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Abstract

Aims—To examine (1) the prevalence of depressive symptoms in women with Type 2 diabetes,
(2) the associations between depressive symptoms and the following dependent variables: sleep
disturbance; physical activity; physical health-related; and global quality of life, and (3) the
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potential moderating effects of antidepressants and optimism on the relationship between
depressive symptoms and dependent variables.

Methods—~Participants in the Women’s Health Initiative who had Type 2 diabetes and data on
depressive symptoms (/A=8895) were included in the analyses. In multivariable linear regression
models controlling for sociodemographic, medical and psychosocial covariates, we examined the
main effect of depressive symptoms, as well as the interactions between depressive symptoms and
antidepressant use, and between depressive symptoms and optimism, on sleep disturbance,
physical activity, physical health-related quality of life and global quality of life.

Results: In all, 16% of women with Type 2 diabetes reported elevated depressive symptoms. In
multivariable analyses, women with depressive symptoms had greater sleep disturbance
(P<0.0001) and lower global quality of life (£<.0001). We found evidence of significant statistical
interaction in the models for quality-of-life outcomes: the increased risk of poor physical health-
related quality of life associated with antidepressant use was stronger in women without vs with
depressive symptoms, and the association between greater optimism and higher global quality of
life was stronger in women with vs without depressive symptoms.

Conclusions—To improve health behaviours and quality of life in women with Type 2 diabetes,
sociodemographic and medical characteristics may identify at-risk populations, while
psychosocial factors including depression and optimism may be important targets for non-
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pharmacological intervention.

Introduction

Depressive symptoms in adults with diabetes can have a negative impact on glycaemic
control, health behaviours (e.g. physical activity, medication adherence), symptom severity,
sleep, functional status, quality of life, cardiovascular health and mortality [1-7]. Adults
with diabetes are more likely to report significant depressive symptoms than those without
diabetes [8,9]; however, estimated rates of clinically significant depressive symptoms among
adults with diabetes have ranged widely (10.6-50.6%) [1,2,8,9].

Depressive symptoms disproportionately affect women compared with men with diabetes,
consistent with trends in the general population [8]. Depression has been reported to be
twice as likely in women than in men with diabetes, but estimated prevalence varies widely
(14.3-48.4% among women with diabetes) [8,9]. Research in larger samples of women with
diabetes is needed to better estimate rates of depression and identify whether it uniquely
contributes to health-related outcomes and quality of life.

The effects of depression among people with diabetes may depend, in part, on treatment for
depression. Adults with diabetes, particularly older adults, tend to receive pharmacological
treatment for depression [9], but the results are mixed. Although antidepressant use can
improve glycaemic control in adults with comorbid depression and diabetes [10,11], it also
is associated with poorer physical health-related quality of life [12]; therefore, the effects of
antidepressant use among adults with diabetes require further study [10].

Additional research is also needed to examine the effects of positive psychological
characteristics, such as optimism, in people with diabetes [13]. Dispositional optimism (the
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tendency to expect positive future events) is associated with lower rates of depression among
older adults and may mitigate its negative effects on health [14-16]. Optimism is associated
with better health and behaviours critical to optimizing care of diabetes, including diet and
physical activity [15,17-19]; thus, higher levels of optimism may be particularly important
for maintaining quality of life in people with diabetes and comorbid depression, which is
characterized by poor self-care.

The aims of the present study were: (1) to estimate the prevalence of depressive symptoms
in a sample of middle-aged and older women (A=9300) with diabetes; (2) to examine the
association between level of depressive symptoms and sleep disturbance, physical activity,
physical health-related quality of life and global quality of life, before and after adjusting for
demographic, medical and psychosocial variables; and (3) to examine whether
antidepressant use or optimism modifies the relationship between depressive symptoms and
outcomes of interest.

Study population

Measures

The Women’s Health Initiative (WHI) is a longitudinal study of 161 809 post-menopausal
women originally recruited at 40 clinical centres across the USA between 1993 and 1998.
Women were enrolled either in the WHI observational study (/=93 676) or to randomized
clinical trials (/=68 133) [20]. Women were 5079 years of age at recruitment and had to be
postmenopausal at baseline. For these analyses, we included data from the WHI baseline
visit (clinical trials and observational study), when depressive symptoms were first assessed,
and narrowed the sample to include only women with a history of Type 2 diabetes
determined via self-reported diagnosis of diabetes mellitus (reported ever having diabetes
beginning at age =20 years without any hospitalizations for diabetic coma) or current use of
diabetic medications. This definition was also used in a previous WHI publication [21]; self-
reports of Type 2 diabetes have been found to be reliable [22].

