimens 
in staving off hospitalization is paramount 
for guiding public health interventions. Thus, 
this paper embarks on a journey to explore 
the application of propensity score analysis in 
scrutinizing this very impact within the realm 
of observational studies. Through meticulous 
adjustments for potential confounders, 
our mission is to furnish robust estimates 
of vaccination's causal effect, providing 
invaluable insights into the real-world efficacy 
of vaccination strategies. Driven by rigorous 
methodological inquiry and exhaustive data 
scrutiny, this study endeavors to enrich the 
burgeoning corpus of evidence on COVID-19 
vaccination efficacy. Ultimately, we aim to 
furnish policymakers with the knowledge 
necessary to craft strategies that effectively 
rein in the spread of the virus and curtail its 
associated burden of illness and mortality.

Methods

Data

The study population of this research comprised 
all individuals who underwent COVID-19 
testing from the beginning of the year 1400 
until the end of the same year within the 
community covered by Mashhad University of 

Medical Sciences, involving a total of 306630 
individuals, aimed to assess the impact of a two 
dose COVID-19 vaccination on hospitalization. 
Data were collected from three databases: the 
Sina Health Information System, the Healthcare 
Services Monitoring System, and the Hospital 
Information System to ensure comprehensive 
coverage of the study population.

Study Design and Entry/Exit Criteria

Inclusivity criteria required individuals to 
have undergone at least one COVID-19 test, 
while exclusivity criteria excluded those 
residing outside the university's jurisdiction 
or receiving vaccination beyond the specified 
timeframe. Individuals with a vaccination-to-
outcome interval of less than two weeks were 
also excluded. Participants were categorized as 
"exposed" if vaccinated and "unexposed" if not.

Statistical Methods

The propensity score (PS) for an individual 
represents the likelihood of being assigned to 
the "treatment" group based on all relevant 
covariates, denoted as 

Pr(Zk=1|Xk)                                                  (1)

where Zk=1  indicates the treatment assigned, 
and Xk  is the vector of observed covariates.2 

Typically, a logistic regression is used to estimate 
propensity scores. The propensity score model 
includes both measured confounding variables 
and variables associated with the outcome. It's 
crucial to exclude variables solely associated 
with treatment decisions but not outcomes.3 

Additionally, predictive regression models 
should not include post-treatment decision 
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variables. Consequently, age, body mass index, 
gender, marital status, education, occupation, 
place of residence, number of comorbidities, 
number of clinical symptoms, and history of 
COVID-19 infection were incorporated into 
the propensity score model. After calculating 
the PS, various methods can be used to estimate 
treatment effects. Propensity score matching 
(PSM), a widely used statistical technique 
in observational studies, pairs patients with 
similar PS to balance baseline characteristics 
between treated and control groups. In our 
study, PSM was employed to match vaccinated 
and unvaccinated patients using covariates 
associated with outcomes or true confounders. 
Following matching, balance checks were 
conducted using absolute standardized 
differences, while excluding patients outside 
the common support range. The standardized 
difference provides a means to compare the 
mean or prevalence of baseline covariates 
between treatment groups in the propensity 
score-matched sample. For continuous 
covariates, the standardized difference is 
defined as the difference in means divided by 
the pooled standard deviation. For dichotomous 
variables, the difference in prevalence or 
mean is compared in units of the pooled 
standard deviation. An ASMD exceeding 
0.10 indicates a covariate imbalance.1 The 
effect of vaccination was estimated using the 
average treatment effect (ATE) for the entire 
sample.1, 3 Furthermore, vaccine effectiveness 
and adjusted baseline characteristics were 
determined through logistic regression 
modeling. Statistical analyses were performed 
using R 4.2.3 software, with a significance 
level set at (p < 0.05) and propensity score 
matching analysis was performed using the 
MatchIt package.

Outcome Model for propensity score-based 
method

Following propensity score matching, we 
meticulously assessed covariate balance to 
ensure equity between the groups. Leveraging 
logistic regression, our outcome model 
aimed to estimate the effect of vaccination 
on hospitalization. This analytical approach 
enabled us to examine the association between 
vaccination status and the probability of 
hospitalization while accounting for potential 
confounding variables. By scrutinizing 
covariate balance and employing rigorous 
statistical methods, we aimed to provide a 
comprehensive understanding of the effect 
of a two dose vaccination on hospitalization 
outcome in COVID-19 patients.4

