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Introduction: The coronavirus disease 2019 (COVID-19) pandemic impacted how people perform their daily lives in manifold and sometimes massive ways. Particularly, individuals who are at high risk for a severe disease progression, like immunocompromised people, may have experienced drastic changes in social participation during the pandemic. A COVID-19 basic vaccination may have changed the safety behavior of immunocompromised individuals in terms of infection risk and thereby influence social participation and mental wellbeing.

Methods: This study aims to investigate self-perceived social participation at baseline before and at follow-up 1 and 6 months after basic vaccination. Beginning in March 2021, 274 immunocompromised persons 18 years or older were enrolled in the COVID-19 Contact Immune study (CoCo study) in Lower Saxony, Germany. Measurements were performed at three time points regarding social participation [Index for the Assessment of Health Impairments (IMET)], mental health [Patient Health Questionnaire-4 (PHQ-4)], subjective health status (five-point Likert-scale) and quality of life (five-point Likert-scale).

Results: In total, 126 participants were included in the final analysis. About 60% of the participants showed increasing social participation over time. The greatest increase in social participation was observed within the first month after basic vaccination (p < 0.001). During the following 5 months, social participation remained stable. The domains “social activities,” “recreation and leisure” and “close personal relationships” were responsible for the overall change in social participation. No association was found between social participation and mental health, sociodemographic or medical factors (except hypertension).

Discussion: It is unclear why social participation increased after basic vaccination. Perceived vaccine efficacy and a feeling of being protected by the vaccine may have caused relaxed social distancing behaviors. Reducing safety behaviors may, however, increase the risk of a COVID-19 infection for immunocompromised individuals. Further investigations are needed to explore the health-related consequences of more social participation among immunocompromised persons.
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1 Introduction

Since the emergence of severe acute respiratory syndrome coronavirus type 2 (SARS-CoV-2) in Wuhan in December 2019 and the global spread of the virus, the pandemic has greatly changed daily lives and social participation (1–3). To minimize new infections, all social events and contacts outside the household were restricted. The German population was asked to practice social distancing, to observe hygiene regulations and to wear a mask. There were several “lockdowns” in Germany, the first starting 22nd March 2020 for 3 weeks and the last one from 16th December 2020 for about 4 weeks (4). The population subsequently spent a larger part of the day at home with less contact to others (1). The above-mentioned circumstances could have a negative impact on social participation, which in turn is negatively associated with health status and quality of life (5, 6).

The impact of COVID-19 related lockdowns on lifestyle habits and behavioral risk factors cannot be ignored. Immunocompromised individuals as a vulnerable population are particularly at risk for severe COVID-19 and therefore also at a higher risk for psychological distress (7). Also non-pharmacological treatments for mental disorder such as enhancing exercise were restricted during the pandemic (8, 9). Nürnberger et al. reported that immunocompromised individuals as well as women in general have a high level of COVID-19 anxiety (10). For this reason, it is likely that these individuals follow measures more diligently compared to non-immunocompromised individuals or they take additional infection prevention measures even beyond the official requirements. Additionally, family and friends of such persons could be more careful in keeping their distance to avoid the risk of infecting vulnerable loved ones.

Stipulating infection prevention measures that require individuals to reduce social contacts create a difficult tradeoff between physical and mental health. Initial studies confirm this psychological burden (11, 12).

The COVID-19 vaccination is considered the most effective protective measure to prevent severe courses of COVID-19. Recommendations on the number and timing of vaccine doses changed frequently during the pandemic. At the beginning of our study, it was assumed that a basic vaccination was achieved 14 days after the second vaccination. All in Germany licensed COVID-19 vaccines are highly effective in protection against severe and lethal COVID-19 (13–16). At the time of the first vaccinations in 2021, it was assumed that social restrictions could be eased after achieving a high vaccination rate about 80% (17). Today, even higher vaccination rates and booster vaccinations are known to be necessary in presence of highly infective and partly immune-escape SARS-CoV-2 virus variants (18).

Vaccine efficacy in immunosuppressed people remains unclear (19, 20). Due to the new virus variants of concern, vaccine effectiveness has decreased even for immunocompetent persons, in particular against infection and any COVID-19 disease, whilst effectiveness against severe disease remains high (21, 22). Factors influencing social participation could be the number and type of immunosuppressive medications and comorbidities as well as self-perceived vulnerability for a severe COVID-19 course. Due to viral variants of concern, the difficult predictability of the individual case and studies with only small numbers of investigated cases, the vaccine effectiveness for immunocompromised persons remains not entirely clear. Nevertheless, vaccination status may change the perceived importance of safety behaviors and decrease the compliance with measures to limit the spread of the disease. Social participation could increase because of a sense of security, even though the actual level of protection remains uncertain.

Understanding the impact of vaccination on social participation and mental health during the pandemic period will lead to increased understanding of the impact of infection prevention measures upon everyday life and health. This knowledge can be used when planning further measures.

The main hypotheses tested in this study are:


(1)Social participation improves after basic vaccination against COVID-19 and remains improved or continues to improve after 6 months.

(2)Changes in mental health are associated with changes in social participation.

(3)Sociodemographic, medical or pandemic-related factors are associated with changes in social participation.





2 Materials and methods


2.1 Research design and participants

The COVID-19 Contact Immune study (CoCo study) is a longitudinal, prospective, observational study and was conducted at two large university hospitals in Göttingen and Hannover in Germany (23). Beginning in March 2021, we recruited persons who (1) were 18 years or older, (2) able to provide informed consent and (3) immunocompromised due to an immunosuppressive drug therapy. Exclusion criteria were (1) refusal/inability to provide informed consent or (2) contraindications to blood testing. There were no further inclusion or exclusion criteria.

