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Abstract
Objective—To identify, in community dwelling elders, the determinants of sustained pain
improvement or worsening.

Design—A longitudinal study with two baseline and 11 monthly follow-up interviews was
conducted. Pain was assessed monthly using the Parmelee adaptation of the McGill Pain
Inventory.

Subjects—Subjects included 109 Caucasian and 132 African American, Philadelphia residing
Medicare recipients (65–74 years of age).

Outcome Measures—To identify sustained pain change (≥2 months), the data for each subject
were reconfigured to yield 10 overlapping 3-month data segments. Each segment was classified as
improved or worsened pain. Other variables included: the Geriatric Depression Scale (GDS), self-
rated health (SRH), physical functioning, and number of improved or worsened medical
conditions.

Results—Pain experienced (over 3-month periods) was typically stable. Sustained improved pain
was more likely than worsened pain. Odds ratios obtained through Generalized Estimation
Equation analyses showed that a 1-point increase in GDS scores increased the odds of worsened
pain by 1.18 (1.11–1.30). Fair/poor SRH, being female, and having medical conditions worsen
increased the odds of worsened pain by 4.04 (2.12–7.70), 1.63 (1.11–2.38), and 2.12 (1.42–3.16),
respectively. Observed, statistically significant associations between these variables, except
gender, and improved pain were in the opposite direction.

Conclusions—With a 1-month time lag between predictor variable assessment and follow-up
pain measures, the study supports temporal associations between depressive symptoms and SRH
and subsequent pain change. Clinicians providing care to community dwelling elders are advised
to evaluate and attend to both the depressive symptoms and SRH of their patients.
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Introduction
Prevalence rates of pain experienced by older, independently living community dwelling
individuals range between 20–80% depending on the specific population studied and the
way in which pain was defined and measured [1–12]. Despite the high prevalence of pain,
the negative impact of pain on a person’s psychosocial and social well-being and ability to
live independently, [2,4,8,12] there have been surprisingly few longitudinal studies of
independently living elders recruited from the community that permit an adequate
investigation of the epidemiology (etiology, incidence, and natural course) of chronic pain.
Moreover, in most relevant studies, questions on pain appear to be part of a larger health
status assessment and the published findings represent the secondary analyses of study data
collected for another purpose [3,4,7–12]. Though limited, the available evidence indicates
that prevalence rates in groups over age 60 change little with advancing age [5–7], but
incidence of activity limiting pain increases with advancing age [7]. For example, in a 3-
year longitudinal study of community dwelling residents in Staffordshire England, Thomas
et al. [7] observed incident life-interfering pain in 12.8% of individuals 60–69 years of age
compared to 28% in those 80+ years of age. Pain experienced by older individuals appears
remarkably stable over extended time periods [4,8–10]. Mossey and Gallagher [4] observed
that 36% of a sample of independently living continuing care retirement community
residents reported persistent activity limiting pain over a 2-year period, while an additional
27.8% reported persistent nonlimiting pain. These findings are consistent with those
reported by Elliot et al. [9] and Geerlings et al. [10] who investigated the course of chronic
pain in community dwelling samples over 4- and 3-year periods, respectively.

Studies have indicated that depression [3,4,9,10], the presence of medical conditions [2–
4,13], and gender [4,14–16] can impact the experience and the course of pain. While the
association of pain and depression in older individuals is well documented (see Bair et al.
[17] for a recent review of this literature), the temporal relationships between the two are not
as clear. Physiological similarities between depression and pain provide evidence that
temporal associations could develop in either direction [18,19]. Findings from several recent
longitudinal studies support the reciprocal nature of the pain–depression relationship
[10,11]. Females are more likely to report pain, and when reported, pain is more likely to be
chronic and to be of greater severity than that reported by males [14–16]. Although there is
considerable evidence of racial disparities in the adequacy of pain assessment and in access
to effective pain treatment programs [20–24], few relevant community based studies have
included the elderly from racial minority groups. In studies of samples drawn from residents
in the United States that included Hispanic and non-Hispanic Black and White older
individuals, no racial/cultural effect has been observed for the prevalence of severe or
activity limiting pain once socio-economic and medical factors have been controlled
[8,25,26].

The ability to draw firm conclusions regarding risk factors, particularly for pain worsening
or improvement, however, is limited. There is no uniformity in the operational definitions of
pain presence, intensity, activity interference, or chronicity. For example, Thomas et al. [7]
define “chronic pain” in terms of the response to a single question, while Mossey and
Gallagher [4] define “chronic pain” in terms of the presence of activity limiting pain in 3, 4,
or 5 of the five pain assessments obtained consecutively over a 24-month period in their
longitudinal study. In addition, the intervals between pain assessments have ranged from
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several months in some studies [4,10] to many years in others [9]. Even the shortest intervals
of 5 or 6 months are prohibitively long to pinpoint the occurrence of incident changes in
pain levels. Thus, timely evaluations of temporal associations between potential predictor
variables and such changes have not been possible.

The need to develop further understanding of the risk factors and determinants of pain
improvement or worsening, especially when it is sustained and/or activity limiting, and to
better understand the natural course of pain experienced by elders who reside independently
in community settings is compelling. In his comments on the International Association for
the Study of Pain (IASP) decision to treat 2007 as the year to focus on “Pain in Older
Persons,” Gibson has suggested such individuals may be thought of as the “forgotten
majority” (p. 628) [27]. As noted above, this is particularly true for racially diverse elderly
populations. The expected large increase in the number of individuals who will continue to
reside in the community beyond their 7th decade highlights the urgent need to untangle the
epidemiology of pain in this “majority” group.

