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In preregistered secondary data analyses, we compared the predictive utility of trait affect and average
daily affect for predicting three health outcomes across nine years (N = 1,376). Trait positive and negative
affect were assessed using a 25-item dispositional questionnaire. Average daily affect was assessed as the
mean of eight daily diary reports of the same items. Trait affect and average daily affect both had medium
associations with self-reported general health and chronic health conditions. Moreover, both types of
affect predicted mortality when adjusting for baseline health and demographics. Effect sizes were com-
parable for trait compared to daily affect. These findings demonstrate convergent predictive validity of
trait and daily affect measures.

� 2020 Elsevier Inc. All rights reserved.
1. Introduction

High positive affect and low negative affect are robust predic-
tors of better physical health and greater longevity (Boehm,
2018; Chida & Steptoe, 2008; Cross, Hofschneider, Grimm, &
Pressman, 2018). The majority of evidence for associations
between affect and long-term health outcomes has come from
one-time trait affect questionnaires. These trait questionnaires
assess how one feels in general or how one has felt over a period
of weeks or months. In contrast, daily diary measures of affect have
more commonly been used to predict short-term health outcomes
such as daily symptoms (e.g., Charles & Almeida, 2006). Yet, daily
measures of affect can be averaged across multiple days to produce
a reliable sampling of experienced affect which may also be asso-
ciated with long-term health outcomes. The present research
directly compared the predictive utility of trait affect measures
to that of average daily affect measures for predicting physical
health outcomes across a nine-year period.

Previous research has found that average daily affect is moder-
ately to highly correlated with trait affect (Diener, Smith, & Fujita,
1995; Watson & Clark, 1999). The majority of these correlations
ranged from 0.50 to 0.70, suggesting that trait and daily affect
are highly related but not redundant constructs. Moreover, trait
and daily affect reports rely on distinct memory processes and
knowledge sources (Robinson & Clore, 2002a, 2002b). Given that
trait and state affect are partially overlapping and partially distinct
constructs, it is an open question whether trait and daily affect are
similarly predictive of health outcomes. Although a large body of
literature has demonstrated associations between affect, physical
health, and mortality (Chida & Steptoe, 2008; Zhang & Han,
2016), the majority of these studies assessed trait affect, whereas
only a small number assessed average daily affect (e.g.,
Carstensen et al., 2011, Steptoe & Wardle, 2011). Steptoe and
Wardle (2011) averaged ecological momentary assessments
(EMA) over a single day and found that average positive affect,
but not average negative affect, was associated with reduced mor-
tality. Carstensen et al. (2011) averaged across three one-week
measurement bursts and found that individuals who experienced
more positive affect relative to negative affect in daily life had
lower mortality risk. A complementary body of research on affec-
tive reactivity to daily stressors has also revealed associations
between daily affect and long-term health outcomes (e.g., Leger,
Charles, & Almeida, 2018; Mroczek et al., 2015; Piazza, Charles,
Sliwinski, Mogle, & Almeida, 2013). Together, these findings
demonstrate that averaging over multiple EMA or diary measures
of affect can produce a measure of affect experience that is associ-
ated with long-term health outcomes such as survival. However,
the body of research supporting these associations is relatively
smaller than the literature on trait affect. Furthermore, we know
little about the relative predictive utility of these average daily
affect measures compared to trait affect.
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We had competing predictions regarding the relative predictive
utility of the two types of affect. On the one hand, trait affect may
be more predictive of long-term health outcomes. Given trait mea-
sures assess how one generally feels over long periods of time, trait
affect may be a better predictor of health outcomes which also
unfold over long periods of time (Cross et al., 2018). On the other
hand, average daily affect may be more closely tied to experienced
affect and thus more predictive of health outcomes (Boehm, 2018).
Daily affect ratings are relatively less subject to retrospection
biases and do not require respondents to engage in the same com-
plex mental averaging as trait measures. Moreover, average daily
affect ratings are computed from multiple measurement occasions
and thus may be more reliable than single timepoint trait mea-
sures. At the same time, multiple measurements of affect likely
are characterized by greater amounts of fluctuation, which would
reduce the zero-order correlations among daily assessments of
affect, meaning they would be less reliable from a classical reliabil-
ity standpoint.
1.1. The present research

