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Age‑related cognitive effects 
of the COVID‑19 pandemic 
restrictions and associated mental 
health changes in Germans
Inga Menze1*, Patrick Mueller1,2, Notger G. Mueller1,2,3,4 & Marlen Schmicker1

Restrictive means to reduce the spread of the COVID‑19 pandemic have not only imposed broad 
challenges on mental health but might also affect cognitive health. Here we asked how restriction‑
related changes influence cognitive performance and how age, perceived loneliness, depressiveness 
and affectedness by restrictions contribute to these effects. 51 Germans completed three assessments 
of an online based study during the first lockdown in Germany (April 2020), a month later, and during 
the beginning of the second lockdown (November 2020). Participants completed nine online cognitive 
tasks of the MyBrainTraining and online questionnaires about their perceived strain and impact 
on lifestyle factors by the situation (affectedness), perceived loneliness, depressiveness as well as 
subjective cognitive performance. The results suggested a possible negative impact of depressiveness 
and affectedness on objective cognitive performance within the course of the lockdown. The younger 
the participants, the more pronounced these effects were. Loneliness and depressiveness moreover 
contributed to a worse evaluation of subjective cognition. In addition, especially younger individuals 
reported increased distress. As important educational and social input has partly been scarce during 
this pandemic and mental health problems have increased, future research should also assess 
cognitive long‑term consequences.

The Coronavirus disease (COVID-19) was declared a global health emergency in January 2020 (WHO) and has 
become a still ongoing pandemic with consequences for all areas of human life worldwide. In order to reduce the 
transmission of the virus, to slow down infection rates and to keep the pandemic at a manageable level, govern-
ments around the world have responded to the virus with broad restrictions. As such, the year 2020 was marked 
by constraints in interpersonal relations, cultural, professional, educational, and economic life. These means 
to repress the transmission of COVID-19 were shown effective, especially, when they were introduced in early 
phases of the  pandemic1–4. However, they also come at a certain cost, which is why research is aiming to under-
stand the disease as well as long-term consequences of the restriction policies since the COVID-19 outbreak. 
Studies have focused on immediate and long-term health effects as a result of an infection with SARS-CoV-2 
as well as mental health changes caused by COVID-19  restrictions5–9. The influence of “social distancing” on 
mental health not only concerns infected people or people with an underlying health condition, but also healthy 
individuals. E.g. in Germany, restrictions applied for ≈ 83 million habitants while in May 2021 ≈ 3.6 million of 
those have been infected with SARS-CoV-210 and experienced social isolation during quarantine.

International literature shows that the rate of psychological  distress11–14 and symptoms of anxiety, depression 
as well as substance  abuse11 have increased since the confinements. Li and  colleagues12 analyzed posts of a com-
mon Chinese microblogging webpage and found that after the declaration of the COVID-19 outbreak in China, 
the amount of posts addressing worries about social risks, health and negative emotions have increased. Another 
study indicated that the higher the perceived negative impact of the COVID-19 restrictions and the estimated 
severity of the situation, the higher was the reported stress level of participants, whereby especially women 
seemed to be  affected13. Moreover, COVID-19 related restrictions resulted in reduced physical activity, altered 
sleep patterns, weight gain, and increased alcohol consumption, which affected mental health  negatively5,15–18. 
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When quarantine was required, its duration, resulting financial losses and insufficient medical care seemed 
particularly associated with negative effects on mental  health19.

Kuehner and  colleagues14 titrated several factors compensating for a negative psychological impact during 
the COVID-19 pandemic in German participants. A high educational level, high levels of conscientiousness, 
an internal locus of control, and dispositional optimism were protective regarding psychological well-being. 
Anxiety, worries, experienced curfews, higher levels of neuroticism, a disposition to ruminate and dispositional 
pessimism on the other hand, exacerbated the psychological strain. Interestingly it was found, that older par-
ticipants seemed to be less worried and not as affected by the crisis as younger  participants13,14. Schlomann and 
 colleagues20 argued that older adults bounce back easier from negative effects of a COVID-19 related lockdown 
as they have a greater life experience and are less demanding with regard to social aspirations. These factors might 
contribute to a less intense processing of negative information in the context of the pandemic in comparison to 
younger adults and in turn facilitate resiliency.

Mental health distress due to COVID-19 restriction policies may not be the only challenge as changes of 
common lifestyle and psychological consequences might also cause implications for cognition. E.g. Depression 
has been shown to be strongly related to decreasing subjective cognition in older adults during the  pandemic21. 
However, research on the consequences on objective cognition is still scarce, although people of all ages are 
affected to varying degrees by missing cognitive stimulation due to restricted social communication, limitations 
in educational systems, home office or home schooling. While education has mainly been impacted in younger 
people, middle-aged adults have primarily been affected in the exertion of professional activities. Besides, both 
younger and middle-aged adults also faced crucial alterations in exerting leisure time activities. A resulting 
decrease in cognitive stimulation could also lead to faster cognitive decline in healthy aging. Adverse effects in 
older adults should therefore be of special interest as cognitive depletion and simultaneous social deprivation 
could lead to a rapid cognitive decline. As such, higher perceived loneliness negatively affects  cognition22,23 
including attentional control and response  inhibition24, comprehension, but also satisfaction with  life22. Besides, 
social deprivation alone was found to be associated with poorer cognitive status, a faster cognitive decline in 
people of higher  age25 and even an increased risk for cardiovascular diseases, depression and Alzheimer’s Dis-
ease (AD)26–32. Hence, feeling lonely can be considered a risk factor for  dementia30. Since social and physical 
distancing aggravated experienced loneliness during this  pandemic33,34, considering its impact on cognition is 
extremely important. As older adults are considered to be a high-risk group for COVID-19, physical distancing 
and thus loneliness may affect this group in particular, assuming that their access to online communication is 
additionally  limited35. Nonetheless, younger cohorts need to be taken into consideration, too, as cognitive decline 
already starts in midlife and neurodegenerative processes begin decades before a  diagnosis36,37. Early intellectual 
stimulation is thus important for cognitive development and  neuroplasticity38,39. Consequently, the COVID-19 
related restrictions could depict an additional risk factor for cognitive  decline40,41.

The goal of this study was to analyze the perceived impact of the restrictions on an individual’s life (here 
affectedness), the depressiveness and loneliness during the COVID-19 related lockdown in Germany and how 
these factors in turn affected subjective as well as objective cognition across age. For this purpose, an online-based 
longitudinal study with three assessments was conducted between April 2020 and December 2020. Question-
naires and web-based cognitive tasks were completed by adults of 18 years and older. During the first assessment 
(April/May 2020), participants faced the first lockdown in Germany. As the lockdown was announced in close 
temporal proximity to the first assessment, we assumed that restrictions might not have had a huge impact yet. 
Therefore, mental health proxies were assessed retrospectively and data of the first time point was handled as 
our reference measurement. In the second assessment period (June 2020), relaxation of restrictions was already 
given. In the third assessment (November 2020), participants faced a lockdown again. In sum, we were inter-
ested in the performance changes of objective cognition and changes in the evaluation of subjective cognition 
in comparison to the first lockdown or reference measurement respectively. We hypothesized, that higher levels 
of affectedness by the restrictions as well as higher scores of loneliness and depressiveness would be associated 
with lower cognitive performance as well as worse subjective evaluation of it and only little improvements in 
cognitive tasks over time. We further assumed that these relations should vary with age.

Results
Description of the sample. The analyzable sample (n = 51, 35 females, meanage = 43.78, SDage = 16.56) 
included 16 young, 17 middle-aged and 18 older participants (Table 1). At none of the assessments participants 
did report being tested positive with SARS-CoV-2. In all three age groups, participants highly approved of the 
governmental restrictions and reported high adherence (Supplementary Table S1). Descriptively, older partici-
pants showed the highest worries concerning the COVID-19 pandemic. In T2 and T3 the reported worries 
converged across age groups (Supplementary Table S1).

Affectedness by restrictions, depressiveness and loneliness. Levels of affectedness by the restric-
tions varied between the assessments across age groups. Especially younger and middle-aged participants showed 
descriptively higher negative affectedness in the third assessment (Fig. 1, see also Supplementary Table S2). We 
found a positive correlation between affectedness and age in T3 (rK = 0.29, pcorr = 0.014), which indicated, that 
with increasing age a less negative impact by the COVID-19-related restrictions was reported.

