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Context. The effect of antidepressants (ATDs) use on maytalipatients with diabetes
mellitus (DM) has not yet been sufficiently studethough co-morbid depression is
common in this population.

Objective: To explore the impact of ATDs on mortality among isttients.

Design: A retrospective cohort study in a national database

Setting: This population-based study used National Healslulance Research Database in
Taiwan. Since 2000, we identified 53,412 caseswifly diagnosed patients with DM and
depression. Patient cases were followed for asspssortality until 2013.

Main outcome measure: The association between mortality and ATDs use exafored
adjusting for cumulative dosing.

Result: Using the time-dependent Cox regression model, Ali§#swas associated with
significantly reduced mortality among patients WitM (in the highest dose group, hazard
ratio [HR]= 0.65, 95% confidence interval [Cl]= 0:8.71). Further analysis showed that
differences on mortality existed across ATD categgorselective serotonin reuptake
inhibitors (HR=0.63, 95% Cl= 0.56-0.71), serotonimrepinephrine reuptake inhibitors
(HR=0.58, 95% CIl= 0.44-0.78), norepinephrine-dopameuptake inhibitors (HR=0.20,95%
Cl=0.07-0.63), mirtazapine (HR=0.60, 95% CI= 00182), tricyclic/tetracyclic
antidepressants (HR=0.73, 95% Cl= 0.54-0.97), ttame (HR=0.52, 95% CI= 0.29-0.91).
However, reversible inhibitor of monoamine oxiddséRIMA) was found to be associated
with an increase, rather than decrease, in totatatity. (HR=1.48, 95% CI= 1.09-1.99).
Conclusion: Most ATDs but not RIMA were associated with sigegiintly reduced mortality
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among population with comorbid DM and depression.

Most ATDs but not RIMA were associated with significantly reduced mortality among population with

comorbid DM and depression.

I ntroduction

Diabetes mellitus (DM) is a highly prevalent chiodisease associated with increased
mortality(1). DM significantly raises the incidencémortality, ischemic attacks and heart
failure in patients with established or high-riskerosclerosis in a recent 4-year large
cohort(2). A study in China analyzing mortalityDM patients (n=2654) from 2002 to 2012

ADVANCE ARTICLE

also reported increased mortality largely due tdicaascular-related events (3). The

reduction of mortality in individuals with DM remas a critically important and unmet need.
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The incidence of major depressive disorder amangstiduals with DM is significantly
greater than the general population(4-6). Indepethgdedepression is associated with
significant excess mortality resulting from suicidecidental or violent causes, and diseases
(7). Consequently, DM and depression each indepelydsontribute to increasing total
mortality (8-11). Therefore, assessing the impaeintidepressants (ATDs) on mortality in
patients with comorbid depression and DM has sSicgnilt clinical relevance.

Several studies have reported an association betW€B use and increased risk of DM
diagnosis(12-14). These findings suggest a deteterffect of certain ATDs on
insulin/glucose homeostasis, including tricyclitcidepressants, selective serotonin reuptake
inhibitors (SSRIs), and serotonin antagonist amgbtake inhibitors (SARIs). To our
knowledge, the effect of the ATDs use on mortahtypM patients has not yet been
sufficiently studied. In the present study, we duug determine the effect of ATD on

mortality in persons with diabetes and depression.

M ethods

Cases were identified from the Taiwan National Hehisurance Research Database
(NHIRD) (see figure 1 for flowchart)(15). The presstudy applied a specific data subset for
all patients with mental disorders (ICD-9 codes-28P) among 1998 to 2013. This subset
data included patients who had at least one psyh@&imission or three psychiatric
outpatient visits and the diagnosis was made bgipatrists (16). From the dataset, newly
diagnosed DM patients (ICD 9 code: 250) among 20D13, who combined a later newly
diagnosis of depression, including major depresdiserder or dysthymic disorder (ICD 9
code: 296.2, 296.3, 300.4, 311), were selectellisnstudy. Towards establishing the validity
of a DM diagnosis in the NHIRD, diagnostic accuraeg been reported previously as 74.6%
(17). Subjects with ATDs use prior to the diagnagi®M were excluded. The cumulative
dose of ATDs was measured during the time of foligw

Of the 53412 enrollees, 50,532 people using ATE3880 people not using ATDs
(Table 1). There was an attempt to determine wheltigze were any characteristics (e.g.
sociodemographic) that differentiate the two gro(igs those taking and not taking ATDs).
Urbanization and financial status were divided ihtevels. Four comorbid chronic diseases
(heart failure, end-stage renal disease (ESRDynitwobstructive pulmonary disease

