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Abstract In the present study, we examined several
metabolic parameters in a group of 19 acutely depressed
inpatients with major depression (DSM-IV) at baseline and
investigated their development after 4 weeks of antide-
pressant treatment with reboxetine (8—12 mg per day). We
performed oral glucose tolerance tests and additionally
assessed free saliva cortisol and post-dexamethasone cor-
tisol levels, as well as whole cholesterol, HDL- and LDL-
cholesterol, triglycerides, free fatty acids, waist and hip
circumference, heart rate, systolic and diastolic blood
pressure. Furthermore, we evaluated the incidence of a
metabolic syndrome and investigated the metabolic chan-
ges in depressed patients with and without a metabolic
syndrome. We found 42.1% of patients to fulfil the criteria
for a metabolic syndrome. Overall, reboxetine was well
tolerated with essentially no side effects during the obser-
vation period. A 4-week treatment with reboxetine showed
a beneficial effect on several metabolic parameters that was
independent from treatment outcome and could therefore
theoretically be attributed to the pharmacological profile of
the drug. Due to the preliminary character of the present
investigation, no conclusions about the clinical efficacy of
reboxetine can be drawn.
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Introduction

Studies suggest that depression may be a risk factor for several
metabolic disturbances. Thus, depression has been associated
with visceral fat accumulation, a higher waist-to-hip ratio
[17, 20], as well as blood pressure dysregulation [10].
Depressed patients frequently have insulin resistance, which
may resolve after recovery from depression [4, 13, 18, 21, 22].
Also, the association between depression and diabetes [1, 3]
has been recognised for many years and was confirmed in a
meta-analysis [7]. It may be assumed that both behavioural
as well as biological factors, e.g. hypercortisolemia [19],
contribute to the relationship between affective and metabolic
disorders. The concomitance of abdominal obesity, dyslipi-
demia (elevated triglycerides, reduced HDL-cholesterol), ele-
vated blood pressure and elevated fasting glucose are a cluster
of risk factors that constitute a syndrome, called the metabolic
syndrome (MS). The prevalence of the MS in depression has
been reported with up to 48.1% in inpatients [16].

In the present study, we assessed the metabolic param-
eters and cortisol levels at baseline in a group of acutely
depressed inpatients and examined their development after
4 weeks of antidepressant treatment with reboxetine. Fur-
thermore, we evaluated the incidence of a MS and inves-
tigated the metabolic changes in depressed patients with
and without a MS.

Methods
Subjects
We included 19 inpatients with major depression according

to DSM-IV (HAMD-21 > 18). Exclusion criteria were
other relevant axis-I disorders. Subjects gave written
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informed consent, and the study was approved by the local
ethics committee.

The diagnosis of a MS was verified according to the cri-
teria of the American National Cholesterol Education Pro-
gram (NCEP) Treatment Panel III (ATP III). The NCEP ATP
IIT defines the MS as being the presence of three or more of
the following criteria: waist circumference >102 cm (40 in.)
in men, >88 cm (35 in.) in women, hypertriglyceridemia
>150 mg/dl, HDL-cholesterol <40 mg/dl in men, <50 mg/dl
in women, blood pressure >135/85 mmHg and fasting glu-
cose >110 mg/dl. Patients taking cholesterol-lowering,
blood-pressure-lowering or glucose-lowering medication
were considered to have met the respective criterion.

Treatment

After a 1-week washout period, patients were treated with
reboxetine (8—12 mg per day) for 4 weeks. Throughout the
study period, no other psychotropic medication except
lorazepam and zolpidem was allowed. Treatment response
was considered as a drop in HAMD score of at least 50%
during the active treatment phase, and remission was
assumed when the final score was below seven.