Descriptively, an increase in total loneliness across time can be observed, especially in the younger partici-
pants (Supplementary Table S3). There was no significant correlation between reported loneliness and age in any 
assessment. The progression of emotional and social loneliness in the age groups across time are shown in Fig. 2. 
Regarding emotional loneliness, we found a significant correlation with age in T3 only (rK = − 0.32, pcorr = 0.007), 
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indicating that emotional loneliness was less prevalent with increasing age. No significant correlations were found 
between social loneliness and age at any time point.

Reported depressiveness across age-groups is provided in Supplementary Table S3. Correlational analyses 
showed that there was a negative correlation between age and depressiveness in the third assessment, hinting 
to higher depressiveness levels in lower age (rK = − 0.31, pcorr = 0.005). The correlation of depressiveness and age 
in the second (rK = − 0.24, pcorr = 0.077) and first assessment (rK = − 0.23, pcorr = 0.069) did not reach significance 
after correction.

In order to assess how changes due to restrictions were related to mental health, we furthermore ran cor-
relational analyses between affectedness, loneliness and depressiveness. Concerning affectedness, there was a 
significant correlation with depressiveness (rK = − 0.32, pcorr = 0.011) and loneliness (rK = −0.30, pcorr = 0.023) in T3. 
These correlations indicated that lower negative affectedness by the restrictions was associated with lower mental 
health distress only during the second lockdown in Germany. Furthermore, significant positive correlations of 
depressiveness and loneliness were shown in T2 (rK = 0.35, pcorr = 0.012) as well as in T3 (rK = 0.37, pcorr = 0.002).

Subjective cognition during COVID‑19 restrictions in relation to age, affectedness, loneliness 
and depressiveness. The rating of subjective cognition across the three age groups is depicted in Table 2. 
There was no significant correlation between age and subjective cognition at any assessment.

However, we found significant correlations between subjective cognition and depressiveness in younger par-
ticipants in all three assessments (rK T1 = − 0.53, pcorr = 0.022; rK T2 = − 0.75, pcorr ≤ 0.001; rK T3 = − 0.64, pcorr = 0.041). 
The rating of subjective cognition of middle-aged participants correlated with depressiveness in T1 (rK = − 0.53, 
pcorr = 0.018), and with loneliness in T3 (rK = − 0.51, pcorr = 0.032). For older participants, we found significant 
correlations of subjective cognition and depressiveness in T2 (rK = − 0.44, pcorr = 0.018).

The results of the LMEs corroborated these findings (Supplementary Table S4). We found, that expanding 
the null model, only including age, time and sex as fixed factors, by depressiveness (χ2(6) = 29.40, p < 0.001) or 
loneliness (χ2(6) = 34.83, p < 0.001) significantly enhanced the model fit. The inclusion of affectedness did not 
enhance the predictive power of the model.

Table 1.  Sample characteristics in age groups.

young middle-aged older

n 16 17 18

Age (mean, SD) 25.1 (± 2.95) 41.9 (± 9.15) 62.2 (± 5.16)

Age (range) 20–29 32–55 56–74

Females 12 12 11

Quarantined 2 2 0
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Figure 1.  Rated affectedness by the restrictions in the different age groups over time. We used the reported 
impact of COVID-19 and related restrictions on the communication with friends and family, the physical 
and psychological health, sleep, nutrition and sporting activities. Participants were asked to rate the impact of 
COVID-19 on each of these queried domains, ranging from very negative impact (− 2) to very positive impact 
(+ 2). The affectedness score was then calculated as the sum across items and could range from − 14 to + 14. 
Negative values represent a negative reported impact, positive values a positive reported impact regarding the 
affectedness by the restrictions. A value of 0 would indicate no affectedness by COVID-19. Error bars depict 1 
standard error.
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We found a significant interaction of time x depressiveness in T2 (β = − 6.78, SE = 1.87, p < 0.001, CI [− 10.52; 
− 3.09]), indicating that higher levels of depressiveness in the second measurement led to a more negative rating 
of subjective cognition compared to T1 (Fig. 3a). In the third measurement, this effect could not be shown. Age 
did not contribute significantly. Similar interactions were found in the model expanded by loneliness. Here, a 
significant interaction of time x loneliness was found in T2 (β = − 2.51, SE = 0.68, p < 0.001, CI [− 3.85; − 1.16]) 
as well as in T3 (β = − 1.39, SE = 0.68, p = 0.045, CI [− 2.75; − 0.02]), both hinting to a worse rating of subjective 
cognition with higher loneliness scores compared to T1 (Fig. 3b).

Objective cognitive performance during COVID‑19 restrictions in relation to age, affected-
ness, loneliness and depressiveness. Objective cognitive performance is reported in scores of 9 cog-
nitive tasks covering the categories memory, calculation, vision and logic which were taken from the applied 
MyBrainTraining (MBT; neuroCare Group GmbH, https:// mybra intra ining. com/). Higher scores represent a 
better performance. The changes of total cognitive performance are reported in Supplementary Table S5. Respec-
tive descriptive statistics for all 9 tasks can be retrieved separately from Supplementary Table S6. Figure 4 gives 
an overview of the performance in MBT’s cognitive areas for the age groups.

Calculation. The null model for calculation revealed a significant decrease in performance with regard to 
increasing age (Table 3). Furthermore, a significant increase in performance was found from first to third assess-
ment. The random intercept accounted for 57.40% of the variance.

Loneliness did not contribute significantly to the effect (χ2(6) = 9.40, p = 0.153). In the full model including 
affectedness, an interaction trend of age x T3 x affectedness was found (β = − 1.17, SE = 0.63, p = 0.067, CI [− 2.43; 
0.08], Supplementary Table S7). The trend suggests higher reported affectedness in participants of lower age and 
furthermore implies that it negatively impacts performance in calculation tasks in these participants. However, 
this impact remains statistically insignificant (Fig. 5). Overall, adding affectedness as a predictor influenced 
the model fit of performance in calculation tasks significantly (χ2(6) = 14.94, p = 0.021). A third full model, 
complemented by depressiveness also turned out to be superior to the null model (χ2(6) = 13.42, p = 0.037; 
Supplementary Table S8), however, the interaction terms of age x time x depressiveness did not yield signifi-
cance. Furthermore, the model fit was slightly inferior to the full model of affectedness  (AICAffectedness = 1790.1, 
 AICDepressiveness = 1791.6).

Logic. The null model revealed a significant effect of age on performance in logic tasks (Table 3; Supplemen-
tary Fig. S9). The random intercept accounted for 37.66% of the variance. Neither the inclusion of affectedness, 
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Figure 2.  Emotional and social loneliness scores for different age groups across time. Loneliness was assessed 
by a German version of the 11-items Loneliness Scale by De Jong and Gierveld, which offers a distinction 
between emotional and social loneliness. Emotional loneliness describes the perceived lack of intimacy in 
interpersonal relations, whereas social loneliness refers to a lack of a broad social network. Participants gave 
their answers on a 5-point frequency scale. Emotional loneliness scores can range between 0 and 6, social 
loneliness scores can range between 0 and 5, with higher scores representing higher perceived emotional or 
social loneliness respectively. Error bars depict 1 standard error.

https://mybraintraining.com/
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loneliness nor depressiveness explained significantly more variance in the performance in logic tasks across age 
and time.

Memory. We found a significant age effect in the null model, hinting to a decrease in performance with increas-
ing age (Table 3). Furthermore, performance gains from first to second assessment, and first to third assessment 
became significant. The random intercept accounted for 38.55% of the variance.

Neither the full model including affectedness, nor the full model including loneliness explained further 
variance. Depressiveness, however, contributed significantly to performance in memory tasks (χ2(6) = 16.90, 
p = 0.010). There was a significant interaction between age x T3 x depressiveness (β = 5.85, SE = 2.91, p = 0.047, 
CI [0.10; 11.62]; Supplementary Table S10), indicating that depressiveness levels had a different impact on 
performance changes from T1 to T3 with regard to age (Fig. 6). The interaction implies that the younger the 
participants, the stronger the detrimental effect of depressiveness on improvements in memory task performance.

Table 2.  Subjective cognitive rating in age-groups across time. Means and standard deviations in parentheses 
are reported. Subjective cognition was assessed by 16 items. Participants were asked to indicate how well 
they coped with the requested skills. They used a visual analog scale ranging from 0 (very poorly) to 100 
(very well). The requested skills were derived from dimensions of episodic and implicit memory, executive 
functions, attention and working memory. The overall mean served as a proxy of general subjective cognitive 
performance.

