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ARTICLE HIGHLIGHTS

� Why did we undertake this study?
To understand whether mental health disorders (MHDs) lead to chronic diabetes complications (CDCs) or whether CDCs lead to MHDs in
individuals with type 1 or type 2 diabetes.

� What is the specific question(s) we wanted to answer?
What are the bidirectional associations between the timing of MHDs and CDCs in individuals with type 1 or type 2 diabetes?

� What did we find?
We found a consistent and statistically significant bidirectional relationship between MHDs and CDCs in individuals with diabetes, indicating that
both comorbidities are risk factors for each other.

� What are the implications of our findings?
Our results highlight the importance of screening for, treating, and preventing both MHDs and CDCs to prevent the onset of the other comorbidity.
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OBJECTIVE

To determine bidirectional associations between the timing of chronic diabetes
complications (CDCs) and mental health disorders (MHDs) in individuals with
type 1 or type 2 diabetes.

RESEARCH DESIGN AND METHODS

We used a nationally representative health care claims database to identify matched
individuals with type 1 or 2 diabetes or without diabetes using a propensity score
quasirandomization technique stratified by age (0–19, 20–39, 40–59, and$$60 years).
CDCs and MHDs were identified using ICD-9/10 codes. We fit Cox proportional
hazards models with time-varying diagnoses of CDCs or MHDs to investigate their
association with the hazard of developingMHDs or CDCs, respectively.

RESULTS

From 2001 to 2018, a total of 553,552 individuals were included (44,735 with type 1
diabetes, 152,187 with type 2 diabetes, and 356,630 without diabetes). We found
that having a CDC increased the hazard of developing an MHD (hazard ratio [HR]
1.9–2.9; P < 0.05, with higher HRs in older age strata), and having an MHD increased
the hazard of developing a CDC (HR 1.4–2.5; P < 0.05, with the highest HR in age stra-
tum 0–19 years). In those aged <60 years, individuals with type 1 diabetes were
more likely to have CDCs, whereas individuals with type 2 diabetes were more likely
to have MHDs. However, the relationship between CDCs and MHDs in either direc-
tion was not affected by diabetes type (P > 0.05 for interaction effects).

CONCLUSIONS

We found a consistent bidirectional association between CDCs and MHDs across
the life span, highlighting the important relationship between CDCs and MHDs.
Prevention and treatment of either comorbidity may help reduce the risk of de-
veloping the other.

Individuals with diabetes are at increased risk of developing chronic complications
such as neuropathy, retinopathy, diabetic kidney disease, myocardial infarction, heart
failure, stroke, and peripheral vascular disease (1–4). In addition, recent meta-analyses
have found that individuals with diabetes have an increased prevalence of mental
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health disorders (MHDs), including de-
pression and anxiety (5,6). Although
diabetes leads to both chronic diabe-
tes complications (CDCs) and MHDs,
the relative timing of these diabetes-
related comorbidities is not well estab-
lished. Understanding their timing would
improve screening guidelines and the
standards recommended for diabetes
care and could expedite care for individ-
uals with diabetes.
Although a few studies have identified

associations between CDCs and MHDs,
there is limited evidence regarding the di-
rectionality of these associations. Our re-
cent analysis that included >1.2 million
privately insured individuals found that
having a CDC increased the odds of devel-
oping an MHD in both type 1 diabetes
and type 2 diabetes (7). Additionally, one
meta-analysis found that individuals with
type 1 or 2 diabetes and depression had
an increased risk of developing a CDC,
perhaps because depression is associated
with lower adherence to respective man-
agement plans, worsened glycemic control,
increased insulin resistance, and weight
gain (8). Another found significant increases
in cardiovascular mortality and stroke risks
in individuals with diabetes and depression
(9). However, only one systematic review
and meta-analysis has evaluated the bidi-
rectional association between CDCs and
depression (10). This analysis identified
16 studies that evaluated the association
between baseline depression and CDCs
and six that examined the reverse. Impor-
tantly, none of these studies examined
both directions within the same popula-
tion, and none used time-varying covari-
ates to adjust for the relative timing of the
conditions. Furthermore, although there
are studies investigating the associations
between MHDs and CDCs, most have fo-
cused on associations with depression
and not anxiety.
Our objective was to quantify the rel-

ative timing and directionality of the as-
sociations between MHDs and CDCs in
individuals with type 1 or 2 diabetes.
We leveraged a large nationally repre-
sentative database of privately insured
individuals in the U.S. and used time-
varying covariates to allow full use of the
relative timing of MHDs and CDCs to in-
vestigate the bidirectional nature of the
associations between the two conditions.
Furthermore, we examined potential dif-
ferences in the associations between these
diabetes-related comorbidities between

individuals with type 1 diabetes and those
with type 2 and across the life span.

