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Abstract
Objectives:  This study systematically evaluates age and race differences in mental health symptoms as they unfold 
microlongitudinally during the coronavirus disease 2019 (COVID-19) pandemic with a focus on within-person reactivity 
to forecasting and experiencing COVID-19 stress.
Method:  A daily diary approach was used to examine predictors of daily anxiety and depressive symptoms among 526 
adults (White [54%] and Black American [46%]) aged 21–79. A total of 3,605 online diaries were collected for 21 consec-
utive days between October and November, 2020. In addition to mental health symptoms, participants reported forecasted 
(next 24 h) stress as well as experienced (past 24 h) stress related to COVID-19.
Results:  Patterns of reactivity to forecasted and experienced COVID-19 stress depended on age and race. White older adults 
displayed greater reactivity to COVID-19-related stress than White younger adults, but the effects of COVID-19-related 
stress were consistently detrimental for the daily anxiety of Black Americans, regardless of age. For Black Americans, age was 
less negatively associated with depressive symptoms than for White Americans. Increases in experienced COVID-19 stress 
were also more strongly associated with increases in depressive symptoms for Black Americans relative to White participants.
Discussion:  This study moves beyond cross-sectional, descriptive work within the context of the COVID-19 pandemic and 
emphasizes the dynamic nature of within-person reactivity patterns that differ by age and race. Although White older adults 
experienced an increase in daily anxiety when forecasting COVID-19 stress, the co-occurring pandemic of systemic racism 
may be more powerful than age-related vulnerabilities for Black adults.

Keywords:   Anxiety, COVID-19, Depressive symptoms, Reactivity, Stress
  

Coronavirus disease 2019 (COVID-19) has had a signifi-
cant negative impact on the health and well-being of the 
U.S. population. Systemic and daily changes to individuals’ 
lives have notably impacted the mental health of the pop-
ulation, particularly increasing mental health symptoma-
tology (Ettman et al., 2020; Salari et al., 2020). Although 
this pandemic has population-wide ramifications, certain 
groups may be disproportionately negatively affected , such 

as older adults and Black Americans (Garcia et al., 2020; 
Taylor, 2020). Understanding age and race differences in 
stress reactivity during the pandemic has potential to pro-
vide insights that will be helpful for both clinicians and 
public health officials.

The impact of experienced stress on mental health 
is well known (e.g., LeMoult, 2020; Miura et  al., 2008). 
However, the pandemic involves both existing and emerging 
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stressors, so it is important to examine the temporal space 
before stressors occur in addition to the reactions to ex-
perienced stressors. We focus on both the experience and 
forecasting of pandemic-specific stress and its impact on 
daily mental health symptomatology. Stressor forecasting 
involves predicting whether a stressor will occur within an 
upcoming defined period of time (Neubauer et al., 2018; 
Neupert et  al., 2019). The extant literature on stressor 
forecasting is mixed on age or race differences in mental 
health outcomes, but we draw on the anticipatory stress 
framework (Neupert et  al., 2019) that highlights the im-
portance of individual as well as contextual differences 
to understand forecasted and experienced stressors for 
daily well-being. Neupert and Bellingtier (2019) found 
age differences in daily forecasting and subsequent emo-
tional response, where younger adults benefited more 
from forecasting a home-related stressor than older adults. 
Understanding the effects of stressor forecasting as it re-
lates to daily well-being across the life span is an impor-
tant avenue of inquiry both for general understanding of 
the mental health symptom development as well as specific 
understanding of the impacts of an ongoing global pan-
demic. The dynamic nature of the pandemic (e.g., increases 
in cases, updated health recommendations) has been asso-
ciated with fluctuating mental health and well-being over 
time. In the current study, we leverage a daily diary design 
over a 3-week period to capture dynamic fluctuations in 
COVID-19 stress and mental health and evaluate age and 
race differences in within-person reactivity to forecasting 
and experiencing daily COVID-19 stress. The daily diary 
framework, combined with the measurement of both ex-
perienced and forecasted stress, allows us to move beyond 
cross-sectional individual differences and focus on near 
real-time anticipation and effects of stress from a within-
person perspective.