(COPD), malignancy) that was known to increasentbetality of patients with depression,
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were included as possible confounding variables@A8apted diabetes complication severity
index, indicating the severity of DM complicatioor feach patient, was also counted in.(19)

Later, we analyzed the individual effect of theseariates on mortality (Table 2), with
adjustment for multiple confounding variables imtthg gender, age, urbanization, income,
comorbidity, the severity of DM, and the total ATIdse (cumulative defined daily dose,
cDDD)(20). In addition, the ATDs were further aradygl as a function of seven different
classes adjusting for other covariates (i.e., SS&tonin-norepinephrine reuptake inhibitor,
SNRI; norepinephrine-dopamine reuptake inhibitddRN; mirtazapine; trazodone;
tricyclic/tetracyclic antidepressants; and revdesibhibitor of monoamine oxidase A
(RIMA). Each category of antidepressants was divieho 3 groups according to cumulative
dose exposure. Risk of mortality was evaluateddmgmaring the highest dose group (cDDD
= 84) to the lowest dose group (cDDD < 28). All-cansortality was analyzed using a

repeated measures time-dependent Cox regressiosl./Adds prescription was measured

each year during the study period. Dosages of Agiescriptions per year served as the main

exposure variable. The risk of mortality during tbow-up period was calculated through
survival analysis (21). To explore the influencdiofe since diagnosis of diabetes and
duration of ATD use, we also carried out the sarigitanalysis by time-fixed model (see the

supplement tables) (22).

Results

Comparing the demographic data between the ATDandenon-ATD use groups, there were
more males and elderly individuals in the non-ATé2 @roup §<0.05) (Table 1). The ATD
use group had a younger age distribution, highgredeof urbanization, better
socioeconomic state, which may be due to theirtgresccessibility to psychotropic
medication. In the non-ATD use group, there waghdr rate of heart failurgp<0.001); no
significant differences detected between grouphk véspect to the other three comorbid
diseases. Furthermore, the non-ATD use group tgttehseverity of DM complications than
the ATD use group, which may reflect insufficieetrgonal healthcare or insufficient drug
adherence. Duration between diagnosis of DM toldeatensored was 7.4+3.4 years in
death group and 10.0+3.3 years in non-death gfugation between ATD first prescription
to death or censored was 4.4+3.2 years in deatipgand 6.3+3.7 years in non-death group
(see supplement) (22). For Time-fixed Cox regressiodel, the cohort was divided into
three subgroups: < 28 DDDs (n =10317), 28-84 DDDs 9771), and 84-364 DDDs
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(n =33324) (Fig 2). The mean follow duration amalifferent groups ranged from 9.2 years

to 9.9 years. The incidence rate of death eventgechfrom 1113.7/ per 100000 person-years
(95 %Cl: 1078.4-1150.3) in highest dose group ©31% per 100000 person-years (95%Cl:

1876.8-2054.7) in lowest dose group (Log-rank {es0.001). (Supplement table 6) (22)
After adjustment (Table 2), it was determined #matotal cumulative dose increased,
total mortality decreased; statistical significamaes noted when cDDD was higher than 28
(HR=0.91, CI=0.83-1.00). When cDDD >= 84, theistatal significance was greater (HR=
0.65, CI=0.59-0.71). The results from differemis@vity analysis by considering duration

of diagnosis of DM or prescription of antidepregsaiso showed similar findings (22).
Males were at greater risk for mortality compam@éemales (HR=1.71, CI=1.63-1.80).
Compared to individuals living in rural areas, thas urban areas exhibited a lower risk of
mortality (in highest urbanization group, HR=0.7370.69-0.83). Moreover, higher
financial status was associated with reduced mtyri@h the best economic group, HR=
0.67, CI=0.61-0.73). Four comorbid diseases (eartfailure, ESRD, COPD, and
malignancy) independently contributed to increasedtality (p<0.05). The greater overall
severity of DM complications was associated withigher mortality (HR=1.18, CI=1.15-
1.20).

