Diabetes Care Volume 42, July 2019

Longitudinal Changes in
Depression Symptoms and
Glycemia in Adults With
Type 1 Diabetes

Paula M. Trief,1 Nicole C. Foster,2
Naomi Chaytor,3 Marisa E. Hilliard,4
Julie M. Kittelsrud,5 Sarah S. Jaser,6
Shideh Majidi,7 Sarah D. Corathers,8
Suzan Bzdick,1 Deanna W. Adkins,9 and
Ruth S. Weinstock1

Diabetes Care 2019;42:1194–1201 | https://doi.org/10.2337/dc18-2441

OBJECTIVE

This study assessed longitudinal change in depression symptoms over ‡4 years in
adults with type 1 diabetes and examined the association between change in
depression symptom status and glycemia.
RESEARCH DESIGN AND METHODS

Adults in the T1D Exchange registry with HbA1c and Patient Health Questionnaire
(PHQ-8) at 1 year (baseline) and 5 years post-enrollment (follow-up; n = 2,744, mean
age, 42 years; 57% female, 92% white; mean HbA1c, 7.6% [58 mmol/mol]) were
included. Depression status was deﬁned as Persistent Elevated Depression Symptoms (EDS) (EDS at baseline and follow-up), Resolved EDS (EDS at baseline, no EDS
at follow-up), New Onset EDS (no EDS at baseline, EDS at follow-up), and
Not Depressed (no EDS at baseline or follow-up).
RESULTS

Overall, 131 (5%) had Persistent EDS, 122 (4%) had Resolved EDS, 168 (6%) had New
Onset EDS, and 2,323 (85%) were Not Depressed. Of those with EDS (PHQ ‡ 10) at
baseline, 53% had EDS at follow-up; of those not depressed at baseline, 7% had EDS
at follow-up. An increase in PHQ-8 was associated with an increase in HbA1c (P <
0.001). Although HbA1c increased in all groups, the increase was less in the Resolved
EDS and Not Depressed groups (P = 0.001). Persistent EDS and New Onset EDS groups
were more likely to experience diabetic ketoacidosis (DKA) (P < 0.001).
CONCLUSIONS

T1D Exchange registry data provide evidence for relationships over time between
persistently, and newly developing EDSs and worsening glycemic control, and
suggest relationships between depression symptoms and the occurrence of severe
hypoglycemia and DKA. Successful treatment of depression symptoms may lead to
better long-term diabetes outcomes.
Studies have shown that the prevalence of clinically signiﬁcant symptoms of
depression is two times higher in people with diabetes than it is in the general
population (1–4). However, most studies combine people with type 1 and type 2
diabetes or report only on people with type 2 diabetes. Few studies have assessed only
individuals with a diagnosis of type 1 diabetes (T1D).
In prior work, assessments of depressive symptoms (eight-item Patient Health
Questionnaire depression scale [PHQ-8]) in adults (n = 6,172; median age, 34 years)
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RESEARCH DESIGN AND METHODS

The T1D Exchange Clinic Network and
registry includes .80 U.S.-based pediatric and adult endocrinology practices.
To be enrolled in the clinic registry,
participants must have a clinical diagnosis of presumed autoimmune T1D and
islet cell antibodies present or insulin
must have been started at or shortly after
diagnosis and used continually thereafter. Details on the eligibility criteria
and informed consent process for the

T1D Exchange clinic registry have been
published previously (9). Data (questionnaires and medical data from patient
records) were collected from .26,000
children and adults with T1D enrolled
between September 2010 and December
2012. At 1 year after enrollment (referred
to as “baseline”) and ;5 years after
enrollment (referred to as “follow-up”;
April 2016 through April 2018), adult
registry participants (aged $18 years
at baseline) also completed the PHQ-8.
This report includes data on the 2,744
adult participants who met inclusion
criteria and who completed the PHQ-8
at baseline and follow-up.
Measures
Depression Symptoms

