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Abstract

Objective: Depression has been linked to excess mortality in individuals with type 2 diabetes, but it remains unclear what
drives this association. We examined if the association depends on unhealthy lifestyle and medical comorbidity.

Methods: We followed a clinically recruited cohort of Danish people with type 2 diabetes (n =8175) with fine-grained
clinical information and a population-wide register-based cohort of Danish individuals with HbA1c-defined type 2 diabetes
(n =87 500) representing everyday clinical practice. Antidepressant drug use prior to the onset of type 2 diabetes was used
as a proxy for preexisting depression. In both cohorts, we first estimated the association between depression and 5-year
mortality following type 2 diabetes, using a Cox proportional hazards model, yielding sex- and age-adjusted mortality rate
ratios (MRRs). We subsequently examined how further adjustment for markers of unhealthy lifestyle (smoking, physical
inactivity, obesity, alcohol abuse, and marital status) and medical comorbidity affected the association.

Results: Preexisting depression was associated with an approximately 50% increased age- and sex-adjusted all-cause
mortality rate in both the clinically recruited- (5-year MRR: 1.46; 95% CI: 1.12-1.90) and the register-based type 2 diabetes
cohort (5-year MRR: 1.51; 95% ClI: 1.45-1.57). The excess mortality associated with depression almost disappeared when
the analyses were adjusted for unhealthy lifestyle and medical comorbidity in both the clinically recruited- (MRR: 1.05; 95%
Cl: 0.72-1.52) and the register-based type 2 diabetes cohort (MRR: 1.14, 95% CI: 1.09-1.19).

Conclusions: A large fraction of the excess mortality associated with preexisting depression in type 2 diabetes is
attributable to the unhealthy lifestyle and medical comorbidity accompanying depression.
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Introduction

One in six individuals with type 2 diabetes is affected
by depression (1, 2, 3, 4). Converging evidence suggests
that all-cause mortality is substantially higher among
individuals with type 2 diabetes and comorbid depression
than among individuals with type 2 diabetes without
depression (34-110% increased mortality rate) (5, 6, 7,
8). However, the mechanism underlying the association

between depression comorbid to type 2 diabetes and excess
mortality is not well established.

Depression in the context of type 2 diabetes has been
linked to increased cortisol levels and inflammation
and suboptimal treatment adherence, all of which
may contribute to metabolic dysregulation (3, 9, 10).
Accordingly, as the long-term prognosis of type 2 diabetes
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depends on good metabolic control, it has been suggested
that individuals with depression prior to the onset
of type 2 diabetes have excess all-cause mortality due
to poor metabolic control (11, 12). However, recent
studies seem to counter this theory, as they report that
preexisting depression in type 2 diabetes is linked neither
to suboptimal glucose - or lipid control - nor to delayed
initiation of - or lack of adherence to - antidiabetic
treatment (13, 14, 15, 16, 17). This suggests that other
factors may be driving the excess mortality observed for
individuals with depression and type 2 diabetes. Here,
the known relationship between depression and other
medical comorbidities than type 2 diabetes (18, 19) as
well as unhealthy lifestyle - including smoking, alcohol
consumption, physical inactivity, poor diet, and obesity
(20, 21, 22, 23) - is of particular interest.

Although the relationship between depression
and increased mortality in type 2 diabetes has been
previously described (6, 8), only a few studies have aimed
at quantifying the influence of unhealthy lifestyle and
medical comorbidities in this context (24, 25, 26), and
even fewer studies have focused on preexisting depression
at the time of diabetes diagnosis (27, 28). Generally, these
recently published studies have shown that adjusting for
unhealthy lifestyle and medical comorbidities attenuates
the association between preexisting depression and
excess mortality in type 2 diabetes (27, 28). However,
these studies have been marred by several limitations,
including (i) the use of selected study samples, for
example, with the exclusion of individuals with diabetic
complications (27) or cardiovascular disease (28),
which limits generalizability, (ii) lack of comprehensive
information on lifestyle factors (27), and (iii) no
clarification of which specific depression-related lifestyle
factors may drive the excess mortality in the context of
type 2 diabetes (27, 28).