We recruited study participants with newspaper advertisements and posters in hospitals, vaccination centers, and in offices of rheumatologists. Due to vulnerability of immunocompromised people, we organized the study so that participation was possible with very little in-person contact. Interested persons contacted the study center by phone or e-mail. The declaration of consent by the participants could be given by telephone, videocall, or in person during a short interview for information and enrollment purposes. The study team encouraged every participant to comply with all publicly recommended measures and regulations. The signed consent form was returned by mail. The study team send the study materials (e.g., questionnaires and blood sample kits) to recruited participants by mail at the start of the study. Pencil and paper questionnaires assessed the social participation and mental health at three different time points: at enrollment before basic vaccination against COVID-19 (T0) and 1 month (T1) and 6 months (T2) after basic vaccination. There was an additional computer-assisted telephone follow-up from December 2021 until January 2022 to determine if and when the participants got a third vaccine dose. Further information about the CoCo study can be gathered in the study protocol (23).



2.2 Measures


2.2.1 IMET

The Index for the Assessment of Health Impairments (IMET) is based on the International Classification of Functioning, Disability, and Health (24). It was initially developed to collect data about social participation in rehabilitation research. The questionnaire measures if the persons perceive any impairments regarding nine dimensions of their social participation using a 11 level Likert-scale (0–10). Higher scores indicate a greater impairment. The sum score of these nine items describes the overall social participation with a high internal reliability (Cronbach’s alpha of 0.90). This instrument was already used during the COVID-19 pandemic by Mergel and Schützwohl to define impairments of social participation in people without and with mental disorders (25). A between group change of 4.41 points between the intervention and control group of a rehabilitation intervention was observed by Hüppe et al. (26).



2.2.2 PHQ-4

The Patient Health Questionnaire-4 (PHQ-4) is an ultra-short questionnaire, consisting of two items collect data about depression (PHQ-2) and two items measure anxiety (GAD-2, Generalized Anxiety Disorder Scale-2). It is a reliable and validated questionnaire that uses four-point Likert scales. Sum scores from 0 to 12 are achievable with higher scores indicating worse psychological health. The specificity of the PHQ-4 is 94.5% and the sensitivity 51.6% at a cutoff of 6 (27). The PHQ-4 has been used in other studies to evaluate mental health during the COVID-19-pandemic (28).




2.3 Sample size calculation

The CoCo study explores the effect of the COVID-19 vaccination on social participation. In Germany, the first COVID-19 vaccine was authorized on December 27, 2020. The COVID-19 CoCo study was registered on the December 30, 2020. Until this date, no study had investigated social participation before and after a COVID-19 vaccination. Therefore, no sample size calculation was done prior to this study. We assume a medium effect size (Cohen’s f = 0.25) on social participation, measured by the IMET before and after vaccination. Using G Power for sample size calculation, 44 participants would be sufficient with a correlation of 0.5 among the repeated measures and an alpha level of 5% to detect such an effect. Using non-parametric tests, a 15% higher sample size is needed, resulting in 51 participants.



2.4 Statistical analysis

Participants were excluded from statistical analysis if they (a) did not state their immunosuppressive medication or underlying disease, (b) already had a basic COVID-19 vaccination at baseline (14 days or more after two vaccinations or after one in case if the COVID-19 Vaccine Janssen was used), (c) the first and the second questionnaire were completed within an interval of 21 days or less, or (d) participants did not complete the whole IMET questionnaire at all three time points. Sociodemographic and medical are reported with number of participants in each category and the corresponding proportion. Age is reported with mean and standard deviation (SD). For a sensitivity analyses, the participants were divided into two groups: one group in which social participation improved and one group in which social participation remained stable or worsened between T0 (before vaccination) and T2 (6 months after basic vaccination). Between these groups, the sociodemographic (gender, age, school education, city resident size, household) and medical factors (underlying disease, comorbidities, degree of disability, immunosuppression medication, number of immunosuppressants, therapy paused for COVID-19 vaccination) were compared using the Fisher-Exact test for 2 × 2 contingency tables and the Freeman-Halton extension for larger tables. Median scores with the corresponding interquartile range (IQR) for all included scales and subscales for the three observation points are reported and compared between the three time points using the Quade test because of a non-normal distribution of the data. When testing subscales, the p-value was adjusted using the Bonferroni method. Participants were grouped according to their IMET courses (increased, stable, or decreased social impairments) between T0–T1 and T1–T2 resulting in nine possible courses (Supplementary material). Stable social impairment was defined as a maximum IMET sum score difference of one point between two time points.

To test for an association between the third vaccine dose and a change of the IMET score between the timepoints T1 (1 month after basic vaccination) and T2 (6 months after basic vaccination), the Kruskal-Wallis test was performed. Participants without information about the third vaccination were excluded. The IMET scores at baseline were compared to mean scores of persons with an inflammatory bowel disease from 2014 (6) in order to categorize our sample into two groups of participants with lower or higher social participation compared to pre-pandemic levels.

The association between mental health and social participation was tested using repeated measure correlation and McNemar’s test for categorized PHQ-4 scores (cutoff score six or higher). Additionally, we compared the incidence of mental health disorders using the PHQ-4 in participants with an increased or decreased/stable social participation. For this analysis, participants with a PHQ-4 score above the cut-off at baseline or with a current self-stated depression were excluded.

Data regarding the COVID-19 incidence in the Göttingen county and the hospitalization rate of COVID-19 cases in Germany were gathered from the Website of Germany’s public health institute (29).

All statistical analyses and graphical illustrations were performed using R 4.1.1. Stats (30), rmcorr (31), and ggplot2 (32).




3 Results

The first participant was included on March 28, 2021. The last participant was included in May 20, 2021. No participant completed the survey during the period of national lockdown in Germany.

After applying the in- and exclusion criteria, 126 participants were included in the final analysis (see Figure 1). The mean difference between T0 and T1 was 81.6 days (SD: 22.5) and between T0 and T2, 236.5 days (SD: 27.7).
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FIGURE 1
Flowchart of participant inclusion and exclusion.



