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A B S T R A C T

Background: The aim of this observational study was to investigate the relationship between metabolic

factors and use of selective serotonin reuptake inhibitors (SSRIs) combined with olanzapine, quetiapine

or risperidone.

Methods: Data from the Norwegian Thematically Organized Psychosis study, a cross-sectional study on

1301 patients with schizophrenia (n = 868) or bipolar disorder (n = 433), were analyzed. As exposure

variables in the linear regression model were included the dose or serum concentration of SSRIs (n = 280)

and of olanzapine (n = 398), quetiapine (n = 234) or risperidone (n = 128). The main outcome variables

were levels of total cholesterol, low and high density lipoprotein (LDL and HDL) cholesterol, triglycerides

and glucose.

Results: One defined daily dose (DDD) per day of an SSRI in addition to olanzapine was associated with an

increase in total cholesterol of 0.16 (CI 0.01 to 0.32) mmol/L (P = 0.042) and an increase in LDL-

cholesterol of 0.17 (CI 0.02 to 0.31) mmol/L (P = 0.022). An SSRI serum concentration in the middle of the

reference interval in addition to quetiapine was associated with an increase in total cholesterol of 0.39

(CI 0.10 to 0.68) mmol/L (P = 0.011) and an increase in LDL-cholesterol of 0.29 (0.02 to 0.56) mmol/L

(P = 0.037). There were no such effects when combined with risperidone.

Conclusions: The findings indicate only minor deteriorations of metabolic variables associated with

treatment with an SSRI in addition to olanzapine and quetiapine, and none when combined with

risperidone. These results suggest that SSRIs can be used in combination with antipsychotics, and that

the possible increase in cardiovascular risk is negligible.
�C 2017 Elsevier Masson SAS. All rights reserved.
1. Introduction

Schizophrenia and bipolar disorder are mental disorders with
serious implications for quality of life and overall health issues
[1–6]. Patients suffer from a considerable physical health burden,
with cardiovascular diseases as a main cause of early death
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[6–8]. Efficient treatment requires a series of measures, including
use of psychotropic drugs, of which some are associated
with metabolic adverse effects [9–11]. Concomitant drug
treatment is often required due to the complex array of
symptoms [12].

In schizophrenia, combining a selective serotonin reuptake
inhibitor (SSRI) with an antipsychotic has been linked to
improvement of negative symptoms beyond the effect exerted
by the antipsychotic agent in monotherapy [13]. Although SSRIs
are used to treat depressive and obsessive-compulsive symptoms
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in schizophrenia as well, the limited data available prevents any
definitive recommendations for their use in these cases [14].

In bipolar disorder, antidepressants are often administered for
acute depression [15], but is generally discouraged as monotherapy
due to the risk of switching to hypomania/mania, rapid cycling or
increased suicidal ideation [16,17]. Co-medication with mood
stabilizers or antipsychotic drugs is therefore recommended and
consistent with practice guidelines [18–20]. These disorders as well
as the use of antipsychotic drugs as such are linked to cardiovascular
diseases [6–9,11,21]. The metabolic implications of SSRI augmenta-
tion of antipsychotic treatment should also be considered.

A few previous studies have addressed the metabolic adverse
effects related to SSRIs and antipsychotics used in combination.
Olanzapine and fluoxetine are the most frequently studied
combination. A pooled analysis of data from five acute phase
studies of patients with treatment resistant depression showed a
significantly greater increase in total cholesterol when olanzapine
and fluoxetine were combined, as compared to olanzapine
monotherapy [22–26]. In contrast, in an 8-week double blind
randomized controlled trial in bipolar disorder, non-significant
increases in serum cholesterol, glucose and body weight were
found in the olanzapine plus fluoxetine group compared to
olanzapine alone [27]. Additionally, in a study of patients with
bipolar depression, no differences in lipid levels were found
between the olanzapine plus fluoxetine group and the olanzapine
monotherapy group [28]. Finally, in a study based on the World
Health Organization database for spontaneous reporting of adverse
drug reactions, SSRIs were found to be a significant risk factor for
glucose intolerance when administered in combination with
clozapine, olanzapine and risperidone [29].

As there has been little effort toward addressing the risk of
metabolic adverse effects when antipsychotics and SSRIs are used in
combination, the aim of the present study was to investigate the
metabolic effects of SSRIs in combination with antipsychotics in
patients with schizophrenia or bipolar disorder. In order to relate
the outcomes to the degree of exposure, the dose and the serum
concentrations of SSRIs and antipsychotics were used as exposure
variables.