The PHQ-8 is a standardized and validated measure of self-reported depression symptoms and their severity (10,11)
that has been used in numerous patientrelated studies (12), including with patients with diabetes (5,13). The PHQ-8
asks, on how many days in the past
2 weeks the individual has experienced
eight of the nine symptoms of major
depressive disorder deﬁned in the
DSM-IV (14). The ninth criterion assesses
thoughts of suicide and self-harm, which
is often omitted from the PHQ-9 when
used for research purposes. This yields
the PHQ-8 and does not affect scoring
validity (10). Respondents indicate (0–3
point scale) whether they have experienced the symptom “not at all” (0), “on
several days” (1), “more than half the
days” (2), or “nearly every day” (3); thus,
the total PHQ-8 score has a possible
range of 0–24.
Versions of the PHQ are commonly
used for depression screening, and the
American Diabetes Association recommends the PHQ as a valid and relevant
depression screening and monitoring
tool for people with diabetes (15,16).
A PHQ-8 cutoff score of $10 is most
commonly used to deﬁne a clinically
relevant level of major depression symptoms, as it has been demonstrated that
this scoring threshold has a sensitivity
and speciﬁcity of 88% for the diagnosis
of major depression (10–12) and thus
is a valid proxy for probable major
depression.
An alternative approach is to use the
scoring algorithm used in the Behavioral
Risk Factor Surveillance Survey (BRFSS)
(17). With this algorithm, respondents

are identiﬁed as having probable major
depression if they meet at least ﬁve of the
eight DSM-IV–deﬁned depression criteria for “more than half the days” (i.e.,
rated the symptom a 2 or 3) and at least
one of those criteria is depressed mood
or loss of interest (anhedonia). The algorithm is more akin to results one might
obtain from a structured clinical interview, which is considered the gold standard of depression diagnosis. Algorithm
results can be compared with BRFSS
results for the general population. Probable major depression was deﬁned in two
ways in these analyses: 1) using the PHQ8 cutoff of $10 and 2) using the BRFSS
algorithm. Results using these methods
were in the same direction, but not
always identical; therefore, we report
results using both methods.
A Note About Language. The PHQ-8, scored
via algorithm or cutoff, is used to screen
for probable major depression, but it
does not conﬁrm a diagnosis of major
depression. Given the high rate of false
positives identiﬁed with the PHQ-8, if
someone screens positive, practitioners
should follow-up with a structured clinical interview to establish a diagnosis
before intervening. Therefore, we use
the term “elevated depression symptoms (EDS)” to label our groups of interest. We labeled the group of those
with EDS at both baseline and follow-up
as “Persistent EDS,” those with EDS at
baseline but not at follow-up as “Resolved EDS,” those without EDS at baseline but with EDS at follow-up as “New
Onset EDS,” and those without EDS at
both baseline and follow-up as “Not
Depressed,” recognizing that these terms
may lack speciﬁcity and do not describe
the true course of depression symptoms
over a 5-year span given the episodic
nature of depression symptoms. We urge
the reader to consider this report with
these caveats about language.
Demographic Data

Sex, race/ethnicity, household income,
and insurance status were collected
through participant questionnaire. Information about age, duration of diabetes,
insulin modality (pump or injections), use
of continuous glucose monitor (CGM),
and BMI (height/weight) was collected
from medical record data extraction.
Diabetes Outcomes

HbA1c was obtained from medical record
data extraction (median [interquartile
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participating in the T1D Exchange clinic
registry identiﬁed probable major depression, deﬁned as elevated depressive
symptoms (EDS), in 10.3% of registry
participants using traditional scoring criteria (i.e., PHQ score $10) or 4.6% of
participants using more conservative
scoring criteria (5). These rates are comparable to adults in the general population. Fisher et al. (6) reported similar
prevalence data (n = 368). We also
reported that the group with EDS had
higher HbA1c levels (not found by Fisher
et al.), and worse clinical outcomes: the
EDS group was more likely than the not
depressed group to report at least one
diabetes-related complication, to report
episodes of diabetic ketoacidosis (DKA)
and severe hypoglycemic (SH) events
within the prior 3 months, to exercise
less often, and to miss insulin doses.
A signiﬁcant limitation of most prior
work is that the data were cross-sectional
and, thus, could not differentiate between poorer glycemic control and
self-care relating to the development
of depression symptoms over time
and the presence of signiﬁcant depression symptoms relating to poorer selfcare and glycemic control over time. Also,
previous data sets did not report the
course of depression symptoms over
time. Not surprisingly, others have reported that some get worse, some stay
the same, and some improve (7,8), but
little is known about how these different
patterns of depressive symptoms relate
to diabetes outcomes.
The aims of this study were 1) to assess
change in depression symptoms over $4
years in adults with T1D and 2) to examine the association between change in
depression symptoms and glycemic outcomes. We hypothesized that improvement in depression symptoms would be
related to improved glycemic outcomes
over time.
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Statistical Methods