Main exposure variable: presence/absence of depressive symptoms.—
Depressive symptoms over the past week were measured with six items from the Centres for
Epidemiological Studies Depression scale and two items from the Diagnostic Interview
Schedule [23]. Responses were scored according to the Burnam algorithm, which computes
a depression score from 0 to 1, with scores >0.06 indicating greater probability of depressive
symptoms [23]. We dichotomized scores at this threshold and defined a group with strong
evidence of depressive symptoms [score >0.06] and those without [score <0.06]. In the
present paper we use the terms ‘presence/absence of depressive symptoms’ and ‘depressed
status’ interchangeably; both indicate a dichotomous classification pertaining to greater or
lesser probability of depressive symptoms according to the Burnam algorithm.

Outcome (dependent) variables—We considered the following outcomes in relation to
presence/absence of depressive symptoms in our statistical models.
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Sleep disturbance. The five-item WHI Insomnia Rating Scale (WHIIRS) was
used as the measure of sleep disturbance. This assesses difficulty falling asleep,
waking up several times at night, waking up earlier than planned, having trouble
getting back to sleep after waking up early, and overall sleep quality. Reliability
and validity of the scale has been established [24]. Scores range from 0 to 20,
with higher scores indicating greater sleep disturbance.

Physical activity. Physical activity level was quantified as total energy expended
from recreational physical activity (MET-h/week). Self-reported mild, moderate
and strenuous physical activities, in addition to walking, were included in this
summary measure.

Physical health-related quality of life. The physical component summary score
from the RAND-36 was used as a measure of physical health-related quality of
life [25]. This measure assesses four physical subscales: (1) general health
perceptions; (2) physical functioning (i.e. ability to perform vigorous/moderate
intensity activities that one might do in a typical day); (3) bodily pain; and (4)
role limitations (i.e. problems with work and other daily activities attributable to
physical health). For each subscale, scores were obtained by summing responses
to the individual questions linked to that particular subscale. Scores are
transformed to a scale from 0 to 100, with higher scores indicating higher levels
of functioning. These scales have demonstrated reliability and adequate
construct validity [25]. The subscales are weighted in the computation of the
physical component summary score [25].

Global quality of life. This was measured using a single item: ‘Overall, how
would you rate your quality of life?” [26]. Response categories were on a scale
from 0 (worst) to 10 (best).

Covariates—To characterize the sample and to examine covariates that have been
associated with depression and the outcomes of interest, we included the following

measures.

(1)

()

)

Demographic and personal characteristics. Participants self-reported age, race/
ethnicity (non-Hispanic white, Hispanic, black, other), educational attainment (<
high school, some college/vocational, 4-year college degree, postgraduate),
income (< $50,000, $50,000-99,999, =$100,000), and marital status (married/
with partner, not married/no partner) at baseline.

Antidepressant medication use at baseline (yes/no). Use of antidepressants was
indicated as reported use of any of the following medication classes:
tetracyclics; monoamine oxidase inhibitors; modified cyclics; selective serotonin
reuptake inhibitors; tricyclic agents; and miscellaneous antidepressants.

Number of comorbid conditions. History of any of the following prevalent and
burdensome conditions were self-reported on the baseline survey: asthma,
emphysema, cardiovascular disease, osteoarthritis, hypertension, cancer/
malignancy, and hip fracture reported at age =55 years. We summed the number
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of comorbid conditions reported for each woman, and then created an ordinal
variable of 0, 1 or 22 comorbid conditions.

4 Optimism. This was assessed at baseline using the six-item Life Orientation
Test-Revised (e.g. ‘I’m always hopeful about my future’ and “In unclear times, |
usually expect the best”), with Cronbach’s a.=0.78, test-retest reliability of 0.68,
and adequate predictive and discriminant validity [14]. A summary score was
calculated from the six components, coded from 1=strongly disagree to
5=strongly agree. Scores range from 6 to 30, where a higher score indicated
greater optimism [14].

(5) Social support. Nine questions from the Medical Outcomes Study Social
Support Questionnaire were used to measure the social support available to WHI
participants [27]. Responses were on a five-point scale ranging from ‘none of
the time’ to “all of the time’. Responses to all nine items were summed together,
forming a total social support score (range 9-45), with higher scores indicating
higher levels of social support [27].

