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Context: In patients with diabetes mellitus, depression
is a prevalent and recurrent problem that adversely af-
fects the medical prognosis.

Objective: To determine whether maintenance therapy
with sertraline hydrochloride prevents recurrence of ma-
jor depression in patients with diabetes.

Design: A randomized, double-blind, placebo-
controlled, maintenance treatment trial. Patients who re-
covered from depression during open-label sertraline treat-
ment continued to receive sertraline (n=79) or placebo
(n=73) and were followed up for up to 52 weeks or un-
til depression recurred.

Setting: Outpatient clinics at Washington University,
St Louis, Mo, the University of Washington, Seattle, and
the University of Arizona, Tucson.

Patients: One hundred fifty-two patients with diabetes
(mean age, 52.8 years; 59.9% female; 82.9% with type 2
diabetes) who recovered from major depression (43.3% of
those initially assigned) during 16 weeks of open-label treat-
ment with sertraline (mean dose, 117.9 mg/d).

Intervention: Sertraline continued at recovery dose or
identical-appearing placebo.

Main Outcome Measures: The primary outcome was

length of time (measured as the number of days after ran-
domization) to recurrence of major depression as de-
fined in DSM-IV. The secondary outcome was glycemic
control, which was assessed via serial determinations of
glycosylated hemoglobin levels.

Results: Sertraline conferred significantly greater pro-
phylaxis against depression recurrence than did pla-
cebo (hazard ratio=0.51; 95% confidence interval, 0.31-
0.85; P= .02). Elapsed time before major depression
recurred in one third of the patients increased from 57
days in patients who received placebo to 226 days in pa-
tients treated with sertraline. Glycosylated hemoglobin
levels decreased during the open treatment phase
(mean±SD glycosylated hemoglobin level reduction,
−0.4%±1.4%; P=.002). Glycosylated hemoglobin levels
remained significantly lower than baseline during de-
pression-free maintenance (P=.002) and did not differ
between treatment groups (P=.90).

Conclusions: In patients with diabetes, maintenance
therapy with sertraline prolongs the depression-free in-
terval following recovery from major depression. De-
pression recovery with sertraline as well as sustained re-
mission with or without treatment are associated with
improvements in glycosylated hemoglobin levels for at
least 1 year.
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C LINICAL DEPRESSION IS

present in 1 of every 4 pa-
tients with type 1 or type
2 diabetes mellitus.1 The
psychiatric illness lessens

quality of life, diminishing the capacity for
pleasure and ability to function. It imposes
additional risks for hyperglycemia,2 diabe-
tes complications,3,4 and mortality.5,6 The ad-
verse outcomes are in part related to the im-
portant association of depression with the
acceleration of coronary heart disease.3

The efficacies of psychotherapy and
pharmacotherapy for depression in dia-
betes were examined in earlier random-
ized controlled trials7-9 in which treat-
ment was provided over 8 to 16 weeks and

then discontinued. Treatment produced
significant improvements in both mood
and glycemic control, but these benefits,
particularly those that accompanied de-
pression remission with antidepressant
medication, appeared short lived.7,8,10,11 As
few as 40% of patients with both depres-
sion and diabetes remained well in the year
following successful depression treat-
ment,11 1 in 7 had chronic depression that
was unresponsive to available treat-
ments,4 and recurrence of depression gen-
erally was accompanied by a deteriora-
tion in glycemic control.10,11 Additionally,
improvement in mood and glycemia may
not occur in parallel, and effective anti-
depressant pharmacotherapy may be ac-
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companied by weight-dependent or weight-independent
hyperglycemic effects.7,12

The efficacy of maintenance antidepressant pharma-
cotherapy has been demonstrated in placebo-controlled
trials of patients receiving psychiatric care, with main-
tenance treatment reducing depression recurrence by ap-
proximately 15% to 30%.13-18 Unfortunately, patients with
medical comorbidity including diabetes typically were ex-
cluded from participating in these trials,19,20 and the course,
cause, and treatment responsiveness of depression in dia-
betes may differ from that in psychiatric samples, mak-
ing generalization unsafe.10,11,21 The aim of our study was
to determine whether maintenance treatment with ser-
traline hydrochloride prevents recurrence of comorbid
depression in diabetes and influences the longer-term
course of glycemic control.

