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Immunocompromised persons are at an increased risk for a severe SARS-CoV-2 infection and their safety behaviors may influence their social participation. Vaccinated persons have a lower incidence of infection and severe disease when infected compared to non-vaccinated persons. Therefore, their behavior may change and their social participation may increase after a complete vaccination. The aim of this study was to explore social participation of immunocompromised persons before and after complete COVID-19 vaccination. Between March and September 2021, 274 immunocompromised participants were recruited. Survey data were collected at baseline and follow-up from 194 participants including the Index for the Assessment of Health Impairments [IMET], Patient Health Questionnaire-4 [PHQ-4], subjective health status and quality of life. At baseline, participants were not yet completely vaccinated. Complete vaccination was achieved prior to the follow-up questionnaire. IMET scores decreased significantly at follow-up, indicating a higher social participation after complete vaccination. PHQ-4, subjective health status and quality of life did not differ between baseline and follow-up. There were no significant differences across sociodemographic factors. Significant PHQ-4 differences were observed regarding the population size of the participants' home community. Social participation of immunocompromised persons in our study increased after COVID-19 vaccination. Therefore, social participation should be explored further, especially with regards to the impact of vaccination on groups with a high health risk.
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INTRODUCTION

The global pandemic caused by SARS-CoV-2 is affecting daily life in various ways. Several “lockdowns” restricting social interactions to slow the spread of infection were adopted in Germany. This caused a fundamental change in daily social life e.g., social gatherings in spare time or at work were restricted by law. Before the release of the first vaccine in December 2020, the only proven protection against an infection were distance, masks, and hygiene measures.

Li et al. (1) proposed a positive association between the perceived severity and uncontrollability of COVID-19 with negative emotions and cautious behavior. It stands to reason that people at particularly high risk for a serious SARS-CoV-2 infection adopted risk-limiting behaviors that were more restrictive than the legal regulations implemented to protect the entire population (2). Furthermore, it is conceivable that such persons' family and friends learned to keep their distance because they feared infecting them unwillingly. Persons with immune dysfunction and concomitant immunosuppressive treatment for rheumatic and other autoimmune conditions are one group at particularly high risk (3).

Social participation is a broad concept and can be defined as involvement or being included in a community life situation (4, 5). In order to maintain and achieve personal autonomy and well-being, social participation is necessary (6, 7). Studies have already associated social participation with health outcomes (8). Immunocompromised persons are associated with a reduced social participation compared to healthy individuals (8). The pandemic situation presents an additional burden for social participation and mental health, even for healthy individuals (9–12).

Basic immunization is regarded a key effective protective measure against COVID-19, whereby the knowledge and recommendations about the number and timing of vaccinations is continuously changing throughout the pandemic. The definition of basic immunization against COVID-19 had to be repeatedly adapted to the current state of research in the course of the pandemic.

At the beginning of the survey (end of March 2021), a basic immunization was defined as 14 days after two doses of Comirnaty, Spikevax or Vaxzevria, or 14 days after one dose of COVID-19 Vaccine Janssen. According to the official recommendation in Germany, valid from December 2021, three vaccinations are needed for basic immunization of persons receiving an immunosuppressive medication such as Methotrexate or Cyclophosphamide and a booster vaccination after 6 months is also advised (13). At the start of the German vaccination campaign in December 2020, complete vaccination was thought to allow for relaxation of social restrictions even if the effectiveness of the vaccination for immunocompromised people was not entirely clear. Currently, breakthrough infections are occurring throughout Europe and beyond. Therefore, in contrast to original expectations, in German guidelines a complete relaxation of social restrictions is not recommended even after complete vaccination (14, 15).

More recently, the uncertainty and insecurity regarding individual vaccine effectiveness affects not only immunocompromised individuals, but all people due to viral variants of concern such as the omicron variant (16, 17).

The above-mentioned factors underline the need to understand the impact of vaccination upon social participation and quality of life. Therefore, this study aims to investigate if a complete COVID-19 vaccination influences social participation in a prospective, multicenter study with immunocompromised persons.



MATERIALS AND METHODS


Research Design and Participants

The COVID-19 Contact Immune Study [CoCo study] is a prospective, longitudinal, observational study at two large university hospitals in Northern Germany that, besides others, included participants with immunosuppressive drug therapy. Recruitment took place between March 2021 and September 2021. Persons with an ongoing immunosuppressive medication who were 18 years or older and capable of giving consent were included in the Coco Immune Study. No further inclusion or exclusion criteria were applied.

The recruitment strategy consisted of newspaper advertisements, posters in vaccination centers, in university hospitals and in doctors' offices specialized in rheumatologic diseases. We set up a study telephone hotline and an e-mail address where interested participants could contact study personnel directly.

Due to the pandemic situation and the particularly vulnerable, immunosuppressed participant group, we conducted the study in a minimized-contact manner. Enrollment in the study and obtaining consent from participants could be done by video or phone call or in person, depending on participants' preference. Study materials were shipped by mail to the participants. Study materials were returned by mail. All participants were informed that that all possible preventive measures should be taken and all regulations should be observed. Further information can be gathered in the study protocol (18).