3.1 Participants’ characteristics

The majority of participants (70.4%) were female. The mean age was 52.1 years (SD: 13.0). Most (59.5%) had completed high school. Most participants lived in rural areas (41.3%), followed by 26.5% who lived in cities with more than 100,000 inhabitants (Table 1).


TABLE 1    Sociodemographic, medical, and pandemic-related characteristics of study participants with increased social participation and participants with decreased or stable social participation.
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The most frequent underlying diseases were rheumatological diseases (38.9%), inflammatory bowel diseases (16.7%), psoriasis (15.1%), and multiple sclerosis (14.3%). Two or more immunosuppressive medications were taken by 42% of the participants. Oral Corticosteroids and Methotrexate (MTX) were the most frequently taken medications. About one-quarter of the participants (23.8%) interrupted their immunosuppressive therapy for the COVID-19 vaccination. Hypertension was the most common comorbidity with 42.1%. About 60% of participants had a formally recognized degree of disability.

At the second follow-up, 36.5% of participants had already received a third vaccine dose, 45.2% had only received basic vaccination and 18.3% did not state this information.

Hypertension was the only sociodemographic, medical or pandemic-related variable which differed significantly between participants with increased (62.7%) and participants with decreased or stable (37.3%) social participation (p = 0.01).



3.2 Measured changes over three timepoints

A significant change between the three timepoints was only observed in the IMET score (see Table 2). Post hoc analysis revealed a significant decrease of the IMET scores between T0 and T1 (p = 0.01) and T0 and T2 (p = 0.001). The change between T1 and T2 was not significant. After Bonferroni correction of the p-values, the domains “recreation and leisure,” “social activities,” and “close personal relationships” showed a significant change. The highest change was observed in the domain “social activities.” Over 50% of the participants reported no restrictions in the domain “usual activities of daily life” in all three time points. Identical results could also be obtained when excluding participants with not specified or a low level of school education, single parents, and participants with not specified underlying diseases (n = 101).


TABLE 2    Median scores and interquartile range of included measures for each observed time point.
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3.3 Social participation courses

To give a better insight into the courses of social participation, we describe each possible combination of the change of social participation in Table 3. Furthermore, these courses are shown in the form of a graph in Supplementary Figure 2. One of every six participants (17.5%) showed fewer limitations in their social participation between T0 and T1 as well as between T1 and T2. The median IMET score decreased in this group by 23 points. The majority of all participants, 34.1% experienced fewer limitations in their social participation 1 month after the second COVID-19-vaccination and in the following 5 months the number of limitations to social participation slightly increased again. Nevertheless, compared with their baseline scores, the limitations to social participation decreased in total by a median of five points.


TABLE 3    Index for the Assessment of Health Impairments (IMET) score courses between three timepoints and the corresponding median of IMET score for a particular course in parentheses.

[image: Table 3]

About one-third of the participants showed an increased amount of limitations to social participation between T0 and T2. About one-fourth of all participants (23%) experienced more limitations 1 month after basic vaccination and fewer limitations after 6 months; the median IMET score increased by one point.

58.7% of all participants had fewer limitations to social participation 1 month after basic vaccination. About 10% had a stable social participation and 31.8% experienced more limitations. Of those who experienced more limitations, 20% continued this trend in the next 5 months. Of those who improved (i.e., experienced fewer limitations), about 30% improved further in the next 5 months. The amount of change can be seen in Table 3.

Six months after basic COVID-19-vaccination, 62.6% reported fewer limitations (gray-colored cells in Table 3) and 37.4% more limitations to social participation. None of the participants remained the same, defined as plus/minus one point on the IMET score after 6 months.



3.4 Association between social participation and mental health

Repeated correlation measures show a small correlation of IMET and PHQ-4 scores comparing the baseline and follow-up time points [r = 0.17, 95% CI (0.05; 0.29)].

The incidence of severe mental health symptoms measured by the PHQ-4 did not change during the time points using the McNemar’s test. The incidence of mental disorders between T0 and T2 did not differ significantly between participants with an increased social participation (7 out of 62) and participants with a stable t or decreasing social participation (5 out of 36). Only those participants with a PHQ-4 score below the cut-off point (<6) or without a self-stated depression at T0 (N = 98) were included in this analysis.



3.5 Possible confounding pandemic factors

Figure 2 shows a higher incidence of COVID-19 cases per 100,000 inhabitants at timepoint T0 than at T1. At T2, the incidence is even higher than at T0. With regard to the levels of hospitalized COVID-19 cases in Germany, a similar course can be observed (Supplementary Figure 1). The IMET median scores become lower over all three timepoints, indicating fewer limitations to social participation. No association between the incidence and the limitations of social participation can be seen. These findings can be confirmed by repeated measure correlation [r = −0.03 95% CI. (−0.16; 0.09)].
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FIGURE 2
Median and mean change of social participation between T0, T1, and T2. Blue triangle: mean Index for the Assessment of Health Impairments (IMET) scores and mean date for each observation point; purple line: secondary Y-Axis [Incidence per 100,000 residents (county Göttingen)].


The distribution between participants who improved between T1 and T2 and participants who worsened or remained the same did not differ when stratified by third vaccine dose before or after T2 (p = 0.84). The Wilcoxon test comparing IMET score differences (T0–T2) between those who had a third vaccine dose before and those who had their third vaccination after T2 showed no significant difference (p = 0.45).

Those participants whose IMET score at baseline was higher (i.e., more limitations to social participation) compared to pre-pandemic conditions were more likely to improve (67.4%) until T2 than those whose IMET score was lower or at norm (45.2%) (p = 0.03). Using the Wilcoxon test, this finding was also confirmed (p < 0.001).