The present research used publicly available data from the Mid-
life in the United States (MIDUS) to examine trait and average daily
affect as predictors of self-reported general health, number of
chronic health conditions, and mortality across a nine-year period.
The MIDUS provided a unique opportunity to directly compare
trait and average daily affect because MIDUS 2 contains identical
affect items at the trait and daily levels. Previous research using
MIDUS data has found associations between trait affect at one or
more timepoints and the three health outcomes examined here
(e.g., Assari & Lankarani, 2016). We are not aware of any studies
using MIDUS data that have reported the simple associations
between average daily affect and any of the three health outcomes,
nor any research that has directly compared trait affect to average
daily affect. A complete list of publications using MIDUS data is

available at http://midus.wisc.edu/findings/index.php.
We preregistered the analytic plan and two competing

hypotheses1. Hypothesis A asserts that trait affect will be more
strongly linked with health outcomes compared to average daily
affect. Hypothesis A is supported by the idea that trait affect (relative
to average daily affect) is a better indicator of general affect experi-
ences over long periods of time and thus is more likely to influence
health processes which unfold over long periods of time. Hypothesis
B asserts that average daily affect will be more strongly linked with
health outcomes compared to trait affect. Hypothesis B is supported
by the ideas that average daily affect (relative to state affect) does
not rely as heavily on fallible retrospection over long periods of time
and is derived from more measurement occasions and thus may be
more reliable. It is also plausible that neither Hypothesis A or
Hypothesis B will be supported and that trait and daily affect will
be similarly predictive of health outcomes, given strong correlations
between the two types of measures (e.g., Diener et al., 1995).
2. Method

2.1. Participants and longitudinal study design

The MIDUS includes a large representative sample of partici-
pants from the United States assessed during midlife (age 24–74
at study entry). The MIDUS uses a longitudinal panel design in
1 This paper reports preregistered secondary data analyses. The preregistered
analytic plan and R code needed to carry out all analyses can be found at osf.io/wtdmj.
Data can be downloaded at the Inter-university Consortium for Political and Social
Research (ICPSR). Links to the specific datasets can be found in the public R code.
which participants complete comprehensive questionnaires about
their well-being and health roughly every nine years. In the pre-
sent study, we used affect data from MIDUS 2 (Ryff et al., 2004)
(collected in 2004-06) to predict health outcomes in MIDUS 3
(Ryff et al., 2013) (2013–15) and mortality through 2018. MIDUS
2 was selected as the baseline measurement occasion because it
was the first timepoint at which the full set of positive affect items
were assessed in the daily diaries. Participants who had trait and
daily affect data in MIDUS 2 were included in the mortality analy-
ses (N = 1,761) participants with affect data and data for at least
one health outcome were included in the self-reported general
health and chronic health conditions analyses (N = 1,376).

Because the present study involved secondary analyses of exist-
ing data, the sample size was predetermined. Sensitivity power
analyses showed that we had 90% power to detect small effects
on self-reported general health and chronic health conditions as
well as small differences in effect sizes between trait and average
daily affect for these two outcomes. For mortality, power analyses
showed we had 90% power to detect a difference in mortality risk
of 45% for an individual 2 standard deviations below the mean on a
given affect variable compared to an individual 2 standard devia-
tions above the mean on that same affect variable.
2.2. Measures

2.2.1. Trait affect
Trait affect was assessed in MIDUS 2. Participants were asked to

rate howmuch of the time during the past 30 days they felt each of
11 positive affect items (enthusiastic, attentive, proud, active, con-
fident, in good spirits, cheerful, extremely happy, calm and peace-
ful, satisfied, and full of life) and 14 negative affect items (restless
or fidgety, nervous, worthless, so sad nothing could cheer you up,
everything was an effort, hopeless, lonely, afraid, jittery, irritable,
ashamed, upset, angry, frustrated)2. Response options ranged from
1 (All of the time) to 5 (None of the time). Responses were reverse
scored such that higher values reflected greater experienced affect.
Mean scores were computed across the affect items for positive
and negative affect respectively. Reliability coefficients for trait pos-
itive and negative affect were as follows: Omega Hierarchical: 0.84,
0.79; Cronbach’s Alpha: 0.94, 0.92.
2.2.2. Average daily affect
Average daily affect was assessed in MIDUS 2. In eight consec-