Participants were deﬁned as having,
or not having, EDS using the two
deﬁnitions described above (i.e.,
PHQ-8 $10 or by the BRFSS algorithm). Continuous PHQ-8 score and
change in continuous PHQ-8 score
between baseline and follow-up (positive value indicating increase in score)
were also used to deﬁne depression
symptom status.
Multivariable linear regression models
were used to assess the association
between change in HbA1c between baseline and follow-up (positive value indicating increase in HbA1c) and depression
symptoms status (separately for the
two binary depression symptoms status
deﬁnitions and the continuous PHQ-8
score). Linear regression models also
were used to assess the association
between change in the sex- and ageadjusted BMI z-score from baseline to
follow-up (positive value indicating an
increase in the BMI z-score) and depression symptom status. Separate multivariable logistic regression models were used
to assess the associations between EDS
and SH at follow-up and between EDS
and DKA at follow-up. Multinomial logistic regression models with stepwise selection procedure were used to assess
the association between depression
symptom status (separate models for
PHQ-8 $10 and BRFSS deﬁnitions)
and the following participant characteristics: age at baseline, sex, race/ethnicity,
BMI z-score at baseline, insurance status
at baseline, pump use at baseline,
and CGM status (from baseline to
follow-up).

Results are expressed as mean 6 SD
for normally distributed variables or median (interquartile range) for nonnormally
distributed variables. To account for possible confounding, the following covariates were assessed for association with
each outcome (excluding the multinomial
models for depression symptom status)
through bivariate analysis and selection
models: age (at baseline), sex, race/
ethnicity, duration of diabetes (at baseline), CGM status (from baseline to followup), pump status (from baseline to
follow-up), insurance status (at baseline
and follow-up), annual income (at baseline and follow-up), and clinic site. The
following additional covariates were assessed for speciﬁc analyses: HbA1c at
baseline (for change in HbA1c outcome),
BMI z-score at baseline (for change in
BMI outcome), report of SH at baseline
(for SH at follow-up outcome), and report
of DKA at baseline (for DKA at follow-up
outcome). If an association with an outcome was present, the covariate was
included in the model for that outcome.

Data analyses were performed using
SAS 9.4 software (SAS Institute, Cary, NC).
In view of multiple comparisons, only
P values ,0.01 were considered suggestive of a true association. All P values
are two-sided.
RESULTS

The 2,744 participants ranged in age from
18 to 85 years at baseline (mean 42 6
16 years); 57% were female, and 92%
were non-Hispanic white. Median duration of diabetes at baseline was 21 (11,
32) years. CGM use was 22% at baseline
and 30% at follow-up. Mean HbA1c was
7.6% (60 mmol/mol) at baseline and 7.7%
(61 mmol/mol) at follow-up. Additional
participant characteristics are described
in Table 1. Compared with the larger
group of all other adult clinic registrants
(1 April 2016 –31 March 2018, n = 6,444),
this analysis cohort (n = 2,744) was older
(mean 47 vs. 41 years), more likely to be
female (57% vs. 51%), more likely to be
non-Hispanic white (92% vs. 87%), more
likely to use technology (67% vs. 62%

Table 1—Participant characteristics
N = 2,744

Baseline (year 1)

Age (years)

42 6 16

Follow-up (year 5)
47 6 16

Female

1,556 (57)

Race/ethnicity
White non-Hispanic
Black non-Hispanic
Hispanic or Latino
Other race/ethnicity

2,518 (92)
62 (2)
88 (3)
75 (3)

Duration of T1D (years)