Measures
 
Index for the Assessment of Health Impairments (IMET)

The primary outcome is the IMET [Index for the Assessment of Health Impairments], which is a self-administered questionnaire to measure social participation based on the International Classification of Functioning, Disability and Health (19). It was initially developed to assess participation and involvement in persons with different chronic diseases and validated in a large cohort. The main field of application is rehabilitation research. The IMET is unidimensional and consists of nine items with a 11 (0–10) level Likert scale where higher scores indicate lower social participation consistently across all items. The sum of all nine items can be used to determine the overall social participation with a high internal reliability (Cronbach's alpha 0.90). The IMET asks if the participants have any impairments at the moment. It does not measure the actual social behavior of the participants. The IMET was used by Mergel & Schützwohl to assess social participation before and after the COVID-19 lockdown in participants with a mental disorder and in the general population (20).



PHQ-4

The PHQ-4 [Patient Health Questionnaire-4] is a brief, validated, high reliability (α 0.85) measure of anxiety and depression symptoms (21). This scale consists of two subscales PHQ-2 [Patient Health Questionnaire-2] measuring depression symptoms and GAD-2 [Generalized Anxiety Disorder Scale-2] measuring anxiety symptoms, consisting of two four-point Likert-type items (0–3) for each subscale. It produces an overall psychological distress sum score ranging from 0–12, where higher scores indicate a worse psychological well-being. Validated against the Brief Symptom Inventory, the PHQ-4 has a specificity of 94.5% and sensitivity of 51.6% (22).



Further Questions

In addition to the validated questionnaires (IMET and PHQ-4), the health-related quality of life and subjective health status of the last 2 weeks for each participant were each assessed with a single item on a seven-point Likert-scale. Higher scores on the Likert-scale indicate a poorer health status or lower quality of life.



Measured Covariates

We obtained additional items in our questionnaire about sociodemographic variables including age (numeric and categorized), school education, gender, size of residential place and variables describing the living situation of the participants (e.g., single parent). School education was classified as low (no or low secondary school diploma), medium (intermediate secondary school diploma) or high (college preparatory) based on the German secondary school graduation. In addition, the questionnaire was used to obtain information about medical conditions/treatments, such as the underlying disease of the immunosuppressed participants, the degree of disability according to German Social Law (categorized) and if the person paused his/her immunosuppressive medication prior to receiving the COVID-19 vaccine.



Time Points

The baseline questionnaire, including sociodemographic and medical data, was administered at enrolment. The IMET, PHQ-4, health-related quality of life and health status questions were repeated in a follow-up questionnaire 1 month after the participant's second COVID-19 vaccination shot.




Statistical Analysis

For the statistical analysis, recruited participants were excluded if they (a) did not state their immunosuppressive medication or underlying disease, (b) had a complete COVID-19 immunization at baseline (14 days after two vaccinations or after one in case the COVID-19 Vaccine Janssen was used) or (c) baseline and follow-up questionnaire were filled out with a time gap <21 days.

Characteristics of the sample were reported descriptively. Reliability of the included questionnaires were assessed calculating Cronbach's alpha. Cronbach's alpha values ≥0.7 were interpreted as acceptable (23). Mean scores and differences between baseline scores and follow-up scores (1 month after COVID-19 vaccination) were reported and compared using a paired t-test. Differences were calculated subtracting the follow-up scores from the baseline scores. Thus, higher scores indicate worsening and lower scores an improvement of the outcome. All examined outcomes were approximately normally distributed.

The effect size Hedges g* adjusted for small sample size was calculated. Values of 0.2, 0.5, and 0.8 are interpreted as a small, medium, and large effect size, respectively (24). The PHQ-4 measures overall psychological distress as well as anxiety and depression symptoms in two subscales of the instrument (21, 25). A sum score of ≥3 on either subscale or ≥6 on the whole scale is considered the cutoff point for identifying possible symptoms of clinical anxiety or depression. According to this instrument, each patient was classified as “clinically unremarkable” or having “possible anxiety,” “possible depression” or “possible mental health concerns” at baseline. At follow-up, the same instrument was used to detect and classify possible abnormalities concerning anxiety, depression and overall mental health. Any changes in the PHQ-4 classifications between baseline and follow-up were tested with the McNemar-test. An alpha level of 0.05 or less was considered to be statistically significant. We adjusted the alpha using the Bonferroni correction when subscales of the questionnaires were individually tested.

Participants that did not complete both the baseline and follow-up questionnaires were excluded from the analysis. Bivariate analysis was conducted between sociodemographic variables and the paired IMET differences, while reporting the mean difference of the baseline and follow-up IMET scores and the 95% confidence interval [CI] using t-distribution. Pearson correlation coefficients between the IMET and the different questionnaires were calculated. According to Cohen (26), a correlation coefficient of 0.1, 0.3, and 0.5 is interpreted as a small, moderate, and strong association between two variables. All statistical analyses were carried out using SPSS Version 28 (IBM, Armonk, NY) while R (ggplot2 package) was used to illustrate the results in figures.