Study procedures

At study begin, we evaluated oral glucose tolerance (OGT-
test) using a standard oral 75-g glucose loading after a
washout period of 6 days and again after 28 days of treat-
ment. In brief, a 75-g glucose load was given at 10.00 a.m.
after an overnight fast. Blood was sampled at baseline and 90
and 120 min after glucose ingestion using a catheter in an
antecubital vein. Samples were immediately centrifuged and
stored at —80°C for analysis of insulin and glucose. We used
the Insulin Sensitivity Index (ISI) by Stumvoll et al. [15] as to
characterize insulin sensitivity. Each day, saliva was col-
lected for the measurement of free cortisol at 08.00 a.m. The
mean saliva cortisol concentrations during week 1 (washout)
and week 4 were used for further analysis. Both at baseline
and after the 4-week treatment following parameters were
additionally assessed: whole cholesterol, HDL-cholesterol,
LDL-cholesterol, triglycerides, free fatty acids, BMI, waist
and hip circumference. We also assessed heart rate and
systolic and diastolic blood pressure as the mean value of
four measurements in sedentary position (in 2-minute
intervals). At study baseline and after 4 weeks of treatment, a
standard dexamethasone suppression test (DST) using
1.5 mg of oral dexamethasone was carried out.

Statistical analysis

Statistical analyses (z-tests, analysis of variance) were
carried out using the SPSS version 16.0 for Windows. All
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values were given as mean =+ standard deviation. A
P value <0.05 was considered as the level of significance.

Results

Ten female and nine male patients were included in the
analysis (age 43 + 11 years). The NCEP ATP III criteria
for a MS at study begin were met in 8 of 19 patients
included (42.1%); 15.8% of patients met no criteria, 15.8%
met 1 criterion, 26.3% met 2 criteria, 36.8% met 3 criteria
and 5.3% met 4 criteria.

Patients fulfilling the criteria for a metabolic syndrome
(MS+) had significantly higher levels for glucose in the
OGT-test after 90 and 120 min, as well as for systolic and
diastolic blood pressure, waist and hip circumference,
waist-to-hip ratio and the BMI, while HDL-cholesterol and
the index of insulin sensitivity ISIgumvon Were significantly
lower compared to those patients without a metabolic
syndrome (MS—) (Table 1). Regarding all other parame-
ters (including free saliva cortisol and the post-dexameth-
asone cortisol concentrations), no significant differences
were seen between the two groups.

In addition, the rm-ANOVA with patient affiliation to
either MS+ or MS— being the between subject factor
showed that the presence of a MS was associated with a
statistically significant decrease in several metabolic
parameters over the course of treatment (“metabolic change
x metabolic syndrome” interaction) with regard to whole
cholesterol, LDL-cholesterol, BMI and mean systolic blood
pressure (Fig. 1). Such an interaction could not be observed
in all other parameters (including free saliva cortisol and the
post-dexamethasone cortisol levels). Neither gender nor age
as a covariate changed our observations mentioned above.
By using remission status as the between subject factor in the
rm-ANOVA, we also did not observe significant “metabolic
change x remission status” interactions.

Finally, the overall change in mean HAMD scores after
4 weeks of reboxetine treatment was highly significant
(23.2 vs. 7.6; P < 0.001), again with no influence of gender
or age. The change in HAMD scores was significantly
greater in the group of MS— patients (Fig. 1), although
patients of the MS— group had significantly higher HAMD
scores at baseline compared to the MS+ group (Table 1).

Discussion

In this study, we examined the incidence of a MS in our
group of acutely depressed inpatients and investigated
differences between patients with and without a MS during
the course of antidepressant treatment with reboxetine.
We found 42.1% of patients to fulfil the criteria for a MS.
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Table 1 The comparison of several metabolic parameters at study
baseline in patients with (MS+) and without a metabolic syndrome
(MS—) using unpaired #-tests revealed significant differences for
glucose in the OGT-test after 90 and 120 min, as well as for systolic

and diastolic blood pressure, waist and hip circumference, waist-to-
hip ratio, BMI, HDL-cholesterol and the index of insulin sensitivity
ISIStumvoll