RESEARCH DESIGN AND METHODS

Population
We leveraged deidentified health insur-
ance claims from Optum’s Clinformatics
Data Mart Database from 2001 to 2018.
We used validated ICD-9 and -10 code
definitions to identify individuals with
type 1 diabetes (250.x1, 250.x3, E10.xx)
and individuals with type 2 diabetes
(250.x0, 250.x2, E11.xx) (11). For individu-
als with both type 1 and 2 diabetes diagno-
sis codes, diabetes status was determined
as the diabetes type with>50% of the rel-
evant codes (11). This definition has a sen-
sitivity of 63% and positive predictive value
of 94% for identifying individuals with
type 1 diabetes and a sensitivity of 100%
and positive predictive value of 90% for
identifying individuals with type 2 diabe-
tes (7). We used a simple random sample
of 20% of the study population without
type 1 or 2 diabetes ICD-9/10 codes as a
control population without diabetes.

The University of Michigan Institutional
Review Board determined that this study
was exempt from ethics approval and
participant consent requirements.

Matching
Our population follows from our previous
study (7), which used common-referent
group propensity scoring to match individ-
uals with type 1 diabetes to individuals
with type 2 diabetes and individuals with-
out diabetes. Matching was stratified
by age-group (0–19, 20–39, 40–59, and
$60 years) and required that propensity
scores be within a caliper of 0.1 for individ-
uals aged 0–19 years and within 0.01 for
individuals aged >20 years (12). Propen-
sity scores were calculated using age at
study entry, sex, race/ethnicity, geographic
region, education level, net worth, insur-
ance plan type, high-deductible health
plan status, modified Charlson comorbidity
index, starting year of enrollment, and
length of follow-up (7). Individuals with
type 1 diabetes were alsomatchedwith in-
dividuals with type 2 diabetes based on
length of follow-up before diabetes diagno-
sis and post–diabetes diagnosis enrollment
period. Based on the availability of well-
matched individuals with type 2 diabetes
and individuals without diabetes, for age
strata 0–19 and 20–39 years, one individ-
ual with type 1 diabetes was matched to

one individual with type 2 diabetes and
one individual without diabetes. For age
strata 40–59 and$60 years, one individual
with type 1 diabetes was matched to four
individuals with type 2 diabetes and four
individuals without diabetes. Individuals
with an MHD or CDC before or on the
same date as diabetes diagnosis were ex-
cluded from the study.

MHDs
The timing and presence of MHDs were
defined using ICD-9/10 code definitions
during follow-up or a matched follow-
up time in individuals without diabetes.
MHDs included diagnoses of anxiety
(300.0x; F41.x) and depression (296.2x,
296.3x, 300.4, 311.x; F32–34.x, F39.x).
For individuals with diagnoses of both
anxiety and depression, the first diagno-
sis date was used.

CDCs
The timing and presence of CDCs were
identified using ICD-9/10 code definitions
during follow-up. Complications included
neuropathy (356.x, 357.1–8, 357.82, 357.89,
357.9; G60.x, G62.x, G63.x, G65.2, E08.42,
E09.42, E10.42, E11.42, E13.42), retinopathy
(362.0, 362.01–06, 362.0; E11.31x–
E11.35x, E10.31x–E10.35x, E08.31x–E08.35x,
E09.31x–E09.35x, E13.31x–E13.35x), ne-
phropathy/diabetic kidney disease (250.4x,
585.x; E08.2x, E09.2x, E10.2x, E11.2x,
E13.2x, N18.x), stroke (433.x1, 434.x1; I63.x),
myocardial infarction (410.x; I21.x), and pe-
ripheral vascular disease (440.2–4, 440.9,
443.8, 443.89, 443.9, 250.7x; I70.2x–7x,
I70.91–92, I73.x, I73.8, I73.89, I73.9, E08.5x,
E09.5x, E10.5x, E11.5x, E13.5x) (13–16).
Amputation was identified using ICD-9
procedure codes (84.11–17) and Current
Procedure Terminology codes (28800,
28805, 28810, 28820, 28825). When in-
dividuals had two or more CDC diagno-
ses, the first diagnosis date was used.

