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Abstract Over 70% of older adults report chronic or acute
pain, and pain threatens affective wellbeing. The strategies
older adults use to maintain affective wellbeing following
acute pain remain unknown. Specific strategies that can be
used to manage pain include recalling, recognizing, and
responding to positive stimuli and prioritizing close over
knowledgeable social partners. The study tested whether
older adults used positivity-enhancing strategies and
maintained affective wellbeing following acute pain better
than younger adults. Fifty older (ages 65-85) and 50
younger (ages 18-30) pain-free adults experienced a con-
trol and a pain condition and were given the chance to
employ positivity-enhancing strategies. Older and younger
adults similarly used positivity-enhancing strategies fol-
lowing pain. Younger adults demonstrated reduced pref-
erence for knowledgeable social partners after
experiencing pain. Pain-related affective changes were
similar between age groups. Older and younger adults may
cope with acute pain similarly, highlighting future direc-
tions for exploring age differences in pain coping.
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Introduction

Positive affect is associated with psychological wellbeing
and health in older adults (Diener & Chan, 2011; Pressman
& Cohen, 2005). Unfortunately, pain can decrease positive
affect and increase negative affect (e.g., Zautra et al,
2001). This is particularly relevant for older adults, as over
70% report experiencing chronic or acute pain within the
previous month (Thomas et al., 2004).

Older adults may be adept at maintaining affective
wellbeing (maximizing positive affect and minimizing
negative affect) in the face of pain. Older pain patients
report better quality of life, marital and social satisfaction,
mood, and less pain interference than younger pain patients
(Boggero et al., 2015; Cook, & Chastain, 2001; Rustgen
et al., 2004). Changes in pain appear unrelated to changes
in wellbeing in older adults (Phelan & Heidrich, 2007), and
older adults with “extreme” pain have similar life satis-
faction than those with “no” or “moderate” pain (Loh-
mann et al., 1998). Yet, little is known about how older
adults maintain affective wellbeing following acute pain,
whether they do so better than younger adults, or what
makes some older and younger adults better able to do so
than others. The current study aimed to answer these
questions.

One explanation for how older adults maintain affective
wellbeing comes from socioemotional selectivity theory
(SST). SST posits that as people age, they become
increasingly motivated to maximize positive affect (Car-
stensen et al., 1999). Older adults achieve this goal via a
positivity bias in attention and memory that enhances
positive emotions (Mather & Carstensen, 2005). They
recall, recognize, and respond to positive more than neg-
ative stimuli in their environments, and prioritize close
over novel but knowledgeable social contacts, providing
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affective over informational benefits (Fung et al., 2001;
Murphy & Isaacowitz, 2008). However, no research has
examined whether older adults use such positivity-en-
hancing strategies in acute pain control. Additionally, no
study has tested whether older adults use positivity-en-
hancing strategies differently than younger adults do to
maintain affective wellbeing following acute pain. The
current study tests whether younger and older adults differ
in their use of positivity-enhancing strategies to maintain
affective wellbeing following acute pain.

Additionally, executive functioning (EF) and vagal tone
may be important resources for managing pain. EFs are
interrelated cognitive abilities that allow people to plan and
modify their actions and have been previously linked to
adaptive pain coping, as they may allow people to shift
attention away from pain and toward activities that pro-
mote positive affect (e.g., Berryman et al., 2014; Boggero
et al., 2016; Solberg-Nes et al., 2009). Similarly, vagal
tone, as indexed by heart rate variability, is an index of
parasympathetic nervous system activity and may reflect
physiological inhibitory ability. Greater vagal tone has
been linked to lower depression and pain, highlighting its
importance as a resource for pain management (e.g. Koenig
et al., 2014). Thus, the study also tests whether EF or vagal
tone serve as resources for maintaining affective wellbeing
following acute pain independently of age.

It was hypothesized that:

Hypothesis 1 Relative to younger adults, older adults
would recall, recognize, and respond more quickly to
positive than negative pictures following acute pain, and
would demonstrate stronger preference for close versus
knowledgeable social partners following acute pain.

Hypothesis 2 Older adults would maintain positive affect
and minimize increases in negative affect following acute
pain better than younger adults.

Hypothesis 3 Older and younger adults with better EF
and vagal tone would use more positivity-enhancing
strategies following acute pain.

If confirmed, these hypotheses would suggest that older
adults use different strategies and resources to manage
acute pain than younger adults and do so more effectively.
They would help explain one potential mechanism for why
older adults demonstrate greater affective wellbeing than
younger adults despite experiencing pain more frequently
and intensely and can highlight strategies for future inter-
ventions aimed at maintaining affective wellbeing follow-
ing acute pain. Further, positive affect buffers against pain-
related declines in physical functioning and promotes
positive pain outcomes above and beyond negative affect
(Finan & Garland, 2015), making it a particularly impor-

tant target for investigations into successful acute pain
management.