4 Discussion

This study focuses on the change in social participation between three time points before a basic COVID-19 vaccination to 6 months after vaccination. About 60% of our participants had an increased social participation (i.e., experienced fewer limitations to social participation) at median about 10 IMET points and 40% had a decreased social participation 6 months after basic COVID-19 vaccination. Sociodemographic and medical factors (except hypertension) did not differ between these two subgroups. The results of this study support the hypothesis that a basic vaccination is associated with increased social participation. The reduction of limitations to social participation may motivate individuals to get vaccinated and consequently increase the vaccination rate. Between 1 and 6 months after the basic vaccination, the level of social participation remains stable. The domains “recreation and leisure,” “social activities,” and “close personal relationships” were mainly responsible for the reduction of limitations to social participation, whereby “social activities” was the area where limitations decreased most.

The courses of social participation were different within 6 months of basic vaccination. More than the half of the participants had a heterogeneous course. About one-fifth of the participants showed an increase of social participation over all three time points. Nearly one-quarter of all participants reported more limitations 1 month after a full vaccination and fewer limitations 5 months later. With regards to this up and down profile, it is important to note that the actual protection provided by the COVID-19 vaccination is still unclear for immunocompromised individuals in general and even more so on an individual level. A possible explanation for the reduction of limitations at T2 is the fact that participants of the CoCo immune study could see the results of their T1 antibody-test online about 4 weeks after T1. Therefore, at T2, the participants knew if they had developed antibodies against SARS-CoV-2. This may have decreased their sense of vulnerability and improved their social participation–although the study personnel emphasized that the development of antibodies is not synonymous with protection and all participants were advised to continue to observe safety measures. There was no association between social participation and a third vaccination, local COVID-19 incidence rates, or mental health. Those participants whose social participation levels were worse compared to pre-pandemic norm values before a basic COVID-19-vaccination improved more frequently than those whose social participation was better or at the norm.

Most studies investigating social participation among certain COVID-19 risk groups did so in a cross-sectional design at one time point (33–35). Mergel and Schützwohl also observed increased impairments in social participation by using the IMET questionnaire during the first year of the COVID-19 pandemic, when no COVID-19 vaccination was available (25). The median amount of change (10 points) is similar to the change in social participation in a study which investigated the impact of a rehabilitation on the social participation of people with chronic inflammatory bowel diseases (26).

This study did not indicate an association between the change in social participation and several sociodemographic factors. In other studies, the elderly are often described as a vulnerable group with less social participation and less mental health during the pandemic (36, 37). In our study, there was no significant impact of age on the change in social participation. This may be explained by the fact that this study only examined the changes of social participation and did not consider the baseline social participation level. Age-related differences may be masked by immunosuppressive medication, as a greater impact of this on social participation is possible.

Gender influenced participation in work life during the COVID-19-pandemic according to Flor et al. Women were more often affected by losing their jobs or dropping out of school (38). Another study found that living in small villages is negatively associated with social participation (39). These findings were not confirmed by our study of participants with a severe chronic illness and immunosuppressive treatment.

Hypertension was the only comorbidity that had a significant influence on the change in social participation. Participants with hypertension were more likely to experience more limitations to their social participation. Deng et al. observed that participants with hypertension had a nearly 4.5-fold higher risk of death when infected with SARS-CoV-2. It seems possible that participants with hypertension have a greater fear of a severe COVID-19 course and therefore restrict themselves to an above-average extent (40). However, the impact of hypertension on social participation or potential confounders need to be investigated further.

Our results do not prove the assumption that mental health is related with changes in social participation. In contrast to our findings, higher incidence rates of depressive symptoms were observed in older people with less social participation during the COVID-19 pandemic by Noguchi et al. (36). This difference can be explained by different participant groups and study settings. Other studies investigated the anxiety and depression levels at one timepoint after a COVID-19 vaccination that improved already after one vaccination dose (41).

Changes in social participation were not correlated to changes in COVID-19 incidence rates. One explanation for this lack of a pandemic-related effect could be that over the course of the pandemic, people got more familiar with digital communication and an accustomed to the pandemic realities (42). Becoming accustomed to the pandemic influences wellbeing and social participation as well (43). The temporary mitigation of the restrictions during the study period could have enabled participants to improve their social participation. Infections with the omicron variant lead to less severe courses of illness and less hospitalizations compared to earlier variants, and in general there were less severe or fatal cases than in the earlier days of the pandemic. Likely due to increasing vaccination levels. Therefore, the threat of a severe COVID-19 course during the omicron phase of the pandemic was likely perceived as lower than in the earlier measurements (44, 45). A common “pandemic fatigue” or getting more used to the situation could have influenced results at the follow-up timepoints.

The COVID-19-vaccination effectiveness in immunocompromised people depends on the underlying condition, immunosuppressant medication, and general health and is therefore variable (46). The currently prevailing omicron variant is less severe but still worrying and a threat to all individuals, especially for immunocompromised people. Loosening safety measures exposes to a high risk of infection (47).

This study has several limitations. Out of 272 recruited participants 126 were included in the final analysis. Due to the recruitment strategy and the loss-to-follow-up the sample of this study is not representative for all immunocompromised people in Germany. We were unable to reach all study participants in our telephone follow-up to gather the information about the third vaccine dose. Also, our sample was recruited as a non-random convenience sample which could lead to a selection bias. However, the CoCo Immune Study represents a true-to-life cross-section of primary care reality.

There is no control group of immunosuppressed individuals who refused COVID vaccination, nor a healthy control group. Such a control group would increase the validity of our results regarding the influence of the COVID-19 vaccination on social participation in immunocompromised people and helped to differentiate disease specific effects from generic phenomena. However, our ethics committee advised against requesting people at high risk for a severe COVID-19 course to stay unvaccinated for 6 months due to the health risks for both participants themselves and others. Sociodemographic and disease-related factors were collected only with the baseline questionnaire. Therefore, the underlying different chronic diseases of the participants may have worsened over the study due to normal chronic disease progression.

