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Objective: Use of antidepressants has
been reported to cause considerable
weight gain. The aim of this study was to
assess the risk of diabetes mellitus associ-
ated with antidepressant treatment and
to examine whether the risk is influenced
by treatment duration or daily dose.

Method: This was a nested case-control
study in a cohort of 165,958 patients with
depression who received at least one new
prescription for an antidepressant be-
tween January 1, 1990, and June 30,
2005. Data were from from the U.K. Gen-
eral Practice Research Database. Patients
were at least 30 years of age and without
diabetes at cohort entry.

Results: A total of 2,243 cases of incident
diabetes mellitus and 8,963 matched
comparison subjects were identified.
Compared with no use of antidepressants

during the past 2 years, recent long-term
use (>24 months) of antidepressants in
moderate to high daily doses was associ-
ated with an increased risk of diabetes (in-
cidence rate ratio=1.84, 95% CI=1.35–
2.52). The magnitude of the risk was simi-
lar for long-term use of moderate to high
daily doses of tricyclic antidepressants (in-
cidence rate ratio=1.77, 95% CI=1.21–
2.59) and selective serotonin reuptake in-
hibitors (incidence rate ratio=2.06, 95%
CI=1.20–3.52). Treatment for shorter peri-
ods or with lower daily doses was not as-
sociated with an increased risk.

Conclusions: Long-term use of antide-
pressants in at least moderate daily doses
was associated with an increased risk of
diabetes. This association was observed
for both tricyclic antidepressants and se-
lective serotonin reuptake inhibitors.

(Am J Psychiatry 2009; 166:591–598)

Atypical antipsychotics have been linked to changes
in body weight (1) and glucose homeostasis (2), and there
is growing evidence that these drugs may also increase
the risk of newly diagnosed diabetes mellitus (3–6). Simi-
larly, several antidepressants have been reported to
cause considerable weight gain (7) and impairment of
glucose homeostasis, which has been observed in vitro
(8) and in vivo (9–13). However, data on the risk of diabe-
tes associated with the use of antidepressants are sparse.
A recent randomized Diabetes Prevention Program trial
(14) found an increased risk of diabetes in high-risk pa-
tients who used antidepressants at baseline, whether
continuously or intermittently during the study period,
and who had received placebo or a lifestyle intervention
during the study; this elevated risk was not observed in
patients who had received the antidiabetic drug met-
formin as preventive treatment. Two observational stud-
ies produced ambiguous data. While one study did not
find an increased risk of diabetes in antidepressant users
as compared with nonusers (15), the other found an in-
creased risk of diabetes in patients concomitantly using
selective serotonin reuptake inhibitors (SSRIs) and tricy-
clic antidepressants as compared with tricyclic antide-
pressant monotherapy (16).

The aim of this study was to investigate whether use of
antidepressants in depressive disorders is associated with
an increased risk of diabetes mellitus in patients at least 30
years of age and whether the risk is influenced by treat-
ment duration or daily dose.

Method

We performed a nested case-control study in a cohort of de-
pressed patients treated with at least one new prescription for an
antidepressant between January 1, 1990, and June 30, 2005. The
study was approved by the Scientific and Ethical Advisory Group
of the U.K. General Practice Research Database (GPRD).

Data Source

Data were obtained from the GPRD, which contains medical
records for more than 6.4 million patients from some 450 general
practices in the United Kingdom. Patients are enrolled by general
practitioners who have agreed to provide data for research pur-
poses to the GPRD and received instruction on the standardized
computer recording of medical information. The recorded infor-
mation includes the patient’s characteristics (e.g., age, sex, smok-
ing, height, and weight), drugs prescribed, diagnoses, referrals to
consultants and hospitals, and medical history. The complete-
ness and validity of recorded information on diagnoses and drug
exposure, checked on an ongoing basis by GPRD staff, have been
confirmed in several studies (17–19). The database has been used
for the study of numerous diseases, including diabetes (4).
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Study Population