The study reported here uses longitudinal data obtained at 12, 1-month intervals to address
one aspect of the epidemiological puzzle. The presence of repeated pain reports has
permitted identification of episodes of sustained worsened and improved pain over short
intervals (3 months). With additional data obtained at the same time on medical status and
physical, emotional, and social functioning, it has been possible to identify proximately
measured predictors of sustained worsened and improved episodes of pain. Based on the
aforementioned research findings, the following primary hypotheses were evaluated: Higher
depressive symptom levels, fair or poor self-rated health (SRH), and female gender predict
subsequent worsened pain that is sustained for at least 2 months. Conversely, male gender,
few depressive symptoms, and positive SRH predict sustained pain improvement during a
comparable 2-month time frame.

Due to available monthly assessments of depressive symptoms, a secondary hypothesis
regarding the independent predictive effect of pain level on subsequent improvement or
worsening of depressive symptoms was also evaluated. This article presents and discusses
the results of the analyses to test these hypotheses.

Methods
Study Subjects and Recruitment

The Philadelphia-based Healthy Aging Study (NIA Grant R01AG15730) was designed to
investigate factors that contributed to global SRH held by older, community dwelling
individuals. To ensure adequate sex and race representation of persons with the distinct SRH
ratings of “excellent,” “good,” “fair,” and “poor/bad,” to the single question: “How do you
rate your health today?”, a stratified quota sample was assembled. Individuals aged 65–74,
who represent “young elderly,” were targeted to increase the likelihood of a wide range
across the health/illness continuum in the recruited sample. The Health Care Financing
Administration ([HCFA] currently the Center for Medicare and Medicaid Services)
approved the use of its May 1999 Names and Address file of age eligible individuals who
resided in Philadelphia County as the study sampling frame, provided that a “passive
recruitment” strategy was used. The HCFA Names and Address File was first divided into
four subfiles defined by race (African American/Caucasian) and gender, and individuals in
each subfile were randomly assigned a sequence number. During the first recruitment phase,
letters on HCFA letterhead were sent to inform individuals that the Healthy Aging Study
(HAS) had permission to use the Names and Address list for recruitment purposes and that
they could avoid further recruitment by calling the HAS study office. To facilitate data
management, 1000 HCFA letters were mailed monthly to 250 individuals, selected
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according to their sequence number, from each of the four strata. During the second
recruitment phase, individuals not asking to be excluded from recruitment were mailed the
HAS letter that described the study. Individuals interested in participating were asked to
contact the HAS office and provide their telephone number. All such individuals were
personally contacted by telephone to discuss study eligibility and enrollment possibilities.

During the recruitment, 25,500 HCFA letters were mailed. Figure 1 shows the yield from the
different recruitment and enrollment stages. The unequal initial race/sex strata recruitment
probabilities reflected differences in the rate of expressed interest in the study and the speed
with which the 16 study cells (four race/sex and four SRH ratings) were populated. Of the
“interested” 1433 individuals, 21% were found to be ineligible, primarily due to cognitive
impairment as indicated by a score of 8 or more on the widely used and validated
Orientation Memory Concentration Test [28], a 6-item version of the Blessed-Roth Mental
Status Test [29]. Another 56% were not enrolled because their referent stratum was already
populated. Of the 328 study eligible individuals who were invited to enroll, 26.5% refused.
Within this group, Black Males were over-represented (31.5% refusal) and White Males
were under-represented (18.8% refusal).

The 241 individuals who comprised the final study sample signed consent forms that had
been approved by the Medical College of Pennsylvania (now Drexel University)
Institutional Review Board. Subsequent to a telephone screening interview and an in-person
baseline interview, follow-up telephone interviews were conducted at monthly intervals for
11 months. At their start, the interviewer stated: “I will be asking you questions about your
health … since your last interview.” Eighty-six percent of interviews were conducted within
31 ± 7 days of the previous interview, with an additional 7% of interviews conducted within
31 ± 11 days. Variables measured included the baseline measures for pain, depressive
symptoms, SRH, physical function, and health care utilization. As well, questions to assess
such variables as change in medical conditions and presence of selected symptoms were
asked.

One hundred and sixty-eight individuals (69.7%) had complete data for all follow-up
interviews, and an additional 48 (19.9%) had complete data for 9 or 10 of the follow-up
interviews. In analyses comparing the 73 noncompleters to those with complete data, the
only statistically significant difference observed was for age (70.8 [SD 3.2] vs 71.8 [SD
3.1]). No differences were seen for race, gender, living alone, marital status, depressive
symptom scores, presence of pain, self-rated health, or physical functioning at baseline.