Methods
Participants

With an alpha level set at .05 and an estimated effect size
of d = .48 (Connelly et al., 2007), an a-priori power anal-
ysis indicated that a total sample size of 48 per group
would yield power of .80 to detect the predicted effects
using a repeated measure design. Fifty older adults between
ages 65 and 85 were recruited from a research database
maintained by the University of Kentucky’s Sanders-
Brown Center on Aging. Fifty sex- and race-matched
younger adults aged 18-30 were recruited from introduc-
tory psychology students at the University of Kentucky.
Inclusion criteria included: (a) a score of 0-3 to the ques-
tion of “On a scale from 0 to 10, with 0 being no pain and
10 being the worse pain imaginable, what is your current
level of pain?”; (b) absence of disorders that would make
pain testing unsafe (e.g., seizure disorders, severe cardio-
vascular disorder); (c) absence of medications that would
significantly alter pain processing or vagal tone, such as
psychiatric medications or pain medication; (d) fluency in
English, and (e) normal or corrected-to-normal vision. Data
were collected between September 2014 and December
2015.

Design and procedures

Due to the effects of exercise, caffeine, and alcohol on
vagal tone and pain, participants were asked at the time of
scheduling to abstain from these activities for 4 h prior to
participation in the study. Adherence to these criteria were
confirmed upon arriving at the lab. Participants then pro-
vided informed consent.

Baseline ECG data were collected for 7 min using the
Type Il electrode configuration and a sampling rate of 1000
samples/second. During this baseline period, participants
provided demographic information, completed question-
naires assessing affect, and were introduced to the social
preference task (described below). Blood pressure was
taken three times using a blood pressure cuff on the non-
dominant arm (Omron Healthcare Inc, Bannockburn, IL).

Following the blood pressure measurement, participants
underwent a control condition in which they submerged
their hand in a 71.6 °F (room temperature) bath of circu-
lating water for 1 min. Every 20 s during and immediately
after hand submersion, participants rated pain intensity.
Participants were then shown a series of 8 positive, 16
neutral, and 8 negative International Affective Pic-
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ture System (IAPS) pictures in random order, at 2-s inter-
vals. Positive and negative pictures were matched on sal-
ience. Participants were instructed to attend to these
pictures “as if they were watching television” and were not
told they would have to memorize the pictures. Next,
participants performed a social preference task (described
below) which has been used for assessing social prefer-
ences in older adults (Segerstrom et al., 2016). They were
then told to rest for 10 min while they read magazines or
used their phones so that the experimenter could monitor
ECG; in reality, the rest period was implemented as a delay
period for the memory tasks which were to follow. The
magazines available to them were specifically selected not
to be arousing, and due to the nature of the lab space, few
participants were able to get reception on their phones.
Most participants did not attempt to look at their phones or
magazines and instead chose to sit quietly for the rest
period. After the rest period, the experimenter returned to
the room and instructed the participants to provide a brief
written description of all the pictures they were able to
remember (recall). They were then shown a set of pictures
containing half novel and half previously-seen pictures.
Participants were instructed to press the “a” key on the
computer keyboard if they thought the picture was novel,
or the “I” key if they thought it was previously seen
(recognition and response time). The methodology for the
recognition task (including the pictures) was based on that
used by Charles et al. (2003). After the recognition task,
participants provided ratings of positive and negative
affect.

Following the control condition tasks, participants
repeated the same procedures in the pain condition. In the
pain condition, participants were asked to place their hand
in a 39.2 °F bath of circulating ice water for 1 min—a
temperature which has previously been shown to elicit pain
in older adults (Edwards et al., 2003). Participants were
then shown a different set of positive, neutral, and negative
pictures following the pain induction task. These pictures
were administered in counterbalanced order such that half
of the participants were randomly assigned to see one set of
pictures first (i.e., following the control condition), and the
other half were randomly assigned to see that same set of
pictures second (i.e., following the pain condition). Fol-
lowing the picture presentation, participants again under-
went the social preference task, a rest period, and a picture
recall and recognition task as described above to test the
positivity-enhancing strategies they used following pain.
After the recognition task, participants again provided
ratings of positive and negative affect. The order of the
pain condition was not counterbalanced between partici-
pants (i.e., participants completed the control condition
first, and the pain condition second) so that carryover
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effects from the pain condition would not influence control
ratings.

Following these tasks, participants completed neu-
ropsychological tests of working memory, inhibition, and
task-switching, in counterbalanced order, as detailed
below. These tests were administered last to prevent pos-
sible frustration with the tests from influencing affect rat-
ings. After EF testing, participants were detached from the
ECG equipment, debriefed, and thanked for their partici-
pation. A flowchart of procedures is presented in Fig. 1. All
procedures were approved by the Institutional Review
Board at the university where the study was conducted
(IRB# 14-0398-P4S).

Materials
Demographics

Participants self-reported their age, sex, education level,
relationship status, height, weight, and ethnicity.

