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Effects of Antidepressants on Weight and on
the Plasma Levels of Leptin, TNF-a and

Soluble TNF Receptors:

A Longitudinal Study in Patients Treated

with Amitriptyline or Paroxetine
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Leptin, tumor necrosis factor-a (TNF-a), and soluble TNF
receptors are involved in weight requlation. Antipsychotic
agents, such as clozapine, induce weight gain and increase
circulating levels of these cytokines. To assess whether obesity-
inducing antidepressants have a similar effect, we measured
plasma cytokine levels in depressive inpatients during the first
six weeks of treatment with tricyclic agents (amitriptyline or
nortriptyline, n = 12), with paroxetine (n = 10), or without
medication (n = 14). There was an increase in the body mass
index at week 6 of treatment with the tricyclics, which was

preceded by a significant increase in soluble TNF receptor p75
plasma levels. Circulating levels of leptin were not affected.
Paroxetine and drug-free treatment did not affect any of these
parameters. We conclude that weight gain induced by
psychotropic agents may occur without increased circulating
levels of leptin. However, activation of the TNF-a system
might be an early and sensitive marker of ensuing weight
gain. [Neuropsychopharmacology 23:13-19, 2000]
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Weight gain is a common side-effect of several psycho-
tropic drugs and may seriously limit treatment compli-
ance (Pijl and Meinders 1996). Increases in weight occur
in particular during treatment with tricyclic antidepres-
sants (Berken et al. 1984) and the atypical neuroleptics
clozapine and olanzapine (Bromel et al. 1998; Bustillo et
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al. 1996; Kraus et al. 1999). Although the effects of these
drugs on several neurotransmitter systems such as the
serotonergic, dopaminergic, and histaminergic systems
may contribute to weight gain, the underlying mecha-
nisms have remained obscure (Pijl and Meinders 1996).

Recently, however, research on obesity and weight
regulation has contributed new perspectives through the
discovery of leptin, a protein hormone involved in
weight regulation (Pelleymounter et al. 1995; for review
see Auwerx and Staels 1998), and tumor necrosis factor-a
(TNF-o), a cytokine with its soluble receptors as Janus-
faced mediators of weight gain and weight loss (for re-
view see Argiles et al. 1997). Leptin induces reduced
food intake, and dysregulated leptin signaling is ac-
companied by obesity in animals and humans (for re-
view see Auwerx and Staels 1998). Animals that are de-
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ficient in leptin or its receptor are obese and
supplementation of this protein in leptin-deficient ani-
mals reverses obesity, supporting a pivotal role of lep-
tin in the regulation of appetite and weight (Lee et al.
1996, Pelleymounter et al. 1995).

In humans, plasma levels of leptin are higher in
obese people than in lean controls and decrease with
weight loss, suggesting a less sensitive receptor system
in obese people (Considine et al. 1996). In addition, the
cytokine TNF-a and its soluble receptors sTNFR-p55
and sTNFR-p75 are associated with weight regulation.
TNF-a was described in 1981 as the molecule responsi-
ble for the wasting syndrome in chronic diseases and
was named cachectin (Kawakami and Cerami 1981);
later, it was sequenced and named tumor necrosis fac-
tor-a (Old 1985). TNF-a in concert with its receptors,
which are either bound to membranes of various cell
types or are shed into circulation, act on protein, glu-
cose and lipid metabolism (for review see Argiles et al.
1997). Circulating levels of TNF-a and its soluble recep-
tors are increased in obese subjects compared to lean
controls and decrease with weight loss (Dandona et al.
1998; Hauner et al. 1998). It has been hypothesized that
decreased TNF-a receptor sensitivity might lead to a
lack of body weight control and consequently to an in-
crease in caloric intake (for review see Argiles et al.
1997). In addition, in vitro and some in vivo data sug-
gest that the TNF-a system and leptin are linked to-
gether (Finck et al. 1998). Leptin with its class-I cytokine
receptor modulates the cellular immune response, and
inflammatory cytokines such as TNF-a liberate leptin
from adipocytes (for review see Argiles et al. 1997; Au-
werx and Staels 1998).