In the present study, we aimed to overcome these
limitations by leveraging the potential of two large
type 2 diabetes cohorts, each with distinct advantages,
namely a clinically recruited type 2 diabetes cohort with
fine-grained information available at baseline and a
population-wide register-based type 2 diabetes cohort
representing everyday clinical practice. Our study had two
sequential aims: (i) to examine the magnitude of excess
all-cause mortality associated with preexisting depression
across the two type 2 diabetes cohorts and (ii) to examine
if the association between preexisting depression and
excess mortality in type 2 diabetes depends on unhealthy
lifestyle and medical comorbidity.
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Methods

Study cohorts

The following two cohorts were used to address the aims
of the study. There was likely a minor overlap between the
two cohorts (estimated at 3%). See the Supplementary
Methods (see section on supplementary materials given at
the end of this article) for the calculation underlying this
estimation.

Clinically recruited type 2 diabetes cohort

This cohort included all participants with type 2 diabetes
from the Danish Centre for Strategic Research in Type 2
Diabetes (DD2) project (29). The DD2 project was initiated
on January 1, 2009, to establish a national cohort of
individuals with recently diagnosed type 2 diabetes for deep
phenotyping. All individuals with recently diagnosed type
2 diabetes in Denmark were eligible for inclusion and were
recruited by hospital departments and general practitioners
onafeasibility basis. Atbaseline, questionnaireinformation
(e.g. family history of diabetes and lifestyle factors such as
physical activity, alcohol consumption, and smoking),
data from clinical examination (including waist and hip
circumference, height, and resting heart rate) and blood
and urine samples for a biobank were collected. The DD2
participants were subsequently followed prospectively via
linkage to various Danish registers, including the Danish
Diabetes Database for Adults (DDDA) and the Danish
health and administrative registers (30). For the present
study, we included DD2 participants enrolled from January
1, 2009, to August 20, 2018.

Register-based type 2 diabetes cohort

This cohort was identified via linkage of data from the
Danish health and administrative registers, using the
unique 10-digit personal identification number (assigned
to all individuals living in Denmark) from the Danish Civil
Registration System (DCRS) askey (31). For the identification
of individuals with incident type 2 diabetes, we used
information from the Clinical Laboratory Information
System (LABKA) database containing laboratory data
from all general practitioners and hospitals in Central and
Northern Denmark (complete data from the early 2000s)
(32), the Danish National Prescription Register (DNPreR)
containing information on all prescriptions redeemed
at Danish Pharmacies Denmark since 1995 (33), and the
Danish National Patient Registry (DNPatR) containing
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discharge diagnoses from all admissions to Danish hospitals
(since 1977 for nonpsychiatric hospitals and since 1969 for
psychiatric hospitals) as well as discharge diagnoses from
all contacts to emergency rooms and outpatient hospital
services since 1995 (34). Consistent with prior studies (4, 13),
incident type 2 diabetes was defined by the first hemoglobin
A1C (HbAlc) value of >6.5% (48 mmol/mol) in LABKA
in the period from January 1, 2000, to October 31, 2016.
Individuals who (i) were registered with their first elevated
HbA1c before the age of 30, (ii) prior to the first registration
of an elevated HbAlc had redeemed a prescription for
a glucose-lowering drug, or (iii) were registered with a
diagnosis of diabetes in the DNPatR were excluded to reduce
the number of individuals with type 1 diabetes in the cohort
and because we aimed to focus on incident diagnoses of type
2 diabetes (4, 13). The Anatomical Therapeutic Chemical
(ATC) and International Classification of Diseases (ICD)
codes used in the definition of incident type 2 diabetes are
available in Supplementary Table 1.

Exposure (depression)

Depression was operationalized based on redeemed
prescriptions for antidepressants (definition according
to ATC codes is available in Supplementary Table 1).
Specifically, depression preceding type 2 diabetes was
defined as having redeemed at least one prescription
for an antidepressant in the year leading up to inclusion
in the DD2 project or incident type 2 diabetes (register-
based cohort), respectively. While antidepressants are
also used for other medical indications than depression
(anxiety disorders in particular, and occasionally pain),
Musliner et al. have demonstrated that the majority of
antidepressants prescribed in Denmark are used for the
treatment of depression (=88% of the prescriptions with
an indication code) (35). Less than 0.1% of antidepressants
are prescribed for neuropathic pain. Focusing on
prescriptions redeemed before the type 2 diabetes index
date should further reduce the risk of the antidepressants
being prescribed to manage pain associated with diabetic
neuropathy rather than for treatment of depression (35).