Statistical Analysis
Descriptive statistics were used to char-
acterize the matched individuals strati-
fied by age-group. Pearson x2 tests
determined associations between age-
group and proportion of individuals who
were diagnosed with an MHD before a
CDC and, similarly, between age-group and
proportion of individuals who were diag-
nosed with a CDC before an MHD within
each diabetes group. Additionally, to deter-
minewhether diabetes typewas associated
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with the order in which individuals devel-
oped MHDs and CDCs, stratified by age,
we performed a Cochran-Mantel-Haenszel
x2 test. Finally, we performed Cochrane-
Armitage tests for trend in proportions to
determine if there were linear trends in
the order of diagnoses by age within each
diabetes group.

We fit Cox proportional hazards mod-
els to determine the effect of a time-
varying CDC diagnosis, diabetes status
(type 1 or 2 diabetes or no diabetes),
and an interaction between the two on
the hazard of developing an MHD for

each age stratum separately. Similarly,
we fit Cox proportional hazards models
to determine the effect of a time-varying
MHD diagnosis, diabetes status, and an
interaction between the two on the haz-
ard of developing a CDC for each age
stratum separately.We censored analyses
at the 90th percentile of follow-up to miti-
gate the effect of outliers. Scaled Schoen-
feld residual plots were used to confirm
the proportional hazards assumptions of
our models.

Data management and analysis were
performed using SAS version 9.4 (SAS

Institute, Cary, NC) and R version 4.2.1
(R Core Team 2022).

Data and Resource Availability
Optum’s deidentified Clinformatics Data
Mart Database is commercially available.

RESULTS

Study Population
The demographic, socioeconomic, and
insurance plan characteristics of the in-
dividuals included in this study are listed
in Table 1.We included 44,735 individuals

Table 1—Demographics of matched cohort stratified by age and diabetes type

Variable
Type 1 diabetes
(n = 44,735)

Type 2 diabetes
(n = 152,187)

No diabetes
(n = 356,630)

Age stratum, years
0–19 6,467 (14.5) 6,185 (4.1) 11,884 (3.3)
20–39 13,986 (31.3) 17,178 (11.3) 44,155 (12.4)
40–59 14,923 (33.4) 80,060 (52.6) 176,817 (49.6)
$60 9,359 (20.9) 48,764 (32.0) 123,774 (34.7)

Sex

Female 21,253 (47.5) 70,005 (46.0) 184,827 (51.8)

Race

Asian 1,770 (4.0) 5,201 (3.4) 10,407 (2.9)
Black 4,900 (11.0) 16,725 (11.0) 40,386 (11.3)
Hispanic 4,909 (11.0) 13,848 (9.1) 32,316 (9.1)
White 33,156 (74.1) 116,413 (76.5) 273,521 (76.7)

Education level

Less than 12th grade 443 (1.0) 1,331 (0.9) 3,607 (1.0)
High school diploma 12,750 (28.5) 44,218 (29.1) 112,207 (31.5)
Less than bachelor’s degree 23,072 (51.6) 78,442 (51.5) 180,887 (50.7)
Bachelor’s degree or higher 8,470 (18.9) 28,196 (18.5) 59,929 (16.8)

Net worth, $

<25K 9,191 (20.6) 24,062 (15.8) 70,124 (19.7)
25K–149K 10,184 (22.8) 31,927 (21.0) 80,193 (22.5)
150K–249K 5,828 (13.0) 20,614 (13.6) 49,164 (13.8)
250K–499K 8,860 (19.8) 33,749 (22.2) 74,143 (20.8)
$500K 10,672 (23.9) 41,835 (27.5) 83,006 (23.3)

