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ABSTRACT
PURPOSE Although psychosocial and clinical factors have been found to be asso-

ciated with hypoglycemic episodes in patients with diabetes, few studies have
examined the association of depression with severe hypoglycemic episodes. This
study examined the prospective association of depression with risk of hypoglycemic episodes requiring either an emergency department visit or hospitalization.
METHODS In a longitudinal cohort study, a sample of 4,117 patients with dia-

betes enrolled between 2000 and 2002 were observed from 2005 to 2007.
Meeting major depression criteria on the Patient Health Questionnaire-9 was the
exposure of interest, and the outcome of interest was an International Classification
of Disease, Ninth Revision code for a hypoglycemic episode requiring an emergency department visit or hospitalization. Proportional hazard models were used
to analyze the association of baseline depression and risk of one or more severe
hypoglycemic episodes. Poisson regression was used to determine whether
depression status was associated with the number of hypoglycemic episodes.
RESULTS After adjusting for sociodemographic, clinical measures of diabetes severity, non–diabetes-related medical comorbidity, prior hypoglycemic
episodes, and health risk behaviors, depressed compared with nondepressed
patients who had diabetes had a significantly higher risk of a severe hypoglycemic episode (hazard ratio = 1.42, 95% CI, 1.03-1.96) and a greater number of
hypoglycemic episodes (odds ratio = 1.34, 95% CI, 1.03-1.74).
CONCLUSION Depression was significantly associated with time to first severe

hypoglycemic episode and number of hypoglycemic episodes. Research assessing
whether recognition and effective treatment of depression among persons with
diabetes prevents severe hypoglycemic episodes is needed.
Ann Fam Med 2013;11:245-250. doi:10.1370/afm.1501.
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eduction of blood glucose is an important goal of treatment in patients
with diabetes and has been found to decrease risk of complications. A
potential risk of treatment with glucose-lowering medications is hypoglycemia. Hypoglycemia may be caused by either excess endogenous insulin
induced by insulin secretagogues or excess exogenous insulin associated with
insulin treatment.1 Minor episodes of hypoglycemia are often corrected by
patients with intake of glucose tablets or simple carbohydrate foods or liquids. More severe episodes of hypoglycemia may lead to loss of consciousness, trauma-related injuries, seizures, coma, myocardial infarction, cognitive
impairment, and mortality.2 Approximately 1 in 4 emergency hospitalizations
for adverse drug events in the United States have been found to be due to
hypoglycemic reactions related to medications that lower glucose.3
Prior studies have found that hypoglycemic episodes may result from
behavioral, physiologic, and therapeutic factors.4-6 The most common
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behavioral factors include poor adherence to self-care
activities, such as lack of regular meals, inconsistent
blood glucose monitoring, erratic use of glucoselowering medications, use of alcohol, or increases in
exercise.6-8 Therapeutic and physiologic factors include
older age, longer duration of treatment, medical
comorbidities, diabetic complications (especially
nephropathy), loss of residual insulin secretion, loss of
awareness of hypoglycemia, and defects in glucagon
responses to hypoglycemia.2,9-11
Although behavioral, physiologic, and therapeutic
factors have been examined as causes of hypoglycemia,
the authors are aware of only one study that examined
the association of depression with severe hypoglycemic
episodes in a population of adults with diabetes.12 This
study found that depression increased risk of hypoglycemic episodes. The study had several limitations,
however, including use of an unvalidated depression
measure and that data on hypoglycemic episodes were
from the year before depression ascertainment.
There are several important reasons to examine
the impact of comorbid depression in patients with
diabetes or risk of hypoglycemia. Major depression
occurs in up to 18% of patients with diabetes13 and
has been linked to lack of adherence to diet, exercise
regimens, glucose monitoring, and key disease control
medications.14 Comorbid depression has also been
linked to an increased risk of poor glycemic control,
microvascular and macrovascular complications,15
and dementia,16,17 which may further increase risk for
hypoglycemic episodes.
In this prospective cohort study of patients with
diabetes, we hypothesized that comorbid depression
would be associated with time to the ﬁrst severe hypoglycemic episode and number of severe hypoglycemic
episodes over a 5-year period.