Cohort entry was defined as the date of the first prescription of
an antidepressant. To be included in the study, patients had to be
at least 30 years of age at the time of cohort entry; have had no di-
agnosis of diabetes or impaired glucose tolerance and no treat-
ment with oral antidiabetics or insulin before cohort entry; have
had a diagnosis of depression within 180 days before or 90 days
after cohort entry; have had no treatment with antidepressants in
the year prior to their first prescription of an antidepressant (co-
hort entry); have at least one database entry of body mass index
(BMI) before cohort entry; and have registered with a practice
with ensured GPRD quality standards of recorded data for at least
1 year prior to cohort entry. Follow-up was from cohort entry of
each patient until the first date of any of the following: new onset
of diabetes; switching to or combination with another antide-
pressant; death; end of registration with the practice; or end of the
study period.

Potential cases of diabetes were identified using predefined di-
abetes codes and prescriptions of oral antidiabetics and insulin.
To be included as a case subject, a patient had to have at least one
prescription of an antidiabetic drug, or two diagnoses of diabetes
on different calendar days, or a diagnosis of diabetes and a diabe-
tes-specific test (e.g., glycosylated hemoglobin) on different cal-
endar days. This case definition was used to exclude patients
from the case group who had a suspected diagnosis of diabetes
that was not confirmed later on (internal validation). Since differ-
entiation between type 1 and type 2 diabetes is not always possi-
ble from the diagnostic diabetes codes, only patients ≥30 years of
age were included in the cohort to ensure that incident cases of
diabetes were most likely type 2 diabetes. The date of diabetes on-
set (index date) was defined as the first diagnosis of diabetes, the
first prescription of an oral antidiabetic drug, or the first prescrip-
tion of insulin, whichever came first. For each case, we randomly
selected up to four comparison subjects among the risk set of co-
hort members who were still being followed up and had not de-
veloped diabetes (incidence density sampling). Comparison sub-
jects were matched to case subjects on age (±2 years), sex, and
year of cohort entry. The date that resulted in the same time of fol-
low-up as for the respective case subject was designated as the in-
dex date for the comparison subject.

Identification of Exposure to Antidepressants

We identified all prescriptions of antidepressants during fol-
low-up and determined the duration of each prescription by di-
viding the quantity of prescribed tablets by the number of tablets
to be taken daily. We classified antidepressants into tricyclic and
tetracyclic antidepressants, SSRIs, monoamine oxidase (MAO) in-
hibitors, and the heterogeneous group of mixed-action “other an-
tidepressants” (Table 1). We categorized exposure as “recent,”
“former,” and “past” according to antidepressant use before the

index date. Recent exposure was defined as a prescription that
lasted into the 6-month period before the index date. If the pre-
scription supply ended between 6 and 12 months before the in-
dex date, it was categorized as former exposure, and if it ended
between 12 and 24 months before the index date, it was termed
past exposure. “Nonuse” was defined as no use of an antidepres-
sant during the 2 years before the index date. To investigate
whether the definition of these time windows influenced the re-
sults substantially, we performed sensitivity analyses using time
windows for recent use of 3 months, 1 month, 14 days, 7 days, and
0 days. In recent users, we calculated the cumulative duration of
antidepressant use before the index date by adding the duration
of all prescriptions of each antidepressant. We categorized cumu-
lative use into short-term (<12 months), medium-term (12–24
months), and long-term (>24 months) use. We determined the
daily dose of antidepressants by multiplying the tablet strength
with the prescribed number of tablets per day. In recent users, we
calculated the median daily dose during the 6 months prior to the
index date. The median of the daily dose in comparison subjects
was used as the cutoff value to classify recent users as “low” dose
(≤ the median dose of comparison subjects) or “moderate/high”
dose (> the median dose of comparison subjects) users. Calcu-
lated cutoff values were 38 mg for amitriptyline, 300 mg for
bupropion, 20 mg for citalopram, 20 mg for clomipramine, 62.5
mg for dothiepin, 30 mg for doxepin, 10 mg for escitalopram, 20
mg for fluoxetine, 50 mg for imipramine, 140 mg for lofepramine,
25 mg for mianserin, 30 mg for mirtazapine, 200 mg for nefa-
zodone, 30 mg for nortriptyline, 20 mg for paroxetine, 15 mg for
phenelzine, 5 mg for protriptyline, 8 mg for reboxetine, 50 mg for
sertraline, 100 mg for trazodone, 50 mg for trimipramine, and 75
mg for venlafaxine.

