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ARTICLE INFO ABSTRACT

Keywords: Objective: We analyzed two cohorts of people with type 2 diabetes to evaluate the relationships between de-
Diabetes mellitus pression, sleep quality, and history of hypoglycemia.
Type 2 Research design and methods: Two adult cohorts from Chicago (n = 193) and Bangkok, Thailand (n = 282) with
Hypoglycemia type 2 diabetes completed questionnaires to assess sleep quality, depressive symptoms, and hypoglycemia fre-
lsi)leezresswn quency. Proportional odds logistic regression models for each cohort adjusted for duration of therapy, insulin
P and sulfonylurea management, and other factors.
Results: Those with hypoglycemia in both cohorts had a longer duration of diabetes, greater use of insulin, and
worse sleep quality. The Chicago cohort used less sulfonylureas but had higher depressive symptom scores. The
Thailand cohort had greater sulfonylurea use. In the final Thailand regression model, depressive symptoms were
independently associated with hypoglycemia frequency. In both final Chicago and Thailand models, sleep
quality was not associated with hypoglycemia frequency.
Conclusions: In the Thailand cohort, depressive symptoms were associated with hypoglycemia frequency.
Introduction centers in Chicago, IL (n = 193; February to May 2012) and Bangkok,

Hypoglycemia is a major complication of people with type 2 dia-
betes taking insulin or other hypoglycemic medication. Risk for hy-
poglycemia varies with factors such as duration of diabetes, insulin and
sulfonylurea use, reduced renal function, older age, and other co-
morbidities [1]. Poor sleep quality, excessive daytime sleepiness, and
depressive symptoms may also be related to hypoglycemia, a relation-
ship that may be complex, bidirectional, and reflect poor self-care, non-
adherence to diet or glucose self-monitoring [2-4]. We hypothesized
that these factors are associated with an increased frequency of hy-
poglycemia in people with type 2 diabetes.

Material and methods

This secondary data analysis included participants with a clinical
diagnosis of type 2 diabetes recruited from urban academic medical

Thailand (n = 282; January 2014 to June 2016). During routine clinic
visits, patients were asked if they would be interested in participating in
studies exploring the sleep characteristics of patients with type 2 dia-
betes [5]. The studies were approved by the Institutional Review Boards
of Rush University Medical Center and the Faculty of Medicine Ra-
mathibodi Hospital. Consenting participants were interviewed during
clinic or research study visits by trained study staff. The following
questionnaires were completed: the Pittsburg Sleep Quality Index
(PSQI; poor sleep =5) [6,7], the Epworth Sleepiness Scale (ESS; ex-
cessive daytime sleepiness =11) [8,9], and the Center for Epidemio-
logic Studies Depression Scale (CES-D) [10,11]. The CESD consists of 20
items that measure symptoms of depression (e.g., crying spells, feeling
fearful, lonely or sad). Individual scores [from none of the time (0) to all
the time (3)] are summed to calculate a total score, which ranges from 0
to 60, with higher scores reflecting greater depressive symptoms.
Participants were provided with a definition of hypoglycemia as
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follows: “As you probably know, patients with diabetes can sometimes
have episodes of low blood sugar. These are called hypoglycemic
events. Symptoms of low blood sugar can be mild, such as sweating,
trembling, or difficulty concentrating. Symptoms can also be severe,
such as needing the help of someone else to bring you food or drink to
manage the event, losing consciousness or needing to be hospitalized.”
Self-reported history of hypoglycemia was then assessed by asking:
“Have you had any episodes of hypoglycemia?” and “Have you had any
episodes of hypoglycemia in the past six months? If so, then how
often?”

Additional variables included body mass index, hemoglobin Alc
(HbAlc, within past 3 months in medical record), medication use (ab-
stracted from medical records) and history of obstructive sleep apnea
(OSA) or OSA risk measured by the Berlin questionnaire [12,13].

Statistical analysis

In each cohort, we compared these measures for patients with and
without self-reported hypoglycemia. We conducted a proportional odds
logistic regression [14,15] analyses to evaluate relevant (p < 0.1)
demographic factors and diabetes history/management (diabetes
duration, insulin use, sulfonylurea use), PSQI, ESS, CES-D in relation-
ship with hypoglycemia frequency. We evaluated the parallel regres-
sion assumption as well as collinearity. A stepwise logistic regression
approach using backward elimination identified the best predictors of
hypoglycemia. McFadden pseudo R? values were calculated for model
fitness [16]. Data was analyzed using R v3.4.3 [17].