T1 T2 T3

Young 69.37 (± 11.10) 62.35 (± 15.73) 58.87 (± 14.06)

Middle-aged 68.75 (± 10.52) 73.84 (± 16.93) 64.06 (± 18.11)

Older 70.22 (± 10.19) 72.90 (± 10.31) 69.24 (± 14.80)
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Figure 3.  Influence of depressiveness and loneliness on subjective cognitive rating. (a) Interactions of 
depressiveness and time. (b) Interaction of loneliness and time. Seven influential data points were removed for 
the respective analysis.
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Vision. The null model revealed a lower performance in higher age (Table 3; Supplementary Fig. S11). Fur-
thermore, a significant increase in performance was found from first to second and first to third assessment. 
The random intercept accounted for 61.95% of the variance. Neither the inclusion of affectedness, loneliness 
nor depressiveness explained significantly more variance in the performance in vision tasks across age and time.

Discussion
This study aimed to analyze the COVID-19 restriction-related longitudinal changes in mental health and their 
effects on subjective as well as objective cognitive performance. Our findings give a hint to a negative influence 
of psychological distress on cognitive performance as a consequence of restrictions. Thereby, restrictions seemed 
to affect younger and middle-aged adults more than older participants and resulted in greater psychological 
distress, which negatively affected subjective cognitive performance and appeared to attenuate improvements in 
calculation tasks as well as memory tasks over time. To understand the contributions of COVID-19 restriction-
related changes on subjective as well as objective cognition across age, we have to shed light on ratings of affect-
edness, related mental health changes and their particular influences on cognition.

Affectedness by restrictions, loneliness and depressiveness. Our analysis revealed that the 
reported affectedness by the restrictions decreased with increasing age. As such, the younger the participants, 
the more negative impact they reported by the restrictions in T3. This might be related to stronger, prolonged 
changes in their everyday-life, due to altered educational or professional  situations13,42. In fact, it was reported 
that middle-aged individuals reported a higher decrease in satisfaction with life and social contacts in relation to 
a COVID-19 lockdown, as compared to older  individuals20. Moreover, especially people of younger age appear 
to be worried by economic consequences and the unpredictability of the course of the  pandemic13. The feeling 
of uncertainty towards a situation appears to be an influential factor for developing mental health  problems43 
and feeling  lonely44. Younger people might also be more affected by social distancing measures due to the per-
ceived relevance of social  activities45, which makes them more vulnerable to feeling  lonely34. The importance of 
social networks seems to be closer related to younger age, whereas older individuals rather have smaller social 
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Figure 4.  Performance in points within the objective cognitive areas over time. (a) Calculation. Assessed with 
two tasks, in which participants had to solve empty equations or return the right change. (b) Logic. Assessed 
with two tasks, in which participants had to solve a problem deductively and solve a progressive matrices-like 
task. (c) Memory. Assessed with two tasks in which participants conducted a working memory recall and an 
updating task. (d) Vision. Assessed with three tasks, in which participants underwent a feature conjunction 
visual search, mental rotation and a Stroop-like task.
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Table 3.  Null models of the objective cognitive performance in tasks of calculation, logic, memory and vision. 
The following amount of influential data points were excluded for the analyses: Calculation: 1 influential 
data point; Logic: 4 influential data points; Memory: 3 influential data point; Vision: 3 influential data point. 
Significant effects are highlighted in bold.

Nullmodel Index β SE 95%-CI

Calculation

Sex 70.03 49.80 − 29.59; 169.49

Age − 4.51 1.65 − 7.78; − 1.25

T2 40.30 28.07 − 15.15; 96.22

T3 52.68 24.93 3.26; 102.10

Age x T2 − 2.26 1.67 − 5.57; 1.04

Age x T3 − 2.03 1.52 − 5.04; 0.98

Logic

sex − 30.36 42.08 − 114.79; 53.80

Age − 6.04 1.58 − 9.17; − 2.92

T2 − 7.25 31.48 − 69.42; 56.09

T3 − 14.95 27.96 − 70.45; 40.54

Age x T2 − 0.25 1.95 − 4.15; 3.61

Age x T3 − 2.61 1.76 − 6.11; 0.89

Memory

Sex − 2.57 55.87 − 114.36; 108.97

Age − 8.21 2.12 − 12.39; − 4.03

T2 125.96 41.42 44.01; 208.17

T3 110.42 36.94 37.18; 183.65

Age x T2 − 3.44 2.58 − 8.55;1.67

Age x T3 − 3.33 2.34 − 7.95; 1.30

Vision

Sex 41.24 62.86 − 84.64; 166.87

Age − 15.39 2.14 − 19.63; − 11.15

T2 101.06 32.93 36.02; 166.95

T3 112.25 29.46 53.82; 170.67

Age x T2 − 1.55 2.02 − 5.55; 2.46

Age x T3 − 1.19 1.85 − 4.87; 2.49
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Figure 5.  Interaction trend of age, time and affectedness on the calculation task performance. Shaded areas 
represent 90%-confidence interval.
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networks, with more intimate  contacts33,46,47. In turn, it is assumed that perceived loneliness in older adults is 
not necessarily dependent on the quantity of contacts but more heavily influenced by the quality of  contacts48,49. 
In line with that, we found that the younger the participants the more emotional loneliness was reported in T3. 
Similar results have been reported multiple  times13,34,42,50,51. As such, older age is not necessarily a risk factor for 
feeling lonely, but rather affects those, who are immobile or functionally  limited47,51. In a diary-based survey in 
the first four weeks of restrictions in Germany, Buecker and  colleagues33 found that perceived daily loneliness 
increased within the first two weeks, but then decreased again. This effect was stronger with increasing age. 
Moreover, a qualitative study found that symptoms of feeling lonely or depressed didn’t necessarily aggravate as 
a result of pandemic-related restrictions in older adults who are already prone to or experience loneliness and 
 depression52. Regarding our sample of older adults who appear to be familiar with digital media, as they partici-
pated in this online study, we additionally need to point out that they might not have been as “isolated” as their 
peers, who do not have access to (social) media. In fact, the usage of video calls in Germany in the first quarter of 
2020 had increased by 9% compared to the previous  year53. In contrast, the increase in video calls from 2018 to 
2019 was only 2%54. Even though we didn’t find particular negative effects in older adults here, further research 
is needed to assess the situation of more vulnerable groups or groups at risk, like nursing home  residents29.

The observed higher depressiveness in lower age during the second lockdown (T3) might be related to similar 
factors due to COVID-19 restrictions but could also be influenced by external changes which we were not able to 
control for. As the second lockdown coincided with winter season, there might have been an increased risk for 
winter seasonal affective disorder. Yet, depressiveness levels overall were rather low to moderate in our sample. 
How more vulnerable individuals are affected in the course of this pandemic, hence, still needs to be addressed 
more thoroughly, especially since these groups are prone to aggravation of their  symptoms42,50,55.

It should be emphasized that also positive effects of a lockdown were reported in an Indian study, which con-
cerned improvements in relationships to other people, such as family members but also colleagues or  neighbors56. 
These effects, however, occurred with a concurrent increase of negative emotions. A Scottish survey reported 
positive changes due to the lockdown, too, which were however associated with specific sociodemographic 
 characteristics57. Those included especially younger age groups, females, those who were married or living 
with their partner, those who were employed and those in good health. They reported experiencing positive 
changes e.g. in interpersonal relations, more time for enjoyable leisure time activities and time for contemplation.

Subjective cognition. We found evidence for a poorer  evaluation of subjective cognition during the 
COVID-19 related lockdown, which was related to depressiveness and loneliness. Younger adults reported a 
lower subjective cognitive performance over time and this decline was associated with higher depressiveness. 
In participants older than 30 years the decreasing subjective cognition rating came along with higher depres-
siveness in the first and higher perceived loneliness in the third measurement. In older participants, higher 
depressiveness resulted in lower subjective cognition ratings in the second measurement. People with depression 
typically complain about concentration and memory  problems58 and a depressed mood affects attention objec-
tively as well as  subjectively59. Also loneliness is thought to mediate the relationship between social isolation 
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and subjective cognitive  impairment60. Consistent with our finding, Fiorenzato and  colleagues61 furthermore 
reported that changes in subjective cognition of younger people were present during the confinements in Italy, 
too. Comparable to our result, higher prevalence of mental health problems, such as depression or sleep disor-
ders, were related to a decrease in reported subjective cognition.