Statistical Analysis

The incidence rate ratios of diabetes for recent, former, and
past use of antidepressants as compared with nonuse were esti-
mated from odds ratios calculated by conditional logistic regres-
sion using the PHREG program in SAS, version 9.1 (SAS Institute,
Cary, N.C.). We constructed individual models characterizing re-
cent users according to the cumulative duration of use, median
daily dose, and a combination of both. We conducted stratified
analyses with respect to sex, age, and baseline BMI. In an explor-
ative analysis, we investigated whether the depression was more
severe in patients with long-term antidepressant intake using the
number of days a patient was diagnosed with depression in the
year before the index date as a proxy for depression severity. For
all analyses, the reference category was no exposure to antide-
pressants during the 2 years before the index date. A p value be-
low 0.05 (two-tailed) was considered significant, and 95% confi-
dence intervals (CIs) were calculated for all incidence rate ratios.
All multivariate models controlled for hyperlipidemia, hyperten-

TABLE 1. Agents Assessed in a Study of the Risk of Diabetes With the Use of Antidepressants for Depressive Disorders

Tricyclic and Tetracyclic 
Antidepressants

Selective Serotonin 
Reuptake Inhibitors Monoamine Oxidase Inhibitors Other Antidepressants

Amitriptyline Citalopram Isocarboxazid Bupropion
Amoxapine Escitalopram Moclobemide Reboxetine

Clomipramine Fluoxetine Phenelzine Venlafaxine
Dothiepin Fluvoxamine Tranylcypromine Nefazodone
Doxepin Paroxetine Mirtazapine

Lofepramine Sertraline Trazodone
Imipramine

Iprindole
Nortriptyline
Protriptyline

Trimipramine
Maprotiline
Mianserin
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sion, smoking (current, past, never, and unknown), BMI at cohort
entry (<18.5, 18.5–24.99, 25–29.99, 30–34.99, 35–39.99, and ≥40),
and prescriptions of other drugs within 3 months before the index
date that may lead to weight gain and/or an increased risk of dia-
betes (beta-blockers, thiazides, antipsychotics, carbamazepine,
phenytoin, valproate, lithium, and corticosteroids).

Results

A total of 165,958 patients in the GPRD database fulfilled
our cohort definition, summing up to 464,116 person-years
of follow-up. The numbers of included and excluded pa-
tients are displayed in Figure 1. The largest amount of ex-
posed person-time was observed for fluoxetine (26,664 per-
son-years), followed by dothiepin (17,886 person-years),
paroxetine (15,197 person-years), citalopram (12,440 per-
son-years), sertraline (7,153 person-years), and amitripyline
(6,855 person-years). We identified 2,423 potential cases of
diabetes, of which 2,243 patients (92.6%) fulfilled our case
definition and were included in the final case-control analy-
sis (Figure 1). To these case subjects, we randomly matched
8,963 comparison subjects from the cohort risk set, thereby
identifying four comparison patients for the majority of case
subjects (99.8%). The mean follow-up time was 2.8 years for
case and comparison subjects. Table 2 summarizes the
baseline characteristics of both groups. Our analysis con-
firmed high BMI at baseline as the strongest predictor of

new-onset diabetes. A total of 1,337 case subjects (59.6%)
and 5,142 comparison subjects (57.4%) had been exposed to
an antidepressant within 2 years before their index date. Of
those, 851 case subjects and 3,036 comparison subjects were
recent users. Because only one case subject and one com-
parison subject were exposed to MAO inhibitors, this drug
category was not further analyzed.