Insurance provider

Exclusive provider organization 4,929 (11.0) 14,523 (9.5) 29,601 (8.3)
Health maintenance organization 11,412 (25.5) 42,705 (28.1) 97,340 (27.3)
Indemnity 365 (0.8) 2,317 (1.5) 4,533 (1.3)
Other 2,483 (5.6) 11,709 (7.7) 36,637 (10.3)
Point of service 19,364 (43.3) 58,263 (38.3) 145,055 (40.7)
Preferred provider organization 6,182 (13.8) 22,670 (14.9) 43,464 (12.2)

Customer-driven health plan type

Heath reimbursement arrangement 1,362 (3.0) 4,133 (2.7) 11,358 (3.2)
Health savings account 2,499 (5.6) 6,714 (4.4) 20,239 (5.7)

CDC 6,710 (15.0) 21,922 (14.4) 34,130 (9.6)

MHD 4,156 (9.3) 14,838 (9.8) 37,284 (10.5)

CDC and MHD 1,348 (3.0) 4,566 (3.0) 9,649 (2.7)

Microvascular/macrovascular complication first 726 (53.9) 2,358 (51.6) 4,627 (48.0)

MHD first 571 (42.4) 1,977 (43.3) 4,265 (44.2)

Tie 51 (3.8) 231 (5.1) 757 (7.9)

Data are presented as n (%).
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with type 1 diabetes and 152,187 individu-
als with type 2 diabetes who did not have
an MHD or CDC before or on the same
date as diabetes diagnosis and 356,630 in-
dividuals with no diabetes. Characteristics
of individuals were closely matched across
the three groups.The proportion of female
participants was well represented in each
diabetes group, with 47.5%, 46.0%, and
51.8% for type 1, type 2, and no diabetes
groups, respectively. A majority of each
group, 74.1%, 76.5%, and 76.7%, respec-
tively, identified asWhite.
The distributions of CDCs differed by

diabetes status and increased by age-
group. In those with type 1 diabetes,
0.8%, 3.1%, 5.2%, and 5.9% had at least
one CDC for age strata 0–19, 20–39,
40–59, and $60 years, respectively. In in-
dividuals with type 2 diabetes, 0.1%, 0,5%,
5.8%, and 8.1% had CDCs for age strata
0–19, 20–39, 40–59, and $60 years, re-
spectively. In individuals without diabetes,
0.02%, 0.2%, 2.4%, and 7.0% had CDCs
for age strata 0–19, 20–39, 40–59, and
$60 years, respectively. Across diabetes
status, the distributions of MHDs increased
from age-group 0–19 to 40–59 years but
decreased in those aged $60 years. In
those with type 1 diabetes, 1.2%, 2.7%,
3.2%, and 2.3% had MHDs for age strata
0–19, 20–39, 40–59, and $60 years, re-
spectively. In those with type 2 diabetes,

0.4%, 1.2%, 5.1%, and 3.1% had MHDs
for age strata 0–19, 20–39, 40–59, and
$60 years, respectively. Finally, in individu-
als with no diabetes, 0.2%, 1.1%, 5.2%,
and 3.9% had MHDs for age strata 0–19,
20–39, 40–59, and$60 years, respectively.

Prevalence and Timing of MHD and
CDC Diagnoses
The proportions of individuals who had
MHDs preceding CDCs and CDCs preceding
MHDs were stratified by diabetes type and
age-group. Ties were defined as diagnoses
occurring on the same day. For all three
groups, as age increased, the proportion of
individuals who had a CDC preceding a an
MHD increased (Cochrane-Armitage test
for trend in proportions P < 0.001). In
those with type 1 diabetes, the proportion
of individuals diagnosed with a CDC before
an MHD was not significantly different
from the proportion with an MHD diag-
nosed before a CDC (ages 0–19 50.6% vs.
48.2%; 20–39 52.1% vs. 44.4%; 40–59
52.5% vs. 43.8%; $60 years 56.2% vs.
39.5%; all Pearson x2 test P > 0.05). Simi-
larly, in those with type 2 diabetes, the pro-
portion of individuals diagnosed with a
CDC before an MHD was not significantly
different from the proportion with an
MHD diagnosed before a CDC (ages 0–19
62.5% vs. 37.5%; 20–39 48.2% vs. 47.0%;

40–59 43.7% vs. 51.7%; $60 years 54.6%
vs. 40.1%; all Pearson x2 test P> 0.05).