COVID-19 poses higher health risk to older adults 
(Nikolich-Zugich et al., 2020), resulting in higher rates of 
death and disability than younger and middle-aged adults 
(Sharma, 2020). The Strength and Vulnerability Integration 
(SAVI; Charles, 2010) model suggests that while older 
adults may be more psychologically resistant to short-term 
stressors, they may actually be more psychologically vulner-
able to the effects of long-term stressor exposure. However, 
research during the pandemic has found that older adults 
may be faring better than younger adults (Klaiber et  al., 
2021; Pearman et al., 2021), suggesting that older adults 
may indeed be benefiting from enhanced emotion regula-
tion during this time. Younger adults appear to be more 
susceptible to mental health consequences of the pandemic 
(e.g., Varma et al., 2021) with factors such as lack of sleep, 
lower levels of resilience, previous mental health issues, and 
loneliness acting as mediators in this relationship. However, 
given that age advantages for older adults in emotion reg-
ulation tend to be smaller over short timescales (Charles 
et  al., 2016), it is important to take a microlongitudinal 
approach to see if (a) COVID-19-related stress affects 

people of different ages disparately on a daily basis and (b) 
whether the anticipation of COVID-19-related stress can 
affect daily mental well-being.

In addition to age, systemic inequities as well as other 
longstanding social, environmental, and economic dis-
parities have put specific racial groups at greater risk of 
both contracting and dying from COVID-19 (Garcia et al., 
2020; Kupferschmidt & Cohen, 2020). In particular, lim-
ited access to health care and having essential occupations 
that increase exposure have excessively burdened many 
Black Americans during the pandemic (Centers for Disease 
Control and Prevention, 2020). Additionally, the social 
zeitgeist of racial justice and recognition of racial dispar-
ities may increase the anticipation of prejudice and discrim-
ination, leading to psychological and physiological stress 
responses among minorities (Pascoe & Smart Richman, 
2009), thus making them more vulnerable to amplified 
psychological distress (Cobb et  al., 2021; Kujawa et  al., 
2020) during this time. For instance, Rudenstine and col-
leagues (2020) showed that a greater frequency of exposure 
to COVID-19 stressors was associated with elevated levels 
of anxiety and depressive symptoms in Black Americans. 
Whether the effect of these disparities also varies by age is 
unknown but represents an important question.

Current Study
Using a sample of White and Black American adults ran-
ging in age from 21 to 79, we move beyond descriptive 
work and examine the within-person effects of forecasted 
daily stress (next 24 h) as well as experienced daily stress 
(past 24 h) due to the pandemic on daily anxiety and de-
pressive symptoms. We hypothesized that both experien-
cing and forecasting daily stress related to COVID-19 
would be directly related to increases in that day’s anxiety 
and depressive symptoms (i.e., mental health reactivity), 
with these effects being more severe for younger (Brose 
et al., 2020; Pearman et al., 2020) and Black participants 
(Ibrahimi et al., 2020; Sneed et al., 2020). Because there are 
no published studies about daily or cross-sectional stressor 
forecasting specifically in Black American samples, we 
examined the synergistic effects of age and race on mental 
health reactivity to forecasted and experienced COVID-19 
stress without making explicit predictions.

Method

Participants

Individuals were recruited online using two platforms: 
Qualtrics Panels and Amazon Mechanical Turk (MTurk). 
Participants had to identify as “Black or African American” 
or “White,” live in the United States, and be 21 years or 
older with no diagnosis of dementia. Informed consent was 
provided electronically. The final sample included 526 par-
ticipants (60% female and 40% male), including 243 Black 
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and 283 White individuals. Participant ages ranged from 
21 to 79 years (M = 45.52, SD = 15.45). Regarding cur-
rent household income, 32% of the sample had an income 
of $25,000 or less, 55% had an income between $25,000 
and $100,000, and 13% had an income of $100,000 or 
more. Regarding employment status, the most common 
category was working full-time (45%), 15% of the sample 
was retired, and 10% was unemployed or laid off. The 
study was approved by the Georgia Institute of Technology 
Institutional Review Board.