METHODS
Setting
Group Health Cooperative is a mixed-model, capitated health plan serving more than 600,000 members
in Washington State. Most Group Health members
receive health care within an integrated health care
system of approximately 30 primary care clinics in
Western Washington.
Study Cohort Selection
The cohort for the Pathways Epidemiologic Follow-up
Study18 was initially sampled between 2000 and 2002
from adults 18 years of age and older in the Group
Health diabetes registry19 who received care from
9 primary care clinics in Western Washington. At 5
years after enrollment, surviving members of this iniANNALS O F FAMILY MED ICINE
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tial cohort were contacted again by either mail or telephone during 2005 to 2007. All consenting patients
received a telephone interview and were asked for
permission to review their medical records over the
5-year period.
Waiver of consent to review medical records was
approved by the Group Health Human Subjects Committee for patients who had died during the 5-year
follow-up period, for patients unreachable by telephone, and for those physically unable to come to the
telephone.
Predictor of Interest
The primary predictor of interest was major depression
as determined by the Patient Health Questionnaire-9
(PHQ-9).20 The PHQ-9 is a self-report measure based
on the American Psychiatric Association Diagnostic and
Statistical Manual of Mental Disorders (Fourth Edition)
(DSM-IV) criteria for major depression.20 The PHQ-9
contains the 9 DSM-IV major depressive symptoms,
with each item scored on a 0 to 3 Likert scale. The criteria for major depression require at least 5 symptoms
be endorsed more than one-half the time, including at
least 1 of the cardinal symptoms of depressed mood
or anhedonia. A recent systematic review found the
PHQ-9 had a 77% sensitivity and 94% speciﬁcity for
a diagnosis of major depression based on a structured
psychiatric interview.21
Potential Confounders
Potential confounders (Supplemental Appendix 1, available at http://annfammed.org/content/11/3/245/
suppl/DC1) obtained from the mail survey and
automated Group Health medical and laboratory
records included patient characteristics (age, sex, education, and ethnic/racial status), clinical characteristics
(any prior severe hypoglycemic episode within the
5-year prebaseline period, diabetes duration, insulin use,
RxRisk score, hypertension diagnosis, diabetes type
(1 or 2), number of diabetes complications, body mass
index, and health risk behaviors (smoking and physical activity from the Summary of Diabetes Self-Care
Activities questionnaire).22 The diabetes complication
measure has been shown to predict mortality and
hospitalizations in the subsequent year.23 The RxRisk
score is a computerized pharmacy measure of medical
comorbidity that has been shown to be associated with
subsequent medical costs and utilization.24
Outcome of Interest
Incident cases of emergency visits or hospitalizations
for hypoglycemic episodes in the 5-year prebaseline
interview and 5-year postbaseline interview were based
on the following ICD-9 codes ascertained from the
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electronic medical record: 249.3, 249.8, 250.3, 250.8,
251.0, and 251.2. Because 249.3 and 250.3 include both
diabetic ketoacidosis and hypoglycemic episodes, chart
review for these codes was completed to exclude cases
of ketoacidosis.

4,119 patients included in these analyses. Differences
between nonconsenting and consenting patients are
listed in Supplemental Appendix 2 (http://annfammed.org/content/11/3/245/suppl/DC1).
Compared with patients who were not
depressed, depressed patients were signiﬁcantly more
likely to be younger, female, unmarried, and to be
treated with insulin despite similar duration of diabetes;
they had more non–diabetes-related medical comorbidities, a higher number of diabetes complications, a
higher body mass index and rates of smoking; and they
were less physically active.
In the 5-year prebaseline period, 8.1% of depressed
patients with diabetes vs 3.1% of nondepressed control
patients with diabetes experienced 1 or more severe
hypoglycemic episodes (Table 1). Over the 5-year
follow-up period, 6.9% of patients reported at least
1 severe hypoglycemic episode. A total of 10.7% of

Statistical Analyses
Patients with comorbid depression and diabetes were
compared with patients with diabetes alone on demographic, clinical, and health risk behaviors using χ2
analyses and t tests. Cox survival analysis was used
to estimate the statistical effect of depression upon
days to ﬁrst glycemic event. We ﬁrst ﬁt an unadjusted
model containing only an indicator for depression.
Next, we added any severe hypoglycemic episode in
the prebaseline 5-year period, demographic and clinical variables, and health risk behaviors to ascertain the
statistical signiﬁcance of depression in these models.
To determine whether depression
status was related to number of glyFigure 1. Recruitment diagram for depression, diabetes,
cemic events, we used Poisson regreshypoglycemia study.
sions. The outcome was the number
of severe hypoglycemic events in
4,839 Pathways epidemiothe 5-year postbaseline period. First,
logic sample
we ﬁt an unadjusted model with just
depression, then we subsequently
added any severe hypoglycemic epi2 Requested no further contact
sode in the 5 years before the baseline, as well as demographic, clinical,
4,837 Eligible for pathways
and health risk variables, to the model
5-year follow-up
while assessing depression for statistical signiﬁcance.
Because treatment with insulin is
associated with a greater risk of hypo709 No data consent
662 Died before
glycemic episodes, effect modiﬁcation
5-year follow-up
644 Refused
of depression on risk of time to ﬁrst
13 Proxy refusal
hypoglycemic episode was evaluated
51 Non-English speakers
by specifying an interaction between
1 Coding error
4,128 Requested permission to review
depression and treatment with insulin.
medical records
662 Deceased (waiver of consent)
3,021 Consented by phone

