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Background: As COVID-19 vaccines became available, understanding their potential benefits in vulnerable populations has gained significance. This study explored the advantages of COVID-19 vaccination in individuals with cognitive disorders by analyzing health-related variables and outcomes.

Methods: A prospective cohort study analyzed electronic medical records of 25,733 older adults with cognitive disorders and 65,544 older adults without cognitive disorders from March 2020 to February 2022. COVID-19 vaccination status was the primary exposure variable, categorized as fully vaccinated or unvaccinated. The primary outcomes measured were all-cause mortality and hospitalization rates within 14 and 400 days post-vaccination. Data on vaccination status, demographics, comorbidities, testing history, and clinical outcomes were collected from electronic health records. The study was ethically approved by the relevant medical facility’s Institutional Review Board (0075-22-MHS).

Results: Vaccinated individuals had significantly lower mortality rates in both groups. In the research group, the mortality rate was 52% (n = 1852) for unvaccinated individuals and 7% (n = 1,241) for vaccinated individuals (p < 0.001). Similarly, in the control group, the mortality rate was 13.58% (n = 1,508) for unvaccinated individuals and 1.85% (n = 936) for vaccinated individuals (p < 0.001), despite higher COVID-19 positivity rates. In the research group, 30.26% (n = 1,072) of unvaccinated individuals tested positive for COVID-19, compared to 37.16% (n = 6,492) of vaccinated individuals (p < 0.001). In the control group, 17.31% (n = 1922) of unvaccinated individuals were COVID-19 positive, while 37.25% (n = 18,873) of vaccinated individuals tested positive (p < 0.001). Vaccination also showed potential benefits in mental health support. The usage of antipsychotic drugs was lower in vaccinated individuals (28.43%, n = 4,967) compared to unvaccinated individuals (37.48%, n = 1,328; 95% CI [0.92–1.28], p < 0.001). Moreover, vaccinated individuals had lower antipsychotic drug prescription rates (23.88%, n = 4,171) compared to unvaccinated individuals (27.83%, n = 968; 95% CI [−1.02 to −0.63], p < 0.001). Vaccination appeared to have a positive impact on managing conditions like diabetes, with 38.63% (n = 6,748) of vaccinated individuals having diabetes compared to 41.55% (n = 1,472) of unvaccinated individuals (95% CI [0.24, 0.48], p < 0.001).

Discussion: The findings highlight the importance of vaccination in safeguarding vulnerable populations during the pandemic and call for further research to optimize healthcare strategies for individuals with cognitive disorders.
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Background

The emergence of the novel coronavirus SARS-CoV-2 led to the global COVID-19 pandemic that profoundly impacted public health systems and caused significant morbidity and mortality worldwide. As the virus rapidly spread across borders, healthcare providers and vulnerable populations including the older adult and those with chronic conditions faced tremendous challenges. Individuals with dementia have been disproportionately affected by COVID-19, experiencing accelerated cognitive decline, exacerbated behavioral and psychological symptoms, and increased care needs (1–3). Dementia encompasses progressive neurological disorders that impair higher cognitive functions including memory, language, and thinking. These cognitive impairments are accompanied by a decline in the performance of daily activities and a deterioration in social functioning (4). Globally, the prevalence of dementia is estimated to be around 50 million individuals, with approximately 60% of cases found in low- and middle-income countries (5). However, the global prevalence is predicted to increase to over 150 million cases by 2050 (6).

During the pandemic, individuals with dementia were shown to be at higher risk for adverse outcomes from COVID-19 infection, including increased mortality, morbidity, and acceleration of cognitive and functional decline (7, 8). For example, a recent meta-analysis showed that the mortality rate of individuals with dementia after being infected with COVID-19 was higher than that of individuals with no dementia (OR: 5.17 [95% CI: 2.31–11.59]) (9).

The literature reports an increase in behavioral issues, cognitive decline, and the use of antipsychotic medications, along with more frequent hospitalizations during this time (10, 11). This decline arose due to the lack of formal caregivers, unemployment among individuals with dementia, and substantial physical isolation, especially during lockdowns (2, 12). Individuals with dementia self-reported experiencing a lack of engagement, disrupted routines, and reduced physical activity during lockdowns. These factors were found to consequently contribute to documented cases of depression in multiple studies (11).