There are several factors beside the COVID-19 vaccination that could have confounded our results. The pandemic situation with its measures and restrictions is very quickly changing. The incidence rates of one county may not be sufficiently correlated to the whole pandemic situation. Since the participants’ exact place of residence is unknown due to data protection measures, it was impossible to pinpoint the exact local COVID incidence rate for each participants’ residential community. Even so, this study is located in the county of Göttingen and most participants come from the greater Göttingen region. The incidence rates in Göttingen, which were similar to the overall incidence rates in Germany though on a usually somewhat lower level. Limitations to social participation could be influenced by changing seasons. Colder outdoor temperatures lead to a higher incidence of contagious diseases other than COVID-19, for which immunosuppressive people are at a high risk. Therefore, perceived social participation could be influenced by the observational timepoint in our study. Due to the long duration of this study, this bias could be minimized. The IMET scale reflects the participants’ perceived impairments and not their actual social activities (i.e., how limited the participant feels but not the number of social interactions themselves). The questionnaire was not developed to reflect social participation during a pandemic situation. An improved questionnaire which takes particular pandemic situations into account may lead to more valid results.



5 Conclusion

One month after basic COVID-19 vaccination, social participation increased and then stayed stable for the next 5 months. Social activities, recreation and leisure, and close personal relationships were mainly responsible for changes in social participation following COVID-19 vaccination. Our sample shows a high variability between the individual participants. The protection expected of a COVID-19 vaccination is likely to have increased social participation levels. On the one hand, individual vaccine effectiveness in this particular group is quite unpredictable, and increased social participation comes with a higher risk of infection for immunocompromised individuals, for example, due to less safety behavior. On the other hand, improved social participation may be a convincing argument to motivate immunocompromised people to get vaccinated. These results highlight the heterogeneity of changes in social participation in a homogeneous group during a similar time period. In addition, other factors that might influence social participation need to be investigated in order to target vulnerable groups and plan interventions. Therefore, studies with larger sample sizes or qualitative studies might be useful.



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 the Institutional Review Board of Hannover Medical School (9948_BO_K_2021) and University Medical Center Göttingen (29/3/21). The patients/participants provided their written informed consent to participate in this study.



Author contributions

GH and FM: conceptualization. DS and GH: methodology and writing – original draft preparation. DS: formal analysis and visualization. GH, SH, and FM: investigation. SH, FM, MM, EH, FK, JN, KV, and MM: writing – review and editing. FM, SH, and EH: funding acquisition. All authors have read and agreed to the published version of the manuscript.



Funding

This project was a part of the DEFEAT-Corona Project funded by the European Regional Development Fund (ZW7-85152953).



Acknowledgments

We acknowledge support by the Open Access Publication Funds of the Göttingen University.



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.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyt.2022.1080106/full#supplementary-material



Abbreviations

COVID-19, coronavirus disease 2019; CoCo Study, corona contact study; GAD-2, Generalized Anxiety Disorder Scale-2; IMET, Index for the Assessment of Health Impairments; PHQ-4, Patient Health Questionnaire-4; PHQ-2, Patient Health Questionnaire-2; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.



References

1. Benoy CS. COVID-19, ein Virus nimmt Einfluss auf unsere Psyche: Einschätzungen und Maßnahmen aus psychologischer perspektive (1st edn, Medizin). Stuttgart: Verlag W. Kohlhammer (2020).

2. Bundesministerium für Arbeit und Soziales. Dritter Teilhabebericht der Bundesregierung über die Lebenslagen von Menschen mit Beeinträchtigungen. Bonn: Bundesministerium für Arbeit und Soziales (2021).

3. Marston C, Renedo A, Miles S. Community participation is crucial in a pandemic. Lancet. (2020) 395:1676–8. doi: 10.1016/S0140-673631054-0

4. Presse- und Informationsamt der Bundesregierung. Bundesregierung, Besprechung der Bundeskanzlerin mit den Regierungschefinnen und Regierungschefs der Länder vom 22.03.2020. Berlin: Presse- und Informationsamt der Bundesregierung (2020).

5. Berger U, Krausslach H, Strauss B. Was zeichnet eine gesundheitsregion von morgen aus? Das verbundprojekt vorteiljena - vorbeugen durch teilhabe. Psychother Psychos Med Psychol. (2015) 65:203. doi: 10.1055/s-0035-1552674

6. 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. Die Rehabili. (2015) 54:402–8. doi: 10.1055/s-0035-1559670

7. Odone A, Lugo A, Amerio A, Borroni E, Bosetti C, Carreras G, et al. COVID-19 lockdown impact on lifestyle habits of Italian adults. Acta Bio Med Atenei Parmensis. (2020) 91:87–9. doi: 10.23750/abm.v91i9-S.10122

8. Belvederi Murri M, Ekkekakis P, Magagnoli M, Zampogna D, Cattedra S, Capobianco L, et al. Physical exercise in major depression: reducing the mortality gap while improving clinical outcomes. Front Psychiatry. (2018) 9:762. doi: 10.3389/fpsyt.2018.00762

9. Ai X, Yang J, Lin Z, Wan X. Mental health and the role of physical activity during the COVID-19 pandemic. Front Psychol. (2021) 12:759987. doi: 10.3389/fpsyg.2021.759987

10. Nürnberger P, Lewinski D, Rothenhäusler H-B, Braun C, Reinbacher P, Kolesnik E, et al. A biopsychosocial model of severe fear of COVID-19. PLoS One. (2022) 17:e0264357. doi: 10.1371/journal.pone.0264357

11. Daly M, Sutin AR, Robinson E. Longitudinal changes in mental health and the COVID-19 pandemic: evidence from the UK household longitudinal study. Psychol Med. (2020) 2020:1–10. doi: 10.1017/S0033291720004432