Time-Varying Covariate Cox
Regression Models
The hazard ratio (HR) estimates and cor-
responding 95% Wald CIs for model co-
variates stratified by age-group for time
to an MHD and time to a CDC are listed
in Table 2.

Time to an MHD Diagnosis

The presence of a CDC increased the risk
of developing an MHD across the life span
(ages 0–19 HR 2.1 [95% CI 1.4–3.2];
20–39 HR 1.9 [95% CI 1.6–2.4]; 40–59 HR
2.1 [95% CI 1.8–2.5]; $60 years HR 2.9
[95% CI 2.4–3.4]), with the highest risk seen
in the oldest age-group (Fig. 1A–D).

Individuals with type 2 diabetes had
a significantly increased risk of develop-
ing an MHD compared with individuals
with type 1 diabetes in all age-groups
except for those aged $60 years (ages
0–19 HR 1.3 [95% CI 1.2–1.5]; 20–39 HR
1.4 [95% CI 1.3–1.5]; 40–59 HR 1.2
[95% CI 1.1–1.3]; $60 years HR 1.0
[95% CI 0.9–1.1]). Compared with those
with type 1 diabetes, individuals without
diabetes had a significantly increased risk
of developing an MHD in all age-groups
except those aged 0–19 years (ages 0–19
HR 1.0 [95% CI 0.9–1.2]; 20–39 HR 1.4

Table 2—HRs of Cox regression models with time-varying covariates for CDC or MHD, diabetes status, and interactions

Age-group, years

Time to MHD Time to CDC

Parameter HR (95% Wald CI) Parameter HR (95% Wald CI)

0–19 CDC 2.1* (1.4, 3.2) MHD 2.5* (1.7, 3.7)
No diabetes (ref type 1) 1.0 (0.9, 1.2) No diabetes (ref type 1) 0.1* (0.05, 0.1)

Type 2 (ref type 1) 1.3* (1.2, 1.5) Type 2 (ref type 1) 0.2* (0.2, 0.3)
CDC × no diabetes 2.2 (0.9, 5.1) MHD × no diabetes 1.1 (0.3, 3.2)

CDC × type 2 1.3 (0.6, 2.8) MHD × type 2 0.1 (0.3, 1.7)

20–39 CDC 1.9* (1.6, 2.4) MHD 1.5* (1.2, 1.9)

No diabetes (ref type 1) 1.4* (1.3, 1.5) No diabetes (ref type 1) 0.1* (0.09, 0.1)
Type 2 (ref type 1) 1.4* (1.3, 1.5) Type 2 (ref type 1) 0.4* (0.3, 0.4)
CDC × no diabetes 1.2 (0.8, 1.7) MHD × no diabetes 2.2* (1.5, 3.1)

CDC × type 2 1.0 (0.7, 1.4) MHD × type 2 1.3 (0.9, 1.8)

40–59 CDC 2.1* (1.8, 2.5) MHD 1.4* (1.2, 1.7)

No diabetes (ref type 1) 1.4* (1.3, 1.5) No diabetes (ref type 1) 0.3* (0.2, 0.3)
Type 2 (ref type 1) 1.2* (1.1, 1.3) Type 2 (ref type 1) 0.7* (0.6 0.7)
CDC × no diabetes 1.1 (0.9, 1.3) MHD × no diabetes 1.8* (1.5, 2.1)

CDC × type 2 0.9 (0.7, 1.1) MHD × type 2 1.1 (0.9, 1.3)

$60 CDC 2.9* (2.4, 3.4) MHD 1.6* (1.3, 1.8)

No diabetes (ref type 1) 1.4* (1.3, 1.6) No diabetes (ref type 1) 0.69* (0.67, 0.7)
Type 2 (ref type 1) 1.0 (0.9, 1.1) Type 2 (ref type 1) 1.0 (0.9, 1.01)
CDC × no diabetes 1.1 (0.9, 1.3) MHD × no diabetes 1.3* (1.1, 1.5)

CDC × type 2 1.0 (0.8, 1.2) MHD × type 2 1.1 (0.9, 1.3)

Time to MHD and time to CDC were modeled for individuals for each age-group. *P < 0.05.
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[95% CI 1.3–1.5]; 40–59 HR 1.4 [95% CI
1.3–1.5]; $60 years HR 1.4 [95% CI
1.3–1.6]).