Affect

The Positive and Negative Affect Scale was used to assess
affect (Watson & Clark, 1999). Affect was measured at
three points in the study: during the baseline ECG, after the
control condition, and after the pain condition (see Fig. 1).
The means, standard deviations, and internal consistencies
at these three time points were M = 3.4, SD = .74, o. = .89;
M =33, SD=.86, oo=.93; and M =3.1, SD = .95,
o = .94 for positive affect. For negative affect, the values at
baseline, after the control condition, and after the pain
condition were M = 1.18, SD = .23, a=.74; M = 1.14,
SD=.19, « =.81; and M =1.14, SD = .22, o« = .86. To
assess pain-related changes in positive and negative affect,
the differences between the post-control condition and
post-pain condition values were taken. Variables were
coded so that negative scores reflected decreases in positive
affect but increases in negative affect. This scale has been
previously shown to be sensitive to pain-related changes in
affect (e.g., Zautra et al., 2001).

Pain intensity

Participants provided verbal pain intensity ratings every
20 s while their hand was submerged in the water using a
scale of “No Pain” (0) to “The Worst Pain You Can
Imagine” (10). If participants withdrew their hand from the
water prior to 20 s, they were asked to provide a pain
intensity rating at withdrawal so that pain intensity data
was available for all participants. The average of all
available ratings (up to 3) was computed so that data from
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Fig. 1 Graphical representation of study procedures. Note: Partici-
pants proceeded through the study in order, moving from left to right
across the solid black line. Specific tasks completed at each stage are
depicted by the boxes under the corresponding section. During the
60 s hand submersion tasks, participants provided pain intensity

those who withdrew before the minute was up (and
therefore had fewer ratings) could still be used. Reliability
of the ratings for the pain intensity scale in the control
condition was « = .94 and in the pain condition, o = .95.

Positivity-enhancing strategy: recall, recognition,
and response time

Recall refers to the ability of remembering previously-ex-
perienced stimuli; it requires self-directed processing and is
influenced by current goals and motivation (Charles et al.,
2003). It was operationalized as the number of correctly
identified pictures for each of the three valence categories
(positive, neutral, and negative) participants wrote down
following the rest period. Recognition refers to the ability
to accurately identify if a stimulus was previously experi-
enced after being presented with it again; it requires proper
encoding of the stimulus when it was originally encoun-
tered. Recognition was operationalized by calculating a C
score for each of the three picture valence categories. C is a
signal-detection-theory-based estimate of response bias,
where values of C above zero indicate a conservative bias
(Iess willing to judge an item as having been previously
seen) and values of C below zero indicate a liberal bias

1 |
Demographics, PANAS| |Soc. pref. PANAS||soc. pref.|  [PANAS|! Stroop |
B i e i i |
T ]
Blood pressure (x3) o
and food sort Debrleﬁng

ratings every 20 s that their hand was in the water. Dashed boxes
signify that tasks were counterbalanced between participants. HRV
heart rate variability, PANAS positive and negative affect schedule,
F Fahrenheit, Soc. pref. social preference, Recog. recognition

(more willing to judge as having been previously seen;
Macmillan, & Creelman, 1991). Response time is an index
of processing and/or psychomotor speed, and was opera-
tionalized as the average time in milliseconds participants
took to respond to each of the previously-seen pictures
within each valence category.

Positivity-enhancing strategy: social preference

Social preferences were assessed using the social prefer-
ence task from Lang and Carstensen (2002). Participants
were first oriented to the task by sorting cards by prefer-
ence on which 8 foods were printed. In the control and pain
conditions, participants were given a stack of 18 cards each
containing a potential social partner in different categories
ranging from close family and friends (“a member of your
immediate family”) to knowledgeable partners (“an author
of a book that you have read”). Participants sorted the
cards into piles representing how much they would like to
spend half an hour with that person, with leftmost piles
containing the people with whom they would most like to
spend time and rightmost piles containing the people with
whom they would least like to spend time. Based on pre-
vious cluster analysis conducted on a similar sample, two
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knowledgeable social partners (“author” and “poet”) and
three close social partners (“close friend,” “member of
your immediate family,” and “sibling”) were used for
analysis; these two categories were specifically selected
because they demonstrated consistent clustering across
older and younger adults across different experimental
conditions in previous data (Segerstrom et al., 2016).
Social preference for each partner was operationalized as
pile rank, standardized from O (most preferred pile) to 1
(least preferred pile) using the following equation: (pile
number—1)/(number of piles—1). For example, the values
assigned if there were four piles were 0 (most preferred),
1/3, 2/3, and 1 (least preferred).

EF

To assess task-switching, participants completed the Trail
Making Test Parts A and B (Reitan, 1958). The difference
in completion time between Parts A and B was used to
assess task-switching ability. To assess working memory,
Digit Span Forward, Backward, and Sequencing from the
Wechsler Adult Intelligence Scale (4th Edition) task was
used. A total score was computed by summing the correct
number of responses across Forward, Backward, and
Sequencing. To assess inhibition, the Stroop task was used
(West & Alain, 2000). Response times of correct responses
were measured in milliseconds using Inquisit. Inhibition
was operationalized as (response time incongruent—re-
sponse time congruent)/response time control * (— 1) so
that higher scores reflected better inhibition ability. An
error variable summing the number of errors for congruent,
incongruent, and control trials was also computed.