Objective Cognitive performance. Overall, data from cognitive tasks showed that participants slightly 
increased their performance across time, which speaks for general training effects independent of age. These 
training effects occurred mainly from T1 to T2 and then stagnated from T2 to T3. LMEs revealed that slopes 
from T1 to T2 are similar to slopes from T1 to T3. While the time between the first two measurements was 
characterized by loosening of restrictions, the period before the third time point was marked by strict social 
distancing rules and the announcement of the 2nd lockdown in November. Furthermore, training effects might 
have vanished due to the large time interval.

In detail, objective cognitive performance was measured in 9 tasks which were retrieved from MBT’s four 
categories of cognitive tasks, namely calculation, memory, vision and logic. Results show that perceived depres-
siveness impedes performance improvements in memory tasks. The younger the participants, the stronger the 
detrimental effects of depressiveness were on task performance. In contrast to our expectations, we only observed 
a trend towards negative affectedness impacting calculation task performance in younger age, but this effect 
did not reach statistical significance. For logic task performance the LME revealed a significant age effect, but 
performance changes did not yield significance. Finally, all participants slightly increased their performance in 
vision tasks over time and neither mental health factors nor affectedness modulated this ability.

In fact, increased psychological distress can lead to hyperarousal and increased anxiety, which in turn nega-
tively impact cognitive  functions62. Taken the findings together, it seems that middle-aged and younger individu-
als might be particularly vulnerable to the broad changes in the context of the pandemic, although the impact 
on objective cognitive performance was limited. In an online-based study that assessed the cognitive functions 
across 5 time points during different phases of COVID-19 related restrictions, Ingram, Hand and Maciejewski 
similarly demonstrated the negative impact of social isolation on cognitive  performance63. This impact was shown 
across age and different cognitive tasks such as decision making or attentional performance. However, when 
restrictions were loosened, the authors observed performance improvements. As we also found higher reported 
affectedness, and loneliness in the younger and middle-aged participants, we similarly assume that mental 
health distress due to restrictions might have had an impact on the cognitive performance. As such, absence of 
task improvements could be a consequence of restrictions, lower cognitive stimulation during home-office and 
social isolation. However, our sample is too small to draw definite conclusions and our results should hence be 
interpreted carefully. Still, the effects of COVID-19 restriction-related changes on cognition in people suffering 
from social distancing and alterations in professional life have to be a focus in future research. Furthermore, the 
question should be addressed whether some cognitive abilities are less impacted by psychologically mediated 
pandemic effects of social isolation.

On the one hand, the results additionally might imply a higher resilience in German older adults to the 
COVID-19 related restrictions and their consequences, not only with regard to the evaluation of and coping 
with the situation, but also with regard to the impact on cognitive abilities. Thus, age could be assumed a pro-
tective factor in light of exceptional situations, such as the COVID-19 pandemic. Older adults might be more 
capable to adapt to such extraordinary situations. Similarly, a study in earthquake survivors found that increas-
ing age was linked to higher  resilience64. On the other hand, restrictions were also shown to decrease cognition 
in older people at high risk to develop dementia. An analysis of the progression of Mini-Mental-State scores in 
the period before the restrictions of the first pandemic wave and within that wave revealed an acceleration of 
cognitive decline in a sample of cognitively impaired  individuals65. A similar effect was demonstrated in people 
in prodromal phases like mild cognitive  impairment66, although these effects varied on an individual level since 
participants who engaged in leisure time activities, talked to others on the phone or conducted cognitive train-
ing at home showed lower cognitive decline. Such activities are associated with establishing a strong cognitive 
reserve, which is protective against neurodegenerative  diseases67–71.

Limitations. Several limitations of the current study must be considered. First, no appropriate baseline data 
without influences of COVID-19 was available for comparison, which is a relatively common issue in COVID-19 
research due to the quick series of events making it difficult to conduct studies in a timely manner and it has been 
reported in other studies, as well (e.g.20,66). Yet, we assumed that due to the close proximity of the first assessment 
to the start of the first lockdown, there should not be a considerable impact on subjective and objective cognitive 
functioning or on depressiveness and loneliness. Furthermore, the affectedness score, which was close to 0 across 
age groups in this first assessment, resembles that the experienced restrictions were not rated to have a consider-
able impact on participants. These reasons made us believe that although there is a time mismatch between the 
measurement, the values assessed at T1 can serve as a reference. Nevertheless, we emphasize to regard the results 
with caution. Second, we note that MBT is not a validated test battery but a cognitive training tool. We used it, 
however, for its low-threshold availability and its motivating, ludic design, which was assumed to increase par-
ticipants’ adherence. Third, due to a relatively high drop-out rate, the sample size was critically reduced which 
can be traced to the lengthy assessment, resulting in lower motivation and  engagement72. Hence, we would like to 
point out that the data should be regarded as rather exploratory and, above all, interpreted with caution. Fourth, 
our sample might not be perfectly representative to draw a generalization. As participation required access to 
the internet, a selection bias can be assumed, especially for the older adults. Higher educated people with media 
competence could have been attracted by the study. In contrast, older people in residential or long-term care 
facilities have been imposed by home confinement and might suffer more severely from missing interaction 
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with spouses, families and friends outside their residential context. This reduction of social contacts could lead 
to social deprivation and results in cognitive disadvantages after longer periods of persistent  loneliness28,73,74. 
Accordingly, a study by O’Caoimh and colleagues hinted to a stronger effect of social deprivation on cogni-
tively impaired care home residents as assessed by caregivers in contrast to cognitively unimpaired  residents75. 
Moreover, they found that the visitation restrictions had a negative impact on the caregivers’ well-being, too. We 
further need to point out, that conformity and approval of the imposed restrictions was generally high in our 
sample. A comparison between highly adhering and low adhering individuals is strongly encouraged. Fifth, our 
sample comprised predominantly women and only people from age 18 on. Nevertheless, younger children and 
young adolescents can be considered particularly vulnerable to the situation due to profound developmental 
 tasks46. Hence, final inferences for the general German population should be made with caution.

As we discussed above, our findings are consistent with results of other studies outside Germany. However, 
restrictions and their onset were not identical across countries. Cultural differences could also influence the cop-
ing with the containment means and thus also mental health and cognition. For example perceived loneliness 
differs between European  countries76, which could cause different effects across countries. Further longitudinal, 
international, and cross-national research in this field is needed to paint a more holistic picture.

Conclusion
To the best of our knowledge, this is one of the first longitudinal studies investigating the consequences of psy-
chological distress on cognitive abilities in the context of the COVID-19 pandemic. Apart from the high relevance 
of examining psychological short- and long-term consequences, it points to the necessity to set the focus on 
cognitive health and keep consequences of the pandemic in mind holistically in order to establish strategies to 
decrease distress caused by future pandemic related restrictions—not only for the sake of mental health but also 
for the sake of cognitive health. As such, it was recently argued, that a low incidence, transnational approach 
could allow for a reduced need of restrictions while counteracting the disadvantages of high incidence rates 
such as economic consequences or overburdening health care and educational  systems77. Our findings imply 
higher negative evaluation of changes due to restrictions and higher levels of depressiveness, particularly in 
younger age cohorts. Those seemed to have a negative impact on objective cognitive performance, which was 
however limited to certain tasks. Independent of age, increased loneliness and depressiveness appeared to affect 
subjective cognition. Accordingly, awareness should be raised to possible cognitive consequences of COVID-19 
related restrictions particularly for cognitively vulnerable groups, e.g. mild cognitively impaired or subjectively 
cognitive declined patients.

Materials and methods
Sample. German-speaking people aged 18 years and older could participate in the online based study (Fig. 7). 
There were no further exclusion criteria. Recruitment was realized via social media, the institute’s webpage, and 
local newspaper advertisement. Participants gave their informed consent in accordance with the Declaration of 
Helsinki. The study was approved by the ethics committee of the University of Magdeburg (Germany). Partici-
pants received no financial compensation but were offered feedback about their cognitive performance after the 
third assessment.

Procedure. After registration, participants were sent a link for the online questionnaire and online cogni-
tive assessment. The first assessment took place between the end of April 2020 and mid-May 2020 (Fig. 8). The 
second assessment followed a month after. The third assessment was between mid-November 2020 and the 
beginning of December 2020.