METHODS

OVERVIEW OF STUDY DESIGN

The purpose of the study was to determine whether mainte-
nance therapy with sertraline hydrochloride prevents recur-
rence of major depression in patients with diabetes. Time to
recurrence of major depression was the primary outcome mea-
sure, and we hypothesized that this interval would be signifi-
cantly longer in patients who continued to receive sertraline
compared with those who continued to receive placebo. The
study was a 2-phase depression treatment trial. In phase 1 (in-
duction), patients with major depressive disorder received up
to 16 weeks of open-label treatment with sertraline. In phase 2
(maintenance), those who achieved recovery from depression
were randomized to either sertraline or placebo and were fol-
lowed for up to 52 weeks or until depression recurred. Dove-
tailing of induction and maintenance medications at the ini-
tiation of the maintenance phase allowed blinded tapering for
subjects randomized to placebo. Following the dovetailed pe-
riod, those randomized to sertraline continued to receive the
final induction dosage throughout maintenance.

PATIENT SAMPLE

Patients were recruited from March 4, 1998, through Febru-
ary 2, 2004, via advertisements in public media or by referral
from university-based diabetes educators and physicians. The
study was a collaboration of Washington University, St Louis,
Mo, the University of Arizona, Tucson, and the University of
Washington, Seattle, with Washington University being the pri-
mary site that provided 78.3% of the enrolled subjects. Treat-
ment of patients within this study was completed by July 1, 2004.
To enter the induction phase, patients were required to be 18
to 80 years of age, have type 1 or type 2 diabetes and major
depressive disorder as defined in DSM-IV,22 and have a total
score of 14 or greater on the Beck Depression Inventory (BDI)23

or 15 or greater on the Hamilton Depression Rating Scale
(HDRS).24 Patients excluded from participation were those with
active suicidal or homicidal ideation, a history of attempted sui-
cide, current alcohol or other substance abuse disorders, a his-
tory of bipolar depression or any psychotic disorder, or a medi-
cal contraindication to sertraline treatment. Patients receiving
an antidepressant at the time of study enrollment were ta-
pered off of that medication over an interval of 2 weeks or less
while sertraline was introduced. Informed consent to partici-
pate was obtained from all of the patients prior to undergoing
the medical and psychiatric evaluations. The study was re-

viewed and approved by the institutional review board at each
of the study sites.

Of the 389 patients evaluated for inclusion in the study, 351
(90.2%) satisfied all of the eligibility requirements, were enrolled
in the study, and began receiving open treatment with 50 mg/d
ofsertralineadministeredinthemorning.Thedosagewasadjusted
toamaximumof200mg/ddependingonadverseeffectsandclini-
cal response.Treatmentwasadministeredbyphysicianassistants
or nurse practitioners and guided by the clinical management
manualused in theNational InstituteofMentalHealthTreatment
of Depression Collaborative Research Program.25 Initial sessions
lasted 45 to 60 minutes, and subsequent sessions lasted 15 to 30
minutes. Recovery from depression was defined per DSM-IV cri-
teria as a period of at least 2 months during which there were no
significant symptoms of depression,22 which was defined opera-
tionallyas4consecutivetwice-monthlyBDIscoresof9orlesswithin
4 months of beginning sertraline treatment and subsequent con-
firmationof theabsenceofmajordepressionbydiagnosticreevalu-
ation. The subjects, methods, and outcomes of the open-label in-
duction phase will be described in detail in a separate article and
are summarized in the opening section of our “Results” section
to the extent necessary to enable readers to evaluate the mainte-
nance phase outcomes.

Thisarticlefocusesonthe152patients(43.3%ofthoseenrolled)
who recovered from the index episode of depression during the
inductionphase, including119patients (78.3%)fromtheprimary
study site. There were no significant differences between sites in
patientdemographiccharacteristics includingage,sex, race(white
vs nonwhite), marital status, and type of diabetes (P�.11 for each
characteristic). Subjects entering maintenance from the second-
ary sites had received an additional year of education (mean edu-
cation, 14.9 vs 13.9 years; t=−2.0; P=.05).