Recent long-term use of antidepressants in moderate or
high daily doses was associated with an increased risk of
diabetes (incidence rate ratio=1.84; 95% CI=1.35–2.52),
whereas recent use of shorter duration, use in lower daily
doses, former use, and past use were not (Table 3). For users
of tricyclic antidepressants and SSRIs as groups, increased
risk was likewise observed only for recent long-term use of
moderate or high daily doses (incidence rate ratio=1.77;
95% CI=1.21–2.59, and incidence rate ratio=2.06; 95% CI=
1.20–3.52, respectively). The analysis for other antidepres-
sants as a group was limited by the small number of ex-
posed case and comparison subjects and revealed no in-
creased risk with long-term use of moderate or high daily
doses (incidence rate ratio=1.64; 95% CI=0.34–7.81).

In the analysis of individual antidepressants, increased
risk estimates were observed for recent use of amitrip-
tyline, fluvoxamine, paroxetine, and venlafaxine (Table 4).
This effect was again evident only in long-term users (>24
months). The risk estimates (incidence rate ratios) associ-

TABLE 2. Characteristics of Case and Comparison Subjects in a Study of the Risk of Diabetes With the Use of Antidepres-
sants for Depressive Disorders

Characteristic
Case Subjects 

(N=2,243)
Comparison Subjects 

(N=8,963)

Crude Incidence 
Rate Ratio

Multivariate Incidence 
Rate Ratioa

Ratio 95% CI Ratio 95% CI
Mean SD Mean SD

Age at cohort start (years) 56.0 13.4 56.0 13.4
N % N %

Sex
Male 896 39.9 3,575 39.9
Female 1,347 60.1 5,388 60.1

Comorbidity
Hyperlipidemia 170 7.6 424 4.7 1.68 1.39–2.02 1.35 1.10–1.67
Hypertension 819 36.5 1,920 21.4 2.35 2.11–2.62 1.40 1.23–1.60

Body mass index
<18.5 18 0.8 188 2.1 1.00 1.00
18.5–24.99 340 15.2 4,014 44.8 0.85 0.82–1.41 0.81 0.49–1.34
25–29.99 821 36.6 3,287 36.7 2.52 1.54–4.14 2.27 1.38–3.73
30–34.99 580 25.9 1,119 12.5 5.30 3.21–8.73 4.62 2.79–7.64
35–39.99 305 13.6 237 2.6 13.97 8.29–23.54 11.84 6.99–20.05
≥40 179 8 118 1.3 17.21 9.93–29.82 14.07 8.07–24.56

Smoking history
Never 1,051 46.9 4,410 49.2 1.00 1.00
Current 773 34.5 3,185 35.5 1.02 0.92–1.14 1.17 1.03–1.32
Past 256 11.4 764 8.5 1.42 1.21–1.66 1.37 1.14–1.63
Unknown 163 7.3 604 6.7 1.13 0.94–1.37 1.16 0.94–1.43

Recent use of other drugsb

Beta-blocker 480 21.4 1,081 12.1 2.06 1.82–2.33 1.49 1.29–1.72
Thiazides 462 20.6 975 10.9 2.24 1.97–2.55 1.40 1.20–1.63
Antipsychotics 93 4.1 267 3 1.41 1.11–1.80 1.49 1.14–1.96
Carbamazepine 16 0.7 50 0.6 1.25 0.71–2.21 1.08 0.57–2.04
Phenytoin 8 0.4 38 0.4 0.84 0.39–1.81 1.23 0.55–2.77
Valproate 7 0.3 27 0.3 1.03 0.45–2.36 0.95 0.37–2.45
Lithium 8 0.4 29 0.3 1.09 0.50–2.39 0.90 0.38–2.45
Glucocorticoids 116 5.2 222 2.5 2.15 1.71–2.71 2.36 1.82–3.07