Primary Study Variables
Pain—At baseline and each monthly interview, subjects were asked three items from the 6-
item Likert scale to assess pain in the elderly adapted from the McGill Pain Questionnaire
by Parmelee et al. [30]. This scale has a reported standardized α of 0.91 for the composite
scale [30] and a test–retest reliability of 0.84 [31]. Two of the questions asked during the
baseline interview were: 1) How much bodily pain have you had in the past few weeks? (0 =
none, 1 = very mild, 2 = mild, 3 = moderate, 4 = severe, or 5 = very severe) and 2) How
much are you bothered by the pain when it is at its worst? (1 = not at all, 2 = a little bit, 3 =
moderately, 4 = quite a bit, or 5 = extremely). At each monthly interview, the reference time
frame for question 1 was changed from “in the past few weeks” to “in the past week”;
question 2 was repeated verbatim. These two baseline and follow-up questions were used to
construct, for each assessment period, a composite pain measure that reflected both pain
severity and intensity. The five categories were: 1 = no pain, 2 = pain with little bother, 3 =
pain with moderate bother, 4 = very mild or mild pain with quite a bit or extreme bother, and
5 = moderate to very severe pain with quite a bit or extreme bother.
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Sustained Pain Improvement and Worsening
Responses to the above composite pain measure for each month were used to determine the
presence of sustained improved pain and worsened pain. For both improved and worsened
pain, sustained change was defined as a change that occurred and lasted for at least 2
months. To maximize the opportunity to observe episodes of sustained improvement or
worsening, the longitudinal experience of each individual was divided into 10 consecutive,
overlapping 3-month segments beginning with the baseline interview month. Sustained
worsening was observed when the pain score of the first month had a lower value than
scores for both the second and third months in the segment. Conversely, sustained
improvement was defined as a higher pain score in the first month compared to both the
second and third months. A new variable for each 3-month segment was created with the
following categories: 1 = the same pain level for all 3-months, 2 = sustained improved pain,
3 = sustained worsened pain, and 4 = fluctuating pain levels not meeting the definition of
sustained improved or worsened pain.

Depressive Symptoms—Depressive symptom levels at baseline were assessed with the
30-item, dichotomously coded Geriatric Depression Scale (GDS). The shorter 15-item GDS
was administered at each monthly interview. The respective scale scores represent the sum
of depressive responses. High correlations between the 15- and 30-item versions of the GDS
have been observed [32,33]. For these analyses, the baseline GDS scores were recalculated
based only on responses to the questions included in the 15-item version. The long and short
versions of the GDS have been used extensively to assess depressive symptoms in older
populations [34]. While scores above 11 on the 30-item scale and 5 on the 15-item scale are
considered to indicate a high risk for major depression [35], the GDS is not appropriate as an
indicator of major depression. Despite this, there is extensive evidence demonstrating
independent, positive associations between depressive symptom levels, as indicated by the
GDS or another depressive symptom scale (e.g., the Center for Epidemiologic Depression
Scale [36] or the Beck Depression Inventory [37]), and poor health outcomes such as
mortality, poor physical function, incomplete recovery from an illness or accident, and high
use of health services. Following the recommendations of Judd and Akiskal [38,39] that
depressive symptom levels are best characterized as a continuum that over time, may range
from no symptoms through subsyndromal, or subthreshold symptom levels to syndromal,
major depression, depressive symptom level was treated, here, as a continuous variable.

Sustained Improvement or Worsening in Depressive Symptom Level
Consistent with the approach used to define sustained improved or worsened pain, sustained
change in depressive level was determined by comparing the depression symptom level
reported at the first of the 3 months in each 3-month segment with the depressive symptom
level reported in the last two segment months. Sustained, worsened depressive symptoms
were observed when the depressive symptom level in the first segment month was lower
than the levels reported in the subsequent 2 months. Conversely, sustained improved
depressive symptoms were characterized by a decrease in depressive symptom level during
the second and third segment months compared to the symptom level reported in the first
month of the 3-month segment.

Physical Functioning—Physical functioning was assessed at each interview using an
adaptation of the self-report scale developed by Nagi [40]. Subjects were asked to rate their
ability to perform eight distinct activities including standing, sitting, kneeling, and lifting.
Response options ranged from 0 = no difficulty to 3 = unable to do that activity. Responses
were summed across all activities to obtain a scale score ranging from 0 = no difficulty with
any activity to 24 = unable to do any activity.
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SRH—To assess their health, subjects were asked the global SRH question previously
indicated. Those responding “excellent” or “good” were further asked: “If you could have
chosen between excellent, very good or good, which one would have best represented how
you rate your health today?” For these analyses, SRH was coded as excellent, very good,
good, fair, and poor/bad. Extensive research on this measure [41,42] has shown it to be
correlated with objective measures of health (e.g., number of medical conditions) and other
subjective measures (e.g., pain experience and depressive symptom level).

Number of Health Conditions—During the baseline interview, subjects were asked to
report: “yes” or “no” to whether they had had or currently had any of 10 medical condition
categories: high blood pressure, diabetes, cancer, stroke, heart attack, any other heart
trouble, neurological diseases, stomach ulcer, emphysema or chronic lung disease, or
problems with circulation in the arms or legs. These condition categories were selected
because they are among the 10 leading causes of death for individuals 65–74 years of age
[43] and they were included in the National Health Interview Schedule adult questionnaire,
or they were included in the Multi-level Assessment Instrument, a multidimensional
instrument to assess the health and physical functioning of older individuals [44,45]. A
variable reflecting the number of conditions endorsed was computed.

Improved or Worsened Health Conditions
At each of the monthly interviews, subjects were asked: 1) “Were you told you have a new
medical problem since we talked with you [date of last interview]?” 2) “Have any of your
medical problems gotten worse since [date of last interview],” and 3) “Do you think any of
your medical problems have gotten better since we talked with you [date of last interview]?”
Data from these questions were combined to form two separate dichotomous variables:
medical conditions improved and medical conditions worsened, with codes 0 = no and 1 =
yes.