2. Material and method

2.1. Subjects

The Thematically Organized Psychosis (TOP) Study at the
University of Oslo in Norway consists of a sample of patients with
schizophrenia spectrum and bipolar disorders recruited from the
in- and outpatient wards of the university hospitals in Oslo.
Inclusion criteria were meeting the DSM-IV criteria for schizo-
phrenia or bipolar disorder, age from 18 to 65 years and being
willing and able to give an informed consent of participation.
Demographic data and information of pharmacological treatment
were collected through interviews and medical records. Procedu-
res of data collection and diagnostic and symptom assessment of
the TOP study is thoroughly described elsewhere [30].

The Regional Committee for Medical and Health Research
Ethics, South East Norway and the Norwegian Data Protection
Agency approved the study. In total, 1301 patients were available
at the time of the data extraction. Demographic characteristics of
the patients are listed in Table 1 and are also described in further
detail in a previous publication [31].

2.2. Variables

2.2.1. Outcomes

The serum levels of total cholesterol was the primary outcome
variable, as it is considered one of the most important risk factors
oi.org/10.1016/j.eurpsy.2017.04.001 Published online by Cambridge University Press
for cardiovascular disease [32]. Low density lipoprotein cholesterol
(LDL-cholesterol), high density lipoprotein cholesterol (HDL-
cholesterol), triglycerides, glucose, body mass index (BMI) and
systolic and diastolic blood pressure were chosen as secondary
outcome variables.

Fasting serum concentrations of total cholesterol, LDL-choles-
terol, HDL-cholesterol, triglycerides and glucose were analyzed at
Department of Clinical Chemistry, Oslo University Hospital, using
an Integra 800 instrument (Roche Diagnostics, Basel, Switzerland)
according to standard methods. The height of each individual was
measured with standard methods, body weight (with light clothes)
was weighed on calibrated digital weights (Soehnle, Nassau,
Germany), and BMI (kg/m2) was thereafter calculated. A physician
measured resting blood pressure manually, using a sphygmoma-
nometer (Boso, Jungingen, Germany).

2.2.2. Exposure variables

To analyze comparable dosages of each drug, the daily dose for
each patient was expressed in relationship to the defined daily
dose (DDD) [33]. The following DDDs were applied: 10 mg for
olanzapine, 400 mg for quetiapine, 5 mg for oral risperidone,
2.7 mg for intramuscular depot risperidone, 10 mg for escitalo-
pram, 20 mg for citalopram, fluoxetine and paroxetine and 50 mg
for sertraline. Thus, a patient using e.g. a daily dose of 10 mg
citalopram was defined as using an SSRI dose 0.5 DDD per day.

Similarly, the measured serum concentration of each drug was
divided by the middle value of the drug’s reference interval [34],
hereinafter referred to as the ‘‘reference serum concentration’’, to
provide comparable concentration variables between different
drugs. The middle values (reference intervals in parentheses)
applied were 160 (65–255) nmol/L for olanzapine, 780 (260–1300)
nmol/L for quetiapine, 95 (50–140) nmol/L for risperidone plus the
active metabolite 9-hydroxyrisperidone, 142 (45–240) nmol/L for
escitalopram, 240 (150–330) nmol/L for citalopram, 260 (35–490)
nmol/L for sertraline, 1025 (400–1650) nmol/L for fluoxetine plus
the active metabolite norfluoxetine and 225 (90–360) nmol/L for
paroxetine [34]. The serum concentrations of all drugs were
analyzed at the Department of Clinical Pharmacology, St Olav
University Hospital by analytical methods described in detail
previously [35,36].

2.3. Statistical analyses

The missing serum concentrations (numbers missing in
parentheses) for the antipsychotics olanzapine (n = 68), quetiapine
(n = 39) and risperidone (n = 17) and the SSRIs escitalopram
(n = 39), citalopram (n = 8), sertraline (n = 6), fluoxetine (n = 6)
and paroxetine (n = 1), were imputed with single imputation. The
expectation maximization algorithm was applied separately for
each substance, using the DDD, age and gender as predictors. The
remaining missing values were imputed by multiple imputation.
Seventy-seven variables were imputed, and we imputed 100 data
sets as recommended by van Buuren [37]. The imputed data set
included every variable used in the analyses as well as a group of
variables thought to be supplementary predictors (numbers
missing in parenthesis): height (n = 96), body weight (n = 104),
heart rate (n = 149), Calgary Depression Scale for Schizophrenia
score (CDSS) (n = 402) and use of snuff (n = 61). The variables used
in the imputation were not transformed, as advocated by Rodwell
et al. [38].