a Adjusted for body mass index, smoking, hyperlipidemia, hypertension, and recent use of other drugs as listed.
b At least one prescription within 3 months prior to the index date. Reference category was no recent use of the respective drug.
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ated with long-term use were 2.49 (95% CI=1.52–4.08) for
amitriptyline, 9.05 (95% CI=1.08–75.58) for fluvoxamine,
1.75 (95% CI=1.13–2.72) for paroxetine, and 3.01 (95% CI=
1.01–9.02) for venlafaxine.

The sensitivity analyses of different definitions of the
time window for recent use resulted in similar risk esti-
mates for grouped and individual antidepressants. The
stratified analysis with respect to age, sex, and baseline
BMI revealed similar risk estimates and no indication of
an interaction. The explorative analysis did not indicate
that recent long-term users of antidepressants had greater
depression severity as compared with medium- or short-
term users. Adjusting for depression severity in the multi-
variate models did not change the results substantially.

Discussion

In this large observational study, which included more
than 160,000 patients with depressive disorder treated with

antidepressants, recent long-term use of antidepressants
in moderate to high daily doses was associated with an 84%
increase in risk of diabetes. This association was present
for both tricyclic antidepressants and SSRIs. Antidepres-
sant treatment for shorter periods or with lower daily doses
was not associated with an increased risk. Recent use of
other antidepressants was associated with an 80% increase
in risk of diabetes; however, a dose or duration effect could
not be detected, probably because of the rather low num-
ber of exposed case and comparison subjects.

Our results are supported by recently published data
from the randomized Diabetes Prevention Program trial,
which investigated newly developing diabetes in patients
at high risk of diabetes receiving the antidiabetic drug
metformin, lifestyle intervention, or placebo (14). Contin-
uous antidepressant use over an average study duration
of 3.2 years was associated with an increased risk of dia-
betes of 2.60 (95% CI=1.37–4.94) in the placebo arm and

FIGURE 1. Cohort Composition and Selection of Cases and Controls

a Overlapping categories may not sum to 100%.

Case subjects
(N=2,243)

Matched comparison subjects
(N=8,963)

Internal case validationa

Patients with a prescription for oral antidiabetics or insulin:  N=1,589
Patients with an additional diagnosis of diabetes:  N=1,925
Patients with an additional test code specifi c for diabetes:  N=2,027
None of these conditions (not included as case subjects):  N=180 
 

•
•
•
•

Excluded

Patients without diagnosis of depression: N=136,068
Patients with diabetes already at cohort entry: N=16,946
Patients with a prescription for an antidepressant 
in the year prior to cohort entry: N=71,463
Patients who already started with two different 
antidepressants: N=1,878
Patients without any database entry on body 
mass index before cohort entry: N=132,285
Patients with impaired glucose tolerance 
before cohort entry: N=1,456

Total: N=249,794 
(with 88,928 patients fulfi lling >1 exclusion criterion; 35.6%)

•
•
•

•

•

•

All patients ≥30 years of age 
eligible for study inclusion

(N=2,693,251)

Remaining eligible patients ≥30 years 
of age with at least one prescription for 
an antidepressant within study period

(N=165,958)

All patients ≥30 years of age with 
at least one prescription for an 

antidepressant within study period
(N=415,752)

Potential case subjects
(N=2,423)
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3.39 (95% CI=1.61–7.13) in the lifestyle intervention arm.
Intermittent use of antidepressants similarly increased
the risk of diabetes in both treatment arms. There was no
increased risk observed in the metformin arm of the
study, possibly because of weight loss instead of weight
gain under metformin (20). Metformin also attenuated
the effect of other risk factors for diabetes, such as base-
line BMI (21).