Baseline MS+/MS— N Mean Standard deviation P

Glucose OGT-test 90 min. (mg/dl) MS— 11 108.5 28.8 0.004
MS+ 8 157.0 349

Glucose OGT-test 120 min. (mg/dl) MS— 11 91.2 19.0 0.001
MS+ 8 137.3 33.5

HDL-cholesterol (mg/dl) MS— 11 48.7 11.3 0.007
MS+ 8 37.1 2.5

Systolic blood pressure (mm Hg) MS— 11 110.8 12.2 0.001
MS+ 8 135.9 16.3

Diastolic blood pressure (mm Hg) MS— 11 73.0 9.1 0.024
MS+ 8 84.0 10.2

Waist circumference (cm) MS— 11 88.1 11.9 0.001
MS+ 8 110.5 12.9

Hip circumference (cm) MS— 11 104.6 8.6 0.011
MS+ 8 115.9 8.5

Waist-to-hip ratio MS— 11 0.8 0.8 0.004
MS+ 8 1.0 0.6

BMI (kg/m?) MS— 11 252 43 0.001
MS+ 8 333 4.5

ISIswumvon (tmol kg =" min~" pM~") MS— 11 -1.0 0.2 <0.001
MS+ 8 —-14 0.2

HAMD MS— 11 244 4.7 0.022
MS+ 8 20.3 2.3

A 4-week treatment of unipolar depressed patients with
reboxetine led to a statistically significant decrease in
whole cholesterol, LDL-cholesterol, BMI and mean sys-
tolic blood pressure in patients with a comorbid MS. Our
results were independent from treatment outcome.

A similar follow-up study by Richter et al. [14] exam-
ining the prevalence of the MS in a sample of depressed
inpatients found no differences between the state of acute
depression and remission regarding several laboratory
values—with the exception of triglycerides. However,
patients included in that study were still being treated with
a great number of different classes of psychotropic drugs at
study entry, thus complicating the interpretation of the
results. Several psychotropic drugs, especially antipsy-
chotics, have also been consistently associated with meta-
bolic disturbances [e.g. 11]. Antidepressant treatment in
general has been shown to have a beneficial effect on lipid
regulation [8], to improve glycemic control in depressed
diabetic patients [12] and to increase insulin sensitivity in
nondiabetic depressed patients with response or remission
to treatment [21, 22].

Overall, reboxetine was well-tolerated with essentially
no side effects during the observation period, and the

patients felt comfortable with this treatment. However, no
final conclusions about the long-term safety of the drug can
be drawn. The beneficial effects of the 4-week treatment
with reboxetine on the metabolic parameters tested were
independent from treatment outcome and could therefore
theoretically be attributed to the pharmacological profile of
the drug in terms of a selective noradrenergic reuptake
inhibition and lack of the additional undesirable binding
properties of other antidepressants (e.g. tricyclic antide-
pressants and Hl-receptor antagonism). Even so, our
observations of a metabolic amelioration cannot be attrib-
uted exclusively to the study drug, but probably also to
factors like participation in physical activities during
inpatient treatment, change in diet habits etc. As far as the
efficacy of the drug is concerned, a recent multiple treat-
ments’ meta-analysis has suggested inconsistent efficacy in
major depression with a less effectiveness than the SSRIs
[2]. In our study, which was conducted before the publi-
cation of the meta-analysis by Cipriani and co-workers
(2009), we chose to investigate the effect of reboxetine on
metabolic parameters due to its above-mentioned norad-
renergic mode of action. Reboxetine remains an approved
antidepressant in Europe, but has never been approved in
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Fig. 1 The univariate analysis of variance with repeated measures
(rm-ANOVA) was used in order to evaluate the interaction of change
(A) in HAMD scores and several metabolic parameters with the
presence/absence of a metabolic syndrome (MS) (=between subject

the United States. The present investigation is not adequate
to evaluate its efficacy; taking the lack of a control group
into account, response and remission rates in our study
cohort after the 4-week treatment were 18.75 and 68.75%,
respectively.

The main methodological shortcoming of our study is
the small sample size, the lack of a control group and the
study period of only 4 weeks. Furthermore, the present
patient sample proved to be eucortisolemic compared to
other historical patient cohorts studied by our research
group. As hypercortisolism is known to be associated with
the metabolic syndrome, our results could have been dif-
ferent in hypercortisolemic patients. Patients of this study
were not subtyped in, e.g. a melancholic subtype.

The association between depression and a MS has been
studied extensively [e.g. 6, 9]. As the prevalence of MS and
depression is increasing [5], the comorbidity of both pre-
sumably will increase as well. Therefore, the necessity of
an integrated treatment for depressive patients with MS is
rising as well. All depressive patients should undergo a
screening for a MS. According to our results, a 4-week
antidepressant treatment with reboxetine is associated with
amelioration of metabolic parameters independent of
treatment outcome. Further studies are warranted.
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factor). The occurence of a MS was associated with a statistically
significant decrease (“metabolic change x metabolic syndrome”
interaction) with regard to total cholesterol, LDL-cholesterol, BMI
and systolic blood pressure
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