21 (11, 32)

25 (16, 37)

BMI z-scorea

20.02 6 0.86

20.04 6 0.76

BMI (kg/m2)a

27 6 8

28 6 6

2,194 (83)
119 (4)
294 (11)
38 (1)

2,106 (79)
153 (6)
388 (15)
9 (,1)

366 (16)
682 (30)
1,221 (54)

385 (17)
592 (26)
1,282 (57)

CGM used
Pump used

616 (22)
1,749 (64)

815 (30)
1,813 (67)

HbA1c, %

Insurance status
Private
Medicaid
Other insurance
No insurance
Annual household income
,$35,000
$35,000 to ,$75,000
$$75,000

7.6 6 1.3

7.7 6 1.2

$1 Severe hypoglycemia eventb

240 (9)

216 (8)

$1 DKA event

76 (3)

67 (2)

PHQ-8 $10

253 (9)

299 (11)

PHQ-8 score

3.3 6 4.2

3.8 6 4.5

124 (5)

152 (6)

BRFSS

Data are presented as the mean 6 SD, median (25th percentile, 75th percentile), or n (%). aBMI
and BMI z-score are sex and age adjusted. bSevere hypoglycemia deﬁned as seizure and/or
loss of consciousness within the prior 3 months.
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range]). The duration from PHQ to
HbA1c measurement was 13 days (0,
77) at baseline and 0 days (23, 49) at
follow-up. HbA1c values were measured
by a point-of-care device or local laboratory. Results were similar when restricting the data set to records with
HbA1c measured within 3 months of
the PHQ at both time points. Information
on the occurrence of severe hypoglycemia (SH; deﬁned as an episode of low
blood glucose resulting in seizure and/or
loss of consciousness) and diabetic
ketoacidosis (DKA; deﬁned as the occurrence of ketoacidosis resulting in
hospitalization) within the prior 3 months
was obtained by participant self-report on
the baseline and follow-up questionnaires.
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Association Between Depression
Symptom Status From Baseline to
Follow-up and Participant
Characteristics

Depression Symptom Status From
Baseline to Follow-up

Using the multinomial regression stepwise procedures, we found an association between depression symptom
status from baseline to follow-up and
age at baseline, sex, insurance status at
baseline, and CGM status from baseline
to follow-up (Table 2). Participants in the
Not Depressed group were older, more
likely to be male, more likely to have
private insurance at baseline, and more
likely to have started a CGM between
baseline and follow-up (Table 2). Participants in the New Onset EDS group were
younger and more likely to be female
(Table 2). Participants in the Persistent
EDS and New Onset EDS groups were less
likely to be using a CGM at baseline or
follow-up (Table 2).

Of the 2,744 participants, 253 (9%) were
deﬁned as having EDS at baseline according to the PHQ-8 $10 deﬁnition and
124 (5%) according to the BRFSS algorithm. All participants deﬁned as having
EDS according to the BRFSS algorithm
also were deﬁned as having EDS according to the PHQ-8 cutoff score. At followup, 299 (11%) and 152 (6%), respectively,
were deﬁned as having EDS according
to the PHQ-8 $10 criterion and BRFSS
algorithm. The mean PHQ-8 score was
3.3 6 4.2 at baseline and 3.8 6 4.5 at
follow-up.
When the PHQ-8 $10 deﬁnition was
used to compare baseline to follow-up
depression symptom scores, 131 participants (5%) were categorized as having
Persistent EDS, 122 (4%) as having Resolved EDS, 168 (6%) as having New
Onset EDS, and 2,323 (85%) as Not Depressed (Fig. 1). Results were similar when
EDS was deﬁned according to the BRFSS
algorithm, with slightly more in the Not
Depressed group (91%) (Fig. 1). Of the
253 participants with EDS at baseline,
131 (52%) also were classiﬁed as having
EDS at follow-up (Persistent EDS); of the
2,491 participants not depressed at baseline, 168 (7%) had EDS at follow-up (New
Onset EDS).