Vagal tone and blood pressure

The ECG was collected using a Biopac Systems (Goleta,
CA) EKG100B amplifier. The ECG was sampled contin-
uously and recorded using Biopac Acqknowledge software.
Mindware (Gahanna, OH) HRV software was used to
visually inspect and edit data in accordance with the
guidelines described by the Task Force of the European
Society of Cardiology (1996). Mindware HRV software
provides spectral analysis of the data, yielding log HF HRV
(.15-.4 Hz) as a measure of vagally mediated HRV. The
mean HF HRYV across the last 5 of the 7-min baseline
period comprised baseline HRV for each individual (data
from the first 2 min were discarded to allow acclimatiza-
tion to the testing environment). Following the baseline,
three separate blood pressure measurements using a blood
pressure cuff on participant’s non-dominant arm were
taken to calculate average diastolic blood pressure, systolic
blood pressure, and heart rate.
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Data analysis plan

Prior to analysis, all variables were checked for missing
data, outliers, and normality. Missing values were treated
using pairwise deletion. Outliers were identified using a
criterion of £ 4 SD from the mean. Next, descriptive
statistics and bivariate correlations were computed among
all variables. Student’s ¢ tests were used to compare
demographic differences between age groups and to con-
duct manipulation checks.

Hypothesis 1

To test for recall, recognition, and response time, three
separate age group (younger vs. older, between-person) X
condition (control vs. pain; within-person) X valence
(positive vs. neutral vs. negative; within-person) mixed
model ANOVAs were conducted.

To test for social preferences, multilevel models with
social partners at Level 1 and participants at Level 2 were
conducted in SAS version 9.4 using PROC MIXED with
standardized pile rank as the dependent variable. The
Kenward-Rogers correction was used to calculate degrees
of freedom due to the small sample size of the current
study. An unstructured covariance structure was used for
all models because it is particularly good at handling bal-
anced data, and because results from likelihood ratio tests
comparing it to compound symmetry and autoregressive
structures revealed that it was a significantly better fit for
the data.

Main effects of age group, pain condition, valence, and
their interactions were tested for all models. Main effects
models only included the main effect term without any
other variables in the model. Interaction models included
all main effect and interaction terms entered simultane-
ously. To control for multiple comparisons, the Holm-
Bonferroni method was used (Aickin, & Gensler, 1996).

Hypothesis 2

To test for pain-related changes in positive affect, an age
group (younger vs. older, between-person) X condition
(control vs. pain; within-person) mixed-factor ANOVA
was conducted. These same analyses were repeated for
negative affect.

Hypothesis 3

Main effects models with EF or HRV entered as the unitary
predictor of each of the four positivity-enhancing strategy
were computed using linear regression. Then, an EF/HRV
(between-person) X pain condition (control vs. pain;
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within-person) X valence (positive vs. neutral vs. negative;
within-person) interaction was independently tested for
each EF/HRYV variable with all lower-order main effect and
interaction terms included in the model. All models were
run with and without picture-set order, blood pressure, and
heart rate entered as a covariate. Inclusion of these vari-
ables did not substantively change results; thus, only
models without these covariates are reported.

Results
Missing data, outliers, and normality

There were no missing cases of positive or negative affect,
1 missing case for pain intensity (scale misuse), 2 missing
cases for recognition in the control condition (administra-
tion error), 12 missing cases for response times in the
control condition (administration error [n = 6] or > 4 SD
from the mean [n = 6]), 1 missing case for social prefer-
ence in the control condition (administration error), 1
missing case for Trails (administration error), 4 missing
cases for Digit Span (participant refusal), 8 missing cases
for the Stroop task (administration error), and 4 missing
cases for HRV (equipment malfunction). Missing values
were assumed to be missing at random, and due to the
small amount of missingness, it is unlikely that they
influenced results in any substantive way.

Nine people in the sample did not have siblings and as such
could not rate them on the social preference task. In those
cases, preference for close social partners was computed by
averaging across the remaining close social partners.

The Trails difference variable was significantly nega-
tively skewed. A square root transformation was conducted
to normalize the distribution; as such, models below use
the squared Trails difference. HRV was positively skewed.
To correct for this, a log transformation of the log HF
power was used. Subsequent analyses of HRV therefore
use the log of the logged HF power. All other variables
were normally distributed. No outliers were identified on
any variable.

Manipulation check

The average water temperature was 72.9 °F (SD = 4.43) in
the control condition and 42.2 °F (SD = 3.54) in the pain
condition. Forty-eight of 50 younger adults kept their hand
submerged for the entire minute in the pain condition.
Average length of hand submersion for the other two
younger adults was 24.95 s. Thirty-nine of 50 older adults
kept their hand submerged for the entire minute in the pain
condition. The average length of hand submersion for the
other eleven was 28.46 s.