Linear regression was performed with total cholesterol, LDL-
cholesterol, HDL-cholesterol, triglycerides, glucose, BMI and
systolic and diastolic blood pressure as dependent variables, one
at a time. Covariates were the antipsychotic drug (olanzapine,
quetiapine, or risperidone), the SSRI and their interaction.
Exposure was expressed as daily doses or serum concentrations
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Table 1
Use of selective serotonin reuptake inhibitors (SSRIs) related to demographic variables, diagnosis, symptoms and use of concomitant medication among 1301 patients included

in the study based on complete cases. According to the type of variable, data are presented either as means with standard deviations in parenthesis or as numbers with

percentages in parentheses.

Numbers of missing Use of SSRI

Yes

280 (21.5%)

No

1021 (78.5%)

Age (years) Male (mean 31.0 (10.0) years)

Female (mean 32.6 (11.2) years)

Total (mean 31.7(10.6) years)

0

0

0

30.8 (9.7)

32.0 (1.5)

31.4 (10.7)

31.0 (10.0)

32.9 (11.1)

31.8 (10.6)

Gender Male (n = 697, 53.6%)

Female (n = 604, 46.4%)

0

0

130 (18.7%)

150 (24.8%)

567 (81.7%)

454 (75.2%)

Diagnosis Bipolar disorder (n = 433, 33.3%)

(mean age 30.5 (9.7) years)

Schizophrenia (n = 868, 66.7%)

(mean age 34.2 (11.9) years)

0

0

111 (25.6%)

169 (19.5%)

322 (74.4%)

699 (80.5%)

Symptoms IDSa>11 (n = 569, 43.7%)

IDSa�11 (n = 732, 56.3%)

Previously depressed (n = 785, 65.6%)

YMRSb>8 (n = 89, 0.1%)

PANSSc score (mean 57.6, SD 16.9)

398h

104

223

28

154 (27.1%)

126 (17.2%)

211 (26.9%)

13 (14.6%)

59.2 (16.6)

415 (72.9%)

606 (82.8%)

574 (73.1%)

76 (85.4%)

57.2 (16.9)

Life-style factors Married/cohabitating/partnership

(n = 292, 22.4%)

Smoking daily (n = 606, 46.6%)

Exercise, hrs/week (mean 3.4 (3.7) hrs)

Number of alcohol units last 2 weeksd

(mean 7.6 (17.8))

6

59

232

69

66 (22.6%)

134 (22.1%)

2.9 (3.3)

8.0 (21.4)

225 (77.4%)

472 (77.9%)

3.5 (3.8)

7.5 (16.6)

Other medications Olanzapine (n = 398, 30.6%)

Risperidone (n = 128, 9.8%)

Quetiapine (n = 234, 18.0%)

Clozapine (n = 32, 2.5%)

First generation high potency

antipsychotics (n = 80, 6.2%)e

First generation low potency

antipsychotics (n = 80, 62%)f

Lithium (n = 87, 6.7%)

Weight-increasing mood stabilizers

(n = 95, 7.3%)g

0

0

0

0

0

0

0

0

76 (19.1%)

27 (21.1%)

64 (27.4%)

9 (28.1%)

15 (18.8%)

25 (31.3%)

23 (26.4%)

20 (21.1%)

322 (80.9%)

101 (78.9%)

170 (72.7%)

23 (71.9%)

65 (81.3%)

55 (68.8%)

64 (73.6%)

75 (79.0%)

Metabolic variables Total cholesterol (mean 5.12 (1.08) mmol/L)

LDL-cholesterol (mean 3.16 (0.96) mmol/L)

HDL-cholesterol (mean 1.36 (0.42) mmol/L)

Triglycerides (mean 1.47 (1.06) mmol/L)

Glucose (mean 5.15 (1.13) mmol/L)

BMI (mean 26.2 (5.0) kg/m2)

Systolic BP (mean 121.0 (15.4) mmHg)

Diastolic BP (mean 77.6 (10.6) mmHg)