We found no significant differences
in the effect of CDCs across diabetes
status. The interaction effects between
diabetes and CDCs were not statistically
significant (P > 0.05 in all cases).

Time to a CDC Diagnosis

An MHD diagnosis significantly increased
the risk of developing a CDC across age-
groups (age 0–19 HR 2.5 [95% CI 1.7–3.7];
20–39 HR 1.5 [95% CI 1.2–1.9]; 40–59 HR
1.4 [95% CI 1.2–1.7]; $60 years HR 1.6
[95% CI 1.3–1.8]). The magnitude of this
effect decreased from age 0–19 to 20–39
years but remained relatively stable to
age 40–59 and$60 years (Fig. 2A–D).

Individuals with type 2 diabetes and
without an MHD had a significantly de-
creased risk of CDCs compared with
those with type 1 diabetes in all age-
groups except those aged $60 years

(age 0–19 HR 0.2 [95% CI 0.2–0.3];
20–39 HR 0.4 [95% CI 0.3–0.4]; 40–59
HR 0.7 [95% CI 0.6–0.7]; $60 years HR
1.0 [95% CI 0.9–1.01]). Individuals with-
out diabetes and without an MHD had
a significantly decreased hazard of CDCs
compared with individuals with type 1 di-
abetes across all age-groups, with the
magnitude decreasing across the life span
(age 0–19 HR 0.1 [95% CI 0.05–0.1];
20–39 HR 0.1 [95% CI 0.09–0.1]; 40–59
HR 0.3 [95% CI 0.2–0.3]; $60 years HR
0.69 [95% CI 0.67–0.7]).

We found that the effects of MHDs
on the risk of CDCs did not differ be-
tween those with type 1 diabetes and
those with type 2 diabetes (diabetes
and MHD interaction effects P > 0.05).
In contrast, in individuals without diabe-
tes, the effect of an MHD on the hazard
of developing a CDC was significantly
greater than that in individuals with type 1
diabetes in all age strata except those
aged 0–19 years, with a decreasing effect

as age increased (no diabetes andMHD in-
teraction effect age 0–19 HR 1.1 [95% CI
0.3–3.2]; 20–39 HR 2.2 [95% CI 1.5–3.1];
40–59 HR 1.8 [95% CI 1.5–2.1];$60 years
HR 1.3 [95% CI 1.1–1.5]).

CONCLUSIONS

In a large well-matched cohort of pri-
vately insured individuals with type 1 or 2
diabetes or without diabetes, we found a
consistent bidirectional association be-
tween CDCs and MHDs across diabetes
type and the life span, indicating that
an individual with one of the diabetes-
related comorbidities has an increased
likelihood of developing the other. Addi-
tionally, we found that the effect of a CDC
on the risk of developing an MHD in-
creased across the life span, whereas the
effect of an MHD on developing a CDC re-
mained relatively stable apart from a
higher risk in those aged <20 years. Fi-
nally, in this population, we found that in-
dividuals with type 1 diabetes were more

Figure 1—Estimated survival plots of Cox hazards models for time to CDC with time-varying MHD diagnosis. Plots display survival predictions for individu-
als with type 1 or type 2 or no diabetes with or without MHD. Age-groups are plotted as follows: 0–19 (A), 20–39 (B), 40–59 (C), and$60 (D) years.
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likely to be diagnosed with a CDC, whereas
individuals with type 2 diabetes were
more likely to be diagnosedwith anMHD.
We found a consistent and statistically

significant bidirectional relationship be-
tween CDCs and MHDs in individuals with
diabetes across the life span. This bidirec-
tional relationship did not differ between
those with type 1 diabetes and those with
type 2. Through this study, we attempted
to understand whether MHDs lead to
CDCs or whether CDCs lead to MHDs, but
we found that both relationships are true.
Clinically, these findings indicate that clini-
cians should actively screen for MHDs in
individuals with diabetes in addition to
screening for the traditional CDCs, which
has been and is the recommended cur-
rent standard of care in diabetes (17). Fur-
thermore, these findings also imply that in
addition to treating only the usual risk fac-
tors to prevent CDCs, clinicians and health
care systems should revise standards of