In table 3, we further analyze 7 ATDs to ascertheeffect of each respective
antidepressant class/agent ATD on mortality. WH2D@R < 83, there was no significant
effect detected on overall mortality. When cDB84, there was a significant reduction in
DM mortality: SSRI (HR= 0.63, 95% CI= 0.56-0.71NBI (HR=0.58, 95% CI=0.44-0.78),
NDRI (HR=0.20, 95% CI= 0.07-0.63), mirtazapine (HR80, 95% CI= 0.45-0.82),
tricyclic/tetracyclic antidepressants (HR=0.73, 96% 0.54-0.97), trazodone (HR=0.52,
95% CI=0.29-0.91). In contrast, mortality of thBV/A group was increased in both the low
dose (HR=1.91, 95% CI= 1.39-2.61) and high dosegs¢HR=1.48, 95% Cl= 1.09-1.99).

Discussion

To our knowledge, this is the first large populatlmased cohort study to identify an inverse
association between ATD use and mortality amoniyiddals diagnosed with DM and
comorbid depression. Higher dose of ATD use wdeelinto lower mortality. The inverse
effect existed across different types of antidegants.

There are studies that have reported on the asisocietween ATD use and mortality in

other chronic disease states. For example, Qiah etportedthat ATD use significantly
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reduced total mortality in persons with COPD (HR5H).C1=0.44-0.68)(23). Separate and
contradictory findings were reported in person wiéindiac disease. For example a single
large study assessed 121,252 patients with helantefand found that ATD use increased
total mortality; with depression (n=2568, HR=1.2h)Jd without a diagnosis of depression
(n=16780, HR=1.24) (24). Another study evaluatedl1l9patients surviving their first
hospitalization for heart failure reporting thacyclic antidepressants and SSRI use
increased risk of both overall and cardiovascuéathk(25). In our study we found
directionally opposite findings i.e. ATD use redsi@l-cause mortality, with a dose-
dependent effect.

The mediators of mortality reduction in our samipleot known but is hypothesized to be
due to disparate factors including but not limitednflammation(26). It is possible that
proinflammatory cytokines could be meditationalt@knes and their signaling pathways
have multiple downstream effects that influencerttegabolism (i.e., synthesis, release,
reuptake) of a variety of neurotransmitters inahgdéerotonin, dopamine, and glutamate
(27). In addition, alterations in the innate imminflammatory system are also well
documented in diabetes and have been associatethaieased level of interleukin-6 and C-
reactive protein(28). The foregoing observatiornvtes the framework for hypothesizing
that modulating inflammatory systems with ATD usepatients with DM could have an anti-
mortality effect.

A separate non-mutually exclusive hypothesis is ¥ exerted a salutary effect on the
coagulation profile in individuals with DM and degsion. Carmassi Fet. al studied 40
insulin dependent DM patients, and found an impairhof the homeostatic balance,
possibly a hypercoagulable state(29). As well kno8®RI and SNRI showed the ability to
inhibit platelet adhesion and consequently inflgeacagulation and possibly atherosclerotic
pathway (30).

This data provide further rationale for the scragrand treating of depression in persons
who have DM(31). In future research, it should imtHer clarified the different effect of
ATDs among different diseases, as the present dppeféect found in DM and heatrt failure
patients.

There were several limitations to our study andrjrtetation of our results. For instance,
the specific cause of death for each individual matsknown, especially unnatural deaths or
cardiovascular deaths (32). Having this informatiweny help to understand a mechanistic

pathway wherein ATDs reduce mortality (a direceetithrough anti-depression or a possible
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indirect effect through anti-inflammation). Notwstianding the use of specific data subsets
(reqistry for the psychiatric illness patient datsd), the validity of the diagnosis of
depression remains a limitation to this databasayst-urthermore, we did not include
comorbid conditions (e.g. smoking, obesity) thaymatentially be confounding factors (33).
Finally, this result may not be generalized togbpulation beyond DM patients in Taiwan.
Further studies are warranted to explore whetheefitidings can be replicated among non-
DM patients or in other countries with differenepcription pattern of antidepressants.
Notwithstanding these limitations, several streagtre noted in ours study. We used a
nationwide database with a large sample size dedtsm bias is minimized. Moreover, the
large national database makes it possible to aaalgzen classes of antidepressants. We
limited the assessment to these persons who haldtavely recent diagnosis of diabetes,
which minimizes the influence of their DM coursetbe mortality. Additionally, we limited
the enrollment in our sample to these with a red@adnosis of depression, which provided
opportunity to evaluate cumulative-dose calculatiod the time-dependent model.