Statistical analysis

To characterize the sample and provide descriptive statistics, we calculated the mean and
standard deviation as well as the range for continuous variables, and the count and
percentage for categorical variables, stratified by depressed status. We conducted #tests (for
the continuous covariates) and chi-squared tests (for the categorical, included ordered
categorical, covariates) to test differences in covariate levels by depressed status. We
additionally examined Spearman correlation coefficients among all variables included in our
analyses.

We first conducted bivariate analyses to examine the association between our primary
exposure variable of interest (depressed status) and each of our four dependent variables of
interest (sleep disturbance, physical activity, physical health-related and global quality of
life) by depressed status. We compared means and medians of the dependent variables by
level of depressed status. Next we modelled these four dependent variables in separate
multiple linear regression models. In addition to the main variable of interest (depressed
status),we included the covariates age, race/ethnicity, education, household income, marital
status, antidepressant use, number of comorbid conditions (0, 1, =2), optimism, and social
support in our models, and also included interaction terms between presence/absence of
depressive symptoms and both optimism (optimism*depressed status) and antidepressant
use (antidepressant use*depressed status). In models where interaction terms were not
significant, we removed the interaction terms and report results from the main-effects-only
model, to allow a more straightforward interpretation of model parameter estimates. All
bivariate and multivariate analyses are complete-case analyses. We used a two-tailed a level
of 0.05 throughout. All analyses were conducted with SAS v.9.4. (Cary, NC, USA).
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Of 161 809 women with WHI (observational study + clinical trials) baseline data, 9300
reported a history of Type 2 diabetes. Of these, 8895 reported data on the depressive
symptoms measure. These 8895 constituted our analytical sample. In this sample of middle-
aged and older women with a history of Type 2 diabetes, the prevalence of depressive
symptoms (Burnam algorithm score >0.06) was 16.2% (/7=1443; Table 1). Table 1 also
presents additional baseline characteristics of the sample stratified by depression status.
While age spanned the range of 50-79 years in both groups, women in the depressed group
were, on average, younger (mean age 62.9 years) than the non-depressed women (mean age
64.7 years). Both groups comprised predominantly non-Hispanic white people, although the
proportion was lower in the depressed group (61.5%) vs the non-depressed group (67.9%).
Significantly more of the depressed group (53.1%) was not married/had no partner than the
non-depressed group (44.0%). Almost 21% of the depressed group had at least a 4-year
college degree, while the corresponding percentage for the non-depressed group was 29%.
The depressed women were more likely to report a household income of < $50,000 (76.7%)
than non-depressed women (70.1%). Depressed women were more likely (66.5%) to report
two or more comorbid conditions than the non-depressed women (57.0%). Among the
depressed women, 20.7% reported using some type of antidepressant at baseline, with
selective serotonin reuptake inhibitors being the most common type; among the non-
depressed women, 8.5% reported use of antidepressants, with tricyclics being the most
common type in this group. Both social support and optimism scores were lower among the
depressed group.

We examined correlations between all study variables (Table 2). We next examined
unadjusted (crude) bivariate associations between presence/absence of depressive symptoms
and the outcome variables (sleep disturbance, physical activity, physical health-related and
global quality of life). In these unadjusted bivariate analyses using the £test, each of the
outcome variables was statistically significantly better (all £Zvalues <0.0001) in the non-
depressed group (Table 3). Wilcoxon tests conducted on the median values similarly
produced a set of Pvalues all <0.0001.

Finally, we examined whether the significant associations between presence/absence of
depressive symptoms and each outcome (sleep disturbance, physical activity, physical
health-related and global quality of life) remained after adjustment for covariates. We also
examined the data for presence of significant interactions between presence/absence of
depressive symptoms and both optimism and antidepressant use.

We found a significant association for presence/absence of depressive symptoms with
respect to sleep disturbance [b=2.84, 95% CI 2.55-3.13; P=0.001 (Table 4)], with depressed
women having higher predicted levels of sleep disturbance. Neither the antidepressant
use*depressed status interaction nor the optimism*depressed status interaction was
statistically significant.

No significant association was found between presence/absence of depressive symptoms and
physical activity (Table 4) after covariate adjustment. No interactions (antidepressant
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use*depressed status, optimism*depressed status) were significant in this model. Of all of
the models examined, the model for physical activity had the lowest /2 value (0.03).