Outcome (mortality)

The date of death was obtained from the DCRS (31).

Covariates

For the clinically recruited type 2 diabetes cohort, data
- from the time of recruitment to the DD2 project - on
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sex, age, medical comorbidity (no, one, or >two diseases
according to the Charlson comorbidity index (CCI)) (36),
macro- and microvascular complications (in the 5 years
leading up to inclusion in the DD2 project), redeemed drug
prescriptions (in the 6 months leading up to inclusion in
the DD2 project), and markers of lifestyle (self-reported
alcohol abuse (above 14/21 units per week (female/male)),
waist circumference, marital status, self-reported physical
activity (number of active days per week), and smoking
status (current, former, or never) were extracted from the
DD2 project, the DDDA, the DNPatR, and the DNPreR.
Data for lifestyle variables in the clinically recruited type
2 diabetes cohort were complete, except for smoking status
(43.8% missing) where we relied on data linkage with the
DDDA. The definition of the variables according to ATC
and ICD codes is available in Supplementary Table 1.

For the register-based type 2 diabetes cohort, data
- from the time of incident type 2 diabetes - on sex, age,
medical comorbidity (no, one, or > two diseases according
to the CCI), micro- and macrovascular complications,
redeemed prescriptions, and markers of lifestyle (alcohol
abuse, obesity, marital status, and smoking status (see
definitions below)) was extracted from LABKA, the
DNPreR, the DNPatR, and the DCRS. The definition of
the variables according to ATC and ICD codes is available
in Supplementary Table 1. As for the clinically recruited
type 2 diabetes cohort, information on these variables was
extracted for the 5-year period preceding incident type 2
diabetes, whereas drug prescriptions were ascertained 6
months before incident type 2 diabetes. As the registers do
not contain direct information on alcohol abuse, medical
obesity, and smoking status, we used available data from
the registers to create proxies for these aspects. For example,
a cohort member was considered as having alcohol abuse
if he/she was registered with a hospital contact, leading to
a diagnosis of an alcohol-related disorder or a redeemed
prescription for disulfiram (Antabuse). A similar approach
was used for obesity and smoking status (for the specific
operationalization, please see Supplementary Table 1).

Statistical analysis

The clinically recruited type 2 diabetes cohort members were
followed from baseline until either 5 years after inclusion
in the DD2 project, death, emigration, or end of follow-up
(August 22, 2018), whichever came first. Mortality rates were
compared between individuals with and without preexisting
depression using the Cox proportional hazards model
adjusted for age and sex, yielding the mortality rate ratio
(MRR). Subsequently, we included adjustment for each of
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the individual lifestyle (alcohol abuse, waist circumference,
marital status, physical activity, and smoking status) and
medical comorbidity markers (macro- and microvascular
complications, use of analgesics (as proxy for diabetic
neuropathy and other types of pain), and CCI) - one at a
time. Finally, we ran the analysis, including adjustment for
all of the markers of lifestyle and medical comorbidity listed
above - as well as age and sex. As we deemed valid smoking
data essential, all analyses involving smoking were made
as a complete case analysis, i.e. only including individuals
without missing data on smoking status.

The register-based type 2 diabetes cohort members
were followed from incident type 2 diabetes until either
5 years after incident type 2 diabetes, death, emigration,
or end of follow-up (October 31, 2017), whichever came
first. Mortality rates were compared between individuals
with and without preexisting depression using the Cox
proportional hazards model adjusted for age and sex,
yielding the MRR. Subsequently, we included adjustment
for each of the individual lifestyle (alcohol abuse,
medical obesity, marital status, and smoking status) and
medical comorbidity markers (macro- and microvascular
complications, use of analgesics, and CCI) - one at a time.
Finally, we ran the analysis, including adjustment for all
of the markers of lifestyle and medical comorbidity listed
above - as well as age and sex.