Analysis Methods
As noted previously, episodes of improved and worsened pain and improved or worsened
depressive symptoms were operationally defined in terms of sustained change based on the
value of the respective variable at the first interview of a 3-month segment compared with
the values reported for the last two segment months. To ensure that all episodes of sustained
change were documented, the 12-study months were divided into overlapping 3-month
segments. This yielded, for each of the 241 study participants, 10 3-month segments. For
analysis purposes, a new data file was constructed that contained one data record for each
complete 3-month data segment. This yielded 2,410 3-month segment records. In addition to
the variables indicating improved or worsened pain or depressive symptoms, each 3-month
segment record contained the monthly composite pain variables, depressive symptoms,
physical functioning, self rated health, and improved or worsened medical condition
variables. Table 1 includes the variable name, definition, and the interview during which the
variables included in these analyses were measured.

After eliminating 259 records where the 3-month segment variables were incomplete, 2151
3-month segments comprised the analysis sample. Statistically significant (P < 0.05)
differences at baseline between the 2,151 usable segments and the 259 excluded segments
included age (71.5 ± 3.2 SD vs 71.0 ± 3.2 SD), marital status (47.1 vs 54.5% currently
married), and race (44.6 vs 50.5% white). No statistically significant differences were seen
for gender, living alone, or physical functioning at baseline. Additionally, no statistically
significant differences were seen for M1 pain scores, M1 depressive symptom level, or
SRH.
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Person-specific as well as segment-specific descriptive statistics were obtained for baseline
health and demographic characteristics. Univariate analyses were conducted to determine if
SRH, depressive symptoms, and gender were associated with improved or worsened pain
and to identify potential confounders of the observed associations. Three-month segments
characterized by improved pain (N = 306) were compared with all others (N = 1,320) after
excluding those where the M1 pain score of “0” (no pain) precluded improvement.
Likewise, the 234 segments during which worsened pain was observed, were compared to
all other segments for which such pain change was actually a possibility (N = 1703). Similar
methods were used to determine univariate associations for improved and worsened
depressive symptoms.

Pearson chi-square tests and student’s t-tests were used to compare demographic
characteristics or health variables of the improved or worsened pain groups. Variables for
which there was a statistically significant association (P < 0.1) with a sustained change in
pain were considered eligible to be included in respective multivariate models for improved
and worsened pain. Comparable analyses were conducted to identify candidate variables for
multivariate analyses to model improved and worsened depressive symptoms. These
preliminary analyses were conducted using SPSS version 15 (SPSS Inc., Chicago, IL).

Although the improved and worsened pain and depression variables were dichotomous, the
use of logistic regression methods for the multivariate hypothesis testing analyses was
precluded due to the presence of up to 10 records for each individual. Instead, General
Estimating Equations (GEE) methods were used. GEE is an appropriate analytic choice in
situations where, as here, the observations are not independent of each other [46]. The SAS
GENMOD program has a GEE option that adjusts for the correlations between clustered
observations (Statistical Analysis Software version 9, SAS Institute, Cary, NC). For these
analyses, the individual represented the “cluster” variable. To adjust for potential
“regression to the mean” effects, the M1 pain score was entered first into the equation,
backward elimination procedures were used to evaluate the relative importance of the
remaining variables and an α level = 0.05 determined inclusion of variables in the final
models. The presence of interactions with race and sex were evaluated. Comparable
analyses were undertaken to evaluate the hypotheses related to improved and worsened
depressive symptom levels.

Results
The characteristics of the sample are displayed in Table 2. All participants were between the
ages of 65 and 74 with a mean (SD) of 71.5 (3.2) years. Reflecting the quota recruitment
strategies, there were nearly equal numbers of men (49%) and women (51%) and slightly
more African Americans (55%) than Caucasians (45%). At baseline, 26% of all individuals
reported no pain. Of those with pain, 52% reported associated activity limitations and 54%
were extremely bothered by the pain. A considerable minority (16%) of the sample had
elevated (≥5) GDS scores at baseline. The mean (SD) GDS for those with elevated scores
(GDS ≥ 5) was 13.8 (5.6) compared with 3.5 (4.0) for those with low scores. Thirty-five
percent of individuals reported excellent or very good health at baseline, and 14% reported
poor or bad health. A majority lived with others and nearly half were married.

Improved and Worsened Pain
Table 3 shows the distribution of the pain experienced during the 3-month segments. As
seen here, over the 11-month study, 306 episodes of sustained improved pain (14.2% of all
3-month segments) were observed. These episodes were experienced by 170 of the sample
members. In contrast, 234 episodes of sustained worsened pain (10.9% of the segments)
were experienced by 147 individuals. Consistent with other studies [4,8–10], stable pain
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levels were most frequently observed with 20.1, 17.9, and 20.7% of the segments
characterized, respectively, as “no pain,” “persistent low pain,” and “persistent high pain.”
The mean pain scores for each month for the improved and worsened pain groups and the
respective comparison groups are displayed in Figure 2A,B. As per definition, the changes
in pain for those experiencing an episode of improved or worsened pain persist. As evident,
respective differences between the first segment month and the subsequent two segment
months for improved and worsened pain groups are statistically significant (P < 0.000) and
clinically important. As a group, ratings for improved pain segments decreased from just
above “pain with moderate bother” to a level lower than “pain with little bother,” and reflect
the change from an elevated M1 pain score to a report of “no pain” for 44.5% of the
improved segments. Change of a comparable magnitude was observed for worsened pain
with the mean M1 pain score, “pain with little bother” increasing to very close to a rating of
“very mild or mild pain with quite a bit or extreme bother.” The majority of episodes of
worsened pain (56.8%) did not represent an episode of incident pain but rather a worsening
of already existing pain.