165

219

165

168

16

106

99

103

5.29 (1.14) mmol/L

3.10 (1.05) mmol/L

1.33 (0.43) mmol/L

1.60 (1.15) mmol/L

5.13 (1.13) mmol/L

26.6 (5.2) kg/m2

120.1 (14.4) mmHg

77.4 (10.2) mmHg

5.09 (1.06) mmol/L

3.13 (0.93) mmol/L

1.37 (0.42) mmol/L

1.43 (1.03) mmol/L

5.16 (1.13) mmol/L

26.1 (15.6) kg/m2

121.3 (15.6) mmHg

77.7 (10.72) mmHg

LDL-cholesterol: low density lipoprotein cholesterol; HDL-cholesterol: high density lipoprotein cholesterol; BMI: body mass index; BP: blood pressure.
a IDS: Inventory of Depression Symptomatology.
b YMRS: Young Mania Rating Scale.
c PANSS: Positive and Negative Symptom Scale.
d One alcohol unit equals 15 ml of 40% alcohol or 12.8 g alcohol.
e First generation high potency antipsychotics: perphenazine, haloperidol, flupenthixol and zuclopenthixol.
f First generation low potency antipsychotics: levomepromazine, chlorpromazine and chlorprothixene.
g Weight inducing mood stabilizers: valproate and gabapentin.
h Numbers of missing for IDS in total.
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separately. Normality of residuals was assessed by visual inspec-
tion of Q-Q plots. The assumption of normality was violated in the
case of triglycerides and glucose.

Results are presented unadjusted and with adjustment for of all
potential confounding factors (numbers missing in parentheses):
age (n = 0), gender (n = 0) marriage/cohabitation/partnership
(n = 6), diagnosis (n = 0), previous episodes of depression
(n = 104) [39,40], current depression represented by an Inventory
of Depression Symptomatology (IDS) score above 11 (n = 398)
[41,42], current elevated mood represented by a Young Mania
Rating Scale (YMRS) score above 8 (n = 223) [43], current Positive
and Negative Symptom Scale (PANSS) score (n = 28), hours of
exercise per week (n = 232), intake of alcohol during the last two
rg/10.1016/j.eurpsy.2017.04.001 Published online by Cambridge University Press
weeks (n = 69) and daily smoking (n = 59). The adjusted analyses
also included adjustment for olanzapine, quetiapine or risperidone
(those two that were not the exposure variable) and their
interaction with SSRI, and in addition clozapine, first generation
high potency antipsychotics (perphenazine, haloperidol, flupenti-
xol, zuclopenthixol), first generation low potency antipsychotics
(levomepromazine, chlorpromazine, chlorprothixene), lithium,
and weight-inducing mood stabilizers (valproic acid and gaba-
pentin) [44,45].

Two-sided P-values <0.05 were considered statistically signifi-
cant, and 95% confidence intervals (CI) are reported where
relevant. Analyses were performed using SPSS version 22 (IBM,
Chicago, IL).

https://doi.org/10.1016/j.eurpsy.2017.04.001
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3. Results

3.1. Participants characteristics

Of the 1301 patients included in the study, a total of 280 (21.5%)
(169 with schizophrenia and 111 with bipolar disorder) used an
SSRI. The SSRIs used were escitalopram (n = 154), citalopram
(n = 51), sertraline (n = 40), fluoxetine (n = 25), paroxetine (n = 8),
escitalopram and citalopram (n = 1) and escitalopram and sertra-
line (n = 1). The specific indications for SSRI treatment were not
stated. The proportion of SSRI users among patients treated with
olanzapine, quetiapine and risperidone was 76/398 (19.1%), 64/
238 (27.4%) and 27/128 (21.1%), respectively. Further details of the
patient population are presented in Table 1.

3.2. Regression analyses

The association of olanzapine, quetiapine and risperidone
monotherapy as well as the association of SSRI co-medication[(Fig._1)TD$FIG]
Fig. 1. Effects on serum total cholesterol, LDL-cholesterol, HDL-cholesterol and triglyceri

(SSRIs) to olanzapine, quetiapine and risperidone in patients with bipolar disorder or sch

LDL: low density lipoprotein.

oi.org/10.1016/j.eurpsy.2017.04.001 Published online by Cambridge University Press
with the metabolic variables and blood pressure, are displayed in
Figs. 1 and 2. Unadjusted and adjusted results for the effect on total
cholesterol and LDL-cholesterol levels are presented in Tables
2 and 3.

SSRI at a dose of 1 DDD/day in combination with olanzapine
was associated with an increase of total cholesterol with
0.16 mmol/L (CI 0.01 to 0.32 mmol/L) after adjustment for all
potential confounders. As olanzapine itself was associated with an
increase of the cholesterol level with 0.11 mmol/L, the estimated
combined effect of both olanzapine and an SSRI would be
0.27 mmol/L. There was also an association between SSRI co-
medication with quetiapine and total cholesterol, where an SSRI
reference serum concentration was associated with an increase of
0.39 mmol/L (CI 0.10 to 0.68 mmol/L) in total cholesterol. No
significant association with total cholesterol was seen for an SSRI
combined with risperidone (Fig. 1, Table 2).

