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Abstract
Aims—To assess the relationship between pain and HbA1c levels in a predominantly black
population with diabetes, and to determine whether self-management behaviours (exercise and
diet) and symptoms of depression mediate this relationship.

Methods—We analysed cross-sectional data from 417 community-dwelling individuals with
diabetes in rural Alabama, USA. Binary logistic regression was used to analyse the relationship
between pain and HbA1c levels, defined as relatively good [≤ 64 mmol/mol (≤ 8.0%)] and
relatively poor [> 64 mmol/mol (> 8.0%)], after adjusting for sociodemographics, insulin use,
medication count, cigarette smoking history and body mass index (BMI). We examined the
mediating roles of exercise, diet, and symptoms of depression using bootstrapping.

Results—Participants were primarily black (86.6%), female (76.1%) and reported an annual
income of ≤$20,000 (52.7%). Their mean (SD) age was 59.6 (12.8) years. The majority of the
participants reported moderate to extreme pain (71.5%). Participants reporting pain were more
than twice as likely to have HbA1c levels > 64 mmol/mol (8.0%) in the fully adjusted model (odds
ratio 2.33 [95% CI 1.28–4.24]; P < 0.05). Diet significantly mediated the relationship between
pain and HbA1c control (β = 0.06; 95% CI: 0.01–0.17), but only in the unadjusted model. Exercise
and symptoms of depression were not significant mediators.

Conclusions—A significant independent relationship between pain and HbA1c control was
found in this mainly black population, which was not explained by self-management behaviours or
symptoms of depression. Future research is needed to delineate the mechanism by which pain
influences HbA1c control, especially among black people with diabetes on low incomes.

Introduction
Compared with the white US population, the black US population is more likely to be
diagnosed with diabetes, suffer from diabetes-related complications and have worse
glycaemic control [1,2]. Although factors such as genetics and healthcare utilization have
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been proposed as explanations for this discrepancy [1], the underlying mechanisms are
probably multifactorial. One variable that may contribute to the poor outcomes associated
with black people with diabetes is pain.

Recurrent or persistent pain affects one-half or more of individuals with Type 2 diabetes
[3,4]. Despite the frequent occurrence of pain in diabetes, very few studies have examined
the relationship between pain and glycaemic control. Bair et al. [5] reported a positive
association between pain and HbA1c levels in a national sample, but this association was no
longer significant after controlling for patient characteristics such as demographics, smoking
history, and BMI. It should be noted, however, that only 16.5% of their study population
comprised black people; thus, the strength of the relationship between pain and HbA1c levels
in black people has received little attention. The aim of the present study was to assess the
relationship between pain and HbA1c levels in a predominantly black population, and to
determine the role of self-management behaviours and symptoms of depression in this
relationship.

Compared to white people, healthy black people have a greater pain sensitivity to standard
noxious stimuli in the laboratory [6], and black people with chronic pain conditions reliably
report greater clinical pain intensity than their white counterparts [7]. This ethnic difference
in clinical pain reports is also found among people with osteoarthritis, a condition that
affects as many as 40% of individuals with Type 2 diabetes [8]. In addition, black people
report greater pain-related interference with daily activities (e.g. recreation activities,
household chores) and higher levels of a concept termed ‘pain catastrophizing’, which is
associated with pain-related disability [9]. Because black people experience more pain and
are more negatively affected by pain than white people, any relationship between pain and
HbA1c control may be more pronounced in black people.

Individuals with diabetes who experience pain are more likely to report poorer self-
management behaviours. For example, Krein et al. [4] found that US veterans reporting pain
were less likely to follow a recommended eating and exercise plan than those without pain.
In the Translating Research into Action for Diabetes study, reports of new or ongoing pain
at baseline were associated with decreases in sustained walking at follow-up [10]; thus, pain
may be a barrier to self-management behaviours, which may in turn worsen glycaemic
control.