RESULTS


Sample Description

The baseline questionnaire was filled out between March 30 and May 21, 2021. Between May 17, 2021, and August 30, 2021, the follow-up questionnaire was completed. The mean interval between the completion dates was 79.9 days (SD: 23.5, min: 23, max: 143). After loss-to-follow up and further exclusion of the participants based on the inclusion and exclusion criteria, a total of 194 participants were included in the analysis (see Figure 1). No participant completed the survey during the period of the national lockdown in Germany. The participants were on average 51.3 years old and mostly female (70.5%). The majority of our sample had a high school education (60.4%) and lived either in rural areas (<5.000 residents) or big cities (>100.000 residents). The most frequent diagnosis groups of the underlying immunosuppressive therapy were rheumatic diseases (n = 82, 42.3%), inflammatory bowel diseases (n = 39, 20.1%), and/or psoriasis (n = 27, 13.9%). About one third of the participants suffer from hypertension (n = 76, 39.2%). Further comorbidities are diabetes type 2 (n = 8, 4.1%), heart failure (n = 2, 1.0%) and COPD (n = 2, 1.0%). One quarter of all participants paused their immunosuppression medication due to the COVID-19 vaccine (Table 1). The IMET was completely covered at both time points by 168, PHQ-4 by 189 and quality of life and health status by all 194 participants, respectively. The reliability of the baseline and follow-up IMET and PHQ-4 questionnaires indicates a high internal consistency (Cronbach's alpha ≥0.8).


[image: Figure 1]
FIGURE 1. Flowchart participants' exclusion from analysis. Legend: IMET, Index for the Assessment of Health Impairments; PHQ-4, Patient Health Questionnaire-4; QoL, Quality of Life; SHS, Subjective health status.



Table 1. Baseline characteristics.
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Change of Social Participation and Mental Health Over Time

At baseline, immunosuppressed participants had a mean IMET score of 31.7 compared to 27.2 at follow-up (t167 = 3.75, p < 0.001). Three out of nine domains of the IMET showed a significant change:(1) recreation and leisure, (2) social activities and (3) close personal relationships. The scores decreased between baseline and follow-up by 1.4 (recreation), 2.2 (social activities) and 0.7 (personal relationships), respectively (Table 2). The PHQ-4 with its subscales as well as the subjective health status and the quality of life showed no significant change between the two time points with effect sizes (Table 2).


Table 2. Mean characteristics of the measures and the effect size.
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The proportion of participants with questionnaire scores indicating mental health problems showed a slight but non-significant decrease between baseline and follow-up.



Correlation Between Change in Social Participation and Other Measures

The difference between baseline and follow-up of the IMET showed a significant correlation with the difference of the PHQ-4, whereby the subscale PHQ-2 showed a small significant correlation and the correlation with the GAD-2 was not significant. A small significant correlation was also found between the self-rated quality of life and the IMET (Table 3). There was no difference regarding the type of vaccination (mRNA, vector-based vaccination and cross vaccination) between those participants whose social participation improved and those whose social participation stayed consistent or worsened.


Table 3. Correlation between the IMET differences and other subscales.
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Bivariate Analysis of Social Participation and Mental Health Across Sociodemographic Factors

Bivariate analysis of the IMET differences examined across social demographic variables shows overlapping 95% CI across all variables which indicates no significant differences using the t-distribution (Figure 2). Female participants (4.0, 95% CI [−0.7–8.6]) show a higher IMET difference compared to male participants (4.7, 95% CI [1.9–7.6]). With increasing age, a lower IMET difference can be observed. Participants with a low (2.7, 95% CI [−6.7–12.5]) or medium (2.5, 95% CI [−2.1–7.0]) school education had a nearly identical IMET score difference between baseline and follow-up, where participants with a high school education are associated with higher mean difference (6.3, 95% CI [3.4–8.9]). With increasing residential size, no clear pattern could be observed. However, participants living in larger cities with 100.000+ residents showed the highest IMET score difference (7.2, 95% CI [3.9–10.4]) between the two measured time points.


[image: Figure 2]
FIGURE 2. Forest plot of the IMET paired mean difference across sociodemographic factors.


While the mental status measured by PHQ-4 did not change significantly in the overall cohort, there was a significant difference between residents of villages and residents of large cities. For the first, the PHQ-4 scores worsened significantly (−0.5, 95% CI [−1.0 – −0.1]), while for residents of large cities the score improved considerably (0.7, 95% CI [0.0–1.3]) (Figure 3).


[image: Figure 3]
FIGURE 3. Forest plot of the PHQ-4 paired mean difference across sociodemographic factors.