Observational studies have produced conflicting data
on the risk of diabetes in antidepressant users. Knol et al.
(15), using prescription data from the PHARMO database,
did not identify an increased risk of diabetes in antide-
pressant users. Their study had several limitations. In con-

trast to our study, they lacked information on BMI, life-
style factors, and the indication for antidepressant
treatment, and hence they could not adjust for these fac-
tors in the statistical analysis. Their study included only

patients with antidiabetic treatment as cases of diabetes,
whereas we also included patients diagnosed with diabe-
tes who had not yet received antidiabetic treatment. In
contrast to our study, which included patients with new

use of antidepressants, Knol et al. also included patients
with prevalent use, thereby possibly overrepresenting pa-
tients who tolerate antidepressant treatment well. They
also did not consider the duration or dose of antidepres-

sant treatment, which was most important in our analysis.

TABLE 3. Risk of Diabetes Associated With the Use of Antidepressants for Depressive Disorders

Use and Median Daily 
Dose

Case Subjects 
(N=2,243)

Comparison Subjects 
(N=8,963)

Crude Incidence 
Rate Ratio

Multivariatea Incidence 
Rate Ratio

N % N % Ratio 95% CI Ratio 95% CI
Nonuseb 906 40.4 3,821 42.6 1.00 1.00
Recent use

Less than 12 months
Low 402 17.9 1,567 17.5 1.18 0.86–1.46 1.17 0.87–1.57
Moderate/high 85 3.8 323 3.6 1.14 0.82–1.59 1.21 0.83–1.76

12–24 months
Low 101 4.5 400 4.5 1.04 0.79–1.37 0.90 0.66–1.21
Moderate/high 51 2.3 135 1.5 1.57 1.09–2.26 1.26 0.84–1.90

More than 24 months
Low 130 5.8 433 4.8 1.28 1.03–1.58 1.19 0.93–1.51
Moderate/high 82 3.7 178 2.0 1.98 1.50–2.60 1.84 1.35–2.52

Former Use 187 8.3 808 9 0.97 0.75–1.24 0.95 0.72–1.25
Past Use 299 13.3 1,298 14.5 0.95 0.77–1.17 0.90 0.72–1.14
a Adjusted for body mass index, smoking, hypertension, hyperlipidemia, and recent use of beta-blockers, thiazides, antipsychotics, carba-

mazepine, phenytoin, valproate, lithium, and glucocorticoids within 3 months before the index date.
b Defined as no use of antidepressants within 2 years prior to the index date (reference category).

TABLE 4. Risk of Diabetes Associated With Recent Use of Individual Antidepressants for Depressive Disorders

Antidepressant Usea

Case Subjects (N=2,243) Comparison Subjects (N=8,963) Multivariateb Incidence Rate Ratio

N % N % Ratio 95% CI
Nonuse c 906 40.4 3,821 42.6
Tricyclic and tetracyclic antidepressants

Amitriptyline 72 3.2 235 2.6 1.43 1.03–1.98
Clomipramine 9 0.4 19 0.2 2.23 0.93–5.35
Dothiepin 151 6.7 538 6.0 1.16 0.91–1.48
Imipramine 4 0.2 19 0.2 0.70 0.20–2.45
Lofepramine 44 2.0 136 1.5 1.37 0.90–2.07
Mianserin 1 0.0 10 0.1 0.21 0.02–2.45
Nortriptyline 4 0.2 10 0.1 2.22 0.63–7.80
Trimipramine 8 0.4 17 0.2 2.46 0.93–6.51

Selective serotonin reuptake inhibitors
Citalopram 116 5.2 443 4.9 1.13 0.85–1.51
Escitalopram 10 0.4 39 0.4 1.27 0.57–2.86
Fluoxetine 190 8.5 771 8.6 1.06 0.84–1.34
Fluvoxamine 5 0.2 5 0.1 4.91 1.05–23.03
Paroxetine 131 5.8 443 4.9 1.33 1.02–1.73
Sertraline 62 2.8 231 2.6 1.25 0.89–1.78