For LDL-cholesterol, SSRI at a dose of 1 DDD/day combined with
olanzapine was associated with an increase in LDL-cholesterol of
0.17 mmol/L (CI 0.02 to 0.31 mmol/L), with an estimated total
de concentrations of add-on treatment with selective serotonin reuptake inhibitors

izophrenia. *P � 0.05; **P � 0.01; n/s not significant. HDL: high density lipoprotein;

https://doi.org/10.1016/j.eurpsy.2017.04.001


[(Fig._2)TD$FIG]

Fig. 2. Effects on serum glucose concentration, body mass index and systolic and diastolic blood pressure of add-on treatment with selective serotonin reuptake inhibitors

(SSRIs) to olanzapine, quetiapine and risperidone in patients with bipolar disorder or schizophrenia. *P � 0.05; **P � 0.01; n/s not significant.

K.K. Fjukstad et al. / European Psychiatry 48 (2018) 71–78 75

https://doi.o
effect of both olanzapine (at a dose of 10 mg/d) and an SSRI of
0.27 mmol/L after adjustment for all potential confounders. When
combining an SSRI and quetiapine, there was an association
between a reference serum concentration of the SSRI and an
increase of the serum level of LDL-cholesterol with a mean of
0.29 mmol/L (CI 0.02 to 0.56 mmol/L). No significant association
with LDL-cholesterol was seen for SSRI in combination with
risperidone (Fig. 1, Table 3).

For HDL-cholesterol and triglyceride levels, no significant
additional effects were seen for SSRI co-medication after adjust-
ment for all potential confounders (Fig. 1, Suppl. Tables A and B).
SSRI at a dose of 1 DDD/day was associated with an increase in the
glucose concentration of 0.25 mmol/L (CI 0.09 to 0.41 mmol/L)
when combined with olanzapine, but with a decrease in the
glucose concentration with a mean of 0.32 mmol/L (CI 0.02 to
rg/10.1016/j.eurpsy.2017.04.001 Published online by Cambridge University Press
0.62 mmol/L) when combined with risperidone (Fig. 2, Suppl. Table C).
SSRI co-therapy had no significant effects on BMI, systolic blood
pressure or diastolic blood pressure (Fig. 2, Suppl. Tables D–F).

4. Discussion

In this naturalistic study of patients with schizophrenia or
bipolar disorder we found statistically significant associations
between SSRI and metabolic risk factors when combined with the
antipsychotics olanzapine, quetiapine and risperidone. The asso-
ciations were most prominent for total cholesterol and LDL-
cholesterol when an SSRI was combined with olanzapine and
quetiapine. There was also an increase in the glucose levels when
combining an SSRI to olanzapine. The effects of using olanzapine,
quetiapine and risperidone alone were generally the same as in

https://doi.org/10.1016/j.eurpsy.2017.04.001


Table 2
Effects on total serum cholesterol concentration (in mmol/L) of the antipsychotics olanzapine, quetiapine or risperidone alone, and effect of add-on treatment with selective

serotonin reuptake inhibitors (SSRIs), in 1301 patients with bipolar disorder or schizophrenia. Linear regression analyses were performed with the antipsychotic, the SSRI, and

their interaction as covariates. Regression coefficient B for the antipsychotic alone and for the additional effect of the SSRI for a person who uses the antipsychotic, 95%

confidence intervals (CI) and P-values are shown. Statistically significant values are displayed in bold.

Defined daily dosage of druga Serum concentration of drugb

Unadjusted values Adjusted valuesc Unadjusted values Adjusted valuesc

B CI P-value B CI P-value B CI P-value B CI P-value

Olanzapine 0.11 0.02 to 0.21 0.023 0.11 0.01 to 0.21 0.036 0.33 0.13 to 0.54 0.002 0.32 0.11 to 0.53 0.003
SSRI add-ond 0.14 �0.01 to 0.29 0.075 0.16 0.01 to 0.32 0.042 0.43 �0.36 to 1.22 0.290 0.57 �0.54 to 1.68 0.315

Quetiapine �0.02 �0.14 to 0.19 0.740 0.04 �0.08 to 0.16 0.524 �0.02 �0.25 to 0.20 0.852 0.05 �0.17 to 0.26 0.686