This data provides further rationale for the sciegand treating of depression in persons
who have DM (33). In future research, it shoulduo¢her clarified the different effect of
ATDs among different diseases, as the present dppeféect found in DM and heatrt failure

patients.
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Figure 1. Flowchart of the study design

Figure 2. The incidence rate of death per 100,@8qgn-years between three exposure

subgroups (Time-fixed Model)

Table 1. The demographic and clinical charactegsif cases ATD and non-ATD user

Variables Total ATD user (N=50532) Non-ATD user (N=2880)
= = = p value
n 0% n 0% n 0%
Gender 0.0135
Male 23903 44.75 22550 44.63 1353 46.98
Female 29509 55.25 27982 55.37 1527 53.02
Age (year) <0.0001
18-44 10974 20.55 10529 20.84 445 15.45
45-64 26243 49.13 25022 49.52 1221 42.40
>=65 16195 30.32 14981 29.65 1214 42.15
Urbanization level <0.0001
1(City) 16324 30.56 15519 30.71 805 27.95
2 24179 45.27 22944 45.40 1235 42.88
3 8811 16.50 8268 16.36 543 18.85
4(Villages) 4098 7.67 3801 7.52 297 10.31
Income 0.0003
0 10327 19.33 9717 19.23 610 21.18
1~15840 9456 17.70 8963 17.74 493 17.12
15841~25000 23843 44.64 22518 44.56 1325 46.01
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>25000 9786 18.32 9334 18.47 452 15.69
Comorbidities
Heart failure 9223 17.27 8645 17.11 578 20.07 <0.0001
ESRD 1921 3.60 1813 3.59 108 3.75 0.6494
COPD 21502 40.26 20322 40.22 1180 40.97 0.4209
Malignancy 9882 18.50 9325 18.45 557 19.34 0.2333
Adapted DCSI (mean+SD) 0.45+0.90 0.45+0.90 0.53+0.99 <0.0001

ESRD=end-stage renal disease, COPD=Chronic ObstructimeoRaly Disease, DCSI=Diabetes Complications

Severity Index

Table 2. Time-dependent Cox regression analysisasfality in patients with DM and

depressive disorder

Variables Crude HR Adjusted HR*
HR 95% CI p value HR 95% CI p value
Antidepressant drug use | |
5 <28 cDDD 1.00 Reference 1.00 Reference
y § 28-83 cDDD 0.92 0.84 1.01 0.0818 0.91 0.83 1.00 0.0478
3= >=84 cDDD 0.60 0.55 0.66 <0.0001 0.65 0.59 0.71 <0.0001
z< Gender
é j Female 1.00 Reference 1.00 Reference
@y Male 1.78 1.70 1.87 <0.0001 1.71 1.63 1.80 <0.0001
e Age (year)
T2 18-44 1.00 Reference 1.00 Reference
98 45-64 1.82 1.66 2.00 <0.0001 1.58 1.44 1.74 <0.0001
we >=65 5.34 4.88 5.84 <0.0001 3.44 3.13 3.78 <0.0001
- Urbanization level
E 1(City) 0.69 0.63 0.76 <0.0001 0.75 0.69 0.83 <0.0001
2 0.78 0.72 0.85 <0.0001 0.83 0.76 0.91 <0.0001
I.IJ 3 0.91 0.83 1.00 0.0536 0.90 0.82 0.99 0.0282
U 4(Villages) 1.00 Refelrence 1.00 Ref«lerence
Income
- 0 1.00 Reference 1.00 Reference
. . 1~15840 1.09 1.02 1.17 0.0177 1.00 0.93 1.07 0.9265
15841~25000 0.77 0.73 0.82 <0.0001 0.87 0.81 0.93 <0.0001
>25000 0.55 0.51 0.60 <0.0001 0.67 0.61 0.73 <0.0001
Comorbidities
Heart failure 2.52 2.40 2.65 <0.0001 1.45 1.37 1.52 <0.0001
ESRD 3.26 3.02 3.51 <0.0001 2.73 2.53 2.96 <0.0001
COPD 1.75 1.67 1.84 <0.0001 1.07 1.02 1.12 0.0105
Malignancy 3.93 3.75 4.12 <0.0001 3.16 3.01 3.32 <0.0001
Adapted DCSI 1.37 1.34 1.39 <0.0001 1.18 1.15 1.20 <0.0001

ESRD=end-stage renal disease, COPD=Chronic ObstructimeoRaly Disease, DCSI=Diabetes Complications
Severity Index

*Adjustment for gender, age, urbanization, income, comorbgliadapted DCSI

Table 3. Time-dependent Cox regression analysisasfality in patients with DM and

depressive disorder: specific antidepressant sulpgroalysis
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Crude HR Adjusted HR*
N % HR 95% CI p value HR| 95% CI p valug
SSRI | |