STUDY DESIGN

Patients who recovered from depression (n=152) were ran-
domly assigned to double-blind, maintenance-phase antidepres-
sant treatment with sertraline (continued at recovery dosage) or
placebo through a blinded taper and were followed up for 12
months or until depression recurred. Patients were randomized
using a computer-generated algorithm. Randomization was strati-
fied according to site in blocks of 50 numbers such that each block
comprised 25 patients randomly assigned to sertraline and 25 to
placebo. Each patient was assigned the next sequential number
for the particular center. Administration of treatment and all of
the study evaluations were performed by personnel not involved
in any aspect of the randomization process. Only the data man-
agers, study statisticians, and the data monitoring committee saw
unblinded data, but none of them had any contact with study par-
ticipants. Blinded tapering was accomplished by dovetailing the
induction- and maintenance-phase medication. The induction dos-
age was reduced whereas the maintenance dosage was increased
such that the total number of tablets taken each day was fixed at
the final dosage used to achieve recovery. The duration of the tran-
sition varied according to the dosage (number of tablets) re-
ceived during the induction phase but typically occurred in 14
or fewer days. Patients were evaluated in the office on a monthly
basis and via telephone interview at the 2-week point (mid-
point) between each visit. The BDI was completed at all of the
contact points. Monitoring of depression symptoms at this fre-
quency permitted rapid detection of recurrences. Threshold scores
for suspecting depression were based on previous research in pa-
tients with diabetes; BDI scores of 10 or greater and 16 or greater
have positive predictive values of 0.45 and 0.71, respectively, for
major depression.26 Two consecutive BDI scores of 10 or greater
or a single score of 16 or greater occasioned a diagnostic reevalu-
ation using the psychiatric interview. Recurrence of major de-
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pressive episode was defined by DSM-IV criteria. Patients were
referred out of the study for treatment of recurrences.

OUTCOME MEASURES

Demographic and Diabetes Characteristics

Demographic information was gathered during the eligibility de-
terminations and included age, sex, race, marital status, educa-
tion, and type of diabetes. Other features of depression and dia-
betes (type and age at onset of diabetes, method of diabetes
treatment, family history of diabetes, family history of depres-
sion, number of previous depression episodes, and history of de-
pression treatment) and the presence of diabetes complications
(neuropathy, retinopathy, nephropathy, coronary heart disease)
were determined from an assessment of current symptoms, a physi-
cal examination, objective test results obtained by review of clini-
cal records, and the patient’s self-report of prior diagnoses.

Assessment of Depression

Major depressive episode at presentation and recurrence were
established with the Depression Interview and Structured Hamil-
ton (DISH) scale.27 The DISH scale was designed specifically
to diagnose depression in patients who are medically ill and
has been validated for this purpose.27 Study personnel perform-
ing DISH scale interviews were trained by the instrument’s de-
velopers and the staff of the St Louis site of the Enhancing Re-
covery in Coronary Heart Disease study,28 a multicenter clinical
trial of treatment for depression after acute myocardial infarc-
tion. The severity of depression symptoms was measured us-
ing the 21-item BDI and the 17-item HDRS, the latter being
embedded in the DISH scale. The BDI requires a patient self-
rating from 0 to 3 on 21 items; the HDRS uses a clinician rat-
ing from 0 to 3 on 17 items assessed by semistructured inter-
view of the patient. A cumulative total from the addition of
individual symptom scores is recorded for each measure. The
BDI and the HDRS have been studied extensively and shown
to be reliable, valid, and sensitive to change.29-33 The DISH scale
was also used to gather depression history information, includ-
ing the age at onset, number of prior episodes, duration of the
longest episode, and the type and duration of prior treatment.
All of the clinician-based assessments, including the DISH scale
and HDRS evaluations, were performed by individuals blinded
to treatment assignment.

Assessment of Glycemic Control

Glycosylated hemoglobin (HbA1c) levels were measured at
2-month intervals up to the time of study completion or de-
pression recurrence to assess glycemic control. The HbA1c level
measurement is an aggregate measure of glycemic control over
the 120-day period before testing.34,35 Because of the time in-
terval incorporated in a single HbA1c measurement and the short
interval between depression assessments, all of the values ob-
tained following randomization were considered reflective of
the depression-free interval following recovery.2 The HbA1c level
was determined using a Bayer DCA 2000 glucometer (Bayer
HealthCare LLC, Tarrytown, NY), a model certified for its com-
parability to the reference methods established by the Diabe-
tes Control and Complications Trial.36

A PRIORI SAMPLE SIZE ESTIMATES

A number of assumptions were made in estimating the sample
size that would be needed to test the primary hypothesis. One-

year recurrence rates were estimated at 80% for the placebo group
based on natural observation data in diabetic samples10 and 40%
in the active treatment group from available observations of main-
tenance management in patients with depression but not diabe-
tes.37 Given these assumptions, a 2-tailed test of significance based
on power of 0.80 and P�.05 required that 125 subjects com-
plete the maintenance phase of the study. The rate of subject at-
trition during the maintenance phase of treatment was expected
to be approximately 20% based on follow-up observations of pa-
tients with both diabetes and depression who received treat-
ment.7,38 Thus, for 125 patients to complete the maintenance phase
of treatment, approximately 156 patients with depression would
have to complete the induction phase of the study and be ran-
domized to maintenance therapy. For 156 patients with depres-
sion to complete the induction phase, 262 patients with depres-
sion would have to be enrolled and begin receiving induction
treatment. (This assumes a 15% dropout rate during open-label
treatment and a 70% rate of depression remission.39,40)