Online task material. Cognitive tasks. The cognitive assessment was realized with MyBrainTraining 
(MBT; neuroCare Group GmbH, https:// mybra intra ining. com/). MBT is a cognitive remediation training ap-
plication that is available web-based as well as app-based for iOS or Android. In total, it contains 30 tasks, which 
are divided into four task categories according to MBT, namely in the area of “calculation”, “logic”, “memory” 
and “vision”. Difficulty within tasks is adapted automatically according to the participant’s performance. Overall 
performance is presented in points based on difficulty, correct answers within a task and time needed to finish 
the task. For the current study, 9 different tasks of the cognitive areas according to MBT task categories were 
chosen for the cognitive assessment and conducted by each participant (Table 4).

Online based questionnaire. The questionnaire was conducted via SoSci  Survey78 and was accessible online on 
www. sosci survey. de. The questionnaires of all three assessments consisted of a question catalog, which was part 
of a bigger study project. The first questionnaire was the longest, as we assessed further traits here as well (30 to 
45 min). The questionnaires of the second and third assessment were shorter and took between 15 and 30 min. 
The focus of the current study was the influence of perceived affectedness by the restrictions, loneliness and 
depressiveness on subjective as well as objective cognition.

To assess the psychological strain and impact on lifestyle factors caused by the restrictions, which we here 
subsume under the term “affectedness”, we aggregated an affectedness score. We used the reported impact of 
COVID-19 and related restrictions on the communication with friends and family, the physical and psycho-
logical health, sleep quality, nutrition and sporting activities (“Please rate, how the Corona-Virus impacted the 
following domains?”). All these factors contribute to a healthy lifestyle and are in turn assumed to be protective 
of cognitive  health38,71. On a 5-point polarity profile, participants were asked to rate the impact of COVID-19 on 
each of the 7 queried aspects, ranging from very negative impact (− 2) to very positive impact (+ 2). The middle 
category corresponded to no change. The affectedness score was then calculated as the sum across items and could 

https://mybraintraining.com/
http://www.soscisurvey.de
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range from − 14 to + 14. Negative values represent a negative reported impact, positive values a positive reported 
impact regarding the affectedness by the restrictions. A value of 0 would indicate no affectedness by COVID-19.

Loneliness was assessed by a German version of the 11-items Loneliness Scale by De Jong and  Gierveld79,80, 
with which emotional as well as social loneliness can be assessed. Emotional loneliness describes the perceived 
lack of intimacy in interpersonal relations, whereas social loneliness refers to a lack of a broad social network. 
Participants gave their answers on a 5-point frequency scale, rating how well the statements applied to them. 
The total loneliness score ranges from 0 to 11 with higher scores indicating higher perceived loneliness. In the 
first assessment, participants rated their loneliness in general, i.e. before the restrictions. In the second and third 
assessment, they were asked to rate how well the statements currently applied to them.

Figure 7.  Flow Chart of Participants and dropouts over the three assessments for the questionnaire on SoSci 
Survey as well as the online-based cognitive tasks with MyBrainTraining. From the 220 registered participants, 
196 took part in at least one measurement time point and completed at least one task. As the questionnaire and 
the cognitive tasks could be completed independently, the number of participants differs for the questionnaire 
and cognitive tasks across time points. As such, 140 participants in the first assessment finished the 
questionnaire as well as the cognitive tasks (94 females). The age of this initial sample ranged from 20 to 77 years 
(meanage = 43.53, SDage = 15.94). In the second assessment 55 participants completed both the questionnaire and 
the cognitive tasks (40 females, meanage = 44.05, SDage = 17.05). In the third assessment, 59 participants finished 
both tasks (40 females, meanage = 44.90, SDage = 16.60). Overall, 37 participants completed all three assessments. 
The analyzed sample of 51 participants who finished both assessments in T1 and T3 included 12 students, 11 
retirees and 28 employed participants.
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Depressiveness was assessed with the German scale “depressiveness in non-clinical contexts”81. The scale 
is based on the depression model by Beck and encompasses 8 items. In the first assessment, participants were 
asked to evaluate their general depressiveness before the restrictions, whereas in the second and third assess-
ment the evaluation was related to the ongoing restriction period. Answers were given on a 7-point frequency 
scale. Depressiveness scores range from 1 to 7, whereby higher depressiveness is associated with a higher score.

Moreover, participants were asked to rate their subjective cognitive performance. Subjective cognition was 
assessed by 16 items, partly adapted from common assessments of the Questionnaire for Experiences of Attention 
 Deficits82, the 20-item version of the Everyday Memory  Questionnaire83 and the Dysexecutive  Questionnaire84. 
Participants were asked to indicate how well they coped with the requested skills. They used a visual analog scale 
ranging from 0 (very poorly) to 100 (very well). The requested skills were derived from dimensions such as epi-
sodic and implicit memory, executive functions, attention and working memory (see Supplementary Table S12). 
The overall mean served as a proxy of general subjective cognitive performance.

Data analyses. Changes in cognitive performance over time were the primary outcome of the study. We 
used the scores of MBT for the analysis, as they take the difficulty level, the solving time as well as the ratio of 
correct answers into account. Performance was separately analyzed for the mean performance in MBT’s cogni-
tive task areas calculation, logic, memory and vision (Table 4).

The main objective was to analyze, how performance changes over time in the cognitive areas as well as in 
subjective cognitive performance were affected by age, the reported affectedness by the restrictions, perceived 
loneliness and depressiveness. For this purpose, we first report the descriptive statistics of the relevant variables 
of affectedness by the restrictions, loneliness and depressiveness. For reasons of clarity, we report these statistics 
separately for the different age groups. Given the age distribution in our sample, we determined three age groups 
that broadly defined younger participants, aged below 31 years, middle-aged participants (31 to 55 years) and 
older participants, aged older than 55 years. It needs to be stressed, that this distinction was made for visualiza-
tion and descriptive purposes. We then ran correlational analysis to analyze the relationship between age and 
affectedness by the restrictions, depressiveness as well as loneliness across the assessments. Correlational analyses 
were conducted via Pearson if normal distribution was given, or via Kendall in case of not normally distributed 
data or ordinal data. Correction for multiple comparisons was realized using the Bonferroni method.

To answer the main research question, whether affectedness by the restrictions, loneliness and depressiveness 
are influencing the course of cognitive performance, we analyzed their impact on subjective cognitive perfor-
mance as well as objective cognitive performance in the four cognitive areas by using linear mixed effects models 
(LME). Age was hereby used as a continuous variable to acknowledge its variance. We also used age as a centered 
variable around the mean, to give more meaning to the intercepts. As LMEs are robust against missing data, we 

Figure 8.  Timeline of COVID-19 related restrictions in Germany. During the first assessment, the first 
lockdown occurred in Germany, first relaxations of regulations were made on May, 8th 2020. During the second 
assessment regulations were further loosened. The third assessment coincided with the second lockdown in 
Germany.
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opted to analyze data of participants, who fully completed the first and the third assessment of the study and 
allowed missing data in subjective or objective cognitive performance only in T2. Among the remaining 52 par-
ticipants, data on the outcome variables in T2 (4 young, 7 middle-aged, 3 elderly) was missing for 14 participants. 
One further participant had to be excluded, as she*he completed the cognitive tasks but didn’t provide data on 
the predictive variables of the questionnaire in T2. The analyzed sample therefore consisted of 51 participants.

LMEs were calculated in R version 4.0.2 using RStudio version 1.3.107385 via the packages  lme486,  lmerTest87 
and  psych88. Figures were created with the packages  ggplot289 and  interact90. Preconditions of linearity and 
homoscedasticity of residuals were checked via Shapiro–Wilk tests and by visual inspection of the QQ-plots. 
Influential data points were determined by Cook’s distance. To compare models with each other, the influential 
data points which significantly changed the slopes across all models were excluded from further analysis.

First, random intercept null models were calculated for subjective cognition and for each cognitive area, 
respectively. These null models only included the fixed factors sex (control variable; female as reference category), 
age and time. Time was modeled as a three-level factor. We opted for this solution, as we were not analyzing 
a sole time-dependent effect, but rather a restriction-related effect. As such, in the first (T1) and third assess-
ment (T3), participants faced a lockdown. In the second assessment period (T2), restrictive means were already 
loosened. However, since we assumed that restrictions in T1 might not already have had a huge impact, mental 
health proxies were accordingly assessed retrospectively and the first measurement was handled as our reference 
measurement. We were therefore interested in the performance changes in comparison to the reference. Each 
null model included an interaction term for age and time, to test whether there are age specific performance 
changes over time. Participants were treated as random factors to account for different performance at the refer-
ence measurement. Random intercept full models were calculated which extended the interaction term of the 
respective null models by the additional predictors affectedness by restrictions, loneliness or depressiveness. We 
were especially interested in the three-fold interactions. After each extension, the full model and the null model 
were tested against each other via Likelihood-ratio tests. The Alpha-level for all analyses was set to α = 0.05. 
Furthermore, 95% confidence intervals were calculated.