For physical health-related quality of life, we found a significant interaction between
antidepressant use and depressed status [b=2.11, 95% CI 0.41-3.81; £=0.02 (Table 4)].
Among the non-depressed, being on antidepressants was associated with a significantly
lower (almost 5 points lower) physical health-related quality of life compared with those not
on antidepressants. Among the depressed, the negative effect on physical health-related
quality of life associated with being on antidepressants was smaller (close to 3 points).

For global quality of life, there was a significant interaction between optimism and presence/
absence of depressive symptoms (Table 4). Depressed status was associated with lower
predicted global quality of life, and higher optimism with better predicted global quality of
life. The positive association between optimism and global quality of life was stronger (i.e.
the slope relating optimism to predicted global quality of life was steeper) among depressed
than non-depressed women (Fig. 1).

Discussion

In this analytical sample of 8895 middle-aged and older women with Type 2 diabetes, 16.2%
reported a significant level of depressive symptoms. This prevalence is lower than that
reported in many previous studies, including a meta-analysis that found the prevalence of
depression among women with diabetes to be 23.8% [8]; however, it is similar to recent
findings from a nationally representative US sample. In an analysis of the 2005-2012 US
National Health and Nutrition Examination Survey (NHANES) data, prevalence of clinically
relevant depression was 14.3% among women with diabetes [9]. Differences in methodology
may have contributed to these discrepancies. For example, the NHANES analysis included
adults aged =30 years and used the Patient Health Questionnaire to assess depressive
symptoms, whereas the present analysis of the WHI focused on middle-aged and older
women (age 50-79 years) and used the Burnam algorithm to measure elevated depressive
symptoms.

Presence/absence of depressive symptoms showed significant bivariate associations with all
outcome variables, that is, sleep disturbance, physical activity, physical health-related
quality of life and global quality of life; however, in multivariable analyses, depressed status
was not statistically significantly associated with physical activity or physical health-related
quality of life. Other factors, such as age, race, socio-economic status, medical comorbidity,
antidepressant use, social support and optimism, remained uniquely associated with these
outcomes. This suggests that psychosocial factors other than depression (i.e. optimism and
social support) may be important targets for increasing physical activity and physical health-
related quality of life, and that sociodemographic and medical characteristics may be used to
identify women with the greatest need for interventions to improve these two outcomes.

While the main effect of depressive symptoms was not significant for physical health-related
quality of life, we found a significant interaction between presence/absence of depressive
symptoms and antidepressant use. In both non-depressed and depressed women with Type 2
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diabetes, the association between antidepressant use and physical health-related quality of
life was negative, although it was more strongly negative among the non-depressed. This is
consistent with prior longitudinal research in adults with comorbid depression and diabetes
[12]. Thus, evidence is growing that antidepressant use is associated with poorer physical
health-related quality of life among adults with diabetes, despite recent reviews that
identified improved glycaemic control in trials of antidepressants among adults with
comorbid depression and diabetes [10,11]. In the present study, antidepressant use also was
associated with lower levels of physical activity but was unrelated to sleep disturbance or
global quality of life. The relationship between antidepressant use and diabetes-related
outcomes warrants additional investigation.

The present results indicate that depression in women with diabetes is more strongly related
to poorer sleep and global quality of life. While these cross-sectional analyses do not
establish causality, our findings support previous research suggesting that addressing
depression in women with diabetes may improve other health-related outcomes.
Longitudinal, population-based research suggests that US adults with comorbid diabetes and
depression who receive psychotherapy have greater quality of life than those receiving no
treatment for depression [12], but intervention trials in adults with diabetes have not focused
on sleep outcomes. A recent meta-analysis demonstrated that cognitive behavioural therapy,
in particular, improves depression, quality of life, and fasting glucose among adults with
comorbid depression and diabetes [28]; however, compared with pharmacological treatment
for depression in adults with diabetes, use of psychological services is low (~15%) [9]. More
accessible and effective non-pharmacological interventions for comorbid depression in
people with diabetes therefore remain needed.