STATISTICAL ANALYSIS

Differences in thedemographicandclinical characteristicsof sub-
jects randomized to sertraline or placebo were determined in the
intention-to-treat samplesusing theFisher exact test for categori-
cal data and the t test for continuous data. The primary analysis
wasabetween-groupcomparisonof the time to recurrenceofma-
jordepression.TheKaplan-Meiermethodwasusedtoestimate the
survivor functions, and the nonparametric log-rank test was used
to test the principal study hypothesis that the recurrence-free in-
terval was significantly longer in patients receiving sertraline
than in those receiving placebo. Patients who did not complete
the protocol were censored at their time of discontinuation. The
elapsed times to recurrence in one third and one half of the pa-
tients were extracted from the survival data for descriptive pur-
poses, but these values were not used in subsequent statistical
analyses. The Cox proportional hazards regression model was
used to calculate the overall effect of treatment in light of base-
line differences between treatment groups, and it was also used
in secondary analyses to determine whether factors other than
treatment effect were responsible for depression recurrence.
Two sets of variables were included in the regression: the first
comprised predictors of depression recurrence in psychiatric
samples, and the second consisted of aspects of diabetes that
may predispose patients to recurrent depression episodes.10,41-43

All of the predictor variables were included without stepwise
elimination, and P�.05 was required for a significant indepen-
dent contribution. To explore the effect of treatment on glyce-
mic control, mean values of HbA1c levels were compared at base-
line (ie, immediately prior to the start of open treatment) and
following depression recovery (induction phase) by using a
paired t test. An average of the HbA1c levels beyond the random-
ization value was computed for each subject over the depres-
sion-free interval during maintenance therapy. The BDI scores
were computed and compared in the same fashion, with the ex-
ception that the recurrence value was not used in calculating the
mean BDI score over the depression-free interval. Analyses of
covariance were used to determine differences between treat-
ment groups in HbA1c levels during the depression-free mainte-
nance interval using baseline and recovery values as covariates.

RESULTS

OUTCOME FROM RECOVERY INDUCTION

Three hundred fifty-one patients with diabetes (mean age,
50.8 years; 60.1% female; 79.5% white; 83.5% with type
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2 diabetes) with moderately severe and recurrent DSM-
IV–defined major depression (mean BDI score, 24.2; mean
HDRS score, 17.4; mean number of previous episodes of
major depression, 4.9 episodes) received open-label treat-
ment with sertraline during the induction phase of the
trial (Figure 1). One hundred fifty-six (44%) of these
patients satisfied criteria for recovery from the index epi-
sode. There were no baseline differences in demo-
graphic or depression characteristics between the sub-
sets that did or did not recover. Four patients who
recovered withdrew informed consent prior to random-
ization. The BDI and HDRS scores in the recovered sub-
set decreased by a mean±SD of 17.7±7.2 and 12.1±4.7
points, respectively (P�.001 compared with baseline

scores). The final score on these measures represented a
reduction greater than 50% from the initial scores in 96%
(per the BDI score) and 89% (per the HDRS score) of the
recovered patients. The mean±SD sertraline dose re-
quired to induce recovery was 117.9±52.1 mg/d. Twenty-
seven patients withdrew from the study during induc-
tion because of medication adverse effects. Diarrhea was
the most frequent adverse effect, and it occurred in 11
(41%) of the 27 patients. The next most common ad-
verse effect was interference with sexual functioning,
which occurred in 3 (11%) of the 27 patients. Five seri-
ous adverse events were reported; only 1 event (devel-
opment of psychosis) was judged by us as possibly being
related to the medication.

EFFECT OF MAINTENANCE SERTRALINE
ON DEPRESSION RECURRENCE

Patients who recovered from depression and continued to
the maintenance phase (n=152) were randomly assigned
to double-blind treatment with sertraline (n=79) or with
an identical-appearing placebo (n=73). The demographic
characteristics of these groups at baseline are shown in
Table 1. There were no significant differences between
groups in any of these characteristics except age, with the
group receiving placebo being older (P�.05). No signifi-
cant differences were detected between groups in charac-
teristics of depression and diabetes listed in Table2, with
the exception that the mean BDI score was slightly lower
in the placebo group at the time of randomization to main-
tenance therapy(P=.04).ThemeanHDRSscoreat thispoint
was not different between groups (P=.20). Of the 152 pa-
tients randomized to maintenance, 22 (14.5%) did not com-
plete the protocol. There were no demographic differ-
ences between the group that completed the maintenance
protocol and those who were lost to follow-up. The like-
lihood of noncompletion was higher but not statistically
different in patients treated with sertraline compared with
patients who received placebo (15 [19%] of 79 patients vs
7 [10%] of 73 patients, respectively; P=.18). The most com-
mon reason for noncompletion was noncompliance with
the study protocol (9 [41%] of 22 patients), ie, discontinu-
ing use of study medication (4 [18%] of 22 patients) or fail-
ure to return for scheduled follow-up visits (5 [23%] of 22
patients).