An important aspect of any study on the relationship between pain and HbA1c control is
depression. Symptoms of depression are present in one third or more of individuals with
Type 2 diabetes [11], and are associated with lower diet and medication adherence, worse
glycaemic control and greater functional impairment [12]. In addition, there is a strong
relationship between pain and depression, and depression in patients with pain is associated
with greater functional and social impairments [13]. For these reasons, depression might
play an important role in the relationship between pain and HbA1c control.

The present study analysed cross-sectional baseline data from the Evaluating Community
Peer Advisors and Diabetes Outcomes in Rural Alabama study (Encourage), a community-
based group-randomized controlled trial testing the effectiveness of volunteer peer support
plus diabetes education on diabetes outcomes. A unique aspect of our study was that the
majority of participants were black people and of low socio-economic status. We
hypothesized that participants who reported having moderate to extreme pain would have
higher HbA1c levels than those without pain after taking into account confounding variables.
In addition, we hypothesized that self-management behaviours (reports of diet and exercise),
and/or symptoms of depression would partially mediate the relationship between pain and
HbA1c control.
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Patients and methods
Details of the Encourage study are provided elsewhere [14]. Participants in Encourage were
424 individuals ≥ 19 years of age residing in one of nine rural Alabama counties. This
region is known for its high proportion of black residents, and also for its high poverty level
and high prevalence of diabetes and obesity. Enrollment and baseline data collection took
place between February 2010 and August 2010. Participants were excluded if they did not
have a primary care provider, and had not been diagnosed with diabetes by a doctor.
Important requirements for enrolment were that participants wanted to learn self-
management skills and were willing to work with a peer coach. The Encourage study team
obtained informed consent and collected all baseline data during enrolment. The institutional
review board at the University of Alabama at Birmingham reviewed and approved the study.

The outcome variable in this study was HbA1c level, which was measured with a capillary
blood sample and analysed using an in2it device (Bio-Rad, Hercules, CA, USA) during
baseline biometrics assessment. This machine has been waived by the Clinical Laboratory
Improvement Amendments and certified by the National Glycohemoglobin Standardization
Program to have variation of no more than 10% [15]. HbA1c was dichotomized as ≤ 64
mmol/mol (≤ 8.0%) vs > 64 mmol/mol (> 8.0%), indicating relatively good and relatively
poor glycaemic control, respectively.

Pain was assessed by a single item on the EuroQuol Quality-of-Life scale (EQ-5D). The
EQ-5D has been validated in patients with Type 2 diabetes [16], and is strongly correlated
(0.68) with pain on the Medical Outcome Study 36-item Short Form [17]. Participants
indicated the degree of pain ‘today’ by selecting one of three responses: 1) I have no pain or
discomfort; 2) I have moderate pain or discomfort; or 3) I have extreme pain or discomfort.
This variable was then dichotomized as no pain or discomfort vs moderate/extreme pain or
discomfort.

Self-management behaviours included diet and exercise. To assess diet, participants were
asked, ‘How many days during the past week did you eat high-fat foods?’ In addition,
participants were presented with the following list of items that were considered to be high
fat: fried foods; snack foods such as pork skins and chips; fatty meats, such as bologna,
sausage, ribs, hot dogs, burgers; breads, such as biscuits and cornbread; dairy foods, such as
whole milk and regular cheese; and desserts, such as pie, ice cream, snack cakes, puddings.
Based on the distribution of responses, this variable was dichotomized as 0–2 days vs 3–7
days. Exercise was measured by asking participants ‘Other than your regular job or what
you do around the house, on how many of the last 7 days did you participate in a specific
exercise session (such as swimming, walking, running, biking)?’ Based on the distribution
of responses, this variable was similarly dichotomized as 0–2 days vs 3–7 days. Symptoms
of depression were determined by the eight-item Patient Health Questionnaire (PHQ-8). The
PHQ-8 contains Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text
Revision (DSM-IV-TR) criteria for major depression and has been validated as a measure of
current depression [18].