Result

A comparison of baseline characteristics 
between vaccinated and unvaccinated groups 
is presented in Table 1. We included 306630 
patients in the analysis, 104115 (33.95%) 
unvaccinated and 202515 (66.05%) vaccinated 
patients.
After incorporating the variables of Table 1 
into the propensity score model and estimating 
propensity scores, propensity score matching 
was employed. 
After applying propensity score matching, the 
analysis included a total of 46,686 pairs in 
the vaccinated group and 26,871 pairs in the 
unvaccinated group. 
Subsequently, the balance in the distribution of 
confounding variables between the two groups 
was examined.
After employing the optimal full matching 
method and investigating the balance of 
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confounding variables, the logistic regression 
model was formed as the outcome model. The 
effect of vaccination was assessed using both 
propensity score-based methods and logistic 
regression, with the results presented in Table 2.
The results of Multivariate logistic regression 

(MLR) showed that vaccinated patients had 
significantly lesser odds of hospitalization 
[adjusted odds ratio (OR), 95% CI 0.29 (0.26, 
0.32), p <0.001] compared to the unvaccinated 
group adjusted for age, gender, occupation, 
education, marital status, place of residence, 

Table 1. Baseline characteristics in the vaccinated and non-vaccinated population

Parameters Category All
(n=306630)

Vaccinated 
(n=104115)

Unvaccinated
(n= 202515) P value

Age 33.77±18.34 35.89±14.46 29.67±23.64 <0.001
Body Mass Index 23.92±10.90 25.10±5.38 21.63±16.91

Gender Female 159768 (52.10) 107127 (52.90) 52641 (50.56) <0.001
Male 146862 (47.90) 95388 (47.10) 51471 (49.44)

Marital Status Single 112073 (36.55) 53895 (26.60) 58214 (50.51)) <0.001
Married 194557 (63.45) 148656 (73.40) 45901 (44.09)

Education Cycle & Below 169548 (55.29) 95142 (46.98) 74406 (71.47) <0.001
Diploma & BA 127670 (41.64) 100547 (49.65) 27123 (26.05)
Master & PhD 5984 (1.95) 4905 (2.42) 1079 (1.04)

Others 3428 (1.12) 1921 (0.95) 1507 (1.45)

Occupation Unemployed 172226 (56.17) 100717 (49.73) 71509 (68.68) <0.001
Employee 14292 (4.66) 12442 (6.14) 1850 (1.78)
Laborer 30112 (9.82) 24465 (12.08) 5647 (5.42)

Freelancer 44682 (14.57) 32859 (16.23) 11823 (11.36)
Others 45318 (14.78) 32032 (15.82) 13286 (12.76)

Place of Residence Rural 65789 (21.46) 46520 (22.97) 19269 (18.51) <0.001
Urban 240841 (78.54) 84846 (77.03) 202515 (81.49)

Number of Comorbidities 0 270559 (88.24) 183131 (90.43) 87428 (83.97) <0.001
1 23671 (7.72) 14289 (7.06) 9382 (9.01)
2 10277 (3.35) 4664 (2.30) 5613 (5.39)

3 and more 2123 (0.69) 431 (0.21) 1692 (1.63)

Number of Clinical Symp-
toms 0

278008(90.67) 201333 (99.42) 76675 (73.64) <0.001

1 12905(4.21) 533 (0.26) 12372 (11.88)
2 10144(3.31) 453 (0.22) 9691 (9.31)

3 and more 5573(1.82) 196 (0.10) 5377 (5.16)

History of COVID-19 
infection Yes

139189 (45.39) 86307 (37.99) 52882 (50.79) <0.001

No 167441 (54.61) 116208 (57.38) 51233 (49.21)
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body mass Index, Number of Comorbidities, 
Number of Clinical Symptoms and History of 
COVID-19 infection.
The Estimation of the vaccination effect by 
PSM analysis also showed that vaccinated 
patients had significantly lesser odds of 
hospitalization compared to unvaccinated 
patients (OR, 95% CI using PSM: 0.32 (0.31, 
0.33), p < 0.001) as determined when the 
propensity scores were estimated with logistic 
regression. See Table 3.

Discussion

The findings of our study reveal a significant 
reduction in hospitalization among COVID-19 
patients who have been vaccinated. Utilizing 
propensity score matching (PSM) enabled us to 
estimate the effect of vaccination with greater 
precision, exhibiting a lower standard error 
and a narrower confidence interval compared 
to traditional multivariable logistic regression 
(MLR) techniques. 
Our analysis indicates that vaccinated patients 
tend to present with less clinical symptoms, as 

Table 2. Absolute Standardized Mean Difference values before and after propensity score matching
Variable Before Matching After Matching Logistic Regression

Age 0.13 0.031
Gender 0.01 0.003
Occupation 0.25 0.042
Education 0.36 0.002
Marital Status 0.21 0.005
Place of Residence 0.04 0.008
Body Mass Index 0.19 0.005
Number of Comorbidities 0.31 0.081
Number of Clinical Symptoms 0.68 0.075
History of COVID-19 infection 0.12 0.053