RESULTS

77 With proxy consent for cognitively impaired participant

Among the 7,841 eligible patients
with diabetes, 4,839 (61.7%) returned
the baseline mailed questionnaire, and
the research team received permission
to review medical records of 4,128
(85%) (Figure 1). Of these patients
662 had died during the 5-year
follow-up period, 296 patients were
unreachable by telephone, and 72
were physically unable to come to the
telephone. Nine charts were unable
to be located, leaving a sample of
ANNALS O F FAMILY MED ICINE

368 With other waiver of consent
296 Unreachable by survey
72 Physically unable to
come to phone

9 Charts missing

4,119 In final sample
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Table 1. Descriptive Statistics For the Study Sample (N = 4,117)
Total

Not Depressed
n = 3,622 (88%)

Depressed
n = 495 (12%)

P Value

Any prebaseline hypoglycemic episode,a % (No.)

3.7 (153)

3.1 (113)

8.1 (40)

<.001

Any postbaseline hypoglycemic episode,b % (No.)

6.9 (283)

6.4 (230)

10.7 (53)

<.001

48.1 (1,981)

46.7 (1,690)

58.8 (291)

<.001
<.001

Study Variable

Female, % (No.)
Age, mean (SD), y

63.4 (13.4)

64.0 (13.3)

59.4 (13.8)

White, % (No.)

80.1 (3,299)

80.3 (2,910)

78.6 (389)

.37

Married, % (No.)

65.4 (2,693)

66.8 (2,418)

55.6 (275)

<.001

Some college (≥1 year), % (No.)

76.2 (3,134)

76.6 (2,774)

72.4 (360)

.06

Type 2 diabetes, % (No.)

95.6 (3,933)

95.4 (3,457)

96.2 (476)

.47

Duration of diabetes, mean (SD), y

9.6 (9.4)

9.6 (9.6)

9.6 (8.3)

.87

30.6 (1,259)

28.9 (1,047)

42.8 (212)

<.001

3,133.7 (2,441.0)

3,093.0 (2,386.3)

3,431.4 (2,793.5)

.01

Taking insulin, % (No.)
RxRisk score, mean (SD)c
Hypertension diagnosis, % (No.)

74.5 (3,069)

Diabetes complications, mean (SD), No.
Body mass index, mean (SD)

74.3 (2,687)

75.7 (373)

.54
<.001

1.4 (1.3)

1.4 (1.3)

1.6 (1.4)

31.5 (7.3)

31.1 (6.8)

34.8 (9.3)

<.001

Current smoker, % (No.)

8.4 (347)

7.6 (276)

14.3 (71)

<.001

Physical activity score, mean (SD)d

2.7 (2.2)

2.8 (2.2)

1.9 (1.4)

<.001

Percentage with hypoglycemic episode in 5 years prebaseline.
b
Percentage with hypoglycemic episode in 5 years postbaseline.
c
For this study population, scored on a range from 71 to 21,950, where higher numbers indicate greater morbidity.
d
Scored on a range from 0 to 7, where higher numbers indicate more days per week of exercise.
a

depressed patients with diabetes had 1 or more severe
hypoglycemic episodes, compared with 6.4% among
nondepressed control patients (Table 1).
Unadjusted analyses (Table 2) showed that compared with nondepressed control patients, those with
depression had a signiﬁcantly shorter time to a ﬁrst
severe hypoglycemic episode and had a signiﬁcantly
higher number of severe hypoglycemic events. After

adjusting for sociodemographic and clinical variables,
prior hypoglycemic events in the 5 years before baseline and health risk behaviors, depressed patients
with diabetes had a signiﬁcantly shorter time to a ﬁrst
severe hypoglycemic episode and signiﬁcantly more
episodes (Table 2).
No evidence of effect modiﬁcation of depression
with treatment with insulin was found; thus, the risk
of hypoglycemic episodes for
depressed patients vs nondeTable 2. Hazard Ratios for Major Depression for Time to an
pressed patients was the same
Hypoglycemic Event or for Relative Risk for Number of Hypoglycemic
for those on insulin as those
Events (N = 4,117)
not on insulin.
Covariate Adjustment
Unadjusted