care practices to include MHD screening
and treatment. A number of diabetes cen-
ters nationally (particularly those focused
on type 1 diabetes) have implemented de-
pression and distress screening for their
patient populations, but active and uni-
versal screening for MHDs is needed for
all patients with diabetes at the point of
care (18,19). Additionally, expertise and re-
sources are needed to screen for andman-
age these conditions once identified, given
that many clinicians involved in the man-
agement of diabetes lack the specific train-
ing to adequately identify and treat MHDs
(20). In addition, this will add burden to
the already comprehensive workload of
primary care providers and endocrinolo-
gists, which can negatively affect patient
quality of care and costs (21). Importantly,
screening for MHDs alone may increase
the prevalence of these conditions but
may not result in improved MHD progno-
sis. According to the U.S. Preventive

Services Task Force guidelines on MHD
screening, “adequate systems and clinical
staff are needed to ensure that patients
are screened and, if they screen positive,
are appropriately diagnosed and treated
with evidence-based care or referred to a
setting that can provide the necessary
care” (22,23). Therefore, when screening
individuals with diabetes for MHDs, it is
critical to ensure there are adequate sys-
tems in place to provide optimal care. Sol-
utions would involve changes in health
policies to ensure adequate insurance cov-
erage for mental health services, revision
of standards of care, and embedding of
clinical decision support systems in elec-
tronic health records to help streamline di-
agnostic and treatment processes with the
goal of improving patient outcomes (24);
development of multidisciplinary collabora-
tive care models to manage these wide-
ranging diabetes-related comorbidities (25);
and increase in access to psychiatrists and

Figure 2—Estimated survival plots of Cox hazards models of time to MHD with time-varying CDC. Plots display survival predictions for individuals
with type 1 or type 2 or no diabetes with or without CDC. Age-groups are plotted as follows: 0–19 (A), 20–39 (B), 40–59 (C), and$60 (D) years.
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psychologists through traditional in-person
visits, telemedicine visits, electronic consul-
tations, and/ormultidisciplinary clinics.

The mechanisms underlying the bidirec-
tional relationship between MHDs and
CDCs are unclear. It is possible that devel-
oping one diabetes comorbidity has direct
effects on developing another diabetes co-
morbidity. For instance, strokes cause det-
rimental effects on the brain, which may
directly lead to depression (21). Alterna-
tively, it is possible that symptoms stem-
ming from one diabetes comorbidity may
have indirect effects on the development
of the other diabetes comorbidity. For ex-
ample, MHDs in individuals with diabetes
may affect self-management of their con-
dition, including poor glycemic control and
medication nonadherence, which in turn
may increase individuals’ risk of CDCs
(26,27). Another explanation is that in
those with diabetes, CDCs and MHDs
share common risk factors (e.g., glycemic
control, obesity, socioeconomic factors,
treatment adherence), which might in-
crease the likelihood of developing both
comorbidities. For example, studies have
shown that diabetes and obesity are ma-
jor risk factors for developing neuropathy
and depression (28,29). Therefore, diabe-
tes care providers may be able to simul-
taneously prevent the risk of multiple
complications by providing interventions
that treat these shared risk factors (e.g.,
glucagon-like peptide 1 receptor ago-
nists, bariatric surgery). Most likely, a
combination of direct and indirect effects
and shared risk factors drive associations
between MHDs and CDCs and vice versa.
Future studies are required to better un-
derstand the complex multifaceted asso-
ciations between MHDs and CDCs in
individuals with diabetes and thus inform
future interventions. Because the current
literature has focused on anxiety and de-
pression in individual with diabetes, our
analysis takes a narrow approach toMHDs;
however, we were interested in these re-
lationships with CDCs in general and
therefore did not focus on any specific
complications. Additional studies might
investigate the complications included in
our definition more specifically.