Data availability
The datasets generated and/or analyzed during the current study are available from the corresponding author 
IM (inga.menze@dzne.de) or from MS (marlen.schmicker@dzne.de) on reasonable request.

Received: 23 August 2021; Accepted: 17 February 2022

References
 1. Hsiang, S. et al. The effect of large-scale anti-contagion policies on the COVID-19 pandemic. Nature 584, 262–267 (2020).
 2. Gao, S. et al. Association of mobile phone location data indications of travel and stay-at-home mandates with COVID-19 infection 

rates in the US. JAMA Netw. Open 3, e2020485 (2020).
 3. Oh, J. et al. Mobility restrictions were associated with reductions in COVID-19 incidence early in the pandemic: Evidence from 

a real-time evaluation in 34 countries. Sci. Rep. 11, 13717 (2021).
 4. Islam, N. et al. Physical distancing interventions and incidence of coronavirus disease 2019: Natural experiment in 149 countries. 

BMJ 370, 1–10 (2020).
 5. Ammar, A. et al. Psychological consequences of COVID-19 home confinement: The ECLB-COVID19 multicenter study. PLoS 

ONE https:// doi. org/ 10. 1371/ journ al. pone. 02402 04 (2020).

Table 4.  Overview of the tasks of MyBrainTraining. The tasks and their order were held constant over all 
participants for all three time points. The selection of the 9 tasks was based on the goal to assess cognitive 
performance across all areas of MBTs task categories, namely calculation, logic, memory and vision. In the 
column task instruction, the task’s demands are briefly described. In the column cognitive area, the allocation 
of the tasks to MBTs task categories is reported. Depending on the participant’s choice, the cognitive tasks 
were executed either in the web-browser or via the app on her*his smartphone. Participants were instructed to 
complete the tasks in a distraction-free environment and to focus on the tasks.

Name of task Task instruction Cognitive area

Empty equations Fill in the empty spaces in an equation with the missing numbers Calculation

Give the right change Return the difference between the price and the given amount with as few coins as 
possible Calculation

Evolution revolution Recognize the offspring of the two parent-beings by its attributes; correct offspring 
only carries attributes of its parents Logic

Which is the heaviest? Detect the heaviest object on the scale in the image Logic

Picture sequence Remember the order of appearing objects and report them in the same order in 
recall Memory

Fruit basket
Remember the correct number of fruits which are put in a basket, occasionally 
some fruits leave the basket again. Report the correct number of the queried fruits 
in the basket

Memory

Match the pairs Recognize all cards in the array that form pairs as quickly as possible Vision

Stroop test Report the colors in which the shown words are displayed Vision

Point of view Geometric objects are depicted, decide from which angle the image is viewed Vision

https://doi.org/10.1371/journal.pone.0240204


14

Vol:.(1234567890)

Scientific Reports |         (2022) 12:8172  | https://doi.org/10.1038/s41598-022-11283-9

www.nature.com/scientificreports/

 6. Heneka, M. T., Golenbock, D., Latz, E., Morgan, D. & Brown, R. Immediate and long-term consequences of COVID-19 infections 
for the development of neurological disease. Alzheimer’s Res. Ther. 12, 1–3 (2020).

 7. Iqbal, S. Z., Li, B., Onigu-Otito, E., Naqvi, M. F. & Shah, A. A. The long-term mental health effects of COVID-19. Psychiatr. Ann. 
50, 522–525 (2020).

 8. Rajkumar, R. P. COVID-19 and mental health: A review of the existing literature. Asian J. Psychiatr. 52, 102066 (2020).
 9. Wilson, B. A., Betteridge, S. & Fish, J. Neuropsychological consequences of Covid-19. Neuropsychol. Rehabil. 30, 1625–1628 (2020).
 10. Robert Koch Institut. Robert Koch-Institut: COVID-19-Dashboard. https:// exper ience. arcgis. com/ exper ience/ 47822 0a4c4 54480 

e823b 17327 b2bf1 d4/ page/ page_1/. (2021).
 11. Czeisler, M. É. et al. Mental health, substance use, and suicidal ideation during the COVID-19 pandemic—United States, June 

24–30, 2020. MMWR. Morb. Mortal. Wkly. Rep. 69, 1049–1057 (2020).
 12. Li, S., Wang, Y., Xue, J., Zhao, N. & Zhu, T. The impact of COVID-19 epidemic declaration on psychological consequences: A study 

on active Weibo users. Int. J. Environ. Res. Public Health 17, 2032 (2020).
 13. Rodríguez-Rey, R., Garrido-Hernansaiz, H. & Collado, S. Psychological impact and associated factors during the initial stage of 

the coronavirus (COVID-19) pandemic among the general population in Spain. Front. Psychol. 11, 1540 (2020).
 14. Kuehner, C., Schultz, K., Gass, P., Meyer-Lindenberg, A. & Dreing, H. Mental health status in the community during the COVID-

19-pandemic. Psychiatr. Prax. 47, 361–369 (2020).
 15. Ammar, A. et al. Covid-19 home confinement negatively impacts social participation and life satisfaction: A worldwide multicenter 

study. Int. J. Environ. Res. Public Health https:// doi. org/ 10. 3390/ ijerp h1717 6237 (2020).
 16. Ammar, A. et al. Effects of COVID-19 home confinement on eating behaviour and physical activity: Results of the ECLB-COVID19 

international online survey. Nutrients https:// doi. org/ 10. 3390/ nu120 61583 (2020).
 17. Narici, M. et al. Impact of sedentarism due to the COVID-19 home confinement on neuromuscular, cardiovascular and metabolic 

health: Physiological and pathophysiological implications and recommendations for physical and nutritional countermeasures. 
Eur. J. Sport Sci. https:// doi. org/ 10. 1080/ 17461 391. 2020. 17610 76 (2020).

 18. Martinez-Ferran, M., de la Guía-Galipienso, F., Sanchis-Gomar, F. & Pareja-Galeano, H. Metabolic impacts of confinement during 
the COVID-19 pandemic due to modified diet and physical activity habits. Nutrients https:// doi. org/ 10. 3390/ nu120 61549 (2020).

 19. Brooks, S. K. et al. The psychological impact of quarantine and how to reduce it: Rapid review of the evidence. The Lancet https:// 
doi. org/ 10. 1016/ S0140- 6736(20) 30460-8 (2020).

 20. Schlomann, A., Bünning, M., Hipp, L. & Wahl, H. Aging during COVID-19 in Germany: A longitudinal analysis of psychosocial 
adaptation and attitudes toward aging. Soc. Behav. Sci. https:// doi. org/ 10. 31235/ osf. io/ 5yebc (2020).

 21. De Pue, S. et al. The impact of the COVID-19 pandemic on wellbeing and cognitive functioning of older adults. Sci. Rep. 11, 1–11 
(2021).

 22. Gow, A. J., Pattie, A., Whiteman, M. C., Whalley, L. J. & Deary, I. J. Social support and successful aging: Investigating the relation-
ships between lifetime cognitive change and life satisfaction. J. Individ. Differ. 28, 103–115 (2007).

 23. Boss, L., Kang, D. H. & Branson, S. Loneliness and cognitive function in the older adult: A systematic review. Int. Psychogeriatrics 
27, 541–553 (2015).

 24. Cacioppo, J. T. & Hawkley, L. C. Perceived social isolation and cognition. Trends Cogn. Sci. 13, 447–454 (2009).
 25. Hofbauer, L. M. & Rodriguez, F. S. Association of social deprivation with cognitive status and decline in older adults. Int. J. Geriatr. 