Optimism was significantly associated with better scores on all four outcomes of interest.
Moreover, the association between greater optimism and higher global quality of life was
stronger in women with vs without depressive symptoms, consistent with the hypothesis that
optimism may buffer against the negative impact of depressive symptoms on well-being.
The totality of evidence, which our findings support, suggests that optimism may be an
important target for improving multiple outcomes in women with Type 2 diabetes,
particularly for those with comorbid depression. Previous research with other populations
indicates that interventions can increase optimism [29]. A small pilot study (A=15) of a
positive psychological intervention for adults with Type 2 diabetes reported increased
optimism, but additional research in larger samples is needed [30]. In addition to the
outcomes supported by our findings (i.e. sleep disturbance, physical activity, physical health-
related and global quality of life), intervention trials should examine objective health
outcomes (e.g. insulin levels) and the behavioural (e.g. improved diet and medication
adherence) and physiological (e.g. decreased inflammation), mechanisms by which positive
psychological constructs such as optimism may improve the health of individuals with
diabetes [13].

The present study is the largest sample to date to examine the prevalence of depressive
symptoms among women with Type 2 diabetes and the relationships among depressed
status, antidepressant use, optimism, and important diabetes-related outcomes. In this
sample, depressive symptoms were common and associated with poorer sleep, lower
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physical activity, and poorer physical health-related and global quality of life. Given the
inherent limitations of cross-sectional analyses, longitudinal research is needed to further
explore these findings. Nonetheless, our results, in combination with findings from previous
studies, indicate that the health and well-being of women with Type 2 diabetes may benefit
from non-pharmacological approaches to decreasing depressive symptoms and increasing
optimism.
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What’s new?

Depression in women with diabetes is common and has a negative impact on
health. Research in large samples is needed to better estimate its prevalence,
outcomes and clinical implications.

Among the 8895 participants with Type 2 diabetes in the Women’s Health
Initiative, 16% reported elevated depressive symptoms, which were associated
with greater sleep disturbance and lower quality of life.

Increased risk of poor physical health-related quality of life associated with
antidepressant use was stronger in women without depressive symptoms.

The positive association between optimism and global quality of life was
stronger in women with depressive symptoms.

Depression and optimism may be important targets for non-pharmacological
intervention.
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Figure 1.
Interaction (based on predicted values of outcome, Global Quality of Life) between

depressed status and optimism Note: Slope=0.11 for non-depressed, 0.18 for depressed. P-
value for interaction <0.0001.
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Table 1

Baseline characteristics of the study sample (A=8895)

Depressed (n=1443) Non-depressed (n =7452) p
n % n %
Race/ethnicity <0.0001
Non-Hispanic white 887 61.5 5058 67.9
Hispanic 153 10.6 371 5.0
Black 317 22.0 1525 20.5
Other 82 5.7 477 6.4
Unknown 4 0.3 21 0.3
Education <0.0001
<High school 540 37.4 2240 30.1
Some college/ vocational 590 409 3038 40.8
4-year college degree 98 6.8 575 7.7
Postgraduate 197 13.7 1549 20.8
Unknown 18 1.2 50 0.7
Income <0.0001
< $50,000 1107 76.7 5221 70.1
$50,000-$99,999 190 13.2 1486 19.9
= $100,000 25 17 268 3.6
Unknown 121 8.4 477 6.4
Marital status <0.0001
Married/ partnered 661 458 4136 55.5
Not married/ partnered 766 53.1 3275 439
Unknown 16 11 41 0.5
Number of comorbid conditions <0.0001
0 132 9.1 930 12.5
1 350 24.3 2262 304
22 959 66.5 4246 57.0
Unknown 2 0.1 14 0.2
Antidepressant medication use <0.0001
None 1144 79.3 6815 91.5
Tetracyclics 0 0.0 0 0.0
MAO inhibitors 0 0.0 1 0.0
Modified cyclics 32 2.2 48 0.6
SSRIs 170 11.8 223 3.0
Tricyclic agents 87 6.0 341 4.6
Miscellaneous 10 0.7 24 0.3
Mean (SD) Range n Mean (SD) Range n
Age at baseline 62.9 (7.1) 50-79 1443 64.7 (6.8) 50-79 7452 <0.0001
Social support 29.6 (9.0) 9-45 1391 35.2 (8.1) 9-45 7240 <0.0001

Diabet Med. Author manuscript; available in PMC 2020 September 01.
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Depressed (n=1443) Non-depressed (n =7452) p*
n % n %
Optimism 20.0 (3.9) 6-30 1379 22.9(3.3) 9-30 7236 <0.0001

MAO, monoamine oxidase; SSRI, selective serotonin reuptake inhibitor.

*
Pvalues are for comparisons across depressive symptom groups based on independent samples £test for continuous variables and chi-squared test
for categorical variables.
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P<0.05.
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