Both younger and older adults reported the cold water as
more painful than the room temperature water (p < .001
for both younger and older adults). Older adults rated the
cold water as more painful than the younger adults (older:
M =562, SD=252; younger: M =446, SD = 2.26;
1(97) = 2.41, p = .018).

Descriptive statistics

Demographic characteristics of the sample by age group
are presented in Table 1. The sample was entirely Cau-
casian and 62% female. Older adults demonstrated signif-
icantly lower EF and HRV than younger adults.

Hypothesis 1: positivity-enhancing strategies
following pain

Recall

A main effect of condition revealed that participants recalled
more pictures following the control condition (M = 6.42,
SD = 2.65) than the pain condition (M = 4.71, SD = 2.65),
F(1,97) = 36.23, p < .001. There was a significant two-way
valence by age group interaction such that older adults
remembered significantly fewer negative (but not positive or
neutral) pictures than did younger adults (M, = 1.54,
Moung = 2.14, 1(98) = 3.18, p = .002, see Fig. 2). Contrary
to Hypothesis 1, there was not a significant three-way pain
condition by age group by valence interaction in predicting
recall, F(2, 194) = .55, p = .58. Results from the full model
are presented in Table 2 (Model 1).

Recognition

A main effect of age group revealed that younger adults
were significantly less willing to judge pictures as previ-
ously seen than older adults (C scores: Myoune = .22,
Mg = .03, F(1, 96) = 13.21, p < .001). A two-way pain
condition by valence interaction (F(2, 192) = 3.16,
p = .032) indicated that after the pain condition only, both
older and younger adults were marginally more willing to
judge negative pictures as having been previously seen
(#(97) = 1.79, p = .077), whereas no condition effects were
found for the neutral or positive pictures (p’s > .05; see
Table 2, Model 2). There was not a predicted three-way
pain condition by age group by valence interaction in
predicting recognition, F(2, 192) = 2.53, p = .083.

Response time

A main effect of age group revealed that both older and
younger adults were quicker to recognize pictures follow-
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Table 1 Demographic characteristics of the sample by age group

Younger adults (n = 50) Older adults (n = 50) t (df) or Xz p

Mean age (SD) 19.06 (1.81) 73.44 (4.73)
Observed age range 18-28 65-84
Relationship status 81.19 <.001

Single 96.0% 6.0%

Married/cohabitating 4.0% 62.0%

Divorced 0% 12.0%

Widowed 0% 20.0%
Mean BMI (SD) 23.59 (4.08) 18.36 (5.11) — 223 .97) .028
Mean years of education (SD) 12.51 (.77) 16.06 (2.57) — 9.26 (95) < .001
Trails A (SD) 24.33 (7.77) 34.08 (11.59) —4.93 (97) <.001
Trails B (SD) 53.14 (15.95 93.13 (46.22) — 5.77 97) < .001
Trails A-B (SD) — 28.81 (15.63) — 60.11 (40.29) 5.11 (96) < .001
Digit span total (SD) 26.64 (4.51) 24.00 (4.68) 2.81 (94) .006
Stroop inhibition (SD) — .22 (.18) — .14 (.23) — 1.86 (89) .067
Stroop error (SD) 2.79 (2.40) 2.54 (2.37) 49 (86) .62
Log HRV (SD) 2.80 (.36) 2.03 (.59) 7.82 (94) < .001

Pearson’s Chi Square test was used to compare relationship status between age groups. All other variables were compared using a ¢ test

Picture Recall by Age Group and Valence

2
1.5
1
0.5
0

Neutral
Picture Valence

Number of Pictures Recalled

Positive Negative

OYounger Adults ®Older Adults

Fig. 2 Graphical representation of age group by valence interaction
on picture recall

ing the pain condition than the control condition
(M = 1146.51 vs. 1231.33, respectively), F(1, 91) = 17.36,
p < .001 (see Table 2, Model 3). Contrary to the hypoth-
esis, there was not a predicted three-way pain condition by
age group by valence interaction in predicting response
time, F(2, 182) = .02, p = .98.

Social preferences

Participants preferred close versus knowledgeable social
partners (y = — .33, #(134) = — 8.88, p <.001; see
Table 3). There was a significant 3-way interaction
between social partner, pain condition, and age group
(y = — .15, 1(125) = — 2.45, p = .016). In contrast to the

Table 2 Effects of age group, pain condition, and picture valence on positivity-enhancing mechanism usage

Model 1: recall

Model 2: recognition Model 3: response time

F (df) p o FdD p o F D p "
Age group 1.53 (1, 97) 22 .02 13.21 (1, 96) <.001 .12 50.81 (1, 91) <.001 .36
Condition 36.23 (1, 97) <.001 .27 1.56 (1, 96) 22 .02 17.36 (1, 91) <.001 .16
Valence 3.93 (2, 194) 021 .04 6.56 (2, 192) .002 .06 2.13 (2, 182) 12 .02
Age group x condition 17 (1, 97) .68 .002 .35 (1, 96) .56 .004 1.73 (1, 91) .19 .02
Age Group x valence 4.60 (2, 194) 011 .04 1.27 (2, 192) 28 .01 3.88 (2, 182) 022 .04
Condition x valence .62 (2, 194) .54 .01 3.16 (2, 192) 032 .03 .62 (2, 182) 94 .001
Age group x condition X valence .55 (2, 194) .58 .01 2.53 (2, 192) .083 .03 .02 (2, 182) 98 .000