Psychiatry https:// doi. org/ 10. 1002/ gps. 5555 (2021).
 26. Yanguas, J., Pinazo-Henandis, S. & Tarazona-Santabalbina, F. J. The complexity of loneliness. Acta Biomed. 89, 302–314 (2018).
 27. Holt-Lunstad, J., Smith, T. B., Baker, M., Harris, T. & Stephenson, D. Loneliness and social isolation as risk factors for mortality: 

A meta-analytic review. Perspect. Psychol. Sci. 10, 227–237 (2015).
 28. Wilson, R. S. et al. Loneliness and risk of Alzheimer disease. Arch. Gen. Psychiatry 64, 234–240 (2007).
 29. Nicholson, N. R. A review of social isolation: An important but underassessed condition in older adults. J. Prim. Prev. 33, 137–152 

(2012).
 30. Holwerda, T. J. et al. Feelings of loneliness, but not social isolation, predict dementia onset: Results from the Amsterdam Study of 

the Elderly (AMSTEL). J. Neurol. Neurosurg. Psychiatry 85, 135–142 (2014).
 31. Friedler, B., Crapser, J. & McCullough, L. One is the deadliest number: The detrimental effects of social isolation on cerebrovascular 

diseases and cognition. Acta Neuropathol. 129, 493–509 (2015).
 32. Fortunato, S. et al. A review of new insights on the association between hearing loss and cognitive decline in ageing. Acta Otorhi-

nolaryngol. Ital. 36, 428–430 (2016).
 33. Buecker, S. et al. Changes in daily loneliness for German residents during the first four weeks of the COVID-19 pandemic. Soc. 

Sci. Med. 265, 113541. https:// doi. org/ 10. 1016/j. socsc imed. 2020. 113541 (2020).
 34. Bu, F., Steptoe, A. & Fancourt, D. Loneliness during a strict lockdown: Trajectories and predictors during the COVID-19 pandemic 

in 38,217 United Kingdom adults. Soc. Sci. Med. 265, 113521 (2020).
 35. Douglas, M., Katikireddi, S. V., Taulbut, M., McKee, M. & McCartney, G. Mitigating the wider health effects of covid-19 pandemic 

response. BMJ 369, 1–6 (2020).
 36. Frisoni, G. B. et al. Strategic roadmap for an early diagnosis of Alzheimer’s disease based on biomarkers. Lancet Neurol. 16, 661–676 

(2017).
 37. Mortimer, J. A., Borenstein, A. R., Gosche, K. M. & Snowdon, D. A. Very early detection of Alzheimer neuropathology and the 

role of brain reserve in modifying its clinical expression. J. Geriatr. Psychiatry Neurol. https:// doi. org/ 10. 1177/ 08919 88705 281869 
(2005).

 38. Müller, P., Schmicker, M. & Müller, N. G. Präventionsstrategien gegen Demenz. Z. Gerontol. Geriatr. 50, 1–7 (2017).
 39. Vemuri, P. et al. Effect of lifestyle activities on alzheimer disease biomarkers and cognition. Ann. Neurol. https:// doi. org/ 10. 1002/ 

ana. 23665 (2012).
 40. Stahn, A. C. et al. Brain changes in response to long antarctic expeditions. N. Engl. J. Med. https:// doi. org/ 10. 1056/ nejmc 19049 05 

(2019).
 41. Müller, P. et al. COVID-19, physical (in-)activity, and dementia prevention. Alzheimer’s Dement. Transl. Res. Clin. Interv. https:// 

doi. org/ 10. 1002/ trc2. 12091 (2020).
 42. Giusti, L. et al. Everything will be fine. Duration of home confinement and “all-or-nothing” cognitive thinking style as predictors 

of traumatic distress in young university students on a digital platform during the COVID-19 Italian lockdown. Front. Psychiatry 
11, 1–14 (2020).

 43. Rettie, H. & Daniels, J. Coping and tolerance of uncertainty: Predictors and mediators of mental health during the COVID-19 
pandemic. Am. Psychol. https:// doi. org/ 10. 1037/ amp00 00710 (2020).

 44. Parlapani, E. et al. Intolerance of uncertainty and loneliness in older adults during the COVID-19 pandemic. Front. Psychiatry 11, 
1–12 (2020).

 45. Marcum, C. S. Age differences in daily social activities. Res. Aging 35, 612–640 (2013).
 46. Brakemeier, E.-L. et al. Die COVID-19-Pandemie als Herausforderung für die psychische Gesundheit. Z. Klin. Psychol. Psychother. 

https:// doi. org/ 10. 1026/ 1616- 3443/ a0005 74 (2020).
 47. Luhmann, M. & Hawkley, L. C. Age differences in loneliness from late adolescence to oldest old age. Dev. Psychol. 52, 943–959 

(2016).

https://experience.arcgis.com/experience/478220a4c454480e823b17327b2bf1d4/page/page_1/
https://experience.arcgis.com/experience/478220a4c454480e823b17327b2bf1d4/page/page_1/
https://doi.org/10.3390/ijerph17176237
https://doi.org/10.3390/nu12061583
https://doi.org/10.1080/17461391.2020.1761076
https://doi.org/10.3390/nu12061549
https://doi.org/10.1016/S0140-6736(20)30460-8
https://doi.org/10.1016/S0140-6736(20)30460-8
https://doi.org/10.31235/osf.io/5yebc
https://doi.org/10.1002/gps.5555
https://doi.org/10.1016/j.socscimed.2020.113541
https://doi.org/10.1177/0891988705281869
https://doi.org/10.1002/ana.23665
https://doi.org/10.1002/ana.23665
https://doi.org/10.1056/nejmc1904905
https://doi.org/10.1002/trc2.12091
https://doi.org/10.1002/trc2.12091
https://doi.org/10.1037/amp0000710
https://doi.org/10.1026/1616-3443/a000574


15

Vol.:(0123456789)

Scientific Reports |         (2022) 12:8172  | https://doi.org/10.1038/s41598-022-11283-9

www.nature.com/scientificreports/

 48. Holmén, K. & Furukawa, H. Loneliness, health and social network among elderly people: A follow-up study. Arch. Gerontol. Geriatr. 
35, 261–274 (2002).

 49. Krendl, A. C. & Perry, B. L. The impact of sheltering in place during the COVID-19 pandemic on older adults’ social and mental 
well-being. J. Gerontol. Ser. B 76, e53–e58 (2020).

 50. Varma, P., Junge, M., Meaklim, H. & Jackson, M. L. Younger people are more vulnerable to stress, anxiety and depression during 
COVID-19 pandemic: A global cross-sectional survey. Prog. Neuro-Psychopharmacol. Biol. Psychiatry 109, 110236 (2021).

 51. Bu, F., Steptoe, A. & Fancourt, D. Who is lonely in lockdown? Cross-cohort analyses of predictors of loneliness before and during 
the COVID-19 pandemic. Public Health 186, 31–34 (2020).

 52. Bundy, H., Lee, H. M., Sturkey, K. N. & Caprio, A. J. The lived experience of already-lonely older adults during COVID-19. Ger-
ontologist 61, 870–879. https:// doi. org/ 10. 1093/ geront/ gnab0 78 (2021).

 53. Statistisches Bundesamt. Pressemitteilung Nr. 302 vom 11. August 2020. https:// www. desta tis. de/ DE/ Presse/ Press emitt eilun gen/ 
2020/ 08/ PD20_ 302_ 639. html. (Accessed: 24th February 2021) (2020).

 54. Statistisches Bundesamt. Statistisches Jahrbuch. Deutschland und Internationales. https:// www. desta tis. de/ DE/ Themen/ Quers chnitt/ 
Jahrb uch/ stati stisc hes- jahrb uch- 2019- dl. pdf?__ blob= publi catio nFile. (2019).

 55. Fatke, B., Hölzle, P., Frank, A. & Förstl, H. Psychische Probleme in der Pandemie – Beobachtungen während der COVID-19-Krise. 
DMW Dtsch. Medizinische Wochenschrift 145, 675–681 (2020).

 56. Grover, S. et al. Psychological impact of COVID-19 lockdown: An online survey from India. Indian J. Psychiatry 62, 354 (2020).
 57. Williams, L. et al. What have we learned about positive changes experienced during COVID-19 lockdown? Evidence of the social 

patterning of change. PLoS ONE 16, e0244873 (2021).
 58. Kahn, R. L., Zarit, S. H., Hilbert, N. M. & Niederehe, G. Memory complaint and impairment in the aged: The effect of depression 

and altered brain function. Arch. Gen. Psychiatry 32, 1569 (1975).
 59. Farrin, L., Hull, L., Unwin, C., Wykes, T. & David, A. Effects of depressed mood on objective and subjective measures of attention. 

J. Neuropsychiatry Clin. Neurosci. 15, 98–104 (2003).
 60. Jang, Y. et al. Cognitive health risks posed by social isolation and loneliness in older Korean Americans. BMC Geriatr. 21, 1–8 

(2021).
 61. Fiorenzato, E., Zabberoni, S., Costa, A. & Cona, G. Cognitive and mental health changes and their vulnerability factors related to 

COVID-19 lockdown in Italy. PLoS ONE 16, 1–25 (2021).
 62. Serafini, G. et al. The psychological impact of COVID-19 on the mental health in the general population. QJM 113, 229–235 (2020).
 63. Ingram, J., Hand, C. J. & Maciejewski, G. Social isolation during COVID-19 lockdown impairs cognitive function. Appl. Cogn. 