utive daily diaries, participants were asked to rate the extent to
which they felt the same 11 positive affect items and 14 negative
affect items described above. Response options ranged from 0
(None of the time) to 4 (All of the time). Mean scores were com-
puted each day across the affect items for positive and negative
affect respectively. Then, mean scores across the eight diaries were
computed for positive and negative affect respectively. Reliability
coefficients for daily positive and negative affect were as follows:
Omega Hierarchical: 0.85, 0.67; Cronbach’s Alpha: 0.94, 0.86.
2.2.3. General self-reported health
General self-reported health was assessed in MIDUS 3. Partici-

pants were asked ‘‘Using a scale from 0 to 10 where 0 means ‘the
worst possible health’ and 10 means ‘the best possible health,’
how would you rate your health these days?” In MIDUS 3, the
mean response was 7.38 (SD = 1.58; skewness = -1.04,
kurtosis = 4.46).
2 Results remained the same when using only the 8 negative affect items and 7
positive affect items included in the Positive and Negative Affect Schedule-Expanded
Form (PANAS-X; Watson & Clark, 1999), a more common measure of affect.
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2.2.4. Chronic health conditions
Number of chronic health conditions was assessed in MIDUS 3.

Participants were asked to report which chronic health conditions
they experienced in the past 12 months from a set of 30 common
conditions. In MIDUS 3, the mean number of chronic health condi-
tions was 3.26 (range 0–20; SD = 3.11; skewness = 1.51,
kurtosis = 6.04).
2.2.5. Mortality
Participants were submitted to the National Death Index

through October 2018. Mortality status (deceased or alive) and
date of death were obtained. Survival time was calculated by sub-
tracting the baseline interview month and year from the month
and year of death. Fourteen percent of the sample died during
the follow-up period (MIDUS 2 through October 2018).
2.3. Analytic strategy

All analyses were conducted in R version 3.6.1 and R Studio ver-
sion 1.2.1335. We used the following R packages: pwr (Champely,
2018), powerSurvEpi (Qiu, Chavarro, Lazarus, Rosne, & Ma, 2018),
psych (Revelle, 2019), survival (Therneau, 2015), pscl (Jackman,
2020; Zeileis, Kleiber, & Jackman, 2008), and MASS (Venables &
Ripley, 2002).

To predict self-reported general health and chronic health con-
ditions, we used a separate linear regression model for each affect
measure. In addition, we conducted sensitivity analyses to address
the non-normal distributions of these dependent variables. In
these sensitivity analyses, we used zero-inflated Poisson regression
to predict number of chronic health conditions (a count variable)
and ordinal regression to predict self-reported general health (a
single Likert item). To predict mortality risk, we used a separate
Cox regression model for each affect measure. Mortality risk was
modeled as a function of mortality status (deceased or alive) and
survival time (in months since MIDUS 2). Survival time was
right-censored for participants who were still living in October
2018. We examined associations among the scaled Schoenfeld
residuals and time to test the proportional hazard assumption. In
a second set of sensitivity analyses, we repeated all models adjust-
ing for baseline health, age, gender, and education.

To compare the effects of trait affect measures to those of aver-
age daily affect measures, we preregistered that we would examine
whether or not the 95% confidence intervals (CIs) overlapped. For
the linear regression models, we also directly tested whether the
trait effects differed from average daily effects using the paired.r
() function in the psych() package in R. This latter test was not
included in preregistered analysis plan. However, we decided to
include it because it takes into consideration the correlation
between the two affect variables, whereas simply comparing the
CIs does not.
Table 1
Intercorrelations among study variables.

Trait PA Daily PA

Trait PA –
Daily PA 0.61 –
Trait NA �0.66 �0.45
Daily NA �0.37 �0.50
General Health 0.29 0.24
Chronic Conditions �0.27 �0.22

Note. PA = positive affect. NA = negative affect.
3. Results

R code to reproduce all results is available at osf.io/wtdmj. Data
are publicly available online at the Inter-university Consortium for
Political and Social Research. Intercorrelations among study vari-
ables are shown in Table 1.