DISCUSSION

This study shows that social participation increased after complete COVID-19 vaccination. Three subscales “recreation and leisure,” “social activities” and “close relationships” were responsible for the change in the overall IMET score, while other aspects like “usual activity of daily life” remained the same. COVID-19 vaccination did not have an influence on mental health, subjective health status and quality of life. A positive and significant correlation was found between social participation and mental health status and between social participation and quality of life. No change of social participation was observed when stratified according to sociodemographic factors. Mental health did not differ significantly between baseline and follow-up, however, the subgroups of participants residing in small cities or villages (<5,000 residents) had a significant decrease of their mental health at follow-up and participants from big cities (>100,000 residents) showed a significant increase.

Even though the IMET was not initially developed to measure social participation during a pandemic, it was already used by Mergel & Schützwohl for this purpose (2021). They used the IMET to measure the social participation before and after the national lockdown during the COVID-19 pandemic. The study included participants from the general population as well as participants who suffered from a chronic mental disorder or participants who received active mental disorder treatment (20). The first observation point was before the pandemic began in August 2019 followed by March 2020 and July 2020. Similar to our results, a lower social participation in all groups in the subdomains recreation and leisure, social activities and close personal relationships was observed at follow-up. These domains were presumably mostly directly affected by public health measures implemented to contain the pandemic.

The change of the IMET can be compared with already existing literature using norm data, pre-post changes and intergroup pre-post changes from rehabilitation research. Deck et al. (8) gathered norm data for the IMET in the German population in 2014. A mean IMET score of 16.65 for women and 15.6 for men aged between 50 and 59 years was described. People with chronic inflammatory bowel disease had an IMET score about 18.7. Our sample, with a mean age of 51.3 years, had considerably higher mean IMET scores of 31.7 at baseline and 27.2 at follow-up, indicating less social participation. However, the pandemic situation and an underlying disease that requires immunosuppressive medication were key differences between the norm data and our sample. Furthermore the baseline characteristics also differed from the German average population, especially the comparatively high level of education in our sample as well as the higher proportion of female participants (8). Hueppe et al. (27) compared in a randomized controlled trial the effect of a rehabilitation intervention in participants with inflammatory bowel disease. The control group and the intervention group showed IMET scores of 32.8 and 34.7, respectively. The IMET score decreased by 7.3 and 2.9 points in the intervention and control groups, respectively, after 12 months. These changes from baseline to follow-up resulted in an effect size between the study arms of 0.23. In our sample, with 20% diagnosed inflammatory bowel disease, vaccination of immunosuppressed participants resulted in an even higher effect size (0.29). A similar effect size of 0.36 was found by Nübling et al. studying a rehabilitation intervention using secondary data of participants with a mean age of 51.7 years (28). Comparing the effect sizes of our study with rehabilitation interventions, we found the effect of the complete COVID-19 vaccination and the effect of a rehabilitation intervention to be comparable.

In contrast to our finding of no significant change of mental health between the two time points, a study among hospital workers found a significant difference in the rate of change in vaccinated persons compared to non-vaccinated persons implying better mental health after the COVID-19 vaccination (29). The correlation between increasing IMET and increasing PHQ-2 scores leads to the assumption that a high level of depressions goes along with less social participation. The absence of a correlation between the change in IMET and GAD-2 between baseline and follow-up shows no dependency between social participation and anxiety levels in our sample. Further studies confirm the association between social participation and depressive symptoms. For example Noguchi et al. could show that effect as well during the COVID-19 pandemic (12, 30). The difference in mental health between participants living in small cities or villages and big cities may be explained due to lower mental health care resources in rural areas compared to big cities (31). This finding needs to be investigated further in a multivariable model adjusted for various confounders with a larger sample size and over a longer period of time. The vaccination type showed no association to the change of social participation. It has to be considered that about 75% of our cohort were vaccinated with a mRNA vaccination.

The German National Institute for Public Health (“Robert Koch-Institut”) reports a reduced immune response and suggests a reduced effectiveness for immunocompromised persons (25). Even for healthy individuals, the effectiveness of vaccination cannot be assessed with certainty with regard to the virus variants of concern (32). Official recommendations for high-risk groups recommend severe and more far-reaching restrictions regarding lifestyle and protection measures compared to statutory restrictions (33). Further evidence regarding the immune response, efficacy and duration of protection of the COVID-19 vaccination for immunocompromised persons could have negative effect upon the social participation of these persons, even after the initial improvement.

There has never been a pandemic in the recent history of time. Existing scientific concepts, e.g., for measuring participation, cannot cover the dimensions of impairment. The IMET used as a primary outcome in the study is based on the International Classification of Functioning, Disability and Health and developed to measure the effect of rehabilitation interventions and may not reflect the social participation completely during a pandemic. The data from this study could be used for sample size calculation in further research. Based on the IMET score change of 4.6 and a standard deviation of 15.6 after a complete vaccination a sample size of 94 would be sufficient to detect such an effect with a power of 80% and alpha 0.05 using a paired t-test.