Israel’s COVID-19 vaccination program and policies have played a significant role in mitigating the impact of the pandemic. Israel implemented an aggressive and successful vaccination campaign, achieving high vaccination rates in its population. The country prioritized vaccinating older adults and individuals with underlying health conditions, including those with dementia. These efforts aimed to protect vulnerable populations and reduce the severity of COVID-19 outcomes (13–15).

The introduction of COVID-19 vaccinations had some effect on these outcomes. A handful of studies demonstrated the benefits of COVID-19 vaccination for reducing infection, hospitalization, and death in the general population, older adult, and specifically among those with dementia (16, 17). However, the precise influence of COVID-19 vaccination on severe outcomes among older adults with dementia remains unclear (18). A recent study published in 2022 (17) revealed that among older adults with dementia who were fully vaccinated, the overall risk of COVID-19 breakthrough infections ranged from 8.6 to 12.4% which was higher than that of older adults without dementia. There is also limited data available on the outcomes of older adults with dementia who received the COVID-19 vaccination compared to those who did not, across all phases of the pandemic (17).

The main objective of this study was to compare the long-term mortality rate between older adults with dementia and those without dementia, differentiated by whether they received the COVID-19 vaccination or not. We also aimed to compare the hospitalization rates between these two population groups.



Methods

We conducted a prospective cohort study of older adults living in the community and insured under Maccabi Healthcare Services (MHS), one of the largest health management organizations in Israel. In MHS, there are over 300,000 insured individuals aged 65 and above. In 2019, MHS established the Cognitive Disorders Registry, which allows for the tracking of patients with cognitive decline in various clinical, therapeutic, managerial, and supportive arenas. Further detailed descriptions of the criteria for entering the registry can be found in Appendix 1. Approximately 25,000 insured individuals are included in this database. Some are defined as being in the pre-dementia stage with mild cognitive impairment (MCI), while others suffer from rare dementias.

In our study, we used the Clinical Dementia Rating (CDR) scale to assess the severity of cognitive impairment in our participants. The CDR is a widely used tool for assessing the severity of dementia and is based on a semi-structured interview with both the patient and an informant, such as a family member or caregiver (19).

The CDR scale ranges from 0 to 3, with 0 indicating no cognitive impairment, 0.5 indicating very mild cognitive impairment, 1 indicating mild dementia, 2 indicating moderate dementia, and 3 indicating severe dementia. In our study, we used a CDR score of 0.5 or greater to identify participants with dementia. To differentiate mild cognitive impairment (MCI) from dementia, we used the criteria established by Petersen et al. (20), which define MCI as a cognitive decline that is greater than expected for a person’s age and education level, but does not significantly interfere with their daily activities or meet the criteria for dementia. In our study, participants with a CDR score of 0.5 were classified as having dementia, while those with a CDR score of less than 0.5 were classified as having MCI or no cognitive impairment.

Electronic medical records spanning from March 01, 2020, to February 28, 2022, were examined for individuals who had continuous membership in MHS during the 2 years prior to the study date. The analysis focused on MHS insured individuals who were registered with cognitive decline in the Cognitive Disorders Registry who had either received or not received a COVID-19 vaccine (Pfizer/BioNTech or Moderna). The individuals enrolled in the registry were compared to a matched group (age, gender, and socioeconomic status) enrolled in MHS’s general national database who had either received the same COVID-19 vaccine or had not received one but did not experience cognitive decline.


Study outcomes

The primary endpoint focused on the mortality rate within two timeframes: the first 14 days after the second vaccination for vaccinated individuals, corresponding to the expected peak of vaccine efficacy, vs. approximately 400 days for unvaccinated individuals, ending at the study closure on February 28, 2022.