3.1. Self-reported general health

Higher trait positive affect (b = 0.29, 95% CI = [0.24, 0.34]) and
higher average daily positive affect (b = 0.24, 95% CI = [0.19,
0.29]) were associated with better self-reported general health
nine years later. Both positive affect measures had medium associ-
ations with self-reported general health (Funder & Ozer, 2019) and
the 95% CIs overlapped. However, statistical comparison of the two
effects suggested that the effect of trait positive affect was slightly
larger than the effect of average daily positive affect (t = 2.33,
p = .02). Higher trait negative affect (b = �0.23, 95% CI = [�0.28,
�0.18]) and higher average daily negative affect (b = �0.17, 95%
CI = [�0.22, �0.11]) were associated with worse self-reported gen-
eral health nine years later. Both negative affect measures had
medium associations with self-reported general health (Funder &
Ozer, 2019) and the 95% CIs overlapped. However, statistical com-
parison of the two effects suggested that the effect of trait negative
affect was slightly larger than the effect of average daily negative
affect (t = 2.75, p = .01).

In sensitivity analyses using ordinal regression, trait and daily
affect were comparably predictive of self-reported general health
(i.e., the 95% CIs overlapped with one another and did not contain
zero) (Supplementary Table 1). In a second set of sensitivity anal-
yses adjusting for baseline self-reported general health and demo-
graphics, the effect sizes for both types of affect were somewhat
smaller (0.09 > |b| < 0.14), but results were largely similar for trait
compared to daily affect in both linear (Supplementary Table 2)
and ordinal regressions (Supplementary Table 1) (95% CIs
overlapped).

3.2. Number of chronic health conditions

Higher trait positive affect (b = �0.27, 95% CI = [�0.32, �0.22])
and higher average daily positive affect (b = �0.22, 95% CI = [�0.27,
�0.16]) were associated with fewer chronic health conditions nine
years later. Both positive affect measures had medium associations
with chronic health conditions (Funder & Ozer, 2019) and the 95%
CIs overlapped. However, statistical comparison of the two effects
suggested that the effect of trait positive affect was slightly larger
than the effect of average daily positive affect (t = 2.41, p = .01).
Higher trait negative affect (b = 0.29, 95% CI = [0.23, 0.34]) and
higher average daily negative affect (b = 0.21, 95% CI = [0.16,
0.27]) were associated with more chronic health conditions nine
years later. Both negative affect measures had medium associa-
tions with chronic health conditions (Funder & Ozer, 2019) and
the 95% CIs overlapped. However, statistical comparison of the
two effects suggested that the effect of trait negative affect was
Trait NA Daily NA General Health

–
0.50 –
�0.23 �0.16 –
0.29 0.21 �0.42
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slightly larger than the effect of average daily negative affect
(t = 2.82, p < .01).

In sensitivity analyses using zero-inflated Poisson regression,
trait and daily positive affect both predicted fewer chronic health
conditions. The 95% CIs around the incident risk ratio (IRR) for
the Poisson model and the 95% CIs around the odds ratio (OR) for
the zero inflation model overlapped. Higher trait and daily nega-
tive affect predicted more chronic health conditions in the zero-
inflated Poisson regressions. The 95% CIs around the OR over-
lapped; However, the 95% CIs around the IRR did not overlap, sug-
gesting that daily negative affect was somewhat more predictive of
the number of chronic health conditions (Supplementary Table 3).
In a second set of sensitivity analyses adjusting for baseline chronic
health conditions and demographics, the effect sizes for both types
of affect were somewhat smaller (0.10 > |b| < 0.13), but results
were largely similar for trait compared to daily affect in both linear
(Supplementary Table 4) and zero-inflated Poisson regressions
(Supplementary Table 3) (95% CIs overlapped).
3.3. All-cause mortality

The associations between the scaled Schoenfeld residuals and
time were statistically non-significant in all models (ps > 0.05),
indicating that the proportional hazard assumption was not vio-
lated. None of the four affect measures were associated with mor-
tality risk in primary analyses: Trait positive affect (hazards
ratio = 0.98, 95% CI = [0.87, 1.10]); Average daily positive affect
(hazards ratio = 0.94, 95% CI = [0.83, 1.06]); Trait negative affect
(hazards ratio = 1.03, 95% CI = [0.91, 1.16]); Daily average negative
affect (hazards ratio = 1.11, 95% CI = [0.99, 1.23]).