Covariates included sociodemographic data, illness burden, smoking history and BMI.
Sociodemographics included age, gender, race, income and education. Race was self-
reported and classified as white or black race. Income was assessed by asking participants
what their household income was for the past year. Education was assessed as the highest
level of school completed or the highest educational degree received. Illness burden was
measured using a simple sum of prescription medications taken and, separately, insulin use.
For medication count, participants were asked to bring all of their medications to the
baseline assessment and the number was recorded by Encourage staff. For anyone who did
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not bring their medications, a telephone appointment was made and medication count was
recorded after baseline assessment. For insulin use, participants indicated if they were or
were not using insulin. Cigarette smoking history was assessed by asking if participants had
smoked 100 cigarettes in their life.

Statistical Analysis
Chi-squared analyses and t-tests were performed to assess group differences on the study
variables. We used logistic regression to test the relationship between pain and HbA1c
levels. Unadjusted models were analysed first, followed by models adjusted for age, gender,
race, education, income, insulin use, medication count, cigarette smoking history and BMI.

Mediation was assessed by the bootstrapping technique and macro put forth by Preacher and
Hayes [19]. Specifically, a 95% bias-corrected CI was calculated to determine if the
proposed mediating variables (diet, exercise or symptoms of depression) help explain the
relationship between pain and HbA1c levels. The bootstrapped mediation analysis indicates
whether the total effect (path c) of pain on HbA1c comprised a significant direct effect (path
c′) and a significant indirect effect (path a x b) through one of the proposed mediators [diet,
exercise or symptoms of depression (Fig 1)]. In the present study, path a refers to the effect
of pain on a proposed mediator, whereas path b refers to the effect of a proposed mediator
on HbA1c. A significant indirect effect between pain and HbA1c is determined if the 95% CI
does not contain zero. A total of six separate mediational analyses were performed, one for
each proposed mediator without statistical adjustment for covariates (i.e. unadjusted
analyses), followed by full adjustment for covariates.

The present study included 417 individuals with baseline HbA1c data available. There were
no missing data for the EQ-5D, diet, exercise or PHQ-8 variables. Missing data for
covariates were < 5%, thus no imputation was performed (i.e. missing cases were deleted
listwise). All analyses were carried out using SPSS, version 19.

Results
Table 1 shows characteristics of the sample on study variables. Participants were primarily
female (76.1%), black (86.6%), and reported an annual income ≤$20,000 (52.7%) with a
high-school education or lower (58.2%). The mean (SD) age was 59.6 (12.8). The majority
of the sample reported moderate to extreme pain (71.5%). As shown in Table 1, participants
reporting moderate to extreme pain were more likely to use more medications, have a
history of cigarette smoking, have a greater BMI, eat high-fat foods more than twice per
week, participate in < 3 days of exercise per week, have a higher number of symptoms of
depression, and have HbA1c > 64 mmol/mol (8.0%) compared with those reporting no pain
(P < 0.05). In addition, there was a tendency for those who reported pain to report insulin
use (P = 0.08).

Pain was independently associated with HbA1c > 64 mmol/mol (8.0%) in both unadjusted
(odds ratio 1.76 [95% CI 1.10–2.80]; P < 0.05) and fully adjusted analyses (odds ratio 2.33
[95% CI 1.28–4.24]; P < 0.05). Specifically, the odds of having HbA1c levels > 64 mmol/
mol (8.0%) were more than twice as high in people with moderate to extreme pain after
accounting for age, gender, race, income, education, insulin use, cigarette smoking history,
medication count and BMI.

Diet mediated the association between pain and HbA1c when the model was unadjusted for
covariates. Specifically, the indirect effect (path a x b) of pain on HbA1c through diet had a
point estimate of 0.06 and a 95% CI of 0.01–0.17 (Fig. 2), but in the fully adjusted analysis,

Herbert et al. Page 4

Diabet Med. Author manuscript; available in PMC 2014 February 26.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



diet was no longer a significant mediator (Fig. 2). Neither exercise nor symptoms of
depression were significant mediators in unadjusted or fully adjusted analyses.