SSRI add-ond 0.10 �0.03 to 0.24 0.140 0.09 �0.04 to 0.23 0.178 0.39 0.10 to 0.69 0.010 0.39 0.10 to 0.68 0.011
Risperidone 0.21 �0.06 to 0.48 0.123 0.19 �0.07 to 0.46 0.150 0.29 �0.02 to 0.61 0.067 0.25 �0.06 to 0.55 0.108

SSRI add-ond �0.16 �0.46 to 0.15 0.313 �0.11 �0.41 to 0.18 0.453 0.25 �0.07 to 0.56 0.125 0.18 �0.55 to 0.91 0.634

a The calculated effect is that represented by a daily dose of 10 mg olanzapine, 400 mg quetiapine, 5 mg risperidone or 2.7 mg risperidone for intramuscular depot injection,

10 mg escitalopram, 20 mg citalopram, 20 mg fluoxetine, 20 mg paroxetine or 50 mg sertraline.
b The calculated effect is that represented by a serum drug concentration in the middle of the reference interval for each drug. For details, see Section 2.
c Adjusted for all potential confounders. For details, see Section 2.
d Effect of adding an SSRI to the antipsychotic drug specified in the line above. The effect shown is the combined effect of the SSRI itself and the interaction between the SSRI

and the specific antipsychotic drug.

Table 3
Effects on LDL cholesterol concentration (in mmol/L) of the antipsychotics olanzapine, quetiapine or risperidone alone, and effect of add-on treatment with selective

serotonin reuptake inhibitors (SSRIs), in 1301 patients with bipolar disorder or schizophrenia. Linear regression analyses were performed with the antipsychotic, the SSRI, and

their interaction as covariates. Regression coefficient B for the antipsychotic alone and for the additional effect of the SSRI for a person who uses the antipsychotic, 95%

confidence intervals (CI) and P-values are shown. Statistically significant values are displayed in bold.

Defined daily dosage of druga Serum concentration of drugb

Unadjusted values Adjusted valuesc Unadjusted values Adjusted valuesc

B CI P-value B CI P-value B CI P-value B CI P-value

Olanzapine 0.12 0.03 to 0.21 0.007 0.10 0.01 to 0.18 0.036 0.29 0.10 to 0.47 0.002 0.26 0.07 to 0.45 0.007
SSRI add-ond 0.13 �0.01 to 0.27 0.059 0.17 0.02 to 0.31 0.022 0.58 �0.12 to 1.28 0.105 0.81 �0.18 to 1.79 0.108

Quetiapine �0.02 �0.13 to 0.09 0.698 0.03 �0.07 to 0.14 0.562 �0.06 �0.26 to 0.14 0.582 0.03 �0.16 to 0.22 0.748

SSRI add-ond 0.10 �0.02 to 0.23 0.098 0.11 �0.02 to 0.23 0.086 0.23 �0.04 to 0.50 0.095 0.29 0.02 to 0.56 0.037
Risperidone 0.29 0.04 to 0.53 0.023 0.23 �0.02 to 0.47 0.067 0.36 0.08 to 0.65 0.012 0.32 0.04 to 0.59 0.026
SSRI add-ond �0.24 �0.52 to 0.04 0.086 �0.20 �0.47 to 0.07 0.147 �0.58 �1.28 to 0.11 0.100 �0.58 �1.25 to 0.09 0.090

LDL-cholesterol: low density lipoprotein-cholesterol.
a The calculated effect is that represented by a serum drug concentration in the middle of the reference interval for each drug. For details, see Section 2.
b The calculated effect is that represented by a daily dose of 10 mg olanzapine, 400 mg quetiapine, 5 mg risperidone or 2.7 mg for risperidone intramuscular depot injection,

10 mg escitalopram, 20 mg citalopram, 20 mg fluoxetine, 20 mg paroxetine or 50 mg sertraline.
c Adjusted for all potential confounders. For details, see Section 2.
d Effect of adding an SSRI to the antipsychotic drug specified in the line above. The effect shown is the combined effect of the SSRI itself and the interaction between the SSRI

and the specific antipsychotic drug.
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several previous studies using randomized designs, as reported in
systematic reviews and meta-analyses [9,46,47]. We nevertheless
included the effect of antipsychotics alone to study the SSRI effects
in perspective.