Various factors beside the vaccination status could confound our results. Possible confounders could be changes regarding the pandemic situation, disease progression and medical therapy. In particular, the incidence of SARS-CoV-2 infections varies over time, with a trend toward higher incidence at colder outdoor temperatures. SARS-CoV-2 incidence and the proportion of intensive care unit beds occupied by COVID-19 patients to the total number of intensive care unit beds were used as the main reference values for regulatory restrictions to minimize the spread of SARS-CoV-2 (34). A further limitation of the study is that the results may be influenced by changes in the season (from spring to summer), which may have an effect upon a respondent's perception of reduced social participation. Further studies should compare social participation during the different seasons of the year in immunocompromised persons. They are more vulnerable for any kind of contagious disease, not just COVID-19, and seasonal waves of illness may have an effect upon social participation.

The sample of our study may not be representative for all immunocompromised persons (e.g., mostly female and low comorbidities) due to possible selection bias and loss-to-follow-up bias. Only complete cases for each included scale were analyzed. Therefore, the number of participants varies between included outcomes.

Additionally, only immunocompromised persons who wanted to get vaccinated were recruited. Therefore, the results are based on paired differences between two time points. A study design including a non-vaccinated, immunocompromised control group would have allowed us to estimate the effect of the vaccination on the social participation with more validity. However, a study design requiring immunocompromised persons to remain unvaccinated over the 12-month study period would neither have been feasible nor ethically appropriate.

By offering only questionnaires in German language, we structurally excluded potential participants with limited German language proficiency. The main cause of this was that the IMET questionnaire is only validated in the German language.

Participants could have misunderstood the items of the questionnaire even though they could contact the research team and ask questions about the individual items.



CONCLUSION

The investigation of immunocompromised participants revealed a positive change in social participation after a complete COVID-19 vaccination. The improvement of participation after vaccination corresponds in effect size to that of medical rehabilitation. An increase of social participation was observed in the domains “recreation and leisure,” “social activities” and “close personal relationships.” Social participation was positively associated with mental health and quality of life in our sample. Across different sociodemographic factors, no differences in social participation were observed. The dynamic pandemic situation could influence social participation additionally to vaccination status. The hypothesis that social participation is positively affected by complete COVID-19 vaccination should be examined in further studies, including a control group where possible to ensure these results.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Ethics Committee of the University Medical Center Göttingen (No. 29/3/21). The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

Conceptualization: GH and FM. Methodology: DS and GH. Formal Analysis: DS. Investigation: GH, SH, and FM. Writing – original draft preparation: GH and DS. Writing – review and editing: SH, FM, MM, SS, AD-J, GB, EH, FK, JN, MM, and AC. Visualization: DS. Funding acquisition: FM, AD-J, SH, and EH. All authors have read and agreed to the published version of the manuscript.



FUNDING

Parts of the study were performed within the DEFEAT Corona project, funded by the European Fund for Regional Development (EFRD) (Funding No: ZW7-85152953). The funding source had no role in the studies' design, execution, analyses, interpretation of the data or decision to submit the results.



ACKNOWLEDGMENTS

We gratefully acknowledge the contributions of Iris Pingel. Most importantly, the authors would like to thank all study participants for their participation.



ABBREVIATIONS

GAD, Generalized Anxiety Disorder Scale; IMET, Index for the Assessment of Health Impairments; PHQ Patient Health Questionnaire., 



REFERENCES

 1. Li JB, Yang A, Dou K, Wang LX, Zhang MC, Lin XQ. Chinese public's knowledge, perceived severity, and perceived controllability of COVID-19 and their associations with emotional and behavioural reactions, social participation, and precautionary behaviour: a national survey. BMC Public Health. (2020) 20:9695. doi: 10.1186/s12889-020-09695-1

 2. Kohler H, Bäuerle A, Schweda A, Weismüller B, Fink M, Musche V, et al. Increased COVID-19-related fear and subjective risk perception regarding COVID-19 affects behavior in individuals with internal high-risk diseases. J Prim Care Community Health. (2021) 12:2150132721996898. doi: 10.1177/2150132721996898

 3. Akama-Garren EH, Li JX. Prior immunosuppressive therapy is associated with mortality in COVID-19 patients: A retrospective study of 835 patients. J Med Virol. (2021) 93:5768–76. doi: 10.1002/jmv.27105

 4. Piškur B, Daniëls R, Jongmans MJ, Ketelaar M, Smeets RJ, Norton M, et al. Participation and social participation: are they distinct concepts? Clin Rehabil. (2014) 28:211–20. doi: 10.1177/0269215513499029

 5. World Health Organization. International classification of functioning, disability and health ICF. Genva (2001). 

 6. Dawson-Townsend K. Social participation patterns and their associations with health and well-being for older adults. SSM Popul Health. (2019) 8:100424. doi: 10.1016/j.ssmph.2019.100424