The timeframe of 14 days post-second dose was chosen as the primary endpoint to assess peak vaccine efficacy. While the Pfizer and Moderna clinical trials reported slightly different windows for maximum efficacy (7 and 14 days, respectively), a conservative 14-day endpoint was selected for this study. This allows the analysis to sufficiently capture the protective effects across both mRNA vaccines, in line with public health guidance considering someone fully vaccinated at this threshold (21, 22).

Examining the immediate post-vaccination period allows a precise evaluation of the vaccine’s prompt impact at the anticipated height of immune response. The extended 400-day duration enables a comprehensive assessment of prolonged mortality trends in unvaccinated individuals over the same interval as vaccinated individuals. This elongated observation window accommodates variability in COVID-19 exposure and severity over time, accounting for potential deferred vaccination effects or shifting disease dynamics. The rationale for these timeframes also applies to our secondary outcome of hospitalization rates. Hospitalizations within 14 days of the second vaccine dose were analyzed for vaccinated individuals. Hospitalization cases for both groups were classified as either zero for no hospitalization or 1+ for one or more hospitalizations. Moreover, hospitalizations beyond the first 14 days were evaluated in both groups, particularly severe hospitalizations lasting 49+ days in unvaccinated and vaccinated individuals during the post-vaccination period.



Data collection

Data collection for each patient encompassed a wide range of variables. The primary independent variable was vaccination status that was categorized based on whether the patient received two doses or more. Consequently, patients who received only one dose or none were considered as not vaccinated (mRNA vaccines or viral vector vaccines). Other independent variables collected were (1) information regarding sociodemographic characteristics, such as age, gender, district, and socioeconomic status; (2) COVID-19 characteristics, including the disease itself and the number of vaccine dosages received; and (3) clinical characteristics, including testing positive for COVID-19, transitioning from MCI to dementia, taking antipsychotics drugs, being prescribed antipsychotics drugs, taking antidepressants, being prescribed antidepressants, having a diagnosis of depression, receiving home treatments, diagnosed with bone fractures, and having blood pressure, chronic obstructive pulmonary disease (COPD), diabetes mellitus (DM), immunosuppression, or obesity.



Statistical analysis

Descriptive statistics, including means and standard deviations for continuous variables, and percentages for categorical variables, were utilized to characterize the sociodemographic characteristics, COVID-19 characteristics, and clinical characteristics of the participants. To assess the statistical differences between groups, t-tests were employed for continuous variables, while chi-squared tests were used for categorical variables, as appropriate.

To reduce potential confounding factors arising from differences in patient characteristics between the vaccinated and unvaccinated groups within the cognitive disorders research group, we employed inverse probability of treatment weighting (IPTW). Standardized differences were utilized to evaluate the balance of covariates following IPTW implementation. Logistic regression was then performed, utilizing full vaccination status as the independent variable in the IPTW model. In addition, a Cox proportional hazards model with IPTW was conducted to analyze the occurrence of outcome events.

A survival analysis was performed for the older adults who passed away. The primary outcome variable was time to death, constructed as the time between the date of being vaccinated and death (failure) with censoring on February 28, 2022, for individuals who were alive by the end of the study period. We also included two secondary outcomes: (i) time from being vaccinated to hospital admission, and (ii) in-hospital length of stay. The Kaplan–Meier method was used to plot survival curves. These graphs served to test the proportional hazard assumption.

The level of significance for all statistical analyses was 5%. The data analysis was performed using Python (version 3.0).



Ethical consideration

The study protocol was approved by the Institutional Human Subjects Ethics Committee (0075-22-MHS) of the relevant medical facility. Written informed consent was waived by the Institutional Review Board. All performed procedures followed the ethical standards of both the institutional and national research committees and these complied with national ethical standards.




Results

Figure 1 presents the study population. A total of 25,733 older adults with cognitive disorders comprised the research group, of which 21,013 were investigated; 4,720 were excluded due to no matches (based on age, gender, and socioeconomic status). Among them, 3,543)16.9%(individuals did not receive the COVID-19 vaccination, while 17,470 (83.1%) individuals did receive the vaccination. The control group comprised 65,544 older adults without cognitive disorders, 3,774 were excluded due to no matches, resulting in a final total of 59,989 individuals. Among them, 10,768 (18%) individuals did not receive the COVID-19 vaccination, while 49,221 (82%) did receive the vaccination.
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FIGURE 1
 Flow chart depicting the population distribution of vaccinated vs. non-vaccinated groups. Vaccinated refers to individuals who received two vaccine shots against COVID-19.