Discussion
The present study showed that participants who self-reported moderate to extreme levels of
pain were more likely to have relatively poor HbA1c levels compared with those without
pain, even after adjusting for confounding variables. Furthermore, when compared to
participants without pain, those with pain were more likely to frequently eat high-fat foods,
exercise less, and have a greater number of symptoms of depression; however, none of these
variables mediated the relationship between pain and HbA1c levels. These findings suggest
that moderate to extreme pain may have effects on HbA1c control unrelated to the self-
management of at least two health behaviours or the presence of symptoms of depression.

Pain is a very common comorbidity in patients with diabetes and can stem from multiple
sources. A common type of pain is painful peripheral neuropathy, affecting ~20% of
individuals with Type 2 diabetes and 5% with Type 1 diabetes [20]. Musculoskeletal pain is
also common; recent data suggest that patients with diabetes are 1.7 to 2.1 times more likely
to have chronic musculoskeletal pain than the population without diabetes [21]. In addition,
many individuals with diabetes have osteoarthritis-related pain [8]. Indeed, nearly 75% of
our sample reported moderate to extreme levels of pain, although we do not know the exact
sources of pain in each participant.

Unlike the recent study by Bair et al. [5], the current study revealed a significant relationship
between pain and HbA1c, even after adjusting for a large number of potentially confounding
variables. A fundamental difference between the studies is the percentage of black
participants (86.6 vs 16.5%). Black people report a greater prevalence and severity of pain in
a number of chronic pain conditions [7], and have higher levels of pain-related physical and
psychosocial disability than their white counterparts [22]. In addition, black people are more
likely to use passive pain-coping strategies (e.g. hoping), which have been associated with
greater pain-related disability [23]; thus, pain may be particularly burdensome among black
people with diabetes.

The socio-economic status of our study sample may also have contributed to the present
results. All participants in Encourage resided in the Alabama counties collectively referred
to as the ‘Black Belt,’ a region with limited healthcare resources and high rates of
unemployment and poverty [24]. In the study by Bair et al. [5], 39.2% of the sample
reported annual household income > $40,000, compared with 19.8% in our sample. This
may be important, because people with low socio-economic status are more likely to report
chronic pain symptoms and pain disability than people with higher socio-economic status
[25]. Differences in racial composition and socio-economic status, therefore, may be two
important factors underlying the differing results between the current study and that of Bair
et al. It would be useful to determine the relationship between pain and HbA1c levels in
black people with higher socio-economic status in future research.

It has been previously shown that pain is associated with poorer self-management
behaviours [4]. In addition, the presence of depression and poor self-management
behaviours are associated with worse glycaemic control [12,26]; however, in the present
study, neither self-management behaviours nor symptoms of depression mediated the
relationship between pain and HbA1c control. These findings suggest that the relationship
between pain and glycaemic control may be influenced by pathways unrelated to diet,
exercise or symptoms of depression. It is possible that the relationship between pain and
higher HbA1c levels is partially mediated by neurohormones. Pain triggers the release of a
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number of neurohormonal substances including cortisol [27], which have been associated
with higher serum glucose values in patients with diabetes [28].

The present study has some limitations. Firstly, the chronicity or type of pain was not
determined so it was not known which pain condition(s) were most highly related to worse
glycaemic control. Nevertheless, there is a growing body of literature that acknowledges the
importance of studying pain regardless of the etiology. For example, the reporting of non-
specific pain is related to greater mortality [29] and lower quality of life in patients with
diabetes [30]. Despite this, future research is needed to determine whether the associations
among pain, glycaemic control, and other diabetes complications vary according to the
chronicity and/or type of pain.