Other antidepressants
Mirtazapine 5 0.2 22 0.2 1.14 0.39–3.30
Nefazodone 1 0.0 3 0.0 0.79 0.06–8.27
Reboxetine 1 0.0 4 0.0 1.63 0.10–25.86
Trazodone 10 0.4 21 0.2 2.16 0.89–5.25
Venlafaxine 26 1.2 62 0.7 2.03 1.18–3.48

a An additional number of case subjects (N=1) and comparison subjects (N=8) had recent exposure to antidepressants not listed in the table.
b Adjusted for body mass index, smoking, hypertension, hyperlipidemia, and recent use of beta-blockers, thiazides, antipsychotics, carba-

mazepine, phenytoin, valproate, lithium, and glucocorticoids within 3 months before the index date.
c Defined as no use of antidepressants within 2 years prior to the index date (reference category).
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Some other observational studies suggest an association
between antidepressants and diabetes. Brown et al. (16) re-
ported an increased risk of diabetes in concurrent users of
tricyclic antidepressants and SSRIs as compared with those
taking tricyclics alone. A similar analysis of combined use
was not possible in our study, since we excluded users of
more than one antidepressant to ensure pure exposure
categories. In a Norwegian cross-sectional health survey,
SSRIs were found to be associated with abdominal obesity
and hypercholesterinemia, and a trend toward an associa-
tion with diabetes was observed (22). An analysis of spon-
taneous reports of adverse drug reactions recorded in the
World Health Organization’s Adverse Drug Reaction Data-
base showed increased reporting odds ratios of hypergly-
cemia and hypoglycemia associated with the use of antide-
pressants (23). The association of hyperglycemia was most
pronounced after more than 1 year of antidepressant use.
We similarly observed an increase in the risk of diabetes
only with long-term use of antidepressants.

What are possible mechanisms for the observed associ-
ation? Weight gain is a common side effect in short- and
long-term treatment with tricyclic antidepressants and
was already described in the 1970s (24, 25). An initial rapid
weight gain is followed by a lower but continuous gain at a
steady rate (26). There are conflicting data on the question
of whether individual tricyclic antidepressants differ in
potential for causing weight gain. While some studies in-
dicated higher weight gain with amitriptyline than with
other tricyclic antidepressants (27, 28), others did not (29,
30). We observed an increased risk of diabetes only with
long-term use of amitriptyline. Risk estimates for long-
term use of clomipramine, nortriptyline, and trimip-
ramine were also elevated more than twofold but did not
reach statistical significance, most likely because of the
low number of case and comparison subjects exposed to
these drugs.

Weight changes associated with SSRI treatment are
complex. There is evidence for an initial stable weight or
even weight loss with use of SSRIs followed by weight gain
if used for longer periods (31, 32). Some studies have sug-
gested differences in the potential of individual SSRIs to
cause weight gain. In a randomized, double-blind 6-
month trial of SSRI continuation therapy, weight gain was
more often reported for patients treated with paroxetine
than for those treated with sertraline (33.1% versus 20.2%,
p<0.05) (33). Another randomized trial also reported the
greatest increase in weight with paroxetine as compared
with sertraline or fluoxetine (34). This corresponds to our
finding of a fourfold increase in risk of diabetes associated
with long-term therapy with paroxetine in daily doses
above 20 mg/day but not with long-term use of fluoxetine,
citalopram, or sertraline. Our finding of an increased risk
with fluvoxamine, which has not been reported to cause
marked weight gain, was based on four exposed case sub-
jects and two comparison subjects and should thus be in-
terpreted with caution.