Age group: 0 = young, 1 = older; condition: 0 = control, I = pain. #° = partial eta squared
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Table 3 Three-way interaction of partner type, age group, and pain condition on social preference

Variable Effect Estimate SE Df V4
Intercept .58 .05 141 < .001
Partner type Close (ref = knowledge) — .54 .05 127 <.001
Age group Older (ref = younger) — .36 .07 141 < .001
Condition Control (ref = pain) — .14 .04 113 .001
Partner type * age group Close, older (ref = knowledge, younger) .36 .08 129 < .001
Partner type * condition Close, control (ref = knowledge, pain) .14 .04 125 .003
Age group * condition Older, Control (ref = younger, pain) 15 .06 113 .012
Partner type * age group * condition Close, Older, Control (ref = knowledge, younger, pain) — .15 .06 125 .016

control condition, after the pain condition, younger adults
demonstrated lesser preference for knowledgeable social
partners than older adults (see Fig. 3).

Hypothesis 2: changes in affect following pain
Positive affect

Older adults reported more positive affect (M = 3.56,
SD = .90) than younger adults (M =2.84, SD =.72,
1(98) = 4.47, p < .001). Positive affect was significantly
lower after the pain condition (M = 3.11, SD = .95) than
after the control condition (M = 3.28, SD = .86), F(1,
99) = 17.77, p < .001. However, there was not a predicted
age group by pain condition interaction (F(1, 98) = .79,
p = .38), suggesting that positive affect change after
experiencing pain did not significantly differ between age
groups.

Negative affect

Older adults (M = 1.12, SD =.16) and younger adults
(M = 1.16, SD = .21) did not differ in levels of negative
affect, #(98) = 1.20, p = .23. There was no main effect of
pain condition on negative affect (F(1, 95) = .06, p = .81),
nor was the predicted age group by pain condition inter-
action statistically significant (F(1, 95) = .14, p = .71).

Hypothesis 3: the influence of EF and vagal tone

There were no significant hypothesized three-way interac-
tions between either EF or vagal tone, pain condition, and
valence on recall, recognition, or response times.
Tables with complete results of these analyses are available
by request to the first author.

However, there was a three-way interaction of task-
switching performance by pain condition by partner type
on social preference. After the control condition, better
task-switching performance was associated with greater
preference for knowledgeable social partners, whereas after

Younger Adults

0.5 -

0.3

Social Preference

0.1 7

Control Pain

Close

= == Knowledgeable

Older Adults

0.5 7
0.4
0.3

0.2

Social Preference

0.1

Control Pain

Close = == Knowledgeable

Fig. 3 Graphical representation of 3-way interaction of age group,
partner type, and pain condition in predicting social preference
(higher = less preferred)

the pain condition, better task-switching performance was
associated with reduced preference for knowledgeable
social partners (y = .00001, #(120) = 2.07, p = .041, see
Fig. 4).

Similarly, there was a three-way interaction of vagal
tone by pain condition by partner type on social preference,
y = .12, #(119) = 2.33, p = .022. Specifically, after the pain

@ Springer



942

J Behav Med (2019) 42:934-946

Control

0.5
S 04
= - e
= I
£ 03
£
= 0.2
Q
@ 0.1

0

Worse Task Switching Better Task Switching
(-1 SD) (+1 SD)
Close = = Knowledgeable
Pain

0.5
8 04 -
= - -
=
<L 03
=4
=™
= 0.2
Q
A 0.1

Worse Task Switching
(-1 SD)

Close

Better Task Switching
(+1 SD)

= = Knowledgeable

Fig. 4 Interaction of task-switching, pain condition, and partner type
on social preference (higher = less preferred)

condition, vagal tone more strongly predicted reduced
preference for knowledgeable social partners compared
with the control condition (see Fig. 5).

Discussion

On one hand, older adults more frequently experience and
report pain than younger adults (Thomas et al., 2004). On
the other hand, they report higher positive affect than
younger adults, possibly guided by increased motivation
for affective wellbeing as proposed by SST (Carstensen
et al., 1999). Do older adults maintain affective wellbeing
following acute pain better than younger adults, and if so,
how?

The first aim of the study was to examine use of four
positivity-enhancing strategies between older and younger
adults following acute pain. It was hypothesized that older
adults would recall, recognize, and respond more quickly
to positive than negative pictures following acute pain and
prefer closer versus knowledgeable social partners; in
addition, older adults would do it to a greater extent than
younger adults. The first strategy was recall for positive
pictures—a strategy that older adults are known to use for
emotion regulation purposes (e.g., Sims et al., 2015).
Contrary to the hypothesis, people recalled fewer pictures
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of all valences following pain. This is consistent with lit-
erature showing that pain demands attention and disrupts
executive functioning (Bushnell et al., 2013). Because
participants were shown the pictures immediately follow-
ing the pain task, it is also possible that performance on the
recall task reflected problems with encoding rather than
recall.