Association Between Change in HbA1c
and Depression Symptom Status From
Baseline to Follow-up

There was an association between change
in HbA1c from baseline to follow-up and in
depression symptom status from baseline
to follow-up for all three metrics (binary
EDS using PHQ-8 $10, BRFSS algorithm,
and continuous change in PHQ-8 score
from baseline to follow-up; adjusted P ,
0.001 for all) (Table 3). Change in HbA1c
was similar in the Persistent EDS and New
Onset EDS groups and similar in the
Resolved EDS and Not Depressed groups.

HbA1c increased from baseline to followup; however, the increase was smaller in
the Resolved EDS and Not Depressed
groups (Table 3). An increase in the
PHQ-8 score was associated with an increase in HbA1c (Table 3).
Association Between SH at Follow-up
and Depression Symptom Status From
Baseline to Follow-up

Participants with Persistent EDS and
New Onset EDS deﬁned according to
the PHQ-8 $10 criterion were marginally more likely to report SH at followup, and participants with Resolved EDS
were marginally less likely to report SH
at follow-up (17.6% and 11.9% in Persistent EDS and New Onset EDS groups vs.
10.7% and 6.9% in Resolved EDS and Not
Depressed groups; adjusted P = 0.11)
(Table 3). A similar trend was seen for
binary BRFSS algorithm depression
symptom status (P = 0.21) (Table 3).
An association between SH at follow-up
and continuous change in the PHQ-8
score was not observed (adjusted P =
0.70) (Table 3).
Association Between DKA at Follow-up
and Depression Symptom Status From
Baseline to Follow-up

Participants with Persistent EDS and New
Onset EDS were more likely to experience
DKA at follow-up (10.0% and 6.5% in
Persistent EDS and New Onset EDS
groups vs. 4.1% and 1.6% in Resolved
EDS and Not Depressed groups; adjusted
P , 0.001 for depression symptom status
deﬁned according to PHQ-8 $10 and
deﬁned according to BRFSS algorithm)
(Table 3). Participants with an increase in
the continuous PHQ-8 score from baseline to follow-up were marginally more
likely to report DKA at follow-up (adjusted P = 0.03) (Table 3).
Association Between Change in BMI
z-Score and Depression Symptom
Status From Baseline to Follow-up

An association between change in BMI
z-score and depression symptom status
from baseline to follow-up was not observed (P . 0.40 for all three metrics)
(Table 3).
CONCLUSIONS

Figure 1—EDS from baseline to follow-up (-Persistent EDS, FResolved EDS, DNew Onset EDS,
,Not Depressed).

Cross-sectional studies of adults with
T1D report that “depression” (typically
deﬁned by cutoff scores on self-report
screening tools) is associated with
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pump; 39% vs. 31% CGM), and had
lower HbA1c (7.7% vs. 8.0% [61 vs. 64
mmol/mol]).
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Table 2—EDS from baseline to follow-up by participant characteristicsa
Depression status from baseline to follow-up
PHQ-8 $10
Persistent
EDS
n = 131

Resolved EDS
n = 122

New Onset
EDS
n = 168

Age at baseline (years)

40 6 13

41 6 15

Female

79 (60)

82 (67)

Race/ethnicity
White non-Hispanic
Black Non-Hispanic
Hispanic or Latino
Other race/ethnicity

113 (86)
2 (2)
9 (7)
7 (5)

109 (89)
6 (5)
6 (5)
1 (,1)

Persistent
EDS
n = 42

Resolved EDS
n = 82

New Onset
EDS
n = 110

37 6 16

43 6 16

38 6 13

41 6 14

35 6 14

43 6 16

123 (73)

1,272 (55)

25 (60)

57 (70)

76 (69)

1,398 (56)

152 (90)
6 (4)
7 (4)
3 (2)

2,144 (92)
49 (2)
66 (3)
64 (3)

36
1
2
3

71
3
6
2

98
3
6
3

2,313 (92)
56 (2)
74 (3)
67 (3)

(86)
(2)
(5)
(7)

(87)
(4)
(7)
(2)

(89)
(3)
(5)
(3)

Not
Depressed
n = 2,510

0.14 6 0.89 20.02 6 0.74 0.06 6 0.77 20.04 6 0.88 0.05 6 0.75 20.03 6 0.74 0.15 6 0.90 20.03 6 0.87