From the heterogeneous group of other antidepressants,
we observed an increased risk of diabetes associated with
recent long-term use of venlafaxine. There are conflicting
data on weight changes associated with venlafaxine treat-
ment. While some studies reported no weight gain (35) or
even weight loss (36, 37), others found weight gain with
higher doses of venlafaxine (38) or at least reversal of initial
weight loss during long-term treatment (39). The prescrib-
ing information of venlafaxine addresses weight loss as a
potential adverse effect but also mentions weight gain as a
frequent adverse effect (40). It should be noted, however,
that the observed risk of diabetes associated with long-
term use of venlafaxine was based on eight exposed case
subjects and 10 exposed comparison subjects.

Other mechanisms beyond weight gain may have a role
in the increased diabetes risk associated with antidepres-
sants. It is interesting in this respect that in the Diabetes
Prevention Program trial the increased risk of diabetes in
users of antidepressants remained significantly elevated
even after adjustment for the observed increase in body
weight (14). Thus, other mechanisms, such as hyperglyce-
mic effects of noradrenergic activity of antidepressants,
may play a role.

Could our results be explained by the fact that depres-
sion itself and not the antidepressant drug treatment in-
creases the risk of diabetes? It has been reported that pa-
tients with depression have a 35% increase in risk of
developing diabetes as compared with nondepressed in-
dividuals (15). The underlying reasons for this association
are unknown. One might argue that patients treated with
antidepressants for >24 months are a special subgroup
with an increased risk of diabetes only because of their ac-
tive depressive disorder. There are several reasons why
this explanation is rather unlikely. First, one would expect
to see increased risks with most individual antidepres-
sants used for >24 months if the increased diabetes were
caused by the depression and not by the drug. In contrast,
our results indicate that antidepressants differ with re-
spect to their diabetogenic potential. Second, in the Dia-
betes Prevention Program, elevated Beck Depression In-
ventory scores at baseline were not associated with an
increased risk of diabetes, but the use of antidepressants
was (14). Third, in our study, all cohort members were
treated with only one antidepressant during the entire fol-
low-up period. A high proportion of long-term users prob-
ably responded to treatment, as otherwise a switch to an-
other antidepressant would have been indicated. Fourth,
in an explorative analysis using the number of days with a
diagnosis of depression in the year before the index date
as a proxy for depression severity, there was no indication
of increased severity in long-term users. Inclusion of this
proxy variable into the multivariate models did not affect
our main findings.

One strength of our study is that all information was re-
corded prospectively so that recall bias can be ruled out.
Selection bias in the choice of comparison subjects is un-
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likely because the study was designed as a nested case-
control study in a defined cohort of antidepressant users,
providing both case and comparison subjects. We in-
cluded only depressed patients to exclude other indica-
tions for antidepressant use and to ensure a more homo-
geneous study population. We excluded prevalent users of
antidepressants to avoid overrepresentation of patients
who tolerated antidepressant treatment well (“depletion
of susceptible” bias). We ensured by study design that all
patients were exposed to only one antidepressant during
the entire follow-up period.

Some limitations of our study must also be considered.
First, because of the new-user criterion in our study de-
sign, it was not possible to investigate second-line antide-
pressants, such as MAO inhibitors. Second, weight gain
during follow-up was not systematically recorded, so it
was not possible to analyze this factor. Third, antidepres-
sants causing massive initial weight gain might have been
withdrawn early before diabetes developed. For these
drugs, we might have underestimated the true risks.
Fourth, because of the naturalistic character of the GPRD,
adjustment for the severity of depression was limited to an
analysis considering an indicator for depression severity
that might not have removed all residual confounding
from this possible source of bias. If drugs were primarily
prescribed to patients with atypical depression, we might
have overestimated the risk associated with these drugs.
This might apply, for instance, to venlafaxine, which has
been reported to be associated with initial weight loss in
clinical trials. Finally, because we used the GPRD data-
base, we could consider only ambulatory prescriptions
and had no information about in-hospital medication.
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