Aswe only had proxies for lifestyle in the register-based
cohort, which may leave the analyses sensitive to residual
confounding, we repeated the analyses described for the
register-based type 2 diabetes cohort above while including
a record-level quantitative bias analysis (QBA) (37)
informed by the results from the analysis of the clinically
recruited type 2 diabetes cohort. In brief, we estimated the
prevalence of alcohol abuse, increased waist circumference,
physical inactivity, and smoking status (current or former)
according to depression status and estimated 5-year MRR
for these lifestyle factors in the clinically recruited type 2
diabetes cohort. We then used the prevalence and the 95%
CI for the MRR for each of these lifestyle factors to run
the record-level QBA in the register-based type 2 diabetes
cohort. For a detailed description of the QBA, please see
Supplementary Table 2.

The proportional hazard assumption was tested for all
analyses by plotting the observed survival curves with the
estimated survival curves.

Sensitivity analyses

For the register-based type 2 diabetes cohort, the analyses
were repeated using hospital diagnoses to define preexisting
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depression, as a hospital diagnosis of depression most
likely is a proxy for more severe depression (the clinically
recruited type 2 diabetes cohort was too small to allow for
this analysis). Specifically, in these analyses, preexisting
depression was defined as being registered with a clinical
diagnosis of depression (ICD-10 codes: F32--33) in the
DNPatR in relation to an inpatient contact, an outpatient
contact, or an emergency room visit to a Danish psychiatric
hospital in the 2 years leading up to incident type 2
diabetes. For the clinically recruited type 2 diabetes cohort
where the analyses involving smoking were based only
on the 56.1% without missing data on smoking, we ran a
post hoc sensitivity analysis in which we explored potential
differences between the complete case cohort (i.e. with
no missing data on smoking) and the full cohort. We also
reran the regression models adjusting for all covariates
except smoking in the complete case cohort and in the full
clinically recruited cohort, to examine if the association
between preexisting depression and mortality was similar
between the two.

Results

The clinically recruited type 2 diabetes cohort

A total of 8175 individuals with type 2 diabetes were
identified in the DD2 project, and 1214 (14.9%) of those had
preexisting depression, according to the study definition.
Table 1 shows the characteristics of theindividuals with and
without preexisting depression, respectively. Those with
preexisting depression were slightly younger, were more
likely to be women, were more likely to have an unhealthy
lifestyle (higher waist circumference, physical inactivity,
and smoking), and had more medical comorbidity.

The median follow-up time for the cohort members
was 4.7 years (25th-75th percentile: 3.1-5.0). We observed
68 deaths (5.6%) among individuals with depression and
331 deaths (4.8%) among individuals without depression,
corresponding to crude mortality rates per 1000 person-
years of 14.1 in those with depression and 12.2 in those
without depression. Figure 1 shows the association
between preexisting depression and all-cause mortality in
the clinically recruited type 2 diabetes cohort. Preexisting
depression was associated with an increased mortality rate
(MRR adjusted for age and sex: 1.46, 95% CI: 1.12-1.90).
Adjustment for either physical activity (MRR: 1.35, 95% CI:
1.03-1.76), smoking status (MRR: 1.34, 95% CI: 0.96-1.86),
analgesic use (MRR: 1.35, 95% CI: 1.03-1.82), or CCI (MRR:
1.27,95% CI: 0.97-1.65), all attenuated the strength of the
association between preexisting depression and mortality.
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Table 1 Characteristics of the clinically recruited type 2 diabetes cohort, stratified by depression status. Data are presented as
n (%), mean + S.D. or as median (Q1-Q3).