In partial support for the hypothesis, positive pictures
were better recalled than neutral or negative pictures, but
this was not specific to older adults. Older adults did,
however, recall fewer negative pictures than younger adults
(Fig. 2), consistent with previous work showing that neg-
ative pictures are more easily forgotten by older than
younger adults (Charles et al., 2003). The fact that there
were no age differences in changes in negative affect fol-
lowing pain contribute to a wide yet ambiguous body of
literature examining age differences in emotional reactiv-
ity. Some studies find that older adults are more emotion-
ally reactive than younger adults (e.g., Rocke et al., 2009),
whereas other studies find that they are less emotionally
reactive (Kliegel et al., 2007; Kunzmann and Griihn, 2005;
Smith et al., 2005) or equally as emotionally reactive as
younger adults (Charles et al., 2009; Labouvie-Vief et al.,
2003; Stawski et al., 2008). Our results are more in line
with the latter set of findings, although emotional reactivity
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in older adults may be context-specific and may depend
more on individual differences in perceptions of stress than
on objective situational factors (Stawski et al., 2008).
Given that participants always had the choice to withdraw
their hand from the water, it is possible that the pain task
was not as stressful as naturally-occuring pain and may not
have elicited significant negative emotional reactivity from
younger or older adults. Whether the lack of increase in
negative affect following pain was due to differences in
emotional reactivity or to perceptions of stress represents
an important area for future inquiry.

A second positivity-enhancing strategy that older adults
were expected to use more than younger adults following
pain was recognition of positive stimuli. Instead, we found
that both older and younger adults were marginally more
willing to judge negative pictures as previously seen fol-
lowing acute pain. It may be that pain signals threat and
primes people to attend to negative or threatening stimuli.
Pain patients selectively attend toward painful faces rela-
tive to neutral ones in the dot-probe task (Khatibi et al.,
2009). Chronic musculoskeletal pain and headache popu-
lations, among others, show similar attentional bias toward
negative stimuli (Baum et al., 2013; Fashler & Katz, 2016;
Schoth & Liossi, 2010). The attentional bias was corrob-
orated by the fact that older and younger adults were
quicker to respond to negative pictures following pain. This
is the first study that demonstrates negativity bias following
acute pain in healthy older and younger adults. These
results suggest that pain instead of pain chronicity causes
attentional shift, but this interpretation is speculative and
should be tested in future research.

Despite these main effects and two-way interactions, the
hypothesized three-way interactions between age group,
pain condition, and picture valence were not found for
either recall, recognition, or response times, suggesting that
older and younger adults may be using similar strategies to
maintain affective wellbeing following pain.

The second aim of the study was to investigate changes
in affect following acute pain in older and younger adults.
It was hypothesized that older adults would maintain pos-
itive affect and minimize increases in negative affect fol-
lowing acute pain better than younger adults. Older adults
reported higher levels of positive affect and similar levels
of negative affect than younger adults, consistent with
previous findings and SST (Sims et al., 2015). There were
no significant pain condition by age group interactions on
pain-related changes in affect. As expected, positive affect
was higher after the control than after the pain condition,
but unexpectedly, there were no differences in negative
affect change between the control and the pain conditions.
Because affect was measured after the rest period and
positivity tasks, it could be that the lack of pain-related
changes in affect were due to affect having already

returned to baseline by the time it was measured. Because
the study population was relatively pain-free, the strategies
employed by this population may be different than those
employed by older adults with chronic pain. Results from
this study suggest that one difference is that pain-free older
adults tend to cope with pain by attempting to avoid it
altogether, as 39/50 older adults kept their hand submerged
for the entire minute in the pain condition compared to
48/50 of the younger adults. Avoiding pain is not always a
viable strategy, especially in chronic pain, but to the extent
that it is possible, it may be that older adults attempt to
prevent pain rather than cope with its aftereffect. This
interpretation is consistent with hedonic theories of well-
being where the goal is to maximize pleasure and avoid
pain (for a review, see Ryan & Deci, 2001), and with
theories of aging that propose that older adults will avoid
negative affect because of the costs associated with
returning to homeostasis following sustained emotional
arousal (Charles, 2010). Nevertheless, a direct test of these
theories within the context of older adults and pain coping
remains to be confirmed with future research.

Even though older and younger adults did not differ in
their abilities to maintain affective wellbeing following
pain, older adults reported more intense pain and worse
mean levels of EF than younger adults. SST would posit
that motivational differences account for these effects:
older adults may have been more motivated to maintain
positive affect, thereby obtaining the same outcome as
younger adults despite having fewer cognitive resources.
Alternatively, it may be that older adults are motivated to
minimize increases in negative affect instead of increases
in positive affect- a possibility that fits nicely with extant
literature showing negative stimuli are more easily for-
gotten in older than younger adults (Charles et al., 2003).
Another possibility is that older adults may have used
additional unmeasured resources or different cognitive
strategies like distraction, reappraisal, and reframing to
cope with pain. A fourth possibility is that older adults
have more expertise than younger adults in emotion regu-
lation, and that this experience extends to having more
effective strategies for managing pain. These possibilities
pave the way for future research into how older adults
manage pain-related affect.