In sensitivity analyses adjusting for baseline self-reported gen-
eral health, baseline chronic health conditions, and demographics,
three of the four affect variables were significant predictors of mor-
tality: Trait positive affect (hazards ratio = 0.92, 95% CI = [0.80,
1.06]); Average daily positive affect (hazards ratio = 0.87, 95%
CI = [0.76, 0.99]); Trait negative affect (hazards ratio = 1.17, 95%
CI = [1.01, 1.36]); Daily average negative affect (hazards ratio = 1.23,
95% CI = [1.09, 1.40]). Although trait positive affect was not a sig-
nificant predictor of mortality, the 95% CI overlapped with the
95% CI for daily positive affect, as did the 95% CIs for trait and daily
negative affect.
4. Discussion

In preregistered secondary data analyses, we compared the pre-
dictive utility of trait affect to that of average daily affect for pre-
dicting self-reported general health, number of chronic health
conditions, and mortality over a nine-year period. Trait affect and
average daily affect both had medium associations with self-
reported general health and number of chronic health conditions.
When adjusting for covariates (but not in unadjusted models),
daily positive affect and trait and daily negative affect were also
associated with mortality risk. The 95% confidence intervals over-
lapped for all associations. Taken together, these findings suggest
that trait affect and average daily affect are comparably predictive
of physical health outcomes.

Previous research on the relationships between affect and
health have mainly used trait measures of affect (e.g., PANAS;
Watson & Clark, 1999). Coupled with previous findings, the present
results suggest that when averaged across multiple observations,
state (Carstensen et al., 2011; Steptoe & Wardle, 2011) and daily
(the present study) measures of affect are also predictive of long-
term health outcomes. This is consistent with previous research
demonstrating strong correlations between trait and daily affect
and convergence of both types of affect with informant reports
(Diener et al., 1995). Importantly, these findings do not suggest sin-
gle observations of state or daily affect would be associated with
health outcomes. Single instances of affect experience are likely
not powerful enough to influence long-term health outcomes.

A key limitation of the present study is that average daily affect
was computed from eight daily diaries. A larger number of mea-
surement occasions may improve the predictive utility of average
daily affect. Moreover, the use of experience sampling relative to
daily diaries should further reduce retrospection bias and thus
may improve predictive utility. Finally, because the present study
was conducted in U.S. adults, results may not generalize in other
cultures where the association between affect and health may dif-
fer (e.g., Kitayama & Park, 2017).

In conclusion, the present study found that trait and average
daily measures of positive and negative affect were both predictive
of health outcomes nine years later. Trait affect had slightly larger
effect sizes compared to average daily affect in some models, but
the differences were small. These findings provide initial evidence
that both types of affect measures are suitable for predicting long-
term health outcomes. This is important, given that researchers
may need to choose between trait and average daily affect mea-
sures based on other tradeoffs unrelated to predictive utility. For
example, trait affect measures are easier to administer whereas
daily measures of affect may be subject to less retrospection biases.
These results also provide convergent validity evidence suggesting
that associations between trait affect and health outcomes are dri-
ven by actual experienced affect, rather than potential biases asso-
ciated with one-time dispositional questionnaires.
5. Author Note

The first author ECW conceptualized the idea for the present
study, carried out analyses, and wrote the first draft of the manu-
script. The second and third authors EKG and DKM provided sub-
stantive input on the preregistration and data analytic strategy,
and contributed to manuscript revisions. Correspondence regard-
ing this article should be directed to E.C. Willroth at emily.will
roth@northwestern.edu. The MIDUS has been supported by the
John D. and Catherine T. MacArthur Foundation Research Network,
and the National Institute on Aging (P01-AG020166; U19-
AG051426). This work was also supported by three National Insti-
tute on Aging grants awarded to D.K. Mroczek (R01-AG018436,
R01-AG067622, R01-AG064006).
Appendix A. Supplementary material

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jrp.2020.103966.
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