No preexisting depression Preexisting depression

European Journal of Endocrinology

n

Time from diabetes to inclusion in DD2, years

Lifestyle
Male
Age, mean (s.n.)
Waist circumference
BMI, mean
Hip circumference
Male
Female
Physical activity (pr. week)
None
1-3 days
4-7 days
Alcohol abuse
Less than 14/21 units
More than 14/21 units
Smoking status
Current
Former
Never
Missing
Systolic blood pressure
Civil status
Married/partner
Unmarried, divorced, or widowed
Medical comorbidity
Charlson comorbidity index
0
1
>2
Macrovascular complications
Microvascular complications
Medication use*
Use of prescription drugs

1
>2
Glucocorticoid use
Analgesic use
Antipsychotic use
Biomarkers (from Biobank samples)
Fasting glucose

6961
2.1

4257 (61.2%)

60.9 +11.3

106.9 + 15.2
31.5+ 6.3 (n =4,018)

107.6 £ 11.7
111.4+£144

988 (14.2%)
2315 (33.3%)
3658 (52.5%)

6509 (93.5%)
452 (6.5%)

656 (9.4%)
1314 (18.9%)
1934 (27.8%)
3057 (43.9%)

133+ 15 (n =4010)

4305 (61.8%)
2540 (36.5%)

5306 (76.2%)
1250 (18.0%)
405 (5.8%)
1006 (14.5%)
718 (10.3%)

993 (14.3%)
1354 (19.5%)
4614 (66.3%)

252 (3.6%)
1288 (18.5%)

59 (0.8%)

7.1 (6.4-8.2) (n =4019)

1214
2.1

526 (43.3%)
58.6+11.8
108.7 + 14.9

32.1+£6.3(n =674)

109.0 + 10.9
113.2+ 143

288 (23.7%)
426 (35.1%)
500 (41.2%)

1154 (95.1%)
60 (4.9%)

192 (15.8%)
210(17.3%)
286 (23.6%)
526 (43.3%)

130 + 14 (n =692)

662 (54.5%)
525 (43.2%)

849 (69.9%)
249 (20.5%)
116 (9.6%)

238 (19.6%)
158 (13.0%)

156 (12.9%)
219 (18.0%)
839 (69.1%)
78 (6.4%)
463 (38.1%)
154 (12.7%)

7.1(6.2-8.3) (n =703)

HbA1c 6.6 (6.2-7.3) (n =4156 6.6 (6.2-7.3) (n =726)
LDL 2.4 +0.9 (n =4055) 2.4+ 0.9 (n =698)
C-peptide 1270 + 642 (n =4846) 1407 + 750 (n =870)

C-reactive protein 3.8+6.7(n =6163) 5.2+ 8.0(n =1082)

Albuminuria (mg/g)

Mean 38.7 329
<30 mg/g 3533 (50.8%) 629 (51.8%)
30-300 mg/g 750 (10.8%) 119 (9.8%)
>=300 mg/g 92 (1.3%) 14 (1.2%)
Missing 2586 (37.1%) 452 (37.2%)
Diabetes medication use
No use 1656 (23.8%) 263 (21.7%)
Oral use 4934 (70.9%) 855 (70.4%)
Insulin use 371 (5.3%) 96 (7.9%)

DD2, Danish Centre for Strategic Research in Type 2 Diabetes.

*Use of beta blockers, ACE-related drugs, calcium Ca channel blockers, diuretics, lipid-modifying agents, and antithrombotics.
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Age- and sex-adjusted 1.46 [1.12, 1.90]
Markers of lifestyle

Alcohol abuse 1.46 [1.12, 1.90]
1.43[1.10, 1.86]
1.42 [1.07, 1.89]
1.35[1.03, 1.76]
1.34[0.96, 1.86]

Waist circumference
Marital status

Physical activity

Smoking status

Medical comorbidity
Diabetes complications 1.39[1.07, 1.82]
1.35[1.03, 1.76]

1.27[0.97, 1.65]

Analgesic use

cal —_—

Fully adjusted _———— 1.05[0.72, 1.52]

r

T t T T
040 060 080 100 120 140 160 180 200 220
Mortality rate ratio (95% Cl)

Figure 1

Comparison of all-cause mortality between individuals with
and without preexisting depression in the clinically recruited
type 2 diabetes cohort. Depression mortality rate ratios (MRRS)
are shown with adjustment for each single lifestyle factor or
comorbidity, in addition to age and sex. For example, the MRR
estimate next to ‘Alcohol abuse’ shows the depression MRR,
adjusted for sex, age, and alcohol abuse. The MRR next to
‘Waist circumference’ shows the depression MRR, adjusted for
sex, age, and waist circumference. The fully adjusted MRR is
adjusted for age, sex, and all factors displayed, i.e. alcohol
abuse, waist circumference, marital status, physical activity,
smoking status, diabetes complications, analgesic use, and
Charlson comorbidity index (CCl).