Statistically significant associations, in the hypothesized direction, were observed between
the occurrence of worsened pain and gender, M1 depressive symptom level, and SRH.
Statistically significant predictors of worsened pain also included number of baseline
medical conditions, physical functioning, and worsened medical conditions. As
hypothesized, M1 depressive symptom level and SRH, but not gender, had statistically
significant associations with improved pain. Additional variables that had statistically
significant associations with improved pain included improved medical conditions and M1
pain scores. Notably, statistically significant associations between race and either the
occurrence of improved or worsened pain were not observed.

In analyses not shown here, statistically significant associations were also seen between all
of the following variables: gender, M1 depressive symptom level and SRH, physical
function, number of baseline medical conditions, and improved and worsened medical
conditions.

Based on the results of the univariate analyses, separate multivariate equations were
generated to evaluate the hypothesized associations between gender, M1 depressive
symptoms, and SRH with episodes of improved and worsened pain. In addition to the M1
pain score, physical function, number of baseline medical conditions, and worsened and
improved medical conditions variables were included in the respective equations. The
statistically significant variables retained in the final models for improved and worsened
pain are shown in Table 4. Controlling for the effects of the M1 pain score, two
hypothesized variables, M1 depressive symptoms and SRH, were retained in the final
equations for both dependent variables. A statistically significant main effect for gender was
observed only for worsened pain. Worsened medical condition was the only other variable
in the final equations for both improved and worsened pain.

As seen in Table 5, compared to males, females were 1.63 (1.11, 2.38) times more likely to
report an episode of worsened pain. For each 1 point increase in M1 GDS scores, the odds of
worsened pain increased by a factor of 1.05 (1.01, 1.10). The odds of worsened pain
increased as SRH ratings became less positive. Those reporting their health to be fair, poor,
or bad were 4.04 (2.12, 7.70) times more likely than those with excellent SRH to experience
an episode of worsened pain. Worsened medical conditions also increased the odds of
worsened pain.

With the exception of gender, the predictors of an episode of improved pain were similar,
but the associations were in the opposite directions. Each 1-point increase in the M1 GDS
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score reduced the odds of improved pain by a factor of 0.85 (0.79, 0.91). Reporting a poorer
SRH score decreased the likelihood of an episode of improved pain. Compared to those who
reported “excellent” SRH, the odds of improved pain for those with a fair-poor rating was
0.41 (0.23–0.73). Likewise, reporting worsened medical conditions decreased the odds of
improved pain by a factor of 0.67 (0.51, 0.88). The presence of a statistically significant
interaction between gender and M1 pain score indicates that compared to men, the increased
likelihood of improved pain associated with a higher M1 pain score was diminished among
women. It is not clear why this is the case.

Sustained Improved and Worsened Depressive Symptom Level (GDS Scores)
—The distribution of depressive symptom levels over the 3-month segments shown in Table
3 reveals a pattern similar to that observed for pain scores over the same time interval. GDS
scores remained at “0” during the largest proportion of the segments (46.3%). GDS scores
improved more frequently than worsened (23.3 vs 18.4%). For the 182 and 149 individuals
who experienced, improved and worsened GDS scores, respectively, the average difference
between the M1 GDS score and the mean (SD) of the second and third month scores was 1.9
(1.3) for both groups. The range of GDS score changes were 1–8.5 for the improved GDS
group, and 1–9.5 for the worsened GDS group. Of clinical relevance, for 17% of the
segments characterized by worsened depressive symptoms, GDS scores increased over time
from < 5 at month 1 to ≥5. In contrast, of the 3-month segments where the month 1 GDS
score was ≥5, 48.1% improved to a GDS score <5.

Table 6 displays the results of univariate analyses to evaluate the associations between
sociodemographic and health variables, and improved and worsened depressive symptoms.
As hypothesized, statistically significant univariate associations were observed between the
M1 pain score and improved and worsened depressive symptoms. Comparable associations
were evident for SRH. A statistically significant association with gender was observed only
for worsened depressive symptoms. Race was unrelated to either dependent variable.

Table 7, shows the results of the GEE analyses used to evaluate the hypothesis that M1 pain
was an independent predictor of improved or worsened depressive symptoms. Variables
included in Model 1 were limited to the M1 GDS and pain scores. As seen here, after
controlling for depressive symptoms, the association between M1 pain and improved
depressive symptoms was not statistically significant. While the adjusted association
between M1 pain and worsened depressive symptom scores remained statistically significant
(Model 1), when SRH was included in the equation (Model 2), the association between pain
and worsened depressive symptom disappeared. Addition of other independent variables
into the regression equation did not alter these findings.