Psychotropic drugs that typically lead to weight
gain, such as clozapine and olanzapine, have been
shown to activate the TNF-a system and leptin by in-
creasing plasma levels of these cytokines and soluble
cytokine receptors (Bromel et al. 1998; Kraus et al. 1999;
Pollméacher et al. 1996). Therefore, the induction of
these multifunctional mediators might play a role in
drug-induced changes of body weight.

In the present study, designed to further evaluate
this hypothesis, we investigated the time course of
body weight and circulating levels of cytokines in de-
pressive inpatients during the first six weeks of treat-
ment with two antidepressant drugs with known dif-
ferent impacts on body weight. We also studied a
group of unmedicated inpatients to control for unspe-
cific effects of hospitalization per se. We chose the selec-
tive serotonin reuptake inhibitor paroxetine that gener-
ally does not affect body weight (Pijl and Meinders
1996), and the tricyclic antidepressants amitriptyline or
its major active metabolite nortriptyline (Kessel and
Simpson 1995) that induce weight gain (Berken et al.
1984). We also measured tympanic temperature and
did white blood cell counts because TNF-« is pyrogenic
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and has numerous hematological effects (for review see
van der Poll and Lowry 1995). In addition, we took the
opportunity to investigate soluble interleukin-2 recep-
tor (sIL-2r) levels, which have been reported to be in-
creased in patients with the diagnosis of major depres-
sion (Maes et al. 1995b) or schizophrenia (Gaughran et
al. 1998). However, it has already been shown that psy-
chotropic medication, such as clozapine (Pollmécher et
al. 1995, 1996), and cigarette smoking (Pollméacher and
Hinze-Selch 1998) can also induce sIL-2r plasma levels.
In a cross-sectional investigation on antidepressive
medication, no effect on circulating levels of sIL-2r was
found (Maes et al. 1995a), but a systematic longitudinal
study has not yet been published.

We hypothesized that treatment with amitriptyline
or nortriptyline would induce weight gain and increase
plasma levels of leptin, TNF-«, and soluble TNF recep-
tors, whereas treatment with paroxetine and drug-free
treatment would not.

METHODS
Patients

Twenty-two inpatients meeting the DSM-IV diagnostic
criteria (American Psychiatric Association 1994) for ma-
jor depressive disorder or dysthymic disorder but not
for bipolar disorder and 14 inpatients meeting the DSM-
IV diagnostic criteria for various other mental disorders,
including anxiety disorders (1 = 5), adjustment disor-
ders (n = 3), schizophreniform disorder (n = 1), and
personality disorders (n = 5), gave written informed
consent before participating in this study, which had
been approved by an independent ethics committee.
None of the patients met the criteria for substance abuse
or dependence, nor for any eating disorder.

Physical examination, medical history and baseline
laboratory investigations (white blood cell count, differ-
ential counts, red blood cell count, creatinine, electro-
lytes, GOT, GPT, AP, yGT, Quick, partial thromboplas-
tin time, serum electrophoresis, blood sedimentation
rate, C-reactive protein, serum iron, transferrin, glu-
cose, thyroid-stimulating hormone) did not reveal acute
or chronic inflammation and infection or autoimmuno-
logical, endocrinological or hematological disease. Of
the 22 patients with depressive or dysthymic disorder,
12 were medicated with amitriptyline (n = 9) or
nortriptyline (n = 3) and 10 with paroxetine. The deci-
sion about which substance to administer was based on
clinical considerations.

None of the patients had been treated during the
preceding six months with the substance he/she was to
receive during the present study. Six of the 12 patients
to be treated with amitriptyline/nortriptyline were not
psychopharmacologically treated during the preceding
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six months. In the remaining six patients, psychotropic
medication included fluspirilene, maprotilene, moclobe-
mide, oxazepam, diazepam, and valproic acid and was
discontinued before the enrollment in the study except
for valproic acid, which was continued as mood stabi-
lizer in one patient. Four of the 10 patients to be treated
with paroxetine had not taken any psychotropic sub-
stances during the preceding 6 months. In the remain-
ing 6 patients psychotropic medication included halo-
peridol, chloral hydrate, lorazepam, carbamazepine
and fluoxetine and was discontinued before enrollment
in the study except for carbamazepine, which was contin-
ued as mood stabilizer in one patient. Of the 14 patients
meeting the diagnostic criteria for various other mental
disorders, eight had not been treated psychopharmaco-
logically during the preceding six months. The remaining
six patients had been given one of the following: diaz-
epam, lorazepam, bromazepam, flupenthixol, fluspir-
ilene, and trimipramine. Pharmacological treatment was
discontinued before enrollment in the study and the pa-
tients remained drug-free during the six-week study pe-
riod, and sometimes much longer, for purposes of clinical
observation and diagnostic and therapeutic reevaluation.
None of the 36 patients received additional psychotropic
medication during the six weeks of the study.