12. Schützwohl M, Mergel E. Teilhabemöglichkeit, partizipation, inklusion und psychisches befinden im zusammenhang mit ausgangsbeschränkungen aufgrund SARS-CoV-2. Psychiat Praxis. (2020) 47:308–18. doi: 10.1055/a-1202-2427

13. Baden LR, El Sahly HM, Essink B, Kotloff K, Frey S, Novak R, et al. Efficacy and safety of the mRNA-1273 SARS-CoV-2 vaccine. N Engl J Med. (2021) 384:403–16. doi: 10.1056/NEJMoa2035389

14. Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A, Lockhart S, et al. Safety and efficacy of the BNT162b2 mRNA covid-19 vaccine. N Engl J Med. (2020) 383:2603–15. doi: 10.1056/NEJMoa2034577

15. Sadoff J, Gray G, Vandebosch A, Cárdenas V, Shukarev G, Grinsztejn B, et al. Safety and efficacy of single-dose Ad26.COV2.S vaccine against covid-19. N Engl J Med. (2021) 384:2187–201. doi: 10.1056/NEJMoa2101544

16. Voysey M, Clemens SAC, Madhi SA, Weckx LY, Folegatti PM, Aley PK, et al. Safety and efficacy of the ChAdOx1 nCoV-19 vaccine (AZD1222) against SARS-CoV-2: an interim analysis of four randomised controlled trials in Brazil, south Africa, and the UK. Lancet. (2021) 397:99–111. doi: 10.1016/S0140-673632661-1

17. Wichmann O, Scholz S, Waize M, Schmid-Küpke N, Hamouda O, Wieler LH, et al. Welche Impfquote ist Notwendig, um COVID-19 zu Kontrollieren? Berlin: Robert Koch-Institut (2021).

18. Koch J, Vygen-Bonnet S, Harder T, Ledig T, Mertens T, Michaelis K, et al. STIKO-Empfehlung zur COVID-19-Auffrischimpfung mit Einem mRNA-Impfstoff für Personen =?70 Jahre und Bestimmte Indikationsgruppen Sowie Empfehlung zur Optimierung der Grundimmunisierung mit Einem mRNA-Impfstoff nach Vorausgegangener Impfung mit der COVID-19 vaccine Janssen und die Dazugehörige Wissenschaftliche Begründung. Berlin: Robert Koch-Institut (2021).

19. Boyarsky BJ, Werbel WA, Avery RK, Tobian AAR, Massie AB, Segev DL, et al. Antibody response to 2-dose SARS-CoV-2 mRNA vaccine series in solid organ transplant recipients. JAMA. (2021) 325:2204–6. doi: 10.1001/jama.2021.7489

20. Krasselt M, Wagner U, Nguyen P, Pietsch C, Boldt A, Baerwald C, et al. Humoral and cellular response to COVID-19 vaccination in patients with autoimmune inflammatory rheumatic diseases under real-life conditions. Rheumatology. (2022) 2022:89. doi: 10.1093/rheumatology/keac089

21. Andrews N, Stowe J, Kirsebom F, Toffa S, Rickeard T, Gallagher E, et al. Covid-19 vaccine effectiveness against the omicron (B.1.1.529) variant. N Engl J Med. (2022) 386:1532–46. doi: 10.1056/NEJMoa2119451

22. World Health Organization. Tracking SARS-CoV-2 Variants. Genf: World Health Organization (2022).

23. 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

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

25. 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

26. Hüppe A, Steimann G, Janotta M, Langbrandtner J, Eisemann N, Bokemeyer B, et al. Auf dem prüfstand: stationäre medizinische rehabilitation bei chronisch entzündlichen darmerkrankungen. Die Rehabili. (2016) 55:248–55. doi: 10.1055/s-0042-109590

27. Tillinger J. Der PHQ-4 zur Messung von Depressivität und Angst bei Operativen Patienten der Anästhesieambulanz. Berlin: Universitätsmedizin Berlin (2015).

28. Hüfner K, Tymoszuk P, Ausserhofer D, Sahanic S, Pizzini A, Rass V, et al. Who is at risk of poor mental health following coronavirus disease-19 outpatient management? Front Med. (2022) 9:792881. doi: 10.3389/fmed.2022.792881

29. Robert Koch-Institut. 7-tage-Inzidenzen nach Bundesländern und Kreisen. Berlin: Robert Koch-Institut (2022).

30. R Core Team. R: a language and environment for statistical computing : reference index. Vienna: R Foundation for Statistical Computing (2013).

31. Bakdash JZ, Marusich LR. Repeated measures correlation. Front Psychol. (2017) 8:456. doi: 10.3389/fpsyg.2017.00456

32. Hadley W. Ggplot2: elegrant graphics for data analysis (Use R!). Switzerland: Springer (2016).

33. Balchin C, Tan AL, Wilson OJ, McKenna J, Stavropoulos-Kalinoglou A. Participation in physical activity decreased more in people with rheumatoid arthritis than the general population during the COVID-19 lockdown: a cross-sectional study. Rheumatol Int. (2022) 42:241–50. doi: 10.1007/s00296-021-05054-4

34. Cheema M, Mitrev N, Hall L, Tiongson M, Ahlenstiel G, Kariyawasam V. Depression, anxiety and stress among patients with inflammatory bowel disease during the COVID-19 pandemic: australian national survey. BMJ Open Gastroenterol. (2021) 8:581. doi: 10.1136/bmjgast-2020-000581

35. Michaud K, Wipfler K, Shaw Y, Simon TA, Cornish A, England BR, et al. Experiences of patients with rheumatic diseases in the united states during early days of the COVID-19 pandemic. ACR Open Rheumatol. (2020) 2:335–43. doi: 10.1002/acr2.11148