When adjusting the analysis for all markers of lifestyle
and medical comorbidity as well as age and sex, the MRR
approached 1 (MRR: 1.05, 95% CI: 0.72-1.52).

The register-based type 2 diabetes cohort

A total of 87 500 individuals with incident type 2 diabetes
were identified, of whom 12 162 (13.9%) had preexisting
depression according to the definition employed in this
study. Table 2 shows the characteristics of the individuals
with and without preexisting depression, respectively.
Those with depression were 1 year older, were more likely
to be women, were more likely to have an unhealthy
lifestyle (alcohol abuse, medical obesity, and smoking-
related disorders), and had more medical comorbidity.
The median follow-up time for the cohort members
was 5.0 years (25th-75th percentile: 2.8-5.0). A total of
3101 (25.5%) individuals with and 12 606 (16.7%) without
depression died during follow-up, corresponding to crude
mortality rates per 1000 person-years of 68.3 in those with
depression and 42.2 in those without depression. Figure 2

187:4 572
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shows the association between preexisting depression and
all-cause mortality in the register-based cohort. Preexisting
depression was associated with a mortality rate increase of
a magnitude very similar to that observed in the clinically
recruited type 2 diabetes cohort (MRR adjusted for age
and sex: 1.51, 95% CI: 1.45-1.57). Adjustment for either
smoking status (MRR: 1.42, 95% CI: 1.37-1.49), analgesic
use (MRR: 1.35, 95% CI: 1.30-1.40), or CCI (MRR: 1.25,
95% CI: 1.20-1.30), all attenuated the strength of the
association between preexisting depression and mortality.
When adjusting the analysis for all markers of lifestyle
and medical comorbidity as well as age and sex, the MRR
approached 1 (MRR: 1.14, 95%CI: 1.09-1.19) - even more so
in the QBA (fully adjusted MRR: 1.05, 95%CI: 1.00-1.09).

Sensitivity analyses

The findings from the sensitivity analyses using hospital
diagnoses to define preexisting depression are reported
in Supplementary Fig. 2 and are consistent with those
from the main analyses reported above. Our comparison
of individuals in the complete case cohort (i.e. with no
missing data on smoking) and the full clinically recruited
cohort (see Supplementary Table 3) generally showed
no differences in the characteristics (physical activity,
waist circumference, alcohol use, marital status, CCI,
macrovascular complications, and analgesic use (all
P>0.10)), with the only exception being the prevalence
of microvascular complications (12.6% and 10.7% in the
complete case cohort and full clinically recruited cohort,
respectively (P<0.01)), suggesting that information on
smoking was likely to be missing at random. Accordingly,
when rerunning the fully adjusted model without
including smoking status in the complete case cohort
and the full cohort, the adjusted MRRs for the association
between preexisting and depression were similar, at 1.09
(0.76-1.58) and 1.14 (0.85-1.52), respectively.

Discussion

Main findings

In this longitudinal study of two large cohorts of clinically
recruited- and register-based individuals with type 2
diabetes, we found that preexisting depression was
associated with an approximately 50% increased age-
and sex-adjusted all-cause mortality rate. This increase,
however, virtually disappeared following adjustment for
higher medical comorbidity and adverse lifestyle factors
assessed at the time of incident type 2 diabetes.
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Table 2 Characteristics of the register-based type 2 diabetes cohort, stratified by depression status. Data are presented as n (%),

mean + S.D. or as median (Q1-Q3).