 7. Andrade VS de, Faleiros F, Balestrero LM, Romeiro V, Santos CB. Social participation and personal autonomy of individuals with spinal cord injury. Rev Bras Enferm. (2019) 72:241–7. doi: 10.1590/0034-7167-2018-0020

 8. Deck R, Walther AL, Staupendahl A, Katalinic A. Einschränkungen der Teilhabe in der Bevölkerung - Normdaten für den IMET auf der Basis eines Bevölkerungssurveys in Norddeutschland. Rehabilitation (Stuttg). (2015) 54:402–8. doi: 10.1055/s-0035-1559670

 9. Ammar A, Chtourou H, Boukhris O, Trabelsi K, Masmoudi L, Brach M, et al. COVID-19 Home Confinement Negatively Impacts Social Participation and Life Satisfaction: A Worldwide Multicenter Study. Int J Environ Res Public Health. (2020) 17:6237. doi: 10.3390/ijerph17176237

 10. Gaertner B, Fuchs J, Möhler R, Meyer G, Scheidt-Nave C. Older people at the beginning of the COVID-19 pandemic: A scoping review. J Health Monit. (2021) 6:2–37. doi: 10.25646/7857

 11. Lipskaya-Velikovsky L. COVID-19 Isolation in Healthy Population in Israel: Challenges in Daily Life, Mental Health, Resilience, and Quality of Life. Int J Environ Res Public Health. (2021) 18:30999. doi: 10.3390/ijerph18030999

 12. Noguchi T, Hayashi T, Kubo Y, Tomiyama N, Ochi A, Hayashi H. Association between decreased social participation and depressive symptom onset among community-dwelling older adults: a longitudinal study during the COVID-19 pandemic. J Nutr Health Aging. (2021) 25:1070–5. doi: 10.1007/s12603-021-1674-7

 13. Ständige Impfkommission. Beschluss der STIKO zur 15. Aktualisierung der COVID-19-Impfempfehlung. Epidemiologisches Bull. (2021) 1:10–2. doi: 10.25646/9437 

 14. Robert Koch-Institut. Wöchentlicher Lagebericht des RKI zur Coronavirus-Krankheit-2019(COVID-19). (2022). Available online at: https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Situationsberichte/Wochenbericht/Wochenbericht_2022-01-06.pdf?__blob=publicationFile (accessed January 14, 2022). 

 15. Chapman LA, Barnard RC, Russell TW, Abbott S, van Zandvoort K, Davies NG, et al. Unexposed populations and potential COVID-19 hospitalisations and deaths in European countries as per data up to 21 November 2021. Euro Surveill. (2022) 27:1560. doi: 10.2807/1560-7917.ES.2022.27.1.2101038

 16. Rahav G, Lustig Y, Lavee J, Ohad B, Magen H, Hod T, et al. BNT162b2 mRNA COVID-19 vaccination in immunocompromised patients: A prospective cohort study. EClinicalMedicine. (2021) 41:101158. doi: 10.1016/j.eclinm.2021.101158

 17. World Health Organization. Tracking SARS-CoV-2 variants. (2021) [cited 2021 Dec 20]. Available online at: https://www.who.int/en/activities/tracking-SARS-CoV-2-variants/ 

 18. Dopfer-Jablonka A, Steffens S, Müller F, Mikuteit M, Niewolik J, Cossmann A, et al. SARS-CoV-2-specific immune responses in elderly and immunosuppressed participants and patients with hematologic disease or checkpoint inhibition in solid tumors: study protocol of the prospective, observational CoCo immune study. BMC Infect Dis. (2022) 22:403. doi: 10.1186/s12879-022-07347-w

 19. Deck R, Mittag O, Hüppe A, Muche-Borowski C, Raspe H. IMET - Index zur Messung von Einschränkungen der Teilhabe: ZPID (Trier: Leibniz Institute for Psychology Information) – Testarchiv. (2011). 

 20. Mergel E, Schützwohl M. A longitudinal study on the COVID-19 pandemic and its divergent effects on social participation and mental health across different study groups with and without mental disorders. Soc Psychiatry Psychiatr Epidemiol. (2021) 56:1459–68. doi: 10.1007/s00127-021-02025-9

 21. Löwe B, Wahl I, Rose M, Spitzer C, Glaesmer H, Wingenfeld K, et al. A 4-item measure of depression and anxiety: validation and standardization of the patient health questionnaire-4 (PHQ-4) in the general population. J Affect Disord. (2010) 122:86–95. doi: 10.1016/j.jad.2009.06.019

 22. Tillinger J. Der PHQ-4 zur Messung von Depressivität und Angst bei operativen Patienten der Anästhesieambulanz. Berlin: Medizinischen Fakultät Charité – Universitätsmedizin Berlin (2015).