36. 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

37. Sato K, Kondo N, Kondo K. Pre-pandemic individual- and community-level social capital and depressive symptoms during COVID-19: a longitudinal study of Japanese older adults in 2019-21. Health Place. (2022) 74:102772. doi: 10.1016/j.healthplace.2022.102772

38. Flor LS, Friedman J, Spencer CN, Cagney J, Arrieta A, Herbert ME, et al. Quantifying the effects of the COVID-19 pandemic on gender equality on health, social, and economic indicators: a comprehensive review of data from march, 2020, to september, 2021. Lancet. (2022) 2022:6736. doi: 10.1016/S0140-673600008-3

39. Pisula P, Salas Apaza JA, Baez GN, Loza CA, Valverdi R, Discacciati V, et al. Estudio cualitativo sobre los adultos mayores y la salud mental durante el confinamiento por COVID-19 en buenos aires, argentina - parte 1. Medwave. (2021) 21:e8186. doi: 10.5867/medwave.2021.04.8186

40. Deng G, Yin M, Chen X, Zeng F. Clinical determinants for fatality of 44,672 patients with COVID-19. Crit Care. (2020) 24:179. doi: 10.1186/s13054-020-02902-w

41. Perez-Arce F, Angrisani M, Bennett D, Darling J, Kapteyn A, Thomas K. COVID-19 vaccines and mental distress. PLoS One. (2021) 16:e0256406. doi: 10.1371/journal.pone.0256406

42. Teramura A, Kimura Y, Hamada K, Ishimoto Y, Kawamori M. COVID-19-related lifestyle changes among community-dwelling older adult day-care users: a qualitative study. Int J Environ Res Public Health. (2021) 19:256. doi: 10.3390/ijerph19010256

43. Esposito C, Di Napoli I, Agueli B, Marino L, Procentese F, Arcidiacono C. Well-being and the COVID-19 pandemic. Eur Psychol. (2021) 26:285–97. doi: 10.1027/1016-9040/a000468

44. Nyberg T, Ferguson NM, Nash SG, Webster HH, Flaxman S, Andrews N, et al. Comparative analysis of the risks of hospitalisation and death associated with SARS-CoV-2 omicron (B.1.1.529) and delta (B.1.617.2) variants in England: a cohort study. Lancet. (2022) 399:1303–12. doi: 10.1016/S0140-673600462-7

45. Twohig KA, Nyberg T, Zaidi A, Thelwall S, Sinnathamby MA, Aliabadi S, et al. Hospital admission and emergency care attendance risk for SARS-CoV-2 delta (B.1.617.2) compared with alpha (B.1.1.7) variants of concern: a cohort study. Lancet Infect Dis. (2022) 22:35–42. doi: 10.1016/S1473-309900475-8

46. Niehues T, Bogdan C, Hecht J, Mertens T, Wiese-Posselt M, Zepp F. Impfen bei immundefizienz : anwendungshinweise zu den von der ständigen impfkommission empfohlenen impfungen(I) grundlagenpapier. Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz. (2017) 60:674–84. doi: 10.1007/s00103-017-2555-4

47. Michelen M, Manoharan L, Elkheir N, Cheng V, Dagens A, Hastie C, et al. Characterising long COVID: a living systematic review. BMJ Global Health. (2021) 6:5427. doi: 10.1136/bmjgh-2021-005427



OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Social participation and mental health of immunocompromised individuals before and after COVID-19 vaccination–Results of a longitudinal observational study over three time points



		1 Introduction



		2 Materials and methods



		2.1 Research design and participants



		2.2 Measures



		2.2.1 IMET



		2.2.2 PHQ-4







		2.3 Sample size calculation



		2.4 Statistical analysis







		3 Results



		3.1 Participants’ characteristics



		3.2 Measured changes over three timepoints



		3.3 Social participation courses



		3.4 Association between social participation and mental health



		3.5 Possible confounding pandemic factors







		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary Material



		Abbreviations



		References

















OPS/images/fpsyt-13-1080106-t001a.jpg
Tacrolimus and everolimus 9(7.1)

Others 34 (27.0)
Therapy paused for COVID-19 vaccination 30 (23.8)
Number of immunosuppressant substances taken

1 73 (57.9)
2 41 (32.5)
3 or more 12 (9.5)
Booster vaccination

Before T2 46 (36.5)
After T2 57 (45.2)
Unknown 23 (18.3)

*Multiple selection possible. ! Based on the German social law measuring physical, mental, and social impairment.

5(6.4)
21(26.9)
16 (20.5)

41 (52.6)
28(35.9)
9(11.5)

31(39.8)
32(41.0)
15(19.2)

4(8.3)
3(27.1)
4(29.2)

32(66.7)
3(27.1)
3(6.3)

5(31.3)
25 (52.1)
8(16.7)

0.73

0.24

0.3

0.51





OPS/images/cover.jpg
’ frontiers ‘ Frontiers in Psychiatry

Social participation
and mental health
of immunocompromised
individuals before and after
COVID-19
vaccination—Results of a
longitudinal observational
study over three time points








OPS/images/fpsyt-13-1080106-g001.jpg
n = 272 participants
enrolled

—)I n = 2 loss to follow-up first survey

n =7 loss to follow-up second survey

n = 48 loss to follow-up third survey

n = 89 excluded from statistical analysis

not stated their underlying disease or
Immunosuppressive medication (n = 31)

time gap between questionaires < 21 days
(n=27)

had a complete vaccination at baseline (n = 2)
did not fill out the IMET questionnaire completely
at all three time points (n = 29)

\ 4

n = 126 participants
included







OPS/images/fpsyt-13-1080106-g002.jpg
___ Incidence per
100,000 residents

Timepoints
@ 70
® T
®

801

60.q . L

IMET Scores
>
o
2

201

100

500

(uabumos A1uno?) syuapisal 000001 19d aduapIdu|

-0

03.2021 04-2021 052021 06-2021 07-2021 08-2021 09.2021 10-2021 112021 12-2021

01-2022 02-2022 03-2022








OPS/images/logo.jpg
’ frontiers ‘ Frontiers in Psychiatry







OPS/images/fpsyt-13-1080106-t003.jpg
T1-T2

Fewer limitation No change More limitations
TO-T1 Fewer limitations 17.5 (—23) 7.1 (=9) 34.1 (=5)
No change 4.0 (=21) 0() 5.6 (6)
More limitation 23.0(1) 24(7) 6.4(21)

Data % of all participants (median IMET scores difference T2-T0 in each cell). Cells with gray filling: few, in social participation (decreased IMET scores).