Results

In the Chicago cohort, those with a history of hypoglycemia were
older (59.4 vs. 55.1 yrs, p = .047), had a longer duration of diabetes
(15.5vs. 8.0 yrs., p < .01), had greater use of insulin (65.7 vs. 30.2%,
p < .01) and less sulfonylurea (27.1 vs. 43.4%, p = .046), and higher
CES-D score (14.8 vs. 10.3, p < .01) and PSQI score (7.2 vs. 5.8,
p = .019; Table 1). In the Thailand cohort, those with a history of hy-
poglycemia had a longer duration of diabetes (13.9 vs. 6.2 yrs,
p < .01), greater use of insulin (48.8 vs. 19.6%, p < .01) and sulfo-
nylurea (52.7 vs. 38.4%, p = .026), and higher PSQI score (8.4 vs. 7.4,
p = .021). There were no statistically significant differences in gender,
BMI, HbAlc, antidepressant/anxiolytic use, ESS, or OSA status by hy-
poglycemia history in either cohort. PSQI and CES-D scores were po-
sitively correlated with each other (Spearman r = 0.41 for Thailand
cohort, r = 0.59 for Chicago cohort).

In the Chicago and Thailand cohorts, hypoglycemia frequency oc-
curred never (45% and 62%), once or twice (25% and 21%), once a

Table 1
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Table 2
Proportional Odds Ratios in Frequency of Hypoglycemia in Chicago and
Thailand Cohorts.

Variable Chicago Thailand
Odds 95% Confidence  Odds 95% Confidence
Ratio Interval Ratio Interval
Age (years) 1.01 0.99-1.04 0.98 0.96-1.01
Gender (1 = male, 1.43 0.78-2.67 1.10 0.65-1.85
2 = female)
BMI (kg/m?) 0.98 0.95-1.02 1.01 0.96-1.06
Insulin Use 2.58 1.28-5.27 4.67 2.52-8.80
Sulfonylurea Use 0.83 0.43-1.61 2.17 1.24-3.89
Diabetes Duration 1.02 0.99-1.05 1.04 1.00-1.08
(years)
CESD Score 1.01 0.97-1.05 1.04 0.99-1.09
PSQI Score 1.02 0.93-1.11 1.03 0.96-1.12

McFadden Pseudo R% 0.100 (Thailand) and 0.055 (Chicago).

month (14% and 8%), twice a month (7% and 5%), once a week (7%
and 4%), and daily (3% and 1%) in the past 6 months respectively. In
the proportional odds logistic regression models, insulin users in both
the Chicago and Thailand cohorts had a greater frequency of hy-
poglycemia (Table 2). In the Thailand cohort, sulfonylurea users and
those with longer diabetes duration also had higher hypoglycemia
frequency. Backwards regression yielded a final model that included
insulin use and diabetes duration in the Chicago cohort (pseudo
R? = 0.046), and insulin use, sulfonylurea use, diabetes duration, and
CES-D score in the Thailand cohort (pseudo R2 = 0.092).

Discussion

In these samples of adults with type 2 diabetes from Chicago and
Thailand, those with a history of hypoglycemia compared to those
without were more likely to have poor sleep quality and higher de-
pressive symptoms in bivariate analysis. In the cohort from Thailand,
more depressive symptoms were associated with more frequent hy-
poglycemia, adjusting for insulin and sulfonylurea use as well as
duration of diabetes. However, the model R? level was low, suggesting
relatively weak prediction. This may reflect the need to include addi-
tional key clinical factors that influence hypoglycemia and the sporadic
nature of hypoglycemic events [2].

A few studies have shown a relationship between depression and
hypoglycemia (minor and severe) [4,5]. Similarly, we were unable to
address any causal pathways with this cross-sectional sample between
depression and hypoglycemia. This relationship may reflect lifestyle

Demographics, sleep characteristics, depressive symptoms in Chicago and Thailand Cohorts.