BMI at baseline (kg/m2)b

29 6 6

27 6 5

27 6 5

27 6 8

28 6 6

27 6 6

27 6 6

27 6 8

Insurance status at
baseline
Private
Medicaid
Other insurance
No insurance

87
21
18
3

87
13
15
3

(74)
(11)
(13)
(3)

121 (77)
13 (8)
21 (13)
2 (1)

1,899 (85)
72 (3)
240 (11)
30 (1)

28 (68)
5 (12)
7 (17)
1 (2)

59 (75)
12 (15)
8 (10)
0

80 (75)
13 (12)
10 (9)
3 (3)

2,027 (84)
89 (4)
269 (11)
34 (1)

81 (62)

80 (66)

102 (61)

1,486 (64)

24 (57)

53 (65)

58 (53)

1,614 (65)

13 (10)
11 (8)
13 (10)
94 (72)

16 (13)
21 (17)
10 (8)
75 (61)

12 (7)
15 (9)
24 (14)
117 (70)

325 (14)
203 (9)
402 (17)
1,393 (60)

4 (10)
2 (5)
6 (14)
30 (71)

7
13
5
57

5
8
13
84

350 (14)
227 (9)
425 (17)
1,508 (60)

Pump use at baseline
CGM use from baseline to
follow-up
CGM at both
Stopped CGM
Started CGM
No CGM at either

(67)
(16)
(14)
(2)

(9)
(16)
(6)
(70)

(5)
(7)
(12)
(76)

Data are presented as the mean 6 SD or as n (%). aBold values indicate the factor remained after stepwise selection using a multinomial logistic
regression model. Owing to multicollinearity, BMI z-score, not BMI, was included in the selection model. bBMI and BMI z-score are sex and age adjusted.

complications (5,18), diabetes distress
(19), physical inactivity (20), and other
diabetes-related outcomes. Studies of
the relationship of depression (thus deﬁned) to glycemic control in adults
with T1D have yielded mixed results
(5,18,21–23). Ehrmann et al. (24) recently reported that the affective subtype of depression (e.g., feeling blue)
had a negative relationship to HbA1c,
the somatic subtype (e.g., poor appetite)
had a positive relationship, and anhedonia
had no relationship to glycemic control,
demonstrating the complexity of this
issue. However, there are limited data
that provide longitudinal assessments to
examine changes in depression symptom
status and their relationship to glycemic
outcomes in adults with T1D. Our ﬁndings
suggest that a relationship exists between depression symptom status and
glycemia-related outcomes over time
that deserves attention.
Peyrot and Rubin (8) ﬁrst looked at
depression over time in 1999 when they
reported a combined sample of adults
with T1D and type 2 diabetes who
completed a depression questionnaire

before, immediately after, and 6 months
after participation in a 1-week outpatient diabetes program. They found
that factors that predicted “persistent
disturbance” differed somewhat from
those that predicted initial disturbance,
but that neither related to HbA1c. The
type of diabetes (type 1 vs. type 2) did not
relate to initial disturbance, but those
with type 2 diabetes were at greater risk
of persistent disturbance; however, the
sample only included 35 individuals with
T1D.
A more recent study examined depression “trajectories” by assessing depression symptoms in adults with newly
diagnosed T1D annually for 5 years. They
reported that 5 years after diagnosis,
7.8% were “moderately depressed,”
and 10.2% were “severely depressed.”
as deﬁned by scores on the Symptom
Checklist-90 (25). They identiﬁed three
trajectories: “no depressive symptoms”
(79% of their sample), “worsening depressive symptoms that improved after
2 years” (7%), and “worsening depressive
symptoms” (14%). After 5 years, the
group with worsening depressive symptoms

had higher HbA1c values than the other
two groups. This group also reported
worsening quality of life and increasing
diabetes distress (7).
Our prospective data from a large
national clinic registry provided a unique
opportunity to examine depression
symptom trajectories for adults, most
of whom were not newly diagnosed:
they had been living with T1D for a
mean of 21 years. Looking at individuals
with similar trajectories (i.e., those with
persistent depressive symptoms, those
who improved, and those not depressed), the ﬁnding that a full 53% of
those who had elevated depression
symptoms at baseline continued to report elevated depression symptoms
5 years later, while 7% developed elevated depression symptoms by followup, and 15% were dealing with elevated
depression symptoms at some time during the 5 years, is noteworthy. Although
all groups showed an increase in HbA1c
over time, we also found evidence for a
clear relationship between persistently
elevated depression symptoms, or development of signiﬁcant depression
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BMI z-score at baselineb