Materials

Daily anxiety
On a scale ranging from 1 (not at all) to 4 (very much 
so), participants answered 12 items from the State–Trait 
Anxiety Inventory (Spielberger, 1989) about how anxious 
they felt over the past 24 h (within-person reliability = .83).

Daily depressive symptoms
On a scale from 0 (rarely or none of the time) to 3 (all 
the time), participants responded to the 10-item Center for 
Epidemiologic Studies—Depression scale (Radloff, 1977) 
about how depressed they felt within the past 24 h (within-
person reliability = .66).

Forecasting daily COVID-19 stress
On a 5-point scale from 1 (not at all likely) to 5 (extremely 
likely), participants responded to the question “How likely 
is it that you will experience stress related to COVID-19 
within the next 24 hours?”

Experiencing daily COVID-19 stress
Participants responded to the question, “How much stress 
have you experienced in the past 24 hours due to the 
COVID-19 outbreak?” on a scale ranging from 1 (none at 
all) to 5 (extreme).

Perceived risk of developing COVID-19
Individual differences in perceived risk of developing 
COVID-19 were collected in the first diary and used as a 
between-person covariate. On a 5-point scale from 1 (very 
low) to 5 (very high), participants responded to the ques-
tion, “What do you think is the risk of you developing 
COVID-19?”

Procedure

Survey data were collected online using Qualtrics. 
Individuals from the Qualtrics Panel and MTurk completed 
up to 21 daily diaries between October 29 and November 
18, 2020. Participants were compensated $5 for completing 
the first diary, which took approximately 25 min. The re-
maining daily diaries each took approximately 15  min 
to complete and participants were compensated $2 per 
diary. To encourage consistent participation throughout 

the 21-day study, a bonus payment of $5 was awarded for 
completing 19 diaries. The total number of collected diaries 
was 3,605. Depending on the number of completed diaries, 
participants could have been compensated up to $51 for 
participating in the study.

Results
Descriptive statistics can be found in Table 1. The sampling 
platform (Qualtrics Panels and MTurk) was included in all 
analyses to account for differences between the two sam-
ples. Compared to the MTurk sample, the Qualtrics sample 
was older, had fewer years of education, was disproportion-
ately female, and had a greater number of Black Americans.

Results from fully unconditional models revealed that 
there was significant variance within and between persons 
in both outcomes (anxiety: 28% within person and 72% 
between person; depressive symptoms: 21% within person 
and 79% between person). Separate multilevel models 
were conducted for anxiety (Models 1 and 2) and depres-
sive symptoms (Models 3 and 4) with the same predictors 
across both outcomes (Table 2). Daily (Level 1) predictors 
included the forecast (Models 1 and 3) or the experience 
(Models 2 and 4) of COVID-19 stress, with each Level 1 
slope indexing within-person reactivity to forecasted or 
experienced COVID-19 stress. Person-level (Level 2) pre-
dictors included covariates (sample: MTurk or Qualtrics, 
perceived risk of contracting COVID-19, gender, years 
of education), age, and race. Our question regarding age 
and race differences in reactivity was addressed through a 
three-way cross-level interaction (Stress × Age × Race) in 
each model that also included the two-way interactions.

Daily Anxiety

Results from Model 1, testing for age and race differences 
in reactivity to forecasted stressors, revealed that older 
adults reported less anxiety than younger adults with no 
main effect of forecasting. There was also a significant Age 
× Forecasting interaction where increases in forecasting 
were more strongly associated with increases in anxiety for 
older (b = 0.11, SE = 0.02, p < .0001) relative to younger 
(b = 0.10, SE = 0.02, p < .0001) adults based on separate 
models for younger and older adults (median split at 44). 
In addition, these separate models indicated heteroge-
neity within the age groups with significant interindividual 
differences in reactivity slopes for younger (τ 11 = 0.01, 
SE = 0.004, p = .006) and older (τ 11 = 0.014, SE = 0.004, 
p = .0006) participants.