Discussion
This study was unique in that it permitted investigation of predictors of incident episodes of
sustained improved and worsened pain in older community dwelling individuals that
occurred over months rather than years and where the predictor variable measurement was
proximate to the episode onset. A high degree of stability in the pain experience reported by
study participants was observed and accounted for 58.7% of the 3-month segments included
in the analyses. When an episode of sustained change occurred, improved pain was observed
more often than worsened pain. As hypothesized, SRH and M1 depressive symptoms
independently increased the risk of observing an increase or decrease in pain. The
hypothesized association between gender and improved and worsened pain was only
partially supported with females more likely to experience an episode of sustained worsened
pain, but no more likely than males to experience an episode of sustained improved pain.
Other factors related to improvement or worsening of pain pertained more directly to the
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individual’s physical health state and reflected, as expected, initial pain level and worsening
or improvement in medical conditions.

While directly comparable studies of short-term pain experiences have not been identified,
our findings are generally consistent with those from other longitudinal studies that included
longer time intervals. The absence of associations between improved or worsened pain and
race has been observed in three large longitudinal studies of racially diverse groups of
community dwelling individuals [8,25,26]. The observed importance of the more medically
specific factors of worsened medical conditions and initial pain level as predictors is also
comparable to findings reported by other investigators [11,25,47].

The increased prevalence and severity of many types of pain have consistently been shown
to be higher among women than men [4,14–16,48]. Coping strategies have also been shown
to differ between men and women [15]. These differences may explain our finding that
women were more likely to experience a sustained worsened pain.

Depressive symptoms in the present study preceded and predicted changes in pain.
Depression has been shown to predict pain occurrence and chronicity, regardless of the
anatomical sight of pain [6,9,10,49]. For example, in their 48-month longitudinal study,
Elliot et al. [9] observed membership in the lowest quartiles of the mental health and global
health SF36 domain scores increased the risk of new episodes of pain, while individuals in
the highest quartiles of these measures were more likely to recover from pain. In a 12-month
study of individuals over age 74, Donald and Foy [6] observed that reporting sadness
increased the odds of incident pain by a factor of 1.37. These associations may result from
one or more of several purported mechanisms of the relationship of chronic pain and
depression: shared pathophysiological mechanisms in the central nervous system; the effects
of depression on pain threshold or tolerance; or lowered perceived control and self-efficacy
among those with depression. As reviewed by Delgado [19], the serotonergic and
noradrenergic neurotransmitters are involved in the pathophysiology of both chronic pain
and elevated depressive symptoms. Changes caused by the onset of one symptom set could
impact the onset or worsening of the other.

There has been much discussion in the literature regarding the directionality of associations
between chronic pain and depressive symptoms and disorders. Data from several
longitudinal studies of community dwelling populations support the presence of a reciprocal
relationship between these conditions [10,11]. Findings from this study do not support a
reciprocal relationship. While the M1 pain score level was related to a sustained change in
depressive symptoms in the univariate analyses, the statistically significant associations
between M1 pain level and improved or worsened depressive symptoms disappeared when
SRH and/or M1 GDS scores were included in the analyses. The absence of predictive
relationships between pain and changes in depressive symptoms in this study may reflect the
designation of 3-month segments as the units of analyses. This short time period may be of
insufficient length for the development or resolution of depressive symptoms. Studies by
Atkinson et al. [50] and Dohrenwend et al. [47] suggest that chronicity, not onset, of pain
predicts onset of major depression, although depression does worsen pain severity reports.
This study supports the finding that depressive symptoms increase pain symptom severity
and intensity but do not cause the onset of pain itself [51].

The observed prognostic significance of excellent and very good SRH for improved pain
and of fair and poor health ratings for worsened pain is comparable to that observed by
Blyth et al. in a cross-sectional study of a randomly selected sample of Australian adults
[52], and Ericksen et al. [53] in a 6-year longitudinal study of the adult Danish population. It
is unclear what aspects of SRH were contributing to these associations. Reflecting the
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consistently observed predictive importance of SRH for mortality, recovery, and illness
onset, such ratings are thought to measure a complex of health-related attributes [41,54].

When considering the findings reported here, several aspects of the study require particular
attention. Although the HCFA 1999 Names and Address file served as the study sampling
frame and recruitment letters were mailed according to randomly determined sequence
numbers, the required passive recruitment strategy adversely affected the representativeness
of the assembled sample because no enrollment steps could be taken until the older
community resident had agreed in writing or by telephone. The overall 6% response rate
provides some indication of the potential for selection bias in the sample. Although this
response rate is consistent with what is known about similarly derived samples [55,56], a
somewhat healthier group of Philadelphia County elderly expressed interest in the study;
however, the need to fill the fair and poor/bad SRH strata resulted in the wide range of
health states that was observed in the assembled sample. The restriction of the study sample
to individuals 65–74 years of age, limits the relevance of the study findings to all but the
“young old.”

While pain assessments in this study are unlikely to suffer from greater measurement error
than in other studies, the exclusive use of self-report for data collection brings with it the
potential for reporting bias in all measures. The presence of such biases in terms of the pain
assessments may be diminished because in the HAS, pain was not the stated topic of
investigation. Subjects had no reason to consciously or unconsciously modify their pain
assessments to meet the perceived expectations or subtle pressures of the study team.