Kaplan-Meier estimates of the time to recurrence of de-
pression are shown by treatment group in Figure2. There
was a significant difference between groups, with sertra-
line being more effective in prolonging the depression-
free interval (log-rank test, �2

1=5.4; P=.02), even after con-
trolling for age differences between groups (P=.01). The
proportional hazard for recurrence on sertraline in this age-
controlled model was 0.51 (95% confidence interval, 0.31-
0.85). The benefits of sertraline were not diminished when
the model was further controlled for the potential but non-
significant effects of study site (P=.01 for sertraline). At 1
year, the calculated rate of nonrecurrence was 65.8% in pa-
tients treated with sertraline compared with 47.9% for those
who received placebo. Using data available at the 1-year
point, the number needed to be treated was 6 patients, ie,
it would be necessary to treat 6 patients to spare 1 patient
from depression recurrence. Time to recurrence in one third

Table 1. Demographics of the Sample in Relation
to the Maintenance Treatment Group

Demographic

All
Patients

(N = 152)

Patients
Treated With

Sertraline
Hydrochloride

(n = 79)

Patients Who
Received
Placebo
(n = 73)

Age, mean ± SD, y* 52.8 ± 12.3 50.5 ± 11.7 55.3 ± 12.5†
Female, No. (%) 91 (59.9) 46 (58.2) 45 (61.6)
White race, No. (%) 123 (80.9) 62 (78.5) 61 (83.6)
Married, No. (%) 91 (59.9) 44 (55.7) 47 (64.4)
Education, mean ± SD, y* 14.1 ± 2.6 14.2 ± 2.7 14.1 ± 2.6
Type 2 diabetes, No. (%) 126 (82.9) 64 (81.0) 62 (84.9)

*Grouped data.
†P�.05.

38 Not Enrolled
16 Insufficient 

Symptoms
14 Medical 

Ineligibility 
8 Refused to 

Continue

351 Enrolled

195 Did Not Complete
Induction Phase
90 Persistent

Depression
66 Protocol

Violations
27 Adverse Effects
12 Other

156 Completed
Induction Phase

4 Did Not Enter
Maintenance Phase
4 Refused to

Continue

152 Entered
Maintenance Phase

22 Did Not Complete
Maintenance Phase
21 Lost to Follow-up

1 Adverse Effects

130 Completed
Maintenance Phase

Sertraline HCl
(50-200 mg/d)

Randomization

Blinded Taper

Sertraline HCl
(50-200 mg/d)

or
Placebo

Induction Phase
M

aintenance Phase

Study Component

389 Evaluated After 
Telephone 
Screening

16 wk

2 wk

50 wk

Figure 1. Subject participation in relation to phases of the study design. HCl
indicates hydrochloride.
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of the patients was increased from 57 days in patients who
received placebo to 226 days in patients treated with ser-
traline, and the median time to recurrence was 251 days
in the placebo group yet exceeded 365 days (the maxi-
mum duration of follow-up) in the sertraline group.
Recurrences were not distributed evenly over the
12-month follow-up interval (Figure 2). More than three
fourths of the recurrences (in 50 [76.9%] of 65 patients)
occurred early, ie, in the first 4 months following ran-
domization. Average BDI scores reflecting specific mea-
surement periods of the study are shown in Figure 3.

The Cox proportional hazards model that included
well-defined risks for depression recurrence and diabe-
tes characteristics was also used to identify predictors of
depression recurrence. Tested risk factors were age, sex,
marital status, and BDI total score at baseline and at ran-
domization. Placebo treatment continued to have inde-
pendent predictive value, as did younger age and higher
baseline BDI score. Of the diabetes characteristics tested
in the model (type of diabetes, duration of diabetes, base-
line HbA1c level), only lower baseline HbA1c level emerged
as a significant predictor.