Model 2 tested for age and race differences in expe-
rienced daily COVID-19 stress on daily anxiety, and al-
though there was no main effect of stress, the effects of 
COVID-19 stress did differ by age and race, and the three-
way interaction of Age × Race × COVID-19 stress was sig-
nificant (see Figure 1). Specifically, older White participants 
were more reactive than younger White participants, but 
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the reactivity slopes for younger and older Black American 
participants were parallel but significantly steeper than 
those of White participants. The results also suggest het-
erogeneity within racial groups, as there were significant 
interindividual differences in reactivity slopes for White 
(τ 11 = 0.03, SE = 0.01, p < .0001) and Black participants 
(τ 11 = 0.03, SE = 0.01, p = .005).

Daily Depressive Symptoms

Results from Model 3, testing for age and race differences in 
reactivity to forecasted stressors, revealed that older adults 
reported fewer depressive symptoms than younger adults 
and that Black American adults reported fewer depressive 
symptoms than White adults. Although the three-way inter-
action of Age × Forecast × Race was not significant, the Age 
× Race and Forecast × Race interactions were significant. 
Separate models conducted for White and Black American 
participants revealed that age was negatively associated 
with depressive symptoms (b = −0.17, SE = 0.03, p < .0001) 
and increases in forecasting were associated with increases 
in depressive symptoms (b = 0.65, SE = 0.12, p < .0001) for 
White adults, but there was significant heterogeneity in this 
reactivity slope within White adults (τ 11 = 0.57, SE = 0.22, 
p = .004). For Black Americans, age was less negatively as-
sociated with depressive symptoms (b = −0.11, SE = 0.03,  
p < .0001) but increases in forecasting were more strongly 
associated with increases in depressive symptoms (b = 1.16, 
SE  =  0.21, p < .0001) compared to White adults. There 
was also evidence of heterogeneity in this reactivity process 
within Black Americans (τ 11 = 1.37, SE = 0.68, p = .022).

Model 4 tested for age and race differences in reactivity to 
experienced stress, and in addition to the Age × Race interac-
tion, there were age differences in reactivity as well as race dif-
ferences in reactivity to experienced daily COVID-19 stress, 
but the three-way interaction was not significant. Increases in 
daily COVID-19 stress were associated with weaker increases 
in depressive symptoms for younger (b = 0.98, SE = 0.16, p 
< .0001) relative to older adults (b = 1.19, SE = 0.20, p < 
.0001) based on separate models for younger and older 
adults (median split at 44). There was evidence of heteroge-
neity within the younger (τ 11 = 0.60, SE = 0.35, p = .042) and 
older (τ 11 = 1.50, SE = 0.57, p =  .004) adults in reactivity. 
Increases in COVID-19 stress were more strongly associated 
with increases in depressive symptoms for Black participants 
(b = 1.31, SE = 0.21, p < .0001) relative to White participants 
(b = 0.90, SE = 0.15, p < .0001). Although there was evidence 
of heterogeneity in reactivity within the White participants 
(τ 11  = 1.07, SE  = 0.37, p  =  .002), there was no significant 
variance around the reactivity slope for Black American par-
ticipants (τ 11 = 0.73, SE = 0.55, p = .095).

Discussion
This study was designed to move beyond cross-sectional 
descriptive work and investigate age and race differences Ta
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Figure 1.  Coronavirus disease 2019 (COVID-19) stress × Age × Race 
cross-level interaction predicting daily anxiety. Low and high COVID-19 
stress were operationalized as 1 SD below and above the mean, respec-
tively. The lines for younger and older adults represent 1 SD below and 
above the mean age, respectively. Separate models conducted for Black 
American or White participants on daily reports of anxiety symptoms 
revealed that there were age differences in reactivity to COVID-19 stress 
for White participants (b = 0.003, SE = 0.001, p =  .001), but not Black 
American participants (b = −0.0003, SE = 0.001, p = .846). The reactivity 
slopes for the Black American participants were significantly steeper 
than for the White Americans, suggesting that experiencing stress re-
lated to COVID-19 was consistently worse for anxiety symptomatology 
in Black American participants regardless of age.
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in daily dynamics of mental health during the COVID-19 
pandemic with particular emphasis on forecasted and expe-
rienced COVID-19 stress. Younger adults were significantly 