The designation of 3-month segments as the unit of analyses also warrants comment. This
approach was taken to identify all possible discrete episodes of change in pain or depressive
symptoms where the change persisted for at least 2 months, and to ensure that the
measurement of the potential predictor variables proceeded, but was as proximate as
possible to the observed change in pain level. Although 3-month segments represent the
experiences of the 241 study subjects, the study findings cannot directly be attributed to
individuals. Moreover, because data from a given month are included in more than one 3-
month segment, the observations are not entirely independent of each other; however, use of
GEE analyses accounts for this dependence.

Conclusions
Several important conclusions are warranted by the study findings. First, the predictive
significance of depressive symptoms and SRH for self-reported pain improvement or
worsening appears more robust than previously known, in that the statistically significant
associations observed here, with only a 1-month time lag between assessment of predictor
variables and follow-up pain levels, are almost identical to those observed in other studies
despite time lags of 5–72 months. Second, although causality can not be proved by these
results, the short time lag between assessment of the predictor variables and the occurrence
of a change in pain level provides support for a causal hypothesis that changes in mood
cause a worsening of pain symptoms, but not the pain condition itself. Thus, clinicians
should consider whether elevated depressive symptoms, even those not meeting DSM-IV®

criteria for major depression, are contributing to a worsening of pain symptoms in patients
with the chronically painful conditions common in older adults (e.g., arthritis, diabetic
neuropathy). A clinical decision would follow to treat depression, rather than the usual
response, which may include increasing analgesics and co-analgesics with their potential
medical complications [51,57]. Third, while routine screening for depressive symptoms has
been recommended to clinicians providing primary medical care to community dwelling
older individuals, and this recommendation is further supported by our findings, the routine
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assessment of their patient’s SRH has not been recommended. Although there is no clear
consensus regarding what influences an individual’s SRH, a single question appears—all
that is required to obtain information that has substantial prognostic significance, potentially
serving as a “red flag” to identify those whose pain might be anticipated to worsen in future
months [41,42,54]. The findings from this study support a recommendation to assess SRH at
all patient visits whether for primary or specialty care. Last, while it was possible to use
uniquely rich data collected for another purpose for the secondary data analyses reported
here, epidemiological studies designed to investigate further the risk factors, course and
consequences of pain in older community dwelling elders continue to be an urgent need.
Findings from such studies would benefit both the older individual and the clinicians who
provide them with care and guidance.
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Figure 1.
Flow chart of study recruitment and enrollment. HCFA = Health Care Financing
Administration; HAS = Healthy Aging Study.
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Figure 2.
Mean (SE) pain intensity during three-month segments. (A) Improved pain group vs
comparison group; (B) worsened pain group vs comparison group. A pain intensity of 1
represents no pain and 5 represents moderate to severe pain with extreme bother.

Rosso et al. Page 16

Pain Med. Author manuscript; available in PMC 2011 October 23.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Rosso et al. Page 17

Ta
bl

e 
1

St
ud

y 
va

ria
bl

e 
na

m
es

, d
ef

in
iti

on
, a

nd
 in

te
rv

ie
w

 m
ea

su
re

d 
(b

as
el

in
e 

or
 m

on
th

 o
f 3

-m
on

th
 se

gm
en

t)

V
ar

ia
bl

e 
N

am
e

D
ef

in
iti

on
B

as
el

in
e

M
1

M
2

M
3

M
1 

pa
in

 sc
or

e
C

om
po

si
te

 se
ve

rit
y/

in
te

ns
ity

Pa
in

 sc
or

e
X

Im
pr

ov
ed

 p
ai

n
Im

pr
ov

ed
 p

ai
n 

ob
se

rv
ed

 M
2

M
1 

pa
in

 sc
or

e 
> 

M
2 

an
d 

M
3 

sc
or

es
X

X
X

W
or

se
ne

d 
pa

in
W

or
se

ne
d 

pa
in

 o
bs

er
ve

d 
M

2
M

1 
pa

in
 sc

or
e 

< 
M

2 
an

d 
M

3 
sc

or
e

X
X

X

M
1 

de
pr

es
si

ve
 sy

m
pt

om
s (

M
1 

G
D

S 
sc

or
e)

15
-it

em
 G

D
S 

sc
or

e
X

Im
pr

ov
ed

 d
ep

re
ss

iv
e 

sy
m

pt
om

s (
G

D
S 

sc
or

e)
Im

pr
ov

ed
 G

D
S 

ob
se

rv
ed

 M
2

M
1 

G
D

S 
sc

or
e 

> 
M

2 
an

d 
M

3 
sc

or
es

X
X

X

W
or

se
ne

d 
de

pr
es

si
ve

 sy
m

pt
om

s (
G

D
S 

sc
or

e)
W

or
se

ne
d 

G
D

S 
ob

se
rv

ed
 M

2
M

1 
G

D
S 

sc
or

e 
< 

M
2 

an
d 

M
3 

sc
or

es
X

X
X

Se
lf-

ra
te

d 
he

al
th

G
lo

ba
l s

el
f-

ra
te

d 
he

al
th

 q
ue

st
io

n
X

So
ci

od
em

og
ra

ph
ic

 v
ar

ia
bl

es
A

ge
, r

ac
e,

 g
en

de
r, 

m
ar

ita
l s

ta
tu

s, 
liv

in
g 

ar
ra

ng
em

en
t

X

B
as

el
in

e 
m

ed
ic

al
 c

on
di

tio
ns

N
um

be
r o

f 1
0 

m
ed

ic
al

 c
on

di
tio

ns
 e

nd
or

se
d

X

Im
pr

ov
ed

 m
ed

ic
al

 c
on

di
tio

ns
1 

+ 
m

ed
ic

al
 c

on
di

tio
ns

 im
pr

ov
ed

 in
 p

as
t m

on
th

X

W
or

se
ne

d 
m

ed
ic

al
 c

on
di

tio
ns

1 
+ 

m
ed

ic
al

 c
on

di
tio

ns
 w

or
se

ne
d 

in
 p

as
t m

on
th

X

G
D

S 
= 

G
er

ia
tri

c 
D

ep
re

ss
io

n 
Sc

al
e.