Experimental Procedure

After the initial evaluation, medication was started and
the dosage was adjusted according to clinical needs in
the 22 inpatients with depressive or dysthymic disorder;
the 14 inpatients with various other diagnoses were kept
drug-free. White blood cell counts and differential
counts were assessed weekly, tympanic temperature
with rectal reference was screened daily in the evening
(Genius™, 3000A; Sherwood Medical GmbH, Sulzbach,
Germany). Blood was drawn and the patients were
weighed between 0800 and 0900 hours before the initia-
tion of treatment and at the end of weeks 1, 2, 4, and 6.
Leukocyte, granulocyte, lymphocyte, and monocyte
counts were assessed with a Coulter counter (Counter
MAXM; Coulter Inc., Krefeld, Germany).

Blood for the determination of the cytokines and the
soluble cytokine receptors was stabilized with sodium
ethylenediaminetetraacetic acid (Img/ml) and aproti-
nin (300 kIU/ml), immediately centrifuged and plasma
was frozen to —20°C. Cytokines were measured with
commercial enzyme-linked immunosorbent assays
[TNF-a, sSTNFR-p55, sTNFR-p75 (Medgenix Diagnos-
tics, Brussels, Belgium); sIL-2r (Biermann Diagnostics,
Bad Nauheim, Germany)] or with a commercial radio-
immunoassay [leptin (Linco Research, Missouri, USA)].
For all assays the intra- and inter-assay coefficients
were below 7 and 9%, respectively. Detection limits
were 3 pg/ml for TNF-a, 50 pg/ml for sTNFR-p55, 100
pg/ml for sSTNFR-p75, 16 IU/ml for sIL-2r, and 0.5 ng/
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ml for leptin. The body mass index (BMI) was calcu-
lated as BMI = body weight [kg] / height [m]°.

Statistics

Multivariate analysis of variance (MANOVA) for re-
peated measures was performed separately for each of
the three treatment conditions to test for the effects of
time. When a significant effect of time was found tests
with simple contrasts were used to localize the time-
points differing significantly from baseline. Two-tailed
Pearson’s correlation coefficients were computed to in-
vestigate the relationship between the changes of BMI
and body weight on the one hand and those of sSTNFR-
P75 on the other hand from baseline to weeks 1 and 6.
Testing for baseline differences in age, body weight,
BMI, and plasma levels of leptin, TNF-a, sSTNFR-p55,
sTNFR-p75, and sIL-2r between the three treatment
groups was performed by MANOVA and post hoc com-
parisons were done by tests with contrasts. The categor-
ical variables were compared with the chi-square test.
Results are expressed and presented as means *
standard deviation (SD). The nominal level of signifi-
cance was set to a < 0.05 and corrected according to the
Bonferroni procedure for all post hoc comparisons.

RESULTS

Table 1 shows that the patients treated with amitrip-
tyline /nortriptyline were significantly older than those
treated with paroxetine and the drug-free patients. The
proportion of men and women and of smokers and
nonsmokers did not differ significantly between
groups. In both medicated patient groups, the dosage
of the drug increased significantly from week 1 to week
6 and reached a mean dose that is considered to be clin-
ically effective (see Tables 2 and 3).

MANOVA revealed a significant difference between
groups with respect to the baseline BMI (F[3,32] = 3.7, p <
.05). This global difference was due to a significantly higher
BMI in the amitriptyline/nortriptyline group (26.2 * 4.2
kg/m?) compared to the drug-free control group (22.6 *
2.6 kg/m?), whereas the baseline BMI in the paroxetine
treated patients was intermediate (23.7 * 4.1 kg/m?) and
did not differ significantly from any of the other two
groups. There were no significant differences between
groups at baseline with respect to body weight, and the
plasma levels of leptin, TNF-o, STNFR-p55, sSTNFR-p75,
and sIL-2r (data not shown).