EFFECTS OF IMMEDIATE AND SUSTAINED
DEPRESSION RECOVERY ON HbA1c

The HbA1c levels at baseline, randomization, and during
the depression-free interval prior to recurrence are shown
in Figure4 for all of the subjects and for subjects grouped
according to treatment received during the mainte-

nance phase. The HbA1c level decreased in the overall sub-
ject group during the period of depression recovery in
which all of the subjects received open-label treatment
with sertraline (mean ± SD HbA1c level reduction,
−0.4%±1.5%; P=.002). When change in the HbA1c level
during induction was compared retrospectively accord-
ing to the treatment received during maintenance, there
was no difference between patients treated with sertra-
line and those who received placebo (P=.77). The HbA1c

levels remained significantly lower than baseline during
depression-free maintenance (P=.002) and did not dif-
fer between treatment groups when controlling for base-
line HbA1c level (P=.90).

COMMENT

Contemporary perspectives of depression are evolving,
shaped by new information and widespread familiarity
with the illness and its burden.44-47 Once considered pri-
marily benign and curable with treatment, depression now
is understood as debilitating, recurring, and in some in-
stances, refractory.45,48 There is growing awareness of the
importance of depression as a risk factor for medical ill-
ness,49 particularly in patients with diabetes or a dia-
betic predisposition.50 For example, depression in-
creases the risk of developing type 2 diabetes,51,52

accelerates the presentation of coronary heart disease in
both type 1 and type 2 diabetes,3 and significantly in-
creases the risk of diabetes-related mortality.6,53,54 Time

Table 2. Depression and Diabetes Characteristics of the Sample in Relation to the Maintenance Treatment Group

Characteristic
All Patients
(N = 152)

Patients Treated
With Sertraline Hydrochloride

(n = 79)

Patients Who
Received Placebo

(n = 73)

Age at depression onset, mean ± SD, y* 32.4 ± 16.2 30.0 ± 14.2 34.9 ± 17.7
Prior episodes of depression, mean ± SD, No.* 4.7 ± 6.3 5.5 ± 8.0 3.9 ± 4.2
Family history of depression, No. (%)† 65 (49.6) 32 (53.3) 33 (46.5)
Prior depression treatment, No. (%)† 79 (56.0) 43 (59.7) 36 (52.2)
BDI score at baseline, mean ± SD* 21.6 ± 6.7 21.7 ± 6.8 21.6 ± 6.6
BDI score at randomization, mean ± SD* 4.0 ± 2.9 4.4 ± 3.0 3.5 ± 2.6‡
HDRS score at baseline, mean ± SD* 15.8 ± 4.4 15.7 ± 4.9 15.9 ± 3.8
HDRS score at randomization, mean ± SD* 3.6 ± 3.1 3.3 ± 2.7 4.0 ± 3.5
Sertraline dose at recovery, mean ± SD, mg/d* 117.9 ± 52.1 119.4 ± 55.5 116.2 ± 48.4
Age at diabetes onset, mean ± SD, y* 43.1 ± 15.8 40.8 ± 14.8 45.7 ± 16.5
Duration of diabetes, mean ± SD, y* 9.7 ± 9.3 9.4 ± 9.3 10.0 ± 9.3
Diabetes complications, No. (%)

Neuropathy 68 (44.7) 36 (45.6) 32 (43.8)
Nephropathy 16 (10.5) 9 (11.4) 7 (9.6)
Retinopathy 33 (21.7) 19 (24.1) 14 (19.2)
Atherosclerosis 22 (14.5) 11 (13.9) 11 (15.1)

Diabetes management, No. (%)
Diet only 16 (10.5) 10 (12.7) 6 (8.2)
Insulin 54 (35.5) 28 (35.4) 26 (35.6)
Oral agent 63 (41.4) 32 (40.5) 31 (42.5)
Insulin and oral agent 19 (12.5) 9 (11.4) 10 (13.7)

HbA1c level at baseline, mean ± SD, %* 8.2 ± 1.7 8.2 ± 1.7 8.2 ± 1.7
HbA1c level at randomization, mean ± SD, %* 7.8 ± 1.6 7.9 ± 1.6 7.8 ± 1.6

Abbreviations: BDI, Beck Depression Inventory; HbA1c, glycosylated hemoglobin; HDRS, Hamilton Depression Rating Scale.
*Grouped data.
†Values are provided for those subjects with available data.
‡P = .04 compared with the sertraline group.
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spent depressed (ie, the cumulative chronicity of depres-
sion over the patient’s lifetime) is suspected of being an
important contributor to medical morbidity.3,55 Since most
patients with depression receive no specific antidepres-
sant treatment,56,57 most episodes (1 episode per year on
average) are quite lengthy. In diabetic as well as psychi-
atric populations, conventional treatments are effective
in the short term; unfortunately, treatment is often pro-
vided only briefly,58-60 received at doses that are psychi-
atrically subtherapeutic,48,61 or discontinued at or be-
fore the point of depression relief.62-64 Not surprisingly,
most patients with diabetes redevelop depression within
a year of successful treatment. To our knowledge, whether
providing maintenance treatment could alter this recur-
rence pattern had not been examined prior to this study.