Our SSRI results are to some extent consistent with previous
findings in studies investigating the metabolic effects of combining
SSRIs and antipsychotics [22–29]. The main finding in the present
study, that SSRI in combination with olanzapine is associated with
a further increase in the total cholesterol level, is in line with
the results in the largest previous study, the pooled analysis by
Trivedi et al. [22]. They found an increase in total cholesterol of
0.32 mmol/L when combining fluoxetine and olanzapine, in
addition to increases of 0.06 mmol/L with fluoxetine monotherapy
and 0.08 mmol/L with olanzapine monotherapy. In the present
study the estimated combined effect was 0.27 mmol/L and the
olanzapine monotherapy effect was 0.11 mmol/L.

The effect of SSRI on LDL-cholesterol when used in combination
with antipsychotics has only been investigated in one previous
study [28]. In contrast to our results, this study found no significant
difference between olanzapine only and the combination olanza-
pine plus fluoxetine. This discrepancy could both be due to
methodological differences between the randomized controlled
study and this cross sectional study, and be caused by the fact that
oi.org/10.1016/j.eurpsy.2017.04.001 Published online by Cambridge University Press
fluoxetine has been suggested to be the SSRI with the lowest
potential for unfavorable effects on cardiovascular risk factors
[48]. The lack of influence on triglyceride levels by adding an SSRI
to an antipsychotic in the present study is consistent with previous
findings [23,28].

There is conflicting previous evidence with regards to the effect
of combining an SSRI with an antipsychotic on the glucose levels. In
three previous studies comparing olanzapine only and olanzapine
plus fluoxetine, the glucose levels did not differ significantly,
although the increases were numerically larger in the combination
group [23,26,27]. The WHO database study identified SSRI as a risk
factor for glucose intolerance when administered in combination
with clozapine, olanzapine or risperidone [29]. We found a
statistically significant positive association between SSRI combi-
nation with olanzapine and the glucose levels. There was no
association with SSRI in combination with quetiapine, and a
significant negative association on glucose levels was revealed
when combining an SSRI with risperidone. These differential
effects can hardly be explained by underlying pharmacological
mechanisms, and should most likely be considered as coincidental.

The underlying mechanisms for the aforementioned effects are
unknown. A possible mode of action thorough the 5-HT2C receptor
could be postulated, as 5-HT2C antagonism is associated with

https://doi.org/10.1016/j.eurpsy.2017.04.001
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weight gain [49]. The role of 5-HT2C receptor polymorphisms in
body weight gain has been widely studied for antipsychotics [50],
but not for the SSRIs. Of the SSRIs, fluoxetine is the only one
exerting 5-HT2C receptor antagonistic properties [51], whereas the
other SSRIs, if anything, possibly might stimulate the 5-HT2C

receptor via increased synaptic levels of serotonin. Fluoxetine is
however associated with more favorable metabolic outcomes than
the other SSRIs [48]. In our study fluoxetine is very infrequently
used, and we consider the influence of the fluoxetine subgroup on
the total SSRI effect to be negligible. In animal studies, SSRIs have
been shown to affect the hunger hormone ghrelin, but the clinical
consequence of these findings remains obscure [52].

Risperidone was associated with a decreased diastolic blood
pressure. This observed effect is expected as risperidone exerts a
potent antagonistic effect on a1-adrenergic receptors, leading to
vasodilatation [53–55]. The fact that we were able to reveal this
well-known adverse effect in the present material lends credibility
to the design and the statistical method applied.

It is of interest to compare the results of the present study with
previous findings from our group on the metabolic effects of SSRIs
alone [31]. There, we used a model investigating the isolated
effects of SSRI on cardiovascular risk factors, eliminating poten-
tially confounding factors such as any concomitant drug treatment.
There were significant associations between dosages and serum
concentrations of SSRI and total cholesterol and LDL-cholesterol
levels, and between SSRI serum concentrations and triglyceride
levels [31]. The effect sizes of SSRI serum concentrations in that
study were somewhat larger than in the present study, such as
an increase of 0.38 mmol/L for total cholesterol, 0.22 mmol/L for
LDL-cholesterol, and 0.52 mmol/L for triglycerides. The effects of
SSRI use in combination with antipsychotics in the present study
were generally smaller, although we consider these numerical
differences being of minor clinical significance.

The present study has some weaknesses that should be
addressed. Firstly, the naturalistic and cross-sectional design
means that causality cannot be proven and that differences in the
metabolic variables compared to pretreatment values were not
available. Residual confounding effects caused by e.g. other
medical conditions, co-administration of non-psychotropic medi-
cations and diet cannot be excluded, even though numerous
confounding factors are included in the analyses. Specifically, there
was no satisfactory information available on concomitant drug
treatment for metabolic and cardiovascular conditions (e.g. use of
lipid-lowering, antidiabetic and antihypertensive drugs).