Within the research group, it was observed that 30.3% of the unvaccinated older adults tested positive for COVID-19. Moreover, 19.7% of the unvaccinated older adults experienced a progression from MCI to dementia, and 59% of them required hospitalization. In contrast, within the vaccinated research group, 37.1% of the older adults tested positive for COVID-19 (66.5% before receiving the vaccination and 33.5% after receiving the vaccination). Among the cohort of individuals diagnosed with dementia, 23% exhibited a progression from MCI to dementia, and 42.2% necessitated hospitalization, as depicted in Figure 1. Within the subgroup of vaccinated dementia-diagnosed individuals, 42% required hospitalization, with 3% experiencing prolonged hospitalization. In contrast, among the unvaccinated dementia-diagnosed individuals, 57% required hospitalization, with nearly 8% undergoing prolonged hospitalization. These observations underscore the potential benefits of vaccination in reducing the severity of hospitalization needs among individuals diagnosed with dementia during the study period.

Table 1 shows that in the research group, a substantial proportion of individuals in the research group opted for vaccination, with 83.1% vaccinated, while 16.9% remained unvaccinated. Similarly, in the control group, 82.0% of individuals chose vaccination, leaving 18.0% unvaccinated. Notably, the analysis revealed that the gender distribution between the vaccinated and unvaccinated groups did not show any statistically significant difference, implying that vaccination status was not influenced by gender. Furthermore, the research group demonstrated a higher mean age of 82.1 years for unvaccinated individuals and 80.6 years for the vaccinated group (p < 0.001). This was in contrast to the control group, where the unvaccinated individuals had a mean age of 77.9 years, and the vaccinated group had a mean age of 76.0 years (p < 0.001). 30.26% of unvaccinated individuals tested positive for COVID-19, whereas 37.16% of vaccinated individuals were COVID-19 positive (p < 0.001) in the research group. In the control group, 17.31% of unvaccinated individuals tested positive, while the number was 37.25% for vaccinated individuals (p < 0.001). Despite the higher rates of COVID-19 positivity and progression from MCI to dementia in the vaccinated research group, the mortality rates were significantly less in the vaccinated groups. In the control group, unvaccinated individuals had a mortality rate of 13.58% compared to only 1.85% of vaccinated individuals (p < 0.001). The difference was even more pronounced in the research group with 52.27% of unvaccinated individuals compared to 7.10% of vaccinated individuals dying (p < 0.001).



TABLE 1 COVID-19 vaccination and health outcomes in the research group with cognitive disorders compared to the control group.
[image: Table1]

The Cox ratio analysis of the research group affirmed the findings presented in Table 1. It revealed that the vaccinated group exhibited a substantially lower risk of mortality, with an adjusted hazard ratio (aHR) of −2.99 (95% CI: −2.86 to −3.12, p < 0.001). These results emphasize that vaccination provided significant protection against severe outcomes in this vulnerable population (Table 2). Additionally, the Cox ratio analysis illustrated notable associations with medication usage. The vaccinated group displayed a higher usage of antipsychotics drugs, with an aHR of 1.1 (95% CI: 0.92–1.28, p < 0.001), compared to the unvaccinated group, and lower prescription rates for antipsychotics drugs, with an aHR of −0.82 (95% CI: −1.02 to −0.63, p < 0.001), indicating potential differences in mental health management. Yet, the vaccinated group exhibited a higher usage of antidepressants, with an aHR of 0.54 (95% CI: 0.35–0.74, p < 0.001).