Our study clearly shows the advantage of sertraline
over placebo in preventing recurrence of depression in
patients with diabetes. The proportional hazard for re-
currence was 0.51 (95% confidence interval, 0.31-
0.85), suggesting that a patient who received placebo and
did not have recurrence at a given point had twice the
chance of recurring by the next point in time as com-
pared with a patient treated with sertraline.65 The time
elapsed before one third of the subjects had recurrence
was nearly 4 times longer in the sertraline group, with
the advantage of treatment being detectable even though
the 12-month rate of recurrence in the placebo group was
lower than that observed in previous natural history stud-
ies of patients with both depression and diabetes.10,11 Our
findings provide further evidence of the prophylactic ef-
ficacy of antidepressant pharmacotherapy, extending prior
observations made in psychiatric66-69 and primary care
samples70 to patients with comorbid diabetes.

In the analysis of clinically relevant covariates, higher
baseline BDI scores, younger ages, and lower baseline HbA1c

levels emerged as significant predictors of recurrence. In
our sample, younger patients were those aged approxi-
mately 40 to 50 years. Such patients as well as those hav-
ing more severe depression symptoms at presentation were
found to have a higher risk of recurrence in previous stud-
ies of patients receiving psychiatric care.70,71 Residual symp-
toms at the point of remission or recovery, a robust pre-
dictor in these earlier studies,72,73 were correlated with the
baseline BDI score, less predictive of recurrence than base-
line depression severity, and not retained in our model. In
previous studies,11,41 we found that higher HbA1c levels pre-
dicted a more severe depression course and less respon-
siveness to initial therapy. The finding that lower HbA1c lev-
elspredicted recurrenceduringmaintenanceappears atodds
with these earlier observations, suggesting that the full re-
lationship of the HbA1c level to outcome of depression man-
agement remains to be determined. The weight of the evi-
dence may indicate that risk for recurrence is more strongly
predicated on depression and demographic characteris-
tics than on diabetes features. However, other aspects of
the HbA1c level, including its seasonal variation,74 may have
influenced the results and require consideration.

Although sertraline conferred protection from recur-
rence, not all of the treated patients benefited. Only 44%
of those who entered open-label treatment with sertra-
line adhered to treatment, tolerated the medication, and
recovered from the index episode of depression. Of those
who recovered and were randomized to sertraline main-
tenance, one third had a recurrence and another one fifth
failed to complete the study protocol, the latter rate being
higher but not statistically different from that of the pla-
cebo group (P=.18). Typical of most studies of depres-
sion prophylaxis, the majority of recurrences occurred
in the 2 months immediately following randomiza-
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Figure 2. Kaplan-Meier estimates of the time to recurrence of major
depression in patients randomized to treatment with sertraline hydrochloride
or placebo. The difference between groups was statistically significant
(log-rank test, �2

1=5.4; P=.02), with sertraline prolonging the depression-free
interval of maintenance.
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Figure 3. Mean Beck Depression Inventory (BDI) score at time points during
induction and maintenance phases of the study. The recurrence BDI score
was calculated for the subset of patients who had a recurrence of major
depression during the maintenance phase. The BDI scores were slightly
higher at recovery in the patients treated with sertraline hydrochloride as
compared with patients who received placebo but did not differ between
groups at the other time points. Error bars indicate SEM. *P=.04.
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tion.67-69,71 Thus, although there was a clear prophylac-
tic effect of sertraline, it surfaced in the context of con-
spicuous and continuous susceptibility to depression. The
cause of this vulnerability remains unclear; medical co-
morbidity such as diabetes is itself a risk factor for chronic
depression.75 Other potential contributors in this sample
include insufficient duration of induction treatment, in-
adequate taper duration, interruption of a neurochemi-
cal homeostasis established with acute-phase therapy, in-
complete long-term potency of sertraline, or the pernicious
character of depression.