more likely to rate themselves as anxious or depressed 
than older adults, which is consistent with previous work 
showing that older adults are reporting better overall mental 
health than younger adults during the pandemic (Barber & 
Kim, 2021). In line with the strength concept from the SAVI 
model, older adults appear to have the benefits of psycholog-
ical strength and emotion regulation as an overall response 
to the pandemic (Charles, 2010). However, when looking 
at dynamic associations on a daily basis, forecasting higher 
COVID-19 stress was associated with increases in anxiety 
symptoms for older adults compared to younger adults. 
There are challenges unique to this pandemic that will 
not have previously been experienced in people’s lifetimes 
and therefore may not benefit from age-related emotional 
learning. This, coupled with the increased risk of death 
from COVID-19 in older adults, is possibly creating this 
anticipatory anxiety response to COVID-19-related stress 
forecasting. Interestingly, the age-related strengths in emo-
tion regulation associated with the SAVI model only held 
true for White older adults. For Black adults, experiencing 
COVID-19 stress was linked to increased anxiety regardless 
of age, and the reactivity for Black Americans was consist-
ently stronger than that of White adults of all ages. This 
suggests that the co-occurrence of a racially imbalanced 
pandemic threat (Vasquez Reyes, 2020) coupled with ex-
isting systemic inequity may be more powerful than age-
related strengths or vulnerabilities for Black adults’ anxiety.

At the mean level, Black Americans and White parti-
cipants did not differ on levels of anxious or depressive 

Table 2.  Unstandardized Estimates (Standard Errors) From Multilevel Models With Forecasting and Experiencing COVID-19 
Stress Predicting Daily Anxiety and Daily Depressive Symptoms

Variables

Model 1 Model 2 Model 3 Model 4

Anxiety Anxiety Depressive symptoms Depressive symptoms

Intercept 2.47 (0.20)*** 2.47 (0.20)*** 13.48 (1.85)*** 13.06 (1.79)***
Sample 0.23 (0.08)** 0.19 (0.08)* 3.92 (0.75)*** 3.63 (0.74)***
COVID-19 risk 0.09 (0.02)** 0.09 (0.02)*** 0.99 (0.21)*** 1.00 (0.21)***
Gender 0.13 (0.06)* 0.15 (0.05)** 1.11 (0.53)* 1.23 (0.52)*
Education −0.01 (0.01) −0.00 (0.01) −0.07 (0.07) −0.06 (0.64)
Race −0.51 (0.27) −0.78 (0.26)** −9.04 (2.47)** −8.82 (2.37)**
Age −0.02 (0.00)*** −0.02 (0.00)*** −0.21 (0.03)*** −0.21 (0.03)***
Forecasting COVID-19 stress −0.01 (0.04)  −0.06 (0.34)  
Age × Race 0.00 (0.01) 0.01 (0.01) 0.13 (0.05)* 0.12 (0.05)*
Age × COVID-19 forecasting 0.002 (0.001)*  0.01 (0.01)  
Race × COVID-19 forecasting 0.07 (0.07)  1.23 (0.62)*  
Age × Race × COVID-19 forecasting −0.00 (0.00)  −0.02 (0.01)  
Experiencing COVID-19 stress  −0.04 (0.05)  −0.10 (0.40)
Age × Experiencing COVID-19 stress  0.003 (0.001)**  0.02 (0.01)*
Race × Experiencing COVID-19 stress  0.22 (0.08)**  1.50 (0.69)*
Age × Race × Experiencing COVID-19 stress  −0.004 (0.001)*  −0.03 (0.02)
R2 between 24% 25% 26% 29%
R2 within 5% 7% 6% 7%

Notes: Gender is coded as male = 0 and female = 1; race is coded as White = 0 and Black or African American = 1; sample is coded as MTurk = 0 and Qualtrics = 1. 
COVID-19 = coronavirus disease 2019. Unstandardized estimates and standard errors rounded to three decimal places are necessary to show the statistical signif-
icance of the p values.
*p < .05. **p < .01. ***p < .001.