Variable Chicago (N = 193) Thailand (N = 282)

Hypoglycemia No Hypoglycemia p-value Hypoglycemia No Hypoglycemia p-value

(N = 140) (N =53) (N =170) (N =112)
Age, mean years (SD) 59.4 (12.4) 55.1 (13.8) .047 56.4 (11.8) 54.6 (11.1) .19
Female, N (%) 99 (70.7) 35 (66.0) .65 98 (57.6) 64 (57.1) 1
BMI, mean kg/m2 (SD) 35.5(8.2) 36.0 (8.6) 71 28.4 (4.7) 29.0 (5.6) 42
Diabetes Duration, mean years (SD) 15.5(10.8) 8.0 (7.9) <.01 13.9 (9.4) 6.2 (6.4) < .01
Hemoglobin Alc, Mean (SD) (%) 7.8 (1.5) 8.0 (2.1) .69 7.8 (1.6) 7.7 (1.5) .38
Insulin Use, N(%) 92 (65.7) 16 (30.2) <.01 83 (48.8) 22 (19.6) <.01
Sulfonylurea Use, N (%) 38 (27.1) 23 (43.4) .046 89 (52.7) 43 (38.4) .026
CES-D Score, Mean (SD) 14.8 (9.6) 10.3 (6.2) <.01 12.6 (6.5) 11.1 (6.2) .055
Antidepressant/antianxiolytic Use, N (%) 29 (20.7) 11 (20.8) 1 13 (7.7) 5 (4.5) .33
OSA Risk (High) or Diagnosed, N (%) 83 (59.3) 36 (67.9) .35 63 (37.3) 42 (38.2) .98
Excessive daytime sleepiness N (%) 43 (30.7) 15 (28.3) .88 42 (24.7) 30 (26.8) .8
PSQI Score, Mean (SD) 7.2 (4.4) 5.8 (3.2) .019 8.4 (3.5) 7.4 (3.6) .021

Missing Data: Diabetes duration (Chicago 1), Sulfonylurea use (Thailand 1), Antidepressant use (Thailand 2), OSA Risk/Diagnosis (Thailand 3), PSQI Score (Thailand

1), Hypoglycemia frequency (Chicago 1, Thailand 1).
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behaviors (eating habits and physical inactivity), metabolic changes,
lack of self-monitoring, and poor medication adherence [4]. People
with diabetes complications and potentially related dementia more
likely experience depression [18]. Conversely, depression may cause
dysregulation of the hypothalamic—pituitaryadrenal axis, autonomic
dysfunction and inflammation leading to variation in glucose levels
[18-20]. Given these complex, bidirectional interactions between de-
pression and hypoglycemia, it is feasible that people with more de-
pressive symptoms more likely have hypoglycemia (and vice versa).
Future studies will need to explore causal pathways and temporal re-
lationship between depression and hypoglycemia. Additionally, very
few Thailand participants (5-8%) indicated antidepressant medication
therapy use, which could contribute to the observed association be-
tween hypoglycemia and untreated depression. Limited antidepressant
use may also reflect social stigma associated with depression and under-
diagnosis in Eastern populations [3].

While we observed poorer sleep quality among those with a history
of hypoglycemia, it was not selected in our final regression model.
Additionally, there was no difference in the ESS daytime sleepiness
measure. In contrast, a large cohort of elderly people in the United
Kingdom with type 2 diabetes demonstrated an association between
sleepiness and severe hypoglycemia [2]. As opposed to mild or minor
hypoglycemia, severe episodes can result in sleep disruption, and
sleepiness can cause less awareness or recognition of hypoglycemia
[21]. Possibly, the majority of the self-reported hypoglycemia episodes
in this study were mild.

One strength of our study is the use of two relatively large, diverse
patient samples. Additionally, we considered multiple, inter-related
potential risk factors for any history of hypoglycemia, including de-
pression and sleep quality. However, there were limitations. This ob-
servational study relied on self-report data which is subject to recall
bias and inaccuracy. This is of particular importance in self-reported
hypoglycemia, where a diary would have been helpful in capturing
episodes [22]. We also did not assess hypoglycemia unawareness spe-
cifically. Additionally, we cannot generalize to other populations,
where variation exists in societal and cultural self-management beha-
viors. For instance, diabetes self-management education in Thailand is
not standardized, unlike the United States [23].

Conclusions

In both cohorts studied, individuals with a history of hypoglycemia
experienced a significant and greater burden of depressive symptoms
and poorer sleep compared to those without a history of hypoglycemia.
As poor sleep and depression may result in greater glycemic variation,
clinical screening for these problems should be considered broadly in
populations with type 2 diabetes, especially among those with hy-
poglycemia. To understand these complex relationships further, re-
search could include remote monitoring of glucose levels, sleep (acti-
graphy), and ecological momentary assessment.
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