BRFSS
Not
Depressed
n = 2,323
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Table 3—Clinical outcomes by EDS status from baseline to follow-up
Depression status
from year 1 to year 5

Adjusted change
in HbA1c from year
1 to year 5 (%)a
0.6
0.3
0.6
0.4

BRFSS
Persistent EDS
Resolved EDS
New Onset EDS
Not Depressed

0.76 0.2
0.3 6 0.2
0.7 6 0.2
0.4 6 0.1

Change in PHQ-8 scoref
,21.0
21.0 to ,0.0
0.0 to ,2.0
$2.0

0.4
0.4
0.5
0.5

SH at
follow-upb

0.001
6
6
6
6

0.1
0.1
0.1
0.1

,0.001

,0.001

0.21
8 (19.5)
5 (6.1)
10 (9.1)
44 (1.8)
0.70
54 (10.1)
22 (6.9)
66 (6.1)
74 (9.1)

P
valued

13 (10.0)
5 (4.1)
11 (6.5)
38 (1.6)

7 (16.7)
12 (14.6)
10 (9.1)
187 (7.5)
,0.001

0.1
0.1
0.1
0.1

DKA at
follow-up

0.11
23 (17.6)
13 (10.7)
20 (11.9)
160 (6.9)

0.004

6
6
6
6

P
valuec

Adjusted change in
BMI z-score from
year 1 to year 5 (%)e

0.84
20.10
20.09
20.04
20.10

6
6
6
6

0.11
0.11
0.11
0.09

20.09
20.06
20.06
20.10

6
6
6
6

0.13
0.12
0.12
0.09

20.09
20.06
20.13
20.06

6
6
6
6

0.10
0.10
0.09
0.09

0.93

0.03
15 (2.8)
4 (1.3)
17 (1.6)
31 (3.8)

P
valuee

0.48

Data are presented as the mean 6 SE or n (%). aChange in HbA1c was calculated as (HbA1c at follow-up – HbA1c at baseline), in which positive values
indicate an increase in HbA1c; adjusted values and P values from linear regression model adjusted for age at baseline, race/ethnicity, and CGM status
at baseline vs. follow-up, pump status at year vs. follow-up, insurance status at baseline, insurance status at follow-up, annual income at baseline,
annual income at follow-up, clinic site, and HbA1c at baseline; model for change in PHQ-8 score used continuous score. bSH deﬁned as seizure
or loss of consciousness in the prior 3 months. cP values from logistic regression model adjusted for report of SH at baseline, diabetes duration
at baseline, race/ethnicity, insurance status at baseline, and insurance status at follow-up; model for change in PHQ-8 score used continuous score.
d
P values from logistic regression model adjusted for report of DKA at baseline, annual income at baseline, and annual income at follow-up; model
for change in PHQ-8 score used continuous score. eChange calculated as (BMI z-score at year 5 – BMI z-score at baseline) in which negative values
indicate a decrease in BMI; adjusted values and P values from linear regression model adjusted for age at baseline, diabetes duration at baseline,
race/ethnicity, and pump status at baseline vs. follow-up, insurance status at baseline, insurance status at follow-up, clinic site, and BMI z-score at
baseline; model for change in PHQ-8 score used continuous score. fChange in PHQ-8 score calculated as (PHQ-8 score at follow-up – PHQ-8 score at
baseline) in which positive values indicate an increase in the PHQ-8 score.

symptoms, and worsening glycemic control. And, we found suggestion of a relationship between depression symptom
status and likelihood of SH and DKA. The
latter, while not statistically signiﬁcant in
our sample, is consistent with data that
found that, in a sample of adults with
T1D, having elevated depression symptoms was associated with a 2.5-fold
increased risk of severe hypoglycemic
and hyperglycemic events (requiring an
emergency department visit or hospitalization, extracted from medical records) (19). We note that our data
provide evidence for relationships between depression symptom status and
glycemic outcomes, but we cannot address causality; that is, whether improvements in depression symptoms
lead to glycemic improvements, or
whether improvements in glycemia
lead to improvements in depression
symptoms. However, the evidence for
their association over time conﬁrms that
adults with T1D who have elevated depression symptoms are a highly vulnerable group that is at increased risk of
serious short-term negative diabetesrelated consequences as well as longterm complications.