OPS/images/fpsyt-13-1080106-t001.jpg
All (N =126) SP increased SP decreased or stayed stable P

n (%) (N =78) n(%) (N =48) n (%)

Gender

Male 37 (29.6) 24 (31.2) 13 (27.1) 0.81
Female 88 (70.4) 53 (68.8) 35(72.9)

Age, years [mean (SD)] 52.1(13.0) 50.7 (13.8) 54.4 (11.4)

<40 28 (22.4) 21(27.3) 7 (14.6) 0.27
40-65 76 (60.8) 45 (58.4) 31 (64.6)

>65 21(16.8) 11 (14.3) 10 (20.8)

School education

Low 8(6.3) 3(4.1) 5(10.6) 0.22
Middle 35(27.8) 18 (24.3) 17 (36.2)

High 75 (59.5) 51 (68.9) 24 (51.1)

Not specified 3(24) 2(2.7) 2.1)

City resident size

<5,000 50 (41.3) 32 (41.0) 18 (37.5) 0.65
5,000-20,000 28(23.1) 14 (18.0) 14 (29.2)

20,000-100,000 11(9.1) 7(9.0) 4(8.3)

>100,000 32(26.5) 21(26.9) 11 (22.9)

Household*

Parenting 26 (20.6) 19 (24.4) 7 (14.6) 0.26
Single parent 2(1.6) 2(2.6) 0(0.0) 0.53
Living alone 22(17.5) 14 (18.0) 8 (16.7)

Care of relatives other than children 16 (12.7) 9(11.5) 7 (14.6) 0.78
Underlying disease*

Rheumatological disease 49 (38.9) 30 (38.5) 19 (39.6)

Inflammatory bowel disease 21(16.7) 14 (18.0) 7 (14.6) 0.81
Psoriasis 19 (15.1) 11 (14.1) 8 (16.7) 0.80
Multiple sclerosis 18 (14.3) 14 (18.0) 4(8.3) 0.19
Solid organ transplant 10 (7.9) 6(7.7) 4(8.3)

Other 12 (9.5) 4 (5.1) 8(16.7) 0.051
Comorbidities*

Hypertension 53 (42.1) 25(32.1) 28 (58.3) 0.01
Diabetes type 2 6(4.8) 6(7.7) 0 (0.0) 0.08
Depression 15(11.9) 1(14.1) 4(8.3) 0.41
Severe obesity 17 (13.5) 1(14.1) 6(12.5) 1
Renal insufficiency 9(7.1) 6(7.7) 3(6.3) 1
Chronic pain 23(18.2) 5(19.2) 8(16.7) 0.81
Asthma bronchiale 12(9.5) 7 (9.0) 5(10.4) 0.77
Allergies 27 (21.4) 7(21.8) 0 (20.8) 1
Formal degree of disability (%)!

No impairment (0) 48 (38.4) 31(39.7) 7 (35.4) 0.86
Low impairment (20-49) 23(18.4) 5(19.2) 8 (16.7)

Moderate impairment (50-74) 43 (34.4) 25(32.1) 8 (37.5)

Severe impairment (75-100) 11 (8.8) 6(7.7) 5(10.4)
Immunosuppressive medication*

Glucocorticosteroids 44 (34.9) 29 (37.2) 5(31.3) 0.57
Methotrexat 30 (23.8) 20 (25.6) 0 (20.8) 0.67
TNF inhibitor 26 (20.6) 14 (18.0) 2 (25.0) 0.37
Azathioprin 10 (7.9) 6(7.7) 4(8.3) 1





OPS/images/fpsyt-13-1080106-t002.jpg
Median (IQR)

IMET score (N = 126)

Usual activities of daily life®

Family and domestic responsibilities®
Getting things done outside of home**
Daily tasks and obligations®
Recreation and leisure’

Social activities®

Close personal relationships’
Sex life”

Stress and extraordinary strain’
PHQ-4 (N =122)

GAD-2 (N = 124)*

PHQ-2 (N =122)

QoL (N = 126)

Health status (N = 126)

TO

32 (24.75)
0(2)
103)
3(5)

2(4.75)
6(6.5)
9(5)
2(6)
2(5)

T1

23.5 (26.75)

0(2)
1(3.75)

2(3)
2(4)
305
5(5)
2(4)
3(6)
2(4)
2(3)
1(2)
1(1)
3(2)
3(2)

T2

22 (25)
0(2)
1.5 (3.75)
2(3.75)
2(4)
3(4)
4(6)
15(5)
2(6)
3(5)
3(3)
1(2)
1(3)
3(2)
3(2)

7.42
0.60
1.32
4.49
0.84
18.15
30.73
491
2.30
2.30
1.39
3.25
1.16
1.65
0.75

Bold: significant change between one of other time points using Quade test. *P < 0.05 but not significant after Bonferroni correction. IMET, Index for the Assessment of
Health Impairments; PHQ-4, Patient Health Questionnaire-4; PHQ-2, Patient Health Questionnaire-2; GAD-2, Generalized Anxiety Disorder Scale-2. Superscript indicating

targeted ICF domain.