Time to
Hypoglycemic Event
HR (95% CI)

Number of
Hypoglycemic Events
RR (95% CI)

1.89 (1.39-2.56)

1.91 (1.49-2.43)

DISCUSSION
In this prospective cohort
study, comorbid depression
in an adult population with
diabetes was associated with
an increased risk of time to a
hypoglycemic episode requiring an emergency department
visit or hospitalization and
number of severe hypoglycemic episodes. This study is
only the second of which the
authors are aware that found
depression was associated
with increased risk of severe

Adjusted
Prior hypogycemic event

a

Prior hypogycemic eventa and demographic characteristicsb
Prior hypogycemic eventa and demographicb and clinicalc characteristics
Prior hypogycemic eventa and
demographic,b clinical,c and health
risk behaviord characteristics

1.65 (1.21-2.25)

1.69 (1.32-2.17)

1.78 (1.30-2.44)

1.76 (1.37-2.26)

1.41 (1.03-1.94)

1.39 (1.08-1.80)

1.42 (1.03-1.96)

1.34 (1.03-1.74)

HR = hazard ratio; RR = relative risk.
At least 1 hypoglycemic event in the 5 years before entering study.
Demographic characteristics: age, sex, race (white vs nonwhite race/ethnicity), education (some college, high
school, or less), and marital status (married or partnered, single).
a

b

Clinical characteristics: diabetes duration, insulin use, RxRisk score, hypertension diagnosis, diabetes type 1 or 2,
and diabetes complication score.
c

d

Health risk behavior characteristics: body mass index, current smoking, and physical activity.
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hypoglycemia episodes in a population-based sample
of adults with diabetes.12 A previous study found that
depression was associated with self-reported hypoglycemic episodes (which included both minor and
more severe episodes) in 2,718 patients with type 2
diabetes.25 The increased risk of severe hypoglycemic
episodes in patients with comorbid depression may be
due to poor self-care or psychobiologic changes associated with depression. Patients with depression and
diabetes, compared with those with diabetes alone,
have been found to have poor adherence to diet,
smoking cessation, and physical activity recommendations; poor blood glucose monitoring; and trouble taking key disease control classes of medications as prescribed.14,26 The increased risk of macrovascular and
microvascular complications15 and dementia18,19 that
has been found to be associated with comorbid major
depression in patients with diabetes may also lead to
weight loss. Weight loss may be associated with risk
of hypoglycemia unless dosages of glucose-lowering
medications are adjusted in a timely manner.
Depression may also lead to psychobiologic
changes, such as dysregulation of the autonomic
nervous system, higher cortisol levels, and increased
inﬂammatory factors,26 all of which could lead to ﬂuctuations in glycemic control. Based on poor glucose
control, physicians may increase dosages of glucoselowering medications or augment with an additional
glucose-lowering medication, which may subsequently
increase risk of causing hypoglycemia.
Strengths of the study include that this study sample was a well-characterized population-based group
of adults with diabetes that had detailed information
on potential confounders. The stability of the population within Group Health and the extensive automated health utilization data allowed us to observe the
cohort over a prolonged period to measure hypoglycemic episodes.
Limitations of these data include that only severe
hypoglycemic episodes could be accurately measured; minor episodes not requiring emergency visits
or hospitalization are much more common but could
not be measured. Depression was measured only at 1
point; however, depression is often a chronic illness
in patients with diabetes, with more than 70% with
comorbid depression reporting they had been ill for
longer than 2 years.27 The population was from 1 large
health care system from 1 geographic region limiting
generalizability. The observational nature of our data
also limits interpretations of causality.
In this study, comorbid major depression was found
to be a risk factor for severe hypoglycemic episodes
in adults with diabetes. Research is needed to assess
whether recognition and effective treatment of depresANNALS O F FAMILY MED ICINE
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sion among persons with diabetes prevents severe
hypoglycemic episodes, as well as the increased risk of
complications15 and mortality.28
To read or post commentaries in response to this article, see it
online at http://www.annfammed.org/content/11/3/245.
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