With regard to the third aim that older and younger
adults with better EF and vagal tone would use more
positivity-enhancing strategies following acute pain, there
was mixed support for EF or vagal tone serving as
resources for maintaining affective wellbeing following
acute pain. Despite not influencing recall, recognition, or
response time as predicted, there were significant EF and
vagal tone effects for social preference. Although younger
and older adults both demonstrated strong preferences for
close social partners across conditions, younger adults
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preferred knowledgeable social partners less following
pain, whereas older adults’ preferences toward knowl-
edgeable social partners did not change. It is unclear if
maintaining interest in knowledgeable social partners fol-
lowing pain is adaptive or maladaptive. On one hand, older
adults may be motivated to establish, learn from, and
maintain social connections, and acute pain may not dis-
suade them from these goals. On the other, it may be a sign
of resource misallocation. Under conditions of pain,
spending time with a knowledgeable social partner proba-
bly does not provide as many affective benefits as spending
time with a close social partner. Those older and younger
adults with better task-switching performance and vagal
tone demonstrated reduced preference for knowledgeable
social partners following pain, suggesting they may have
been prioritizing positive affect or emotional support over
obtaining information or other types of social connections.
One possibility is that task switching or vagal tone serve as
resources that allow people to implement strategies that
will help cope with pain more generally- a possibility that
remains to be confirmed with future research. Another
possibility is that better EF and HRV are the results of
older adults successfully implementing positivity-enhanc-
ing strategies over extended periods of time, and that the
relationship between EF/HRV and positive pain outcomes
are bidirectional and reinforce one another. Whether these
patterns extend to actual patterns of social network uti-
lization represent another important extension to these
findings.

The current study informs the pain and aging literature
in several ways. Older adults have been found to maintain
affective wellbeing following chronic pain (Boggero et al.,
2016; Cook, & Chastain, 2001; Lohmann et al., 1998;
Phelan & Heidrich, 2007; Rustgen et al., 2004), and the
results from this study add to that literature by showing that
they also successfully maintain affective wellbeing fol-
lowing acute pain; moreover, the strategies and resources
(HRV, EF) that allow for successfully coping with pain
appear consistent across the lifespan. One exception is that
results from this study suggest older adults may be more
prone than younger adults to avoid acute pain when they
can—a finding that fits nicely with recent literature show-
ing that older adults may be more sensitive to certain kinds
of pain than their younger counterparts (El Tumi et al.,
2017). Furthermore, literature in older adults with chronic
pain is finding discrete subgroups based on psychological
functioning and pain intensity (Larsson et al., 2017).
Similarly, psychological variables may also differentiate
subgroups of how older adults maintain affective wellbeing
following acute pain, and this possibility remains to be
explored in future research.

The study is not without limitations. First, a laboratory
pain task was used to induce pain. Pain in the lab is dif-
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ferent than pain in the real world. In the real world, the
duration, threat value, and uncontrollability of pain may be
greater, making it harder to manage (Crombez et al., 1998;
Salomons et al., 2004). Another limitation is that partici-
pants always underwent the control condition prior to the
pain condition. This was done to ensure that the pain
condition did not contaminate the control measurements,
but it eliminated the possibility of making conclusive
statements about order effects. Affect in the current study
was measured with the PANAS, which assesses high-
arousal positive and negative affect in the present moment.
However, an emerging body of literature is finding that
maintaining low-arousal positive affect (i.e., calm, pleased)
over the course of days to weeks is particularly important
to health outcomes (see Steptoe et al., 2009 for a review).
Future work should examine how trait levels and vari-
ability in low-arousal affect influence pain coping. Another
major limitation is that previous experience with pain was
not assessed, and as such, well-established relationships
between pain self-efficacy and outcomes could not be
examined (Skidmore et al., 2015). Finally, the sample was
not ethnically diverse. Given racial differences in pain
outcomes, results cannot generalize to other populations
(Edwards et al., 2001). Results also cannot generalize to
chronic pain populations.

Despite these limitations, the study also has consider-
able strengths. The sex- and race- matching of older and
younger adults eliminated the possibility of potential gen-
der or race effects in the age group comparisons. The
inclusion of multiple strategies, EFs, and affective out-
comes allowed for a thorough examination of psychologi-
cal responses to acute pain in healthy older and younger
adults. The repeated-measures design allowed for partici-
pants to serve as their own controls. Finally, stringent
inclusion criteria and a laboratory setting provided high
internal validity for the study. Maintaining affective well-
being is an important health goal for many older adults, and
learning how older adults do it effectively following pain
has the potential to elucidate strategies that promote heal-
thy aging.
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