Pain Med. Author manuscript; available in PMC 2011 October 23.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Rosso et al. Page 18

Table 2

Baseline health and sociodemographic characteristics of the 241 individuals who contributed 3-month
segments to the analysis sample

Variable Mean (SD)

Age 71.5 (3.2)

Blessed exam 3.2 (2.6)

Medical conditions 2.1 (1.6)

Physical function 4.2 (4.3)

Variable %

Gender

 Male 49.4

 Female 50.6

Race

 White 45.2

 Black 4.8

Pain and limitations

 No pain* 26.2

 Pain, no limitations 36.3

 Pain, limitations 37.6

Pain score

 No pain* 26.5

 Pain, little bother 14.5

 Pain, moderate bother 19.7

 Mild pain, extreme bother 23.5

 Moderate—severe pain, extreme bother 15.8

GDS score

 <5 84.1

 ≥5 15.9

Self-rated health

 Excellent 10.5

 Very good 24.7

 Good 18.4

 Fair 32.6

 Poor/bad 13.8

Lived alone

 Yes 36.3

 No 63.8

Marital status

 Never married 5.0

 Married 47.9

 Widowed 30.4

 Separated/divorced 16.7
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*
Percentages vary for no pain groups due to small numbers of missing data.

GDS = Geriatric Depression Scale.
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Table 3

Pain and depressive symptom experience of the 3-month segments included in these analyses

Pain Classification N %

 Stable pain

  No pain 433 20.1

  Persistent low 386 17.9

  Persistent high 445 20.8

 Improved pain 306 14.2

 Worsened pain 234 10.9

 Fluctuating 347 16.1

 Total 2151 100.0

GDS score classification

 All equal GDS

  Scores = 0 791 36.6

  Scores ≥1 18 0.8

 Improved GDS 378 17.5

 Worsened GDS 300 13.9

 Fluctuating GDS 674 31.2

 Total 2161* 100.0

*
Differences in the number of 3-month segments with valid GDS scores and those with valid pain scores reflect missing pain data.

GDS = Geriatric Depression Scale.
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Table 4

Sociodemographic and health characteristics of 3-month segments classified as sustained improved pain and
worsened pain

Predictor Variables

Improved Pain Worsened Pain

Yes (N = 306) No (N = 1320) Yes (N = 234) No (N = 1703)

Gender—female (%) 53.1 54.8 55.8 46.8***

Race—white (%) 43.8 46.3 45.7 44.4

Self-rated health—excellent or very good (%) 29.5 21.5*** 26.1 38.9***

M1 pain score

 Little-moderate bother (%) 47.7 60.9*** 51.7 48.1

Worsened conditions

 One or more (%) 11.1 19.0*** 19.7 8.9***

Improved conditions

 One or more (%) 24.5 19.7 21.4 21.5

Baseline medical conditions (range 0–10) 2.2 2.4* 2.3 2.0***

M1 GDS score (mean) range (0–15) 1.9 2.8*** 2.1 1.3***

Physical function (mean) (range 0–24) 3.6 5.4*** 4.6 2.5***

*
P ≤ 0.5;

**
P ≤ 0.01;

***
P ≤ 0.001.

GDS = Geriatric Depression Scale.
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Table 6

Health and sociodemographic characteristics of 3-month segments classified according to sustained
improvement in depressive symptom (GDS) score and sustained worsening in depressive symptom

Predictor Variables

Depressive Symptoms
Sustained Improvement

Depressive Symptoms
Sustained Worsening

Yes (N = 378) No (N = 1737) Yes (N = 300) No (N = 1861)

Gender—female (%) 54.5 51.6 59.3 49.6***

Race—White (%) 46.3 44.9 45.6 42.3

Self-rated health—excellent or very good (%) 16.0 12.5** 12.7 33.7***

M1 pain score mean (SD) 3.2 (1.5) 2.9 (1.5)* 3.0 (1.5) 2.5 (1.5)***

Worsened conditions

 One or more (%) 16.7 19.6 23.7 11.9***

Improved conditions

 One or more (%) 22.2 20.4 16.0 21.2*

Baseline medical conditions mean (SD) (range 0–10) 2.6 (1.6) 2.5 (1.6) 2.7 (1.6) 2.1 (1.6)***

M1 GDS score mean (SD) 4.3 (3.2) 2.9 (2.6)*** 2.3 (2.6) 1.9 (2.7)*

Physical Function mean (SD) (range 0–24) 5.6 (4.9) 5.4 (4.6) 5.4 (4.6) 3.6 (4.3)***

*
P ≤ 0.05;

**
P ≤ 0.01;

***
P ≤ 0.001.

GDS = Geriatric Depression Scale.
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