Figure 1.  Coronavirus disease 2019 (COVID-19) stress × Age × Race 
cross-level interaction predicting daily anxiety. Low and high COVID-19 
stress were operationalized as 1 SD below and above the mean, respec-
tively. The lines for younger and older adults represent 1 SD below and 
above the mean age, respectively. Separate models conducted for Black 
American or White participants on daily reports of anxiety symptoms 
revealed that there were age differences in reactivity to COVID-19 stress 
for White participants (b = 0.003, SE = 0.001, p =  .001), but not Black 
American participants (b = −0.0003, SE = 0.001, p = .846). The reactivity 
slopes for the Black American participants were significantly steeper 
than for the White Americans, suggesting that experiencing stress re-
lated to COVID-19 was consistently worse for anxiety symptomatology 
in Black American participants regardless of age.
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symptomatology. However, we found that higher levels of 
experienced daily COVID-19 stress were more uniformly 
associated with increases in mental health symptoma-
tology for Black Americans compared to White adults 
across all ages. That is, the negative impact of experiencing 
COVID-19 stress on depressive symptoms was consistent 
within the Black sample (i.e., lack of statistical variability 
around reactivity slope), regardless of age. This reactivity 
pattern suggests that the experience of COVID-19 stress 
may be contributing to the higher depressive burden of the 
pandemic for Black Americans not only overall (Kujawa 
et al., 2020) but also on a daily basis. This is an impor-
tant finding that further confirms the added burden of the 
pandemic on Black Americans’ mental health. To reduce 
these mental health disparities, culturally competent inter-
ventions that target individuals at disproportionate risk 
of negative mental health outcomes are needed (Novacek 
et al., 2020).

Limitations and Future Directions

Two sampling platforms (Qualtrics Panels and MTurk) 
were used to ensure enough participants were in each racial 
group, but the Qualtrics sample was older and had more 
Black Americans than the MTurk sample. Additionally, 
the single-item measures of COVID-19-related stress were 
general in nature and did not probe the content or con-
text of the stressors. Participants did not report the type of 
stressors they experienced or forecasted, or the everyday 
life domains (e.g., work, interpersonal relationships) im-
pacted by the stressors, which could be fruitful to pursue 
in future work. It is possible that the observed patterns of 
stronger reactivity may be associated with lower starting 
values of anxiety and depressive symptoms. However, in 
all models except for Black Americans’ depressive symp-
toms in response to experienced COVID-19 stress, we find 
evidence of variance around the slopes, suggesting that 
there are individual differences in patterns of reactivity that 
may not be tied to a statistical artifact. Finally, measures 
of mental health in this report are indicators of endorsed 
symptoms, not actual diagnoses or help-seeking. Our find-
ings lay the groundwork for future studies and work fo-
cused on outreach, especially to Black Americans across the 
adult life span in terms of managing burden and preventing 
mental health crises.

Conclusions
Although older adults reported better mental health than 
younger adults overall, the anticipation of COVID-19 stress 
was associated with a larger increase in anxiety symptom-
atology, particularly in White older adults. We also docu-
ment daily mental health outcome disparities among Black 
Americans and White adults that are related to both fore-
casts and experiences of COVID-19-related stress. This is 
particularly important because the developmental processes 
that were previously identified with respect to forecasting 

(e.g., Neupert et  al., 2019) were developed based on pri-
marily White samples. A continued public policy focus on 
addressing systemic racism and the implications therein is 
clearly of import, particularly because of the protracted na-
ture of the pandemic and the ongoing stressors related to it, 
such as employment challenges, health care disparities, and 
vaccine inequities.
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