No preexisting depression

Preexisting depression

n 75 488 12162

Lifestyle
Male 44 004 (58.3%) 5206 (42.8%)
Age 64.1 £13.3 653 +14.2
ObesityT 3323 (4.4%) 868 (7.1%)
Alcohol abuse” 1266 (1.7%) 543 (4.5%)
Smoking status (current/former)* 4396 (5.8%) 1293 (10.6%)
Dyslipidemia® 21029 (27.9%) 4346 (35.7%)
Hypertension!! 27 998 (37.1%) 5283 (43.4%)
Civil status

Married/partner
Unmarried, divorced, or widowed

52 273 (69.2%)
20 823 (27.6%)

7546 (62.0%)
4232 (34.8%)

Medical comorbidity
Charlson comorbidity index

0 54 612 (72.3%)

1 13962 (18.5%)

>2 6914 (9.2%)
Macrovascular complications 12 479 (16.5%)
Microvascular complications 5555 (7.4%)

Medication use
Use of prescription drugsi

0 26 697 (35.4%)
1 12 595 (16.7%)
>2 36 196 (47.9%)
Glucocorticoid use 7269 (9.6%)
Analgesic use 17 422 (23.1%)
Antipsychotic use 1108 (1.5%)
Biomarkers (from routine care tests)
Fasting glucose 6.9

6.0-8.2) (n =20 235)

7141 (58.7%)
2989 (24.6%)
2032 (16.7%)
3002 (24.7%)
1210 (9.9%)

2853 (23.5%)
2209 (18.2%)
7100 (58.4%)
1883 (15.5%)
5566 (45.8%)
1470 (12.1%)

6.7 (5.8-7.9) (n =3876)

(
HbA1c 6.8 (6.6-7.9) 6.8 (6.6-7.4)
LDL 3.1+ 1.0(n =59 273) 3.0+ 1.1 (n =9627)
eGFR 79.7+ 22.7 (n =73 282) 77.6 +24.4(n =11991)

eGFR, estimated glomerular filtration rate.

Diagnosis of obesity or prescriptions for an anti-obesity agent. *Alcohol-related disorder or prescriptions for disulfiram (Antabuse)). *Smoking-related
disorder or prescriptions for an inhalant used for chronic obstructive lung diseases or a smoking cessation agent. $Diagnosis of dyslipidemia or
prescriptions for a lipid-modifying agent. | Diagnosis of essential hypertension or prescriptions for at least two agents used in the treatment of
hypertension. *Use of beta blockers, ACE-related drugs, calcium channel blockers, diuretics, lipid-modifying agents, and antithrombotics.

Depression and excess mortality in type 2 diabetes

Our findings from a population-based setting corroborate
meta-analyses showing that depression in type 2 diabetes
is associated with approximately 50% increased risk of
all-cause and cardiovascular mortality (6, 8). Notably,
our results indicate that in individuals with diabetes
and preexisting depression, this association may be
almost entirely attributable to the unhealthy lifestyle
and medical comorbidity accompanying depression.
This was also suggested in two recently published large
population-based studies from Taiwan (27) and Korea (28).
Specifically, it was reported that the association between
preexisting depression and excess all-cause mortality was
much attenuated when the results were adjusted for all

lifestyle factors and comorbidity in individuals with type
2 diabetes without diabetes-related complications (27) or
cardiovascular disease (28). Unlike these two prior studies,
we were, however, also able to determine which lifestyle
factors were the main drivers of this excess mortality,
namely physical inactivity and smoking, as well as
medical comorbidity accompanying depression. Our
findings contradict the common belief that preexisting
depression per se necessarily impacts the clinical course of
type 2 diabetes (6, 7, 8, 38). This is in line with a growing
body of evidence suggesting that preexisting depression
in type 2 diabetes is linked to neither suboptimal glucose
- or lipid control - nor delayed initiation of - or lack of
adherence to - antidiabetic treatment (13, 14, 15, 16,
17). In contrast, studies of incident depression occurring

https://eje.bioscientifica.com


https://eje.bioscientifica.com

European Journal of Endocrinology

A_Using register proxies for lifestyle:

Age- and sex-adjusted —- 1.51[1.45,1.57)
Markers of lifestyle

Alcohol abuset — 1.45 [1.39, 1.51]

Obesityt — 1.51[1.45,1.57]

Marital status — 1.46 [1.40, 1.52]

Smoking statust — 1.43 [1.37,1.49]

Medical comorbidity
Diabetes complications — 1.44 [1.38, 1.50]
1.35 [1.30, 1.40]

1.25 [1.20, 1.30]

Analgesic use —

ca ——

Fully adjusted —— 1.14 [1.09, 1.19]

0.4 0.6 0.8 1 1.2 14 1.6 18
Mortality rate ratio (95% Cl)
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Figure 2