Psychol. 35, 935–947 (2021).
 64. Rafiey, H. et al. Are older people more vulnerable to long-term impacts of disasters?. Clin. Interv. Aging 11, 1791–1795 (2016).
 65. Tondo, G., Sarasso, B., Serra, P., Tesser, F. & Comi, C. The impact of the COVID-19 pandemic on the cognition of people with 

dementia. Int. J. Environ. Res. Public Health 18, 4285 (2021).
 66. Kouzuki, M., Furukawa, S., Mitani, K. & Urakami, K. Impact of the COVID-19 pandemic on cognitive function in Japanese 

community-dwelling older adults in a class for preventing cognitive decline. medRxiv https:// doi. org/ 10. 1101/ 2021. 02. 26. 21252 
497 (2021).

 67. Stern, Y. Cognitive reserve. Neuropsychologia https:// doi. org/ 10. 1016/j. neuro psych ologia. 2009. 03. 004 (2009).
 68. Valenzuela, M. & Sachdev, P. Can cognitive exercise prevent the onset of dementia? Systematic review of randomized clinical trials 

with longitudinal follow-up. Am. J. Geriatr. Psychiatry https:// doi. org/ 10. 1097/ JGP. 0b013 e3181 953b57 (2009).
 69. Ball, L. J. & Birge, S. J. Prevention of brain aging and dementia. Clin. Geriatr. Med. https:// doi. org/ 10. 1016/ S0749- 0690(02) 00027-7 

(2002).
 70. Verghese, J. et al. Leisure activities and the risk of dementia in the elderly. N. Engl. J. Med. 348, 2508–2516 (2003).
 71. Fratiglioni, L., Paillard-Borg, S. & Winblad, B. An active and socially integrated lifestyle in late life might protect against dementia. 

Lancet Neurol. 3, 343–353 (2004).
 72. Jun, E., Hsieh, G. & Reinecke, K. Types of motivation affect study selection, attention, and dropouts in online experiments. Proc. 

ACM Hum.-Comput. Interact. 1, 1–15 (2017).
 73. Tilvis, R. S. et al. Predictors of cognitive decline and mortality of aged people over a 10-year period. J. Gerontol. A 59, 268–274 

(2004).
 74. Evans, I. E. M. et al. Social isolation, cognitive reserve, and cognition in healthy older people. PLoS ONE 13, e0201008 (2018).
 75. O’Caoimh, R. et al. Psychosocial impact of COVID-19 nursing home restrictions on visitors of residents with cognitive impair-

ment: A cross-sectional study as part of the engaging remotely in care (ERiC) project. Front. Psychiatry 11, 1–9 (2020).
 76. Yang, K. & Victor, C. Age and loneliness in 25 European nations. Ageing Soc. 31, 1368–1388 (2011).
 77. Czypionka, T. et al. The benefits, costs and feasibility of a low incidence COVID-19 strategy. Lancet Reg. Health 13, 100294 (2022).
 78. Leiner, D. J. SoSci Survey (Version 3.1.06) [Computer Software]. https:// www. sosci survey. de. (2019).
 79. de Jong-Gierveld, J. & Kamphuls, F. The development of a Rasch-type loneliness scale. Appl. Psychol. Meas. 9, 289–299 (1985).
 80. De Jong-Gierveld, J. & Van Tilburg, T. G. Manual of the Loneliness Scale (VU University Amsterdam, 1999).
 81. Mohr, G. & Müller, A. Depressivität im nichtklinischen Kontext. Zusammenstellung Sozialwissenschaftlicher Items Skalen https:// 

doi. org/ 10. 6102/ zis79 (2014).
 82. Zimmermann, P., Messner, C., Poser, U. & Sedelmeier, P. Ein Fragebogen erlebter Defizite der Aufmerksamkeit (FEDA) [A question-

naire measuring self-experienced deficits of attention, in German] (Ger. Psychol. Inst. der Univ. Freiburg, 1991).
 83. Calabria, M. et al. Objective and subjective memory impairment in elderly adults: A revised version of the Everyday Memory 

Questionnaire. Aging Clin. Exp. Res. 23, 67–73 (2011).
 84. Burgess, P. W., Alderman, N., Evans, J., Emslie, H. & Wilson, B. A. The ecological validity of tests of executive function. J. Int. 

Neuropsychol. Soc. 4, 547–558 (1998).
 85. R Core Team. R: A Language and Environment for Statistical Computing (R Foundation for Statistical Computing, 2020).
 86. Bates, D., Mächler, M., Bolker, B. M. & Walker, S. C. Fitting linear mixed-effects models using lme4. J. Stat. Softw. https:// doi. org/ 

10. 18637/ jss. v067. i01 (2015).
 87. Kuznetsova, A., Brockhoff, P. B. & Christensen, R. H. B. lmerTest package: Tests in linear mixed effects models. J. Stat. Softw. https:// 

doi. org/ 10. 18637/ jss. v082. i13 (2017).
 88. Revelle, W. psych: Procedures for Personality and Psychological Research. https:// CRAN.R- proje ct. org/ packa ge= psych (2020).
 89. Wickham, H. ggplot2: Elegant Graphics for Data Analysis (Springer, 2016).
 90. Long, J. Interactions: Comprehensive, User-Friendly Toolkit for Probing Interactions. (2019).

Acknowledgements
We thank Camila Betker de Oliveira Smith, Christine Schneider, Jessie Reinhold and Laura Wodara for their 
support and assistance in conducting the study.

https://doi.org/10.1093/geront/gnab078
https://www.destatis.de/DE/Presse/Pressemitteilungen/2020/08/PD20_302_639.html
https://www.destatis.de/DE/Presse/Pressemitteilungen/2020/08/PD20_302_639.html
https://www.destatis.de/DE/Themen/Querschnitt/Jahrbuch/statistisches-jahrbuch-2019-dl.pdf?__blob=publicationFile
https://www.destatis.de/DE/Themen/Querschnitt/Jahrbuch/statistisches-jahrbuch-2019-dl.pdf?__blob=publicationFile
https://doi.org/10.1101/2021.02.26.21252497
https://doi.org/10.1101/2021.02.26.21252497
https://doi.org/10.1016/j.neuropsychologia.2009.03.004
https://doi.org/10.1097/JGP.0b013e3181953b57
https://doi.org/10.1016/S0749-0690(02)00027-7
https://www.soscisurvey.de
https://doi.org/10.6102/zis79
https://doi.org/10.6102/zis79
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.18637/jss.v082.i13
https://doi.org/10.18637/jss.v082.i13
https://CRAN.R-project.org/package=psych


16

Vol:.(1234567890)

Scientific Reports |         (2022) 12:8172  | https://doi.org/10.1038/s41598-022-11283-9

www.nature.com/scientificreports/

Author contributions
M.S. and I.M. developed the idea for this experiment, designed the tasks, collected and analyzed the data and 
drafted the article. I.M., M.S., P.M. and N.M. contributed to the discussion of content-related issues of the article.

Funding
Open Access funding enabled and organized by Projekt DEAL.

Competing interests 
The authors declare neither non-financial nor financial competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 022- 11283-9.

Correspondence and requests for materials should be addressed to I.M.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

https://doi.org/10.1038/s41598-022-11283-9
https://doi.org/10.1038/s41598-022-11283-9
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Age-related cognitive effects of the COVID-19 pandemic restrictions and associated mental health changes in Germans
	Results
	Description of the sample. 
	Affectedness by restrictions, depressiveness and loneliness. 
	Subjective cognition during COVID-19 restrictions in relation to age, affectedness, loneliness and depressiveness. 
	Objective cognitive performance during COVID-19 restrictions in relation to age, affectedness, loneliness and depressiveness. 
	Calculation. 
	Logic. 
	Memory. 
	Vision. 


	Discussion
	Affectedness by restrictions, loneliness and depressiveness. 
	Subjective cognition. 
	Objective Cognitive performance. 
	Limitations. 

	Conclusion
	Materials and methods
	Sample. 
	Procedure. 
	Online task material. 
	Cognitive tasks. 
	Online based questionnaire. 

	Data analyses. 

	References
	Acknowledgements