When the longitudinal effect of the three treatment
conditions on the variables was tested, MANOVA re-
vealed no significant time effects in the patients treated
with paroxetine or in the unmedicated patients (Tables 3
and 4). In the patients treated with amitriptyline /nortrip-
tyline (Table 2), however, plasma levels of sSTNFR-p75
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Table 1. Demographic Data by Treatment

NEUROPSYCHOPHARMACOLOGY 2000—VOL. 23, NO. 1

Amitriptyline/
Nortriptyline (1) Paroxetine (2) No Medication (3)
n=12 n =10 n=14 Statistical Analysis

MANOVA (2,34)

Age [years] F=87 p = .001

Mean = SD 51 +13 37 £ 14 30 £10 Test with contrasts (t/p)

Range (20-66) (20-56) (19-56) 1vs.2 1vs. 3 2vs. 3

22/.04 24/.02 1.4/ns

Chi-square (X2, p)

Gender

Men/women 4/8 6/4 6/8 0.44 ns

Smoking habit

Smokers/nonsmokers 4/8 6/4 5/9 1.0 ns

were significantly higher at weeks 1, 2, 4, and 6 com-
pared to baseline, and plasma levels of STNFR-p55 and
TNF-a showed a tendency to increase over time. The in-
crease in BMI and body weight occurred at week 6; the
absolute and relative amounts of weight change at
week 6 compared to baseline varied between —1.8 kg
and +5.8 kg (mean * SD: 1.3 + 2.5 kg) and —2% and
+7% (2 * 4%), respectively. Plasma levels of leptin
were not significantly affected (Table 2). Correlational
analysis between the changes in the plasma levels of sT-
NFR-p75 from baseline to week 1 and week 6, and the
changes in weight and BMI in the respective time peri-
ods did not reveal any significant associations (data not
shown). In none of the three treatment conditions did
time have a significant effect on the plasma levels of
sIL-2r (Tables 2, 3, and 4), on blood cell counts or on
tympanic temperature (data not shown).

DISCUSSION

The present study is the first to assess the longitudinal
effects of drug-free inpatient treatment and treatment
with different antidepressants on both body weight and

the plasma levels of cytokines. We investigated the ef-
fects of amitriptyline and its major active metabolite
nortriptyline, which are known to induce weight gain
(Berken et al. 1984), and of paroxetine, which typically
does not affect body weight (Pijl and Meinders 1996).
We also included a group of unmedicated psychiatric
inpatients because it has not yet been clarified whether
or not inpatient treatment per se leads to changes in
body weight and plasma levels of cytokines. As the
atypical neuroleptics clozapine and olanzapine (Kraus
et al. 1999; Pollmécher et al. 1996) lead to weight gain
and induce leptin and the TNF-a-system, which are
known to be involved in weight regulation (for review
see Auwerx and Staels 1998; Argiles et al. 1997), we ex-
pected the tricyclic antidepressants to have similar ef-
fects, and we hypothesized that neither the selective se-
rotonin reuptake inhibitor paroxetine nor drug-free
inpatient treatment would affect these variables.
Indeed, we found that drug-free inpatient treatment
and treatment with paroxetine did not have any effect on
weight, BMI, or plasma levels of leptin, TNF-o, sSTNER-
P55, or sSTNFR-p75. However, the effects of the tricyclic an-
tidepressants observed are not completely in line with our
hypothesis. Although the patients treated with amitrip-

Table 2. Effects of Amitriptyline/Nortriptyline on Body Weight, BMI, and on Plasma Levels of Cytokines and Their

Soluble Receptors, n = 12

MANOVA

Baseline Week 1 Week 2 Week 4 Week 6 df F P
Dosage [mg/d] 00 92 =50 127 + 38* 134 + 38* 142 + 34* 333 53  .000
TNF-a [pg/ml] 12.0 £ 3.0 12.7 £ 3.8 12.8 £2.3 139 £29 14.5 £ 3.6 444 20 ns
STNFR-p55 [ng/ml] 1.73 = 043 1.76 * 0.49 1.86 = 0.46 1.88 + 0.55 1.94 = 0.66 444 20 ns
STNFR-p75 [ng/ml] 4.69 = 1.35 5.03 £ 1.21* 5.05 = 0.94* 5.32 £ 1.22* 554 +134* 444 56  .001
SIL-2r [U/ml] 298 * 149 282 + 101 297 * 119 320 £ 120 340 * 152 444 16 ns
Leptin [ng/ml] 17.0 = 13.8 14.6 =99 15.0 = 12.2 15.0 = 11.0 15.6 = 12.8 4,44 0.9 ns
BMI [kg/m?] 2622 =420 2631 +4.20 26.31 £ 4.22 26.50 * 4.08 2684 =211 444 40 .01
Body weight [kg] 75.0 = 11.5 753 = 11.6 753 =119 759 = 11.6 785+ 104* 444 47  .003