Considering the bounty of similar studies in psychi-
atric samples reporting high rates of initial treatment dis-
continuation or rapid recurrence67,68,76,77 and those find-
ing limited70 or no78 effect of antidepressant treatment,
pharmacotherapy alone appears unlikely to provide du-
rable relief of depression in the majority of cases—
possibly being viewed as a temporizing measure, reign-
ing in depression in the short term and allowing for the
introduction of other more effective long-term thera-
pies. Vigilant monitoring of depression symptoms to
prompt treatment augmentation or modification is re-
quired and may improve the picture. In a recent cross-
over trial79 involving subjects without diabetes, nonre-
sponders to nefazodone hydrochloride or the cognitive
behavioral analysis system of psychotherapy were
switched to the alternate treatment with good results. The
intention-to-treat response rate, although higher in those
crossed over to the cognitive behavioral analysis system
of psychotherapy, was clinically significant in both groups
(57% vs 42%, respectively; P=.03). There also are indi-
cations that specific psychotherapy may promote more
durable remissions of depression. In a study by Hollon
et al,80 patients with moderate to severe depression who
had responded to cognitive therapy were then with-
drawn from treatment and followed up for 12 months.
Outcomes were compared with those in patients who had
responded to medication and were then randomly as-
signed to continued medication or placebo withdrawal.
The relapse rate in the cognitive therapy group (30.8%)
was lower than in the placebo group (70.2%) and simi-
lar to that in the group that continued to receive medi-
cation (47.2%). To this point, the depression treatment
outcome data argue for more inclusive paradigms that
invite new approaches and novel combinations.

Glycemic control improved significantly during open-
label treatment and depression recovery in our patients.
These gains were sustained during the depression-free
interval of maintenance and did not differ between treat-
ment groups. Sustained periods of depression recovery
with psychotherapy had also been associated with gly-
cemic improvement.9 Whether improvements in glyce-
mic control can be attributed directly to depression im-
provement or to some other study-related effect cannot
be determined from our investigative design. Had gly-
cemic control been measured beyond the point of recur-
rence and had other factors that affect glucose levels been
systematically monitored or controlled, direct longitu-
dinal relationships of depression improvement to changes
in HbA1c levels could have been better established. Ser-
traline did not interfere conspicuously with glycemic con-
trol, a noteworthy observation considering the direct hy-

perglycemic effect of nortriptyline hydrochloride detected
in an earlier acute-phase (8-week) treatment trial.7 As a
class, selective serotonin reuptake inhibitors may have
advantages over tricyclic antidepressants by being rela-
tively weight neutral.81,82

Our study has a number of strengths and some im-
portant limitations. To our knowledge, this is the first
study of maintenance pharmacotherapy for prevention
of depression recurrence in diabetes. Sertraline was se-
lected for study because at the time the study started, it
was among the antidepressants most frequently pre-
scribed in primary care settings.83,84 Its efficacy was de-
termined in rigorous double-blind placebo-controlled
fashion that included serial measurements of glycemic
control and depression symptoms performed by inde-
pendent evaluators without knowledge of treatment re-
ceived. The sample was relatively large (n=152) com-
pared with samples in maintenance studies in psychiatric
populations.68,76,77,79 The survival analysis allowed for
the use of data from all of the patients up to the point
of a censoring event (premature discontinuation, de-
pression recurrence, or study completion). Weaknesses
include failure to measure HbA1c levels beyond the cen-
soring event and other factors (eg, psychiatric comor-
bidity) that may predispose to depression recurrence.85

Enrollment resulted in part from advertisement and was
predicated on responsiveness to sertraline, limiting the
overall generalizability of the findings. The latter man-
dates a cautionary approach toward interpreting the role
of maintenance sertraline in patients who have not dem-
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Figure 4. Glycosylated hemoglobin (HbA1c) levels at baseline, randomization,
and during the depression-free interval leading up to recurrence (includes all
of the postrandomization HbA1c levels). For all of the subjects, open-label
treatment with sertraline hydrochloride was associated with a significant
decrease in the HbA1c level (P=.002). The HbA1c levels during the
depression-free period of maintenance therapy leading up to recurrence or until
the end of the study were not different for all of the subjects from the level at the
time of randomization but remained significantly lower than the baseline levels
preceding open-label therapy (P=.002). Outcomes were similar for each
treatment arm during maintenance, and the HbA1c levels during the
depression-free period were similar between the active and placebo groups
when controlling for baseline values (P=.90). Error bars indicate SEM.

(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 63, MAY 2006 WWW.ARCHGENPSYCHIATRY.COM
527

©2006 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/25/2022



onstrated initial responsiveness. Missing data did not al-
low for the testing of a more complete set of predictor
variables (eg, anxiety symptoms, family history of de-
pression) in the Cox regression model.

Within the limitations outlined, our study establishes
a clear benefit of sertraline for prevention of depression re-
currence in patients with diabetes. Sertraline lengthened
the depression-free interval of maintenance and did not in-
terfere with glycemic improvement achieved during the re-
covery phase. Treatment with sertraline is relatively simple,
safe, and widely available, and although it is not curative,
it offers patients with diabetes a potentially viable method
for ameliorating the suffering, incapacity, and burden as-
sociated with recurrent depression.
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