Individuals with the most unfavorable pretreatment metabolic
profiles might have been selected for other drug treatment
regiments, diets and exercise interventions and in addition not
be treated with antipsychotics known to affect the metabolic
factors most prominently. This preceding factor could underesti-
mate any difference in the affection of these variables between the
antipsychotic drugs.

Finally, as a large number of statistical tests were carried out,
there is a risk of false positive associations. Thus, the present
findings need to be replicated in independent studies. However,
principally all statistically significant results were biologically
plausible and in most cases there was congruence between the
positive findings.

The present study also has some strengths. First, the risk has been
quantified based upon doses and serum concentrations of both the
antipsychotics and the SSRIs, instead of applying the conventional
dichotomous yes/no exposure variable. The serum concentration
would even more closely than the dose be expected to reflect a
drug’s pharmacological effect at the site of action in the body, as it
bypasses both the issues of non-adherence and of interindividual
differences in drug disposition. Second, the large number of patients
included (n = 1301) along with detailed information available for
rg/10.1016/j.eurpsy.2017.04.001 Published online by Cambridge University Press
each subject allowed us to adjust for a wide range of potential
confounding factors. However, although the total number of
subjects is high, the number of patients using the specific drug
combinations is considerably smaller. This implies that there could
be a risk of type II errors, particularly for the risperidone results.

The SSRI associations with total cholesterol, LDL-cholesterol
and glucose were, although statistically significant, numerically
small. Moreover, in some cases the association was present only
when SSRI exposure was expressed in terms of daily dose; in other
cases, it was present when the exposure was expressed as the
serum concentration of the drug. Taken into account that the
results from previously published studies [22–29] are inconsistent
as well, it seems reasonable to conclude that the additional effect
by SSRI co-treatment with antipsychotics on cardiovascular risk
factors is small. Specifically, if we consider that an SSRI used in
combination with olanzapine or quetiapine, increases LDL-
cholesterol by 0.15–0.30 nmol/l and hypothesize that this causes
a corresponding effect (although in the opposite direction) than
taking a statin [56], the relative risk increase of a major
cardiovascular event could be estimated to a mere 5–10% (i.e.
Fig. 2A in Ref. [56]). We consider such an increase in cardiovascular
risk as being negligible. The importance of monitoring cholesterol,
triglyceride and glucose levels as well as body weight in patients
using second generation antipsychotics is well documented
[46]. This study suggests that a combination of an SSRI and such
antipsychotics in a clinical setting most likely does not lead to a
further deterioration of metabolic variables to a clinically
significant degree. However, thorough metabolic monitoring
should be performed when these medications are used in
combination, as for antipsychotics used alone.
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et al. Excess mortality, causes of death and life expectancy in 270,770 patients
with recent onset of mental disorders in Denmark, Finland and Sweden. PLoS
ONE 2013;8(1):e55176.

[4] Hayes JF, Miles J, Walters K, King M, Osborn DP. A systematic review and meta-
analysis of premature mortality in bipolar affective disorder. Acta Psychiatr
Scand 2015;131(6):417–25.

http://dx.doi.org/10.1016/j.eurpsy.2017.04.001
http://refhub.elsevier.com/S0924-9338(17)32808-0/sbref0285
http://refhub.elsevier.com/S0924-9338(17)32808-0/sbref0285
http://refhub.elsevier.com/S0924-9338(17)32808-0/sbref0285
http://refhub.elsevier.com/S0924-9338(17)32808-0/sbref0290
http://refhub.elsevier.com/S0924-9338(17)32808-0/sbref0290
http://refhub.elsevier.com/S0924-9338(17)32808-0/sbref0290
http://refhub.elsevier.com/S0924-9338(17)32808-0/sbref0295
http://refhub.elsevier.com/S0924-9338(17)32808-0/sbref0295
http://refhub.elsevier.com/S0924-9338(17)32808-0/sbref0295
http://refhub.elsevier.com/S0924-9338(17)32808-0/sbref0295
http://refhub.elsevier.com/S0924-9338(17)32808-0/sbref0300
http://refhub.elsevier.com/S0924-9338(17)32808-0/sbref0300
http://refhub.elsevier.com/S0924-9338(17)32808-0/sbref0300
https://doi.org/10.1016/j.eurpsy.2017.04.001


K.K. Fjukstad et al. / European Psychiatry 48 (2018) 71–7878

https://d
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