Post-hoc comparisons were done by tests with contrasts referring to baseline; *p < .05; means * SD.
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Table 3. Effects of Paroxetine on Body Weight, BMI, and on Plasma Levels of Cytokines and Their Soluble Receptors,

n =10
MANOVA

Baseline Week 1 Week 2 Week 4 Week 6 df F P
Dosage [mg/d] 00 17 x5 22 £ 11% 28 = 12% 35 = 11% 327 62  .001
TNF-a [pg/ml] 111+ 49 10.0 = 5.5 10.0 = 5.4 11.7 £ 39 11.8 £ 44 43 08 ns
STNFR-p55 [ng/ml] 1.56 = 0.25 1.59 = 0.20 155 +0.21 1.60 = 0.22 1.65 = 0.34 4,36 0.9 ns
STNFR-p75 [ng/ml] 4.40 = 0.94 4.60 = 1.16 4.43 +0.92 4.57 = 1.03 4.73 = 0.99 436 09 ns
SIL-2r [U/ml] 202 =103 203 = 82 198 £ 77 201 =94 208 * 102 43 01 ns
Leptin [ng/ml] 72*+59 57*42 6.3 *+5.1 6.6 =3.7 6.6 +3.2 4,36 0.7 ns
BMI [kg/m?] 23.68 * 4.05 23.68 * 4.06 23.72 = 3.97 2397 £3.77 24.01 =3.79 432 07 ns
Body weight [kg] 729 * 16.1 73.1 = 16.0 732 = 16.0 73.8 = 15.6 739 = 16.9 432 06 ns

Reported are means + SD.

tyline/nortripyline had a significant weight gain over
time, only the circulating levels of sSTNFR-p75 increased
significantly and the plasma levels of TNF-a and sTNFR-
P55 showed a tendency to increase. Unexpectedly, the tri-
cyclic antidepressants did not affect plasma levels of leptin.

Already at week 1 of treatment and persisting until
week 6, there were significant increases in the circulating
levels of sSTNFR-p75, which is the most sensitive parame-
ter of the TNF-a system in association with weight change
(Hauner et al. 1998). To our knowledge, the present study
is the first to investigate prospectively the temporal rela-
tionship between changes in weight and in circulating lev-
els of STNFR-p75. As the effects on STNFR-p75 preceded
the increase in the BMI, our data suggest that weight gain
might be a consequence of an induction of the TNF-a
system. Therefore, the ability of a psychoactive sub-
stance to induce the TNF-a system might be a predictor
for weight gain in the course of treatment. However, as
statistical analysis did not reveal any significant corre-
lations between the increases in weight and BMI and
the increases in sTNFR-p75 plasma levels such pro-
posed association might be more complex than a sim-
ply linear relationship.

As the patient groups investigated in this study were
not matched for body weight and BMI, and the patients
treated with amitriptyline or nortriptyline had higher
BMI values than the control patients at baseline, we can
not exclude that these baseline conditions might be at
least additional requirements for the tricyclic antide-
pressants to induce weight gain. To our knowledge, the
effect of pretreatment weight and BMI on any changes
induced by antidepressant medication has not yet been
investigated. However, for antipsychotic treatment it
has recently been shown that, if there is any relation-
ship between baseline weight and weight gain during
treatment, it is lower baseline weight that predisposes
to weight gain (Wetterling and Mussigbrodt 1999). To
summarize, it seems unlikely that the baseline BMI in
patients to be treated with the tricyclics that was higher
than the baseline BMI in the patients to remain unmedi-
cated and comparable to the baseline BMI in the pa-
tients to be treated with paroxetine plays a major role in
the weight gain and increase in STNFR-p75 plasma lev-
els we have seen during tricyclic antidepressant treat-
ment. However, further studies are needed to systemat-
ically address the issue of whether or not pretreatment