Secondly, our study had a relatively modest sample size, which may have masked subtle
mediation effects. Post hoc power analyses demonstrated that our mediational analyses had
low statistical power, ranging from 0.15 to 0.27. Thirdly, the question used to assess high-fat
food consumption did not include details such as the amount of saturated fats consumed. In
addition, self-reported dietary data have well--known limitations, including the under-
reporting of deleterious dietary behaviours [31]. Fourthly, we assessed on how many days
during the past week exercise was undertaken, but did not include information such as
intensity or duration, which have been shown to result in greater reductions in HbA1c levels
[26]. Furthermore, self-reported exercise is prone to over-reporting compared with objective
measures such as accelerometer data [32]. Thus, more specific information about diet and
exercise may yield a more robust analysis of the mediational relationship between pain and
HbA1c control, as the measurement of diet and exercise in the current study may have been
affected by recall bias.

The present study also has numerous noteworthy strengths, including the inclusion of
individuals at very high risk for uncontrolled diabetes and poor outcomes that were recruited
from community-based settings. In addition, we were able to control for a large number of
confounding variables.

Unlike previous studies, we found a strong and significant independent relationship between
pain and HbA1c control after adjusting for important covariates in this predominantly black
population. We did not observe a significant mediating role for health behaviours including
frequent ingestion of high-fat foods and less exercise frequency, nor for symptoms of
depression. Future research is needed to delineate the mechanisms by which pain may
influence glycaemic control, especially among black people with diabetes.
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What’s new?

• Participants in the study were predominantly black people with diabetes, living
in under-served, rural areas of the USA; a population that has received limited
research attention.

• Results showed a significant, independent relationship between pain and HbA1c
levels > 64 mmol/mol (8.0%), suggesting that greater pain is associated with
poorer HbA1c control, particularly among the black population of the USA, who
are at high risk for uncontrolled diabetes.

• We extend the work of previous investigations by examining the mediating roles
of self-management behaviours (exercise and diet) and depression symptoms in
the relationship between pain and HbA1c control.

• Addressing and treating pain in health-discrepant areas may improve diabetes
outcomes.
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Fig. 1.
Conceptual study model of mediation. Mediators assessed included eating high-fat foods at
least 2 days per week, exercising fewer than 3 days per week, and symptoms of depression
as reflected in the eight-item Patient Health Questionnaire score.
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Fig. 2.
Mediation analysis of pain, diet and HbA1c levels.
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Table 1

Characteristics of the participants in the Evaluating Community Peer Advisors and Diabetes Outcomes in
Rural Alabama (Encourage) study

Total sample No pain Pain* P

No. of participants 417 119 298

Mean (SD) age, years 59.6 (12.8) 60.6 (13.0) 59.1 (12.7) 0.29

Female,% 76.1 71.4 77.9 0.17

Black,% 86.6 89.1 85.9 0.60

Education High school or lower,% 58.2 64.7 55.9 0.10

Annual income,%

 ≤ $20,000 52.7 53.5 52.2 0.45

 > $20,000 and ≤ $40,000 27.5 21.9 29.8 0.61

 > $40,000 19.8 24.6 18.0 0.37

Using insulin,% 39.1 32.8 41.9 0.08

Mean (SD) medication count 7.7 (4.0) 6.8 (3.3) 8.0 (4.3) <0.01

History of cigarette use,% 34.1 26.1 36.9 0.03

Mean (SD) BMI, kg/m2 36.3 (8.69) 34.9 (8.36) 36.8 (8.77) 0.05

Eat high fat food > 2 days/week,% 48.7 39.5 52.7 0.02

Exercise < 3 days/week,% 47.3 36.1 52.0 <0.01

Mean (SD) PHQ-8 score 6.58 (5.71) 4.06 (4.69) 7.61 (5.80) <0.001

HbA1c > 64 mmol/mol (8.0%),% 35.6 26.9 39.3 0.02

*
Participants reporting moderate or extreme pain on the EuroQuol Quality-of-Life scale.

PHQ-8, eight-item Patient Health Questionnaire.
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