 23. George D, Mallery P. SPSS for Windows Step-by-Step: A Simple Guide and Reference, 14.0 update (7th Edition) (2003). Available online at: http://lst-iiep.iiep-unesco.org/cgi-bin/wwwi32.exe/%5Bin=epidoc1.in%5D/?t2000=026564/(100)

 24. Hedges LB, Olkin I. Statistical Methods for Meta-Analysis. Stanford: Elsevier (1985). 

 25. Kroenke K, Strine TW, Spitzer RL, Williams JB, Berry JT, Mokdad AH. The PHQ-8 as a measure of current depression in the general population. J Affect Disord. (2009) 114:163–73. doi: 10.1016/j.jad.2008.06.026

 26. Cohen J. Statistical Power Analysis for the Behavioral Sciences. New York, NY: Lawrence Erlbaum Associates (1988).

 27. Hüppe A, Langbrandtner J, Lill C, Raspe H. The effectiveness of actively induced medical rehabilitation in chronic inflammatory bowel disease. Deutsches Aerzteblatt Online. (2020) 117:89–96. doi: 10.3238/arztebl.2020.0089

 28. Nübling R, Kaluscha R, Krischak G, Kriz D, Martin H, Müller G, et al. Ergebnisqualität medizinischer Rehabilitation: Zum Zusammenhang zwischen “Patient Reported Outcomes” (PROs) und geleisteten Sozialversicherungsbeiträgen. In: Die Rehabilitation (Vol. 56). Georg Thieme Verlag KG (2017). p. 22–30. doi: 10.1055/s-0042-118580

 29. Sugihara G, Hirai N, Takei N, Takahashi H. COVID-19 vaccination and mental health in hospital workers. Brain Behav. (2021) 11:e2382. doi: 10.1002/brb3.2382

 30. Egeljić-Mihailović N, Brkić-Jovanović N, Krstić T, Simin D, Milutinović D. Social participation and depressive symptoms among older adults during the Covid-19 pandemic in Serbia: a cross-sectional study. Geriatr Nurs. (2021) 44:8–14. doi: 10.1016/j.gerinurse.2021.12.014

 31. Robert Koch-Institut. Psychotherapeutische Versorgung. Berlin (2008). 

 32. Robert Koch-Institut,. Risikobewertung zu COVID-19. (2021). Available online at: https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Risikobewertung.html;jsessionid$=$3CF1BD0A6C3040F3E27CF1450641D6A0.internet102?nn$=$1349088https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Risikobewertung.html;jsessionid$=$3CF1BD0A6C3040F3E27CF1450641D6A0.internet102?nn$=$13490888 (acessed December 20, 2021). 

 33. Bundesministerium für Gesundheit,. Risikofaktoren und Risikogruppen. (2021). Available online at: https://www.zusammengegencorona.de/informieren/basiswissen-zum-coronavirus/risikofaktoren-und-risikogruppen/ (acessed November 11, 2021). 

 34. Robert Koch-Institut. ControlCOVID: Strategie und Handreichung zur Entwicklung von Stufenkonzepten bis Frühjahr 2021.(2021). Available online at: https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Downloads/Stufenplan-Fruehjahr21.pdf?__blob=publicationFilehttps://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Downloads/Stufenplan-Fruehjahr21.pdf?__blob$=$publicationFile (acessed December 22, 2021). 

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Heesen, Schröder, Müller, Hummers, Klawonn, Mikuteit, Niewolik, Steffens, Cossmann, Behrens, Dopfer-Jablonka and Heinemann. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fpubh-10-877623-t002.jpg
IMET Score T0-T1 (all completed cases n = 168)
194)°

ies (n = 191)°
Getting thing done outside of home (n = 192)*
Daily tasks and obligations (n = 191)
Recreation and leisure (n = 187)°

Social activities (n = 188)°

Close personal relationships (n = 194)7
Sex life (n = 185)

Stress and extraordinary strain (n = 194)2
PHQ-4 (n = 189)

PHQ-2 (0 = 189)

GAD-2 (n = 191)

Subjective health status (1 = 194)

Quality of Life (n = 194)

Usual activities of daily e (7
Family and domestic responsibi

Baseline
Mean (sd)

317 (16.7)
1.3(20)
2123
3130
28(28)
55(3.4)
7.1(3.4)
36(3.2)
32(32)
35028
29(26)
1.6(1.4)
13(15)
32(1.1)
32(1.9)

Follow-up
Mean (sd)

27.2(183)
15(2.2)
23(25)
26(2.7)
256(25)
40(3.1)
48(3.2)
29(29)
36(35)
33028
2.8(24)
15(1.3)
1.4 (1.4)
32(13)
3.0(1.2)

Difference
Mean (sd)

46 (15.7)
~02(1.8)
—02(2.0)
0529
0228
1.4(36)
22(38)
0.7 (3.1)
-0.4(3.0)
027
0123
0.1(1.9)
—0.0(1.4)
00(12)
0.2(1.3)

Hedges g*
Hedges G (95%
<)