We also found that those with persistently elevated depression symptoms or
those who developed these symptoms
over the 5 years were less likely to be
using a CGM at either time point. It may
be that people with depression symptoms are less likely to seek out, or accept,
the technological challenges associated
with CGM. Alternatively, perhaps providers were less likely to recommend a
CGM if they noted symptoms of depression and were concerned about the
potential of the individual to use, and
beneﬁt from, a CGM. Given the clinical
beneﬁts that may derive from use of a
CGM (26–28), the relationship of probable depression to provider recommendations for, and patient acceptance of,
CGM deserves further study.
Fisher et al. (6) point out that understanding the emotional side of T1D,
and its potential relationship to glycemic
outcomes, is important, but difﬁcult to
do, especially given the challenge of
measurement (they found a high falsepositive rate for major depressive disorder with the PHQ-8 when compared
with a structured clinical interview). They
also found a high level of shared variance
between PHQ-8–deﬁned probable major

depression, diabetes distress, and other
life stress and argued that the PHQ-8 may
be measuring the “emotional impact of
having a demanding, progressive chronic
disease” rather than a “serious psychiatric condition” (6, p.1595). This is an
important discussion to have, given the
high rate of overdiagnosis and associated
stigma attached to a mental illness diagnosis. Although we agree that some
people develop symptoms of depression
because of their life stressors (which could
include those due to living with T1D),
for others the cause may be biological/
hormonal/genetic. For others, it may be
related to problems with relationships,
ﬁnances, and/or limited social support or
coping skills available to cope with their
individual stressors that are not directly
related to having T1D. The true causes of
depression are multifactorial and often
difﬁcult to discern at the individual level.
However, any psychiatric diagnosis
should be based on a thorough assessment, not on a screening result. If a
patient screens positive for probable
major depressive disorder on the PHQ8, clinicians must provide additional,
more comprehensive, assessments to
guide their interventions.
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time period for reporting such events
was only the preceding 3 months.
Fourth, we did not administer a measure of diabetes distress, which may have
been an even stronger predictor of poor
outcomes, as reported by Fisher et al. (6).
Fifth, although the sample is large and
heterogeneous, and participants are similar to adults with T1D from the registry
clinics in race/ethnicity (77 vs. 82% nonHispanic white), insulin pump use (41 vs.
50%), and access to private insurance
(61 vs. 75%), the sample is not population-based, and thus may not be representative of all adults with T1D.
Sixth, although statistically signiﬁcant
differences in HbA1c were identiﬁed, these
changes may not be clinically signiﬁcant.
Finally, we did not have access to information about whether depression was
treated during this time span, and treatment may have affected glycemic control.
In conjunction with the data on prevalence of elevated depression symptoms in
adults with T1D (5), these ﬁndings represent another important step in understanding the course of depression
symptoms and its relationship to diabetes outcomes for adults with T1D. These
data support national clinical practice
guidelines calling for routine depression
screening among individuals with diabetes (16). Depression is a disabling, yet
treatable, condition, and individuals with
comorbid diabetes and depression deserve to be treated to improve their
quality of life. For some, the underlying
source of depression is diabetes distress,
and screening to identify high levels of
diabetes distress also appears warranted
so that further assessments can lead to
better understanding and interventions
can be targeted and tailored to individual
patient needs. Given the ﬁnding that over
time elevated depression symptoms is
associated with worse glycemic control
and possibly SH and DKA, it is likely that
successful diagnosis and treatment of
depression symptoms will also lead to
better long-term diabetes outcomes, but
this will require further study.
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