TABLE 2 Cox ratio analysis reveals the influence of COVID-19 vaccination on health outcomes and medication usage in the research group with cognitive disorders.
[image: Table2]

The Kaplan–Meier analysis examined the impact of COVID-19 vaccination on the research group during the pandemic, specifically focusing on the severity of their hospitalization (Figure 2). The analysis revealed that the survival curve for adults with cognitive disorders who were vaccinated was significantly higher compared to the survival curve for those who were unvaccinated. This indicates that vaccinated adults with cognitive disorders had a higher likelihood of surviving COVID-19 compared to their unvaccinated counterparts.

[image: Figure 2]

FIGURE 2
 Kaplan–Meier analysis: the impact of vaccination on hospitalization severities in patients with cognitive disorders during the COVID-19 pandemic.


The difference in survival rates between vaccinated and unvaccinated older adults is more crucial among those who experienced severe illness. In pursuit of comprehending the vaccination’s impact on survival rates, we performed a Kaplan–Meier analysis on adults with cognitive disorders who tested positive for COVID-19 (Figure 3). The findings illustrated that over time, vaccinated individuals, even those who tested positive for COVID-19, exhibited a higher likelihood of survival.

[image: Figure 3]

FIGURE 3
 Kaplan–Meier analysis: the effect of vaccination on survival rate for COVID-19 positive patients with cognitive disorders during the COVID-19 pandemic.


The aforementioned findings explain the data shown in Tables 1, 2. Namely, despite a higher proportion of vaccinated individuals testing positive for COVID-19, their survival rate was still higher. Our final investigation centered on individuals diagnosed with dementia, specifically those who transitioned from MCI to dementia (Figure 4). Once again, the results underscored the significance of vaccination, revealing that vaccinated individuals with diagnosed dementia demonstrated a higher survival rate over time. This consistent trend suggests that vaccination continued to play a vital role in enhancing the survival prospects of adults with cognitive disorders during the COVID-19 pandemic.

[image: Figure 4]

FIGURE 4
 Kaplan–Meier analysis: the impact of vaccination on survival rate for patients with diagnosed dementia (following progression from MCI to dementia).




Discussion

The study aimed to assess the impact of COVID-19 vaccination on older adults with cognitive disorders by examining various health-related variables and outcomes. During the pandemic, older adults with dementia, including those with Alzheimer’s disease and vascular dementia were at increased risk for COVID-19 infection and severe outcomes (23), even after controlling for demographic factors and comorbidities (17). Our results align with previous research and provide compelling evidence that COVID-19 vaccination is significantly associated with a reduced risk of mortality in individuals with cognitive disorders (16). Furthermore, the results indicate a plausible connection between vaccination and safeguarding against a subsequent deterioration in cognitive disorders and associated comorbidities. However, this effect was not evident when examining the transition from MCI to dementia.

Consistent with previous research, our study observed higher COVID-19 positivity rates among vaccinated individuals (“breakthrough infections”) (17). These could be due to several reasons. For example, vaccinated individuals may have lower hesitancy engaging in social activities/travel, leading to higher exposure risk. Additionally, imperfect protection from vaccines could allow more breakthrough infections to occur. Waning immunity over time may also leave some vaccinated individuals vulnerable, supporting the need for boosters. Variants with greater vaccine evasion properties, such as Omicron, could disproportionately infect vaccinated persons as well (17, 24).

However, despite the higher incidence of infection, vaccinated individuals demonstrated significantly lower mortality rates compared to their unvaccinated counterparts. These results further support the notion that vaccination may confer a protective effect against severe outcomes and reduce the risk of mortality (16). Moreover, the results suggest that the increased risk of breakthrough infections in older adults with dementia, compared to those without dementia, can be mainly attributed to their higher prevalence of comorbidities (17, 25). Studies have found an association between COVID-19 vaccination and reduced risk of severe outcomes in people with comorbidities like diabetes and hypertension (26).

Understanding the significance of these underlying health conditions is crucial in comprehending the susceptibility of individuals with dementia to COVID-19 breakthrough infections (27). Addressing these comorbidities and implementing appropriate preventive measures may be vital in mitigating the risk of infection and its potential complications in this vulnerable population. Furthermore, vaccination appeared to impact the management of certain health conditions. In particular, vaccinated individuals with cognitive disorders demonstrated a lower percentage of diabetes cases compared to their unvaccinated counterparts. This observation aligns with studies suggesting that COVID-19 vaccination may have additional health benefits beyond its direct impact on COVID-19 infection (18).