Comparison of all-cause mortality between individuals with
and without preexisting depression in the register-based type
2 diabetes (T2D) cohort. (A) Using register proxies for lifestyle.
(B) Quantitative bias analysis using information on markers of
lifestyle derived from the clinically recruited T2D cohort.
Depression mortality rate ratios (MRRs) are shown with
adjustment for each single lifestyle factor or comorbidity, in
addition to age and sex. For example, the MRR estimate next
to ‘Obesity’ shows the depression MRR, adjusted for sex, age,
and obesity. The MRR next to ‘Marital status’ shows the
depression MRR, adjusted for sex, age, and marital status. The
fully adjusted MRR is adjusted for age, sex, and all factors
displayed, i.e. alcohol abuse, waist circumference/obesity,
marital status, physical activity, smoking status, diabetes,
analgesic use, and Charlson comorbidity index (CCl). 'Data on
alcohol abuse, obesity, and smoking status based on hospital
contacts, leading to diagnoses of lifestyle-related disorders
and/or redeemed prescriptions for disulfiram, anti-obesity
agents, inhalants used for chronic obstructive lung diseases,
or smoking cessation agents. *Quantitative bias analysis was
performed when adjusting for alcohol abuse, waist
circumference, physical activity, smoking status, and when
adjusting for these variables in the fully adjusted model.
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during the course of diabetes suggest that depression may
increase mortality risk, even after adjustment for various
lifestyle factors (24, 25, 26).

If unhealthy lifestyle and medical comorbidity
constitute the decisive link between preexisting
depression and excess mortality in individuals with
type 2 diabetes, the best way to ameliorate survival in
this vulnerable population might be through smoking
cessation, increased physical activity, and early detection
and treatment of medical comorbidity (39, 40).
Accordingly, in their recent meta-analysis, Machado et al.
suggested that promoting a healthy lifestyle and treating
comorbid medical conditions may be the best way to
decrease mortality in individuals with coexisting type 2
diabetes and depression, beyond the treatment targeting
type 2 diabetes and depression more specifically (41).
This, however, remains an open question that should be
addressed empirically via clinical trials.

Limitations

The results of this study must be interpreted in light
of its limitations. First, the design of our study leaves
uncertainties regarding the order of events in time, i.e.
whether a primary depression caused unhealthy lifestyle
and medical comorbidity or vice versa. Accordingly, we
cannot draw firm conclusions regarding the causality
of the associations between preexisting depression,
unhealthy lifestyle, medical comorbidity, and excess
mortality in type 2 diabetes. Therefore, Mendelian
randomization studies allowing for causal inference
would be of great interest in this regard. Relatedly, recent
Mendelian randomization studies have established that
depression is a causal risk factor for type 2 diabetes and
vice versa (42, 43). Assessment of whether depression is a
causal risk factor for mortality in type 2 diabetes would be
an interesting next step in this line of research. Second, we
used redemption of prescriptions for antidepressants as a
proxy for depression. Antidepressants are, however, used
for other indications than depression, such as anxiety
disorder and neuropathic pain. However, depression is
the prime indication for prescription of antidepressants in
Denmark (35), and our results were similar when we used
hospital contacts to operationalize depression rather than
redemption of prescriptions for antidepressants. On the
other hand, we could not identify untreated depression or
depression treated exclusively nonpharmacologically (e.g.
using psychotherapy), which will have led us to include
some people with depression in the reference populations,
likely biasing our estimates toward the null. Third, we
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focused specifically on the association between preexisting
depression and excess mortality in type 2 diabetes (T2D).
Consequently, it remains uncertain whether our findings
will generalize to individuals with T2D and incident
depression. This possibility should be addressed in future
studies. Fourth, we had no information on lifestyle factors
such as sleep and food/energy intake.

Conclusion

In conclusion, the results of this study suggest that a large
fraction of the excess mortality associated with preexisting
depression in the context of type 2 diabetes is attributable
to the unhealthy lifestyle and medical comorbidity
accompanying depression. To ameliorate survival in
people with depression and type 2 diabetes, special points
of attention should include smoking cessation, increased
physical activity, and early detection and treatment of
medical comorbidities.
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