Table 3. Comparison of the results of Crude Logistic regression, MLR and PSM analysis for Hospitalization

Parameters Crude Logistic Regression P-value MLR P-value PSM P-valueOR (95% CI) OR (95% CI) OR (95% CI)

Vaccine 0.016 (0.014, 0.018) <0.001 0.29 (0.26, 0.32) <0.001 0.32 
(0.31, 0.33) <0.001

Age 1.06 (1.05, 1.07) <0.001 1.33 (1.32, 1.34) <0.001
Gender 0.97 (0.94, 0.99) <0.001 1.01 (1.00, 1.02) <0.001
Occupation 1.16 (1.15, 1.17) <0.001 1.01 (0.99, 1.00) <0.001
Education 0.56 (0.54, 0.57) <0.001 0.84 (0.83, 0.85) <0.001
Marital Status 1.40 (1.36, 1.44) <0.001 1.02 (1.01, 1.04) <0.001
Place of Residence 1.56 (1.51, 1.62) <0.001 1.02 (1.02, 1.03) <0.001
Body Mass Index 1.022 (1.020, 1.023) <0.001 1.00 (0.99, 1.01) <0.001
Number of Comorbidities 4.48 (4.40, 4.56) <0.001 1.78 (1.76, 1.80) <0.001
Number of Clinical 
Symptoms

18.42 
(18.12, 18.72) <0.001 11.45 

(11.18, 11.71) <0.001

History of COVID-19 
infection 2.00 (1.97, 2.02) <0.001 0.02 (0.01, 0.03) <0.001
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evidenced by a higher mean age, and a lower 
number of comorbidities.
This trend is corroborated by similar studies 
conducted in various regions. For instance, 
the population-based study from Israel 
showed two doses of the BNT162b2 vaccine 
reduced symptomatic as well as asymptomatic 
COVID-19 infections, and breakthrough 
infection was less severe with reduced 
hospitalisation and lower mortality.5
Another study in Germany reported that 
vaccination protected against severe disease for 
at least six months, with a vaccine effectiveness 
(VE) of 90% for two doses and 99% for three 
doses. The VE was significantly lower for adults 
with three or more pre-existing comorbidities 
compared to those with fewer comorbidities, 
but this reduction was compensated when a 
third dose was administered.6
Moreover, a study in Canada found that two-
dose vaccine effectiveness against SARS-
CoV-2 hospitalization was 93% during the 
Delta variant's dominance. However, the 
effectiveness was lower at 40% among 
adolescents during the circulation of the Delta 
variant, possibly due to vaccine waning and 
earlier vaccination dates in the United States 
compared to Ontario.7
A multistate analysis of over 34,000 
hospitalizations for COVID-19–like illness 
among adults with immunocompromising 
conditions found that 2 doses of monovalent 
mRNA COVID-19 vaccine were 36% effective 
against COVID-19–associated hospitalization 
during a period of Omicron predominance.8
While our study underscores the efficacy of 
vaccination in reducing hospitalization, several 
limitations necessitate consideration. Most 
notably, the absence of data on anti-spike 
antibody titers, oxygen levels, and specific 

vaccine types hindered a comprehensive 
analysis of their impact on hospitalization. 
Additionally, the variability in vaccine 
effectiveness, timing of vaccination, and host 
immune responses underscore the complexity 
of managing breakthrough infections. A 
significant limitation of our study is the 
lack of consideration for the specific type of 
COVID-19 variant affecting patients. Different 
variants may have varying levels of virulence 
and vaccine resistance, which could influence 
hospitalization rates. Future studies should 
aim to include variant data to provide a more 
nuanced understanding of vaccine effectiveness 
against specific strains.
Furthermore, it's important to acknowledge the 
potential for unmeasured confounding factors 
in our analysis. While we accounted for several 
important demographic and clinical variables, 
there may be other unmeasured factors that 
could have influenced the observed outcomes. 
These might include socioeconomic status, 
healthcare access, adherence to public health 
measures, or genetic factors that could affect 
COVID-19 susceptibility or severity.

Conclusion

Our findings underscore the pivotal role 
of vaccination in mitigating COVID-19 
hospitalization. Propensity score matching 
offers a robust methodological approach 
to assessing the impact of vaccination, 
highlighting its importance in pandemic control 
efforts. Future research endeavors should focus 
on vaccine characteristics, specific COVID-19 
variants, and potential unmeasured confounding 
factors to optimize public health strategies in 
combating COVID-19. Additionally, efforts 
should be made to collect and analyze data on 
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specific vaccine types and their effectiveness 
against different variants to provide more 
targeted vaccination strategies.
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