The potential benefits of mental health support observed in our study are intriguing and warrant further investigation. Vaccinated individuals displayed differences in antipsychotics drugs usage and prescription rates compared to the unvaccinated group, suggesting a possible association between vaccination and improved mental health outcomes (28–30). Although the underlying mechanisms are not fully understood, this finding corroborates with previous studies that have explored the broader impact of vaccination on mental health during the pandemic (18, 31).

The results of this study are important for several reasons. First, they provide further evidence that vaccination is an effective way to protect against severe outcomes of COVID-19, even in vulnerable populations such as those with cognitive disorders. Second, the results suggest that vaccination may also have benefits for cognitive health, although further research is needed to confirm this finding. For example, population-based matched cohort studies with longer follow-up periods can better establish the long-term effects of COVID-19 vaccines on mortality and critical disease endpoints in people with dementia.

Finally, the results of this study highlight the importance of vaccination for adults with cognitive disorders who are at increased risk of severe illness and death from COVID-19.


Strengths

The results of this study highlight the importance of monitoring cognitive health in adults with cognitive disorders who are vaccinated. While vaccination may help reduce the risks of severe COVID-19 infection and related mortality in this population, there is some evidence it may also be associated with a higher risk of certain psychiatric adverse events, like depression and anxiety (32).

However, the potential increased psychiatric risks should be balanced against the benefits of reduced mortality and severe disease afforded by vaccination for this vulnerable group. Healthcare providers need to be cognizant of the possibility of new or worsening mental health symptoms following vaccination among patients with cognitive disorders. Screening for changes in mental status could enable early intervention. More research is still needed to better understand the mental health impacts of COVID-19 vaccination across populations. Additionally, analyses of the effects of vaccination on all-cause mortality rates in adults with cognitive disorders compared to the general population may provide further insight into the risk–benefit ratio and help inform vaccination policies for this group.



Limitations

It is important to note that the results of this study are observational, and therefore cannot be used to establish causal relationships. However, the consistency of the findings across both the research and control groups, as well as the support from the Kaplan–Meier analyses, suggest that vaccination is likely to be an important factor in the observed lower mortality rates. Second, we were unable to distinguish the effect of vaccination by specific SARS-CoV-2 variant due to a lack of data on the viral strains participants were infected with. Furthermore, we did not have access to patient medical records detailing discharge diagnoses and primary reasons for hospital admission. As such, we were unable to distinguish whether observed differences in hospitalization rates between the vaccinated and unvaccinated groups were specifically due to SARS-CoV-2 infection or other underlying medical conditions.

Finally, vaccination status could potentially confound the association between COVID-19 infection and quality of life outcomes. Vaccinated patients are more likely to have fewer restrictions imposed on them and greater freedom to participate in activities that may improve quality of life (33, 34). Therefore, some of the observed differences in quality of life between infected and uninfected groups could be due to baseline differences in vaccination status, rather than due solely to COVID-19 infection effects. Future studies should measure and control for vaccination status when examining the impacts of COVID-19 on quality of life outcomes.




Conclusion

This study provides strong evidence that COVID-19 vaccination is beneficial for individuals with cognitive disorders. Although vaccinated individuals had higher COVID-19 positivity rates, they had significantly lower mortality rates, highlighting the vaccine’s protective effect against severe outcomes. These findings are consistent with recent research on the vaccine’s efficacy in preventing severe illness and death. Additionally, the study suggests a potential association between vaccination and a lower risk of mental health conditions, although further investigation is needed. Addressing underlying health conditions and implementing preventive measures are crucial in reducing breakthrough infections in older adults with dementia. Overall, this study emphasizes the vital role of vaccination in protecting vulnerable populations, such as those with cognitive disorders, during the COVID-19 pandemic.
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The Cox proportional hazard model was constructed for the outcome events of the two study groups considering a previous history of outcome events, having tested positive to COVID-19,
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