<28 cDDD 21923 41.05 1.0 Referencd 1.00 Reference
pa= 28-83 cDDD 8631 16.16f 0.88 078 099 0.0347 090.86 | 1.10 0.6465
‘II >=84 cDDD 22858 42.8 0.5 0.5 0.63 <.0001 0|64 70{50.71 <.0001
Lui SNRI
ZLU <28 cDDD 46638 87.32] 1.0 Referencq 1.00 Reference
%O 28-83 cDDD 2338 4.38 065 04p 092 0.0138 ojg157d 1.14 0.2182
0)0)
D(/)
Z
Ll
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>=84 cDDD 4436 8.31 0.41 0.3 0.64 <.000| 059 0}44.80 0.0005
NDRI
<28 cDDD 50894 95.29] 1.0 Referencq 1.00 Reference
28-83 cDDD 1170 2.19 043 0.2B 0.93 0.017 0156.29(0 1.08 0.0855
>=84 cDDD 1348 2.52 0.11 0.0 0.47 0.001} 0[20 0j0D.63 0.0056
Mirtazapine
<28 cDDD 47322 88.6 1.0 Referencq 1.00 Reference
28-83 cDDD 2276 4.26 0.96 0.7p 1.30 0.773 1401.75(Q 1.38 0.9282
>=84 cDDD 3814 7.14 0.5 0.44 0.8D 0.000} 060 0}49.82 0.0011
Tricyclic/tetracyclic Antidepressants
<28 cDDD 46144 86.39] 1.0 Referencq 1.00 Reference
28-83 cDDD 3728 6.98 1.04 0.8f 1.25 0.68 089 750. 1.07 0.2314
>=84 cDDD 3540 6.63 0.7§ 0.5 1.04 0.088} 0|73  0}59.97 0.0311
SARI(Trazodon)
<28 cDDD 45344 84.89] 1.0 Referencd 1.00 Reference
28-83 cDDD 4088 7.65 076 0.6B 092 0.00. 0}80 66 0. 0.96 0.0189
>=84 cDDD 3980 7.45 0.4 024 0.7 0.002 052 0}29.91 0.0230
RIMA(Moclobemide)
<28 cDDD 51838 97.05| 1.0 Referencd 1.00 Reference
28-83 cDDD 673 1.26 201 14y 276 <.00q 1|91 391 2.61 <.0001
>=84 ¢cDDD 901 1.69 1.69 1.24 2.2p 0.000 148 1j09.99 0.0111

SSRI=selective serotonin reuptake inhibitors, SNRI=s@intnorepinephrine reuptake inhibitors,

NDRI=norepinephrine-dopamine reuptake inhibitors, RIMA=rsi®e inhibitor of monoamine oxidase A)

*Adjustment for 7 types of ATDs, age, gender, urbaniratincome, comorbidities, adapted Diabetes

Complications Severity Index.
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Newly identified DM (age= 18) in 2000-2013
N=327515

DM with depression
N=154245

Exclude 100833 patients because of :

1. Diagnosis of depression prior to diagnosis of DM, n=78764
2. ATD use prior to diagnosis of DM, n=94277

3. Data missing (urban: n=1279; sex: n=1)

DM + Depression cohort
N=53412

\4

ATD cohort
N=50532

Non-ATD cohort
N=2880

v

v

Both cohorts were followed from the date of DM diagnosis to the death, or

the end of 2013
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301 | Anti-depression drug(cDDD)
<28
28-83
=84
K204
@
Q
[
[}
=
S
<
3]
=
<
=
g 10
(@]
(o Log-rank test: p < 0.001
[0} 2 4 6 8 10 12 14

Follow-up Time (Years)

Number at risk

<28 10317 9849 9097 8088 6788 5168 3126
28-83 9771 9412 8739 7814 6611 5062 3041
=84 33324 32760 31094 28366 24551 18998 11650

Death Total follow-up  Incidence
95% CI

follow-up year

event  (person-year) rate’ (mean)
<28 cDDD(n=10317) 1873 95380.2 1963.7 1876.8 2054.7 9.2
28-83 cDDD(n=9771) 1392 91858.7 15154  1437.8 1597.1 9.4
>84 cDDD(n=33324) 3688 331138.4 11137 1078.4 1150.3 9.9

®Per 100000 person-years
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