03(0.1;0.4)
~0.1(-02;0.0)
~0.1(-02;0.0)
02(0.0;03)
0.1(-0.1;02)
0.4(0.2;05)
0.6(0.4;0.7)
0.2(0.1;0.4)
~02(~03;0.0)
-0.1(-0.1;0.2)
00(-0.1;02)
0.1(-00;02)
~0.0(-02;0.1)
00(-0.1;02)
0.1(-0.;03)

Bold: significant change between baseline and follow-up between using  paired t-test (o < 0.05 or adjusted after Bonferroni while testing subscales); Hedges g’ bias corrected for small
sample size; sd: standard deviation; IMET, Index for the Assessment of Health Impairments; PHQ-4, Ptient Health Questionnaire-4; PHQ-2, Patient Health Questionnaire-2; GAD-2,
Generalized Anxiety Disorder Scale-2; SUP9rscidt jndicating targeted ICF domain.





OPS/images/fpubh-10-877623-t003.jpg
Scale Correlation (95% Cl)

PHQ-4 0.34 (0.20-0.47)
GAD-2 0.1 (~0.05-0.26)
PHQ-2 0.26 (0.11-0.40)
Subjective health status 0.13(~0.02-0.27)
Quality of life 0.29 (0.14-0.42)

Bold: significant (Bonferroni-adjusted); PHQ-4, Patient Health Questionnaire-4; PHQ-2,
Patient Health Questionnaire-2; GAD-2, Generalized Anxiety Disorder Scale-2.





OPS/images/fpubh-10-877623-g003.gif
sex

Age categorizea
Age <40;

Age 085

Age »65:

School education
Low

Hodum

High

Residence size
<5000,
500020000
20000100000
>100000

overat

PHQ-4 paited mean dfferences.

—_—
——






OPS/images/fpubh-10-877623-t001.jpg
n (%) or mean

(sd)
Gender
Male 57 (29.5)
Female 136 (70.5)
Age, years (mean (sd)) 513(138)
<40 44(22.8)
40-65 115 (59.6)
>65 34(17.6)
School education’
Low 16(8.6)
Middle 54(28.9)
High 113 (60.4)
Not specified 4(2.1)
City resident size
<5,000 77 (41.0)
5,000-20,000 36(19.1)
20,000-100,000 24(12.8)
>100,000 51(27.1)
Household*
Parenting 47 (24.2)
Single parent 2(1.0)
Living alone 38(19.6)
Care of relatives 22(11.3)
Underlying disease*
Rheumatological disease 82 (42.9)
Inflammatory bowel disease 39(20.1)
Psoriasis 27 (13.9)
Multiple sclerosis 21(10.8)
Transplant 14(7.2)
Other 22(11.3)
Comorbidities*
Hypertension 76(39.2)
Heart failure 2(1.0)
Diabetes type 2 8(4.1)
copD 2(1.0)
Degree of impairment (%)
No impairment (0) 71(36.8)
Low impairment (20-49) 39(20.2)
Moderate impairment 63(32.6)
(60-74)
Severe impairment (75-100) 20(10.4)
Therapy paused for 48(24.7)
COVID vaccination (yes)
Immunosuppression medication*
Prednisolone 68(35.1)
Methotrexate 52(26.8)
TNF inhibitor 43(22.2)
Azathioprine 13(6.7)
Tacrolimus & Everolimus 12(6.2)
Others 51(26.3)
Number of taken immunosuppressants
1 115(59.3)
2 60 (30.9)
3 or more 190.8)
Vaccination type
mRNA 146 (77.7)
Vector-based 14(7.4)
Cross vaccinated® 28(14.9)

Tbased on German secondary school education, 2based on the German social law
measuring physical, mental and social impairment "Multiole selection possible; COPD:
chronic obstructive pulmonary disease 3consisting of one dose mRNA vaccination and
i ol vector Sl teccliin





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The Impact of COVID-19 Vaccination on the Social Participation of Immunocompromised Persons – Results of a Multicenter Observational Study



		Introduction



		Materials and Methods



		Research Design and Participants



		Measures



		Index for the Assessment of Health Impairments (IMET)



		PHQ-4



		Further Questions



		Measured Covariates



		Time Points









		Statistical Analysis







		Results



		Sample Description



		Change of Social Participation and Mental Health Over Time



		Correlation Between Change in Social Participation and Other Measures



		Bivariate Analysis of Social Participation and Mental Health Across Sociodemographic Factors







		Discussion



		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Abbreviations



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

The Impact of COVID-19 Vaccination
on the Social Participation of
Immunocompromised Persons -
Results of a Multicenter
Observational Study





OPS/images/fpubh-10-877623-g001.gif
N P

S —

- msmommeneg e
- e oot
Py

s s

1






OPS/images/fpubh-10-877623-g002.gif
sex
e
ol

Age categorizeq
Age <40;

g 085

Age »65:

School educaton
Low

Modum

High

Residence size
<5000,
500020000
20000100000
>100000

overa

prstremsseee el
L S









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
& frontiers | Frontiers in Public Health