Table 4. Effects of Drug-Free Inpatient Treatment on Body Weight, BMI, and on Plasma Levels of Cytokines and Their

Soluble Receptors, n = 14

MANOVA

Baseline Week 1 Week 2 Week 4 Week 6 df F p
TNF-a [pg/ml] 141 £33 14.0 £ 39 139 £2.7 139 £ 41 14.6 £ 3.0 452 02 ns
STNFR-p55 [ng/ml] 1.56 + 0.33 1.56 * 0.36 1.56 = 0.34 1.58 + 0.34 1.57 = 0.33 452 01 ns
STNFR-p75 [ng/ml] 4.52 = 0.99 4.44 *0.93 4.54 = 0.96 448 +1.06 459 £1.13 452 02 ns
SIL-2r [U/ml] 224 £ 73 228 * 68 238 * 68 288 + 94 240 * 63 452 21 ns
Leptin [ng/ml] 8.6 6.5 84 * 6.6 80*5.6 73+ 44 7855 4,52 0.6 ns
BMI [kg/m?] 2257 =258  22.63 + 247 22.55 £ 2.44 22.51 £2.32 2248 =239 452 07 ns
Body weight [kg] 66.1 = 10.4 66.3 = 10.4 66.1 =10.3 66.0 = 10.2 65.9 = 10.1 452 04 ns

Reported are means * SD.
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conditions such as body weight, BMI, and the nutri-
tional status affect longitudinal effects of antidepres-
sant treatment.

The mechanisms underlying the phenomenon of in-
creased circulating levels of TNF-a, soluble TNF recep-
tors, and leptin in obesity are still unclear. However,
there are two main routes by which psychotropic drugs
such as amitriptyline and nortriptyline could interfere
with these systems. They could induce increased
plasma levels of sSTNFR-p75 directly by shedding this
receptor from cell surfaces. This would lead to a dys-
regulated TNF-a system as the starting point for dys-
regulated caloric intake and metabolism. Alternatively,
the increase in sSTNFR-p75 plasma levels could be part
of a cascade of reactions initiated by the drugs, and the
observed alteration of the TNF-a system would then be
the consequence of effects on the metabolic system.
Both options allow for additional involvement of cen-
tral and peripheral neurotransmitters such as serotonin,
adrenalin, noradrenalin, and histamine which were
shown to be linked with the TNF-a system (Chou et al.
1996; Clement et al. 1997; Kawashima et al. 1998; for re-
view see Miiller and Ackenheil 1998).

In the present study, we also investigated the plasma
levels of sIL-2r, body temperature, and blood cell counts
in the course of drug-free and antidepressant inpatient
treatment. It had been shown previously that the atypi-
cal neuroleptic clozapine affects all of these variables
(Pollmécher et al. 1995, 1996), and it had been postulated
that the diagnosis of depression might be associated with
increased circulating levels of sIL-2r (Maes et al. 1995b).
We found that amitriptyline, nortriptyline, paroxetine,
and drug-free inpatient treatment all had no significant
effect on any of these parameters. Thus, elevated plasma
levels of sIL-2r in patients with major depression are un-
likely to be caused by the antidepressants mentioned or
by inpatient treatment per se.

To summarize, the present study together with recent
data on clozapine (Pollmécher et al. 1996) demonstrate
that certain psychotropic drugs activate the TNF-a system
prior to significant weight gain, whereas other drugs such
as paroxetine and haloperidol (Kraus et al. 1999; Poll-
maécher et al. 1997) as well as drug-free inpatient treat-
ment do neither activate the TNF-a system nor induce
weight gain. Therefore, we suggest two major conclu-
sions: 1) weight gain induced by psychotropic agents is
not necessarily accompanied by an increase in circulat-
ing levels of leptin; and 2) activation of the TNF-a sys-
tem by psychotropic drugs may provide a major clue to
the mechanism underlying weight gain in the course of
psychotropic treatment. As the present study was not
randomized or blinded, nor controlled for pharmaco-
logical pretreatment, further controlled studies are
needed to substantiate the involvement of the TNF-a
system in weight regulation during treatment with psy-
chotropic drugs.
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