We found that the effect of a CDC on
the hazard of anMHD increased across the
life span, whereas the effect of an MHD on
a CDC was relatively stable, except for
larger effects in those age <20 years. One
explanation for this finding is that the num-
ber and severity of CDCs increase across

the life span, ultimately increasing the im-
pact on incidence of MHDs. For example,
older individuals with neuropathy often
have increased pain and risk of falls and de-
creased mobility and quality of life (27,28).
Chronic neuropathic pain can also increase
the risk of depression and anxiety (30). Ad-
ditionally, older adults aremore likely to ex-
perience stroke, which increases the risk of
disability and poor physical or cognitive
function, leading to poststroke depression
(31–33). On the other hand, although indi-
viduals with diabetes at both younger and
older ages have an increased risk of MHDs
(34,35), the health detriment resulting
from those disorders, which increases in-
dividuals’ risk of CDCs, likely remains rel-
atively stable as age increases. Although
preventing diabetes comorbidities across
the life span will likely prevent the onset
of other comorbidities, our results indi-
cate that interventions to prevent CDCs
are likely to have a particularly important
role in reducing MHDs in older popula-
tions. On the other hand, given that the
effect of MHDs on CDCs is highest in those
aged <20 years, interventions to identify,
treat, and reduce MHDs may be particu-
larly important in younger populations.
This finding emphasizes the need for men-
tal health services and transition programs,
particularly within the transition age-group
(adolescents), in which patients have tradi-
tionally struggled with glycemic control
(36,37). Interestingly, we also found that
individuals with no diabetes had an in-
creased risk of MHDs compared with indi-
viduals with type 1 diabetes in all except
the youngest age-group. One explanation
for this finding lies in the burden of care
for clinicians treating individuals with dia-
betes. Routine screening for anxiety and
depression may not take precedence if an
individual with diabetes is currently under-
going treatment for concurrent CDCs; thus,
diagnoses of MHDs may not be a priority.
In contrast, in individuals withMHDs, there
may be more bandwidth for clinicians to
be screening and diagnosingMHDs.

Limitations to the current study in-
clude possible misclassifications of dia-
betes type, MHDs, and CDCs with the
use of ICD-9/10 codes. Although many
of these definitions have been validated
with high positive predictive ability, mis-
classification is still possible. Further-
more, because our data detail only the
clinically diagnosed dates of complica-
tions, we were not able to capture the
presence or onset of symptoms. Even if

they screen for MHDs, providers may
not be confident in diagnosing a pa-
tient, or they may be reluctant to code
an MHD because of concerns about in-
surance eligibility or stigma, both of
which may lead to underreporting. Use
of ICD-9/10 codes did not allow us to
quantify the severity of diabetes status,
MHDs, or CDCs. Therefore, we were un-
able to determine if more severe MHDs
or CDCs increased the hazard of CDCs or
MHDs, respectively. Furthermore, our def-
initions of MHDs and CDCs were broad
and includedmultiple disorders. Our study
lacked the detailed clinical information re-
quired to determine the mechanisms un-
derpinning this bidirectional relationship.
Therefore, to develop the optimal preven-
tion strategies for individuals with diabe-
tes, future studies, with detailed patient
information and sensitive markers of these
diabetes comorbidities, are needed to fully
understand the mechanisms underlying
this bidirectional relationship.

Although some of these disorders and
complications are related, there may be
condition-specific mechanisms that were
not captured in the current study. For ex-
ample, diabetes distress, a common co-
morbidity, is more highly associated with
glycemic outcomes than depression or
anxiety; however, it is not captured in the
ICD-9/10 codes (38). Finally, although this
claims database provides a rich resource
for identifying individuals with a wide
range of MHDs and CDCs, the generaliz-
ability to populations outside of the U.S. or
to U.S. populations not covered by private
insurance (e.g., Medicaid, Medicare, veter-
ans) is unclear and requires further study.

In summary, we found a bidirectional
association between MHDs and CDCs.
That is, both comorbidities are risk fac-
tors for each other, highlighting the im-
portance of screening for, treating, and
preventing both MHDs and CDCs. Dia-
betes clinicians and health care systems
likely need to increase their focus on
MHDs, and innovative models of care are
required to optimize care for both indi-
viduals with type 1 diabetes and those
with type 2 diabetes. Importantly, future
studies are needed to better understand
the reasons for the complex bidirectional
relationship between MHDs and CDCs to
guide future interventions.
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