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16
17 1. Introduction

18 Schizophrenia and bipolar disorder are mental disorders with
19 serious implications for quality of life and overall health issues [1–
20 6]. Patients suffer from a considerable physical health burden,
21 with cardiovascular diseases as a main cause of early death

22[6–8]. Efficient treatment requires a series of measures, including
23use of psychotropic drugs, of which some are associated
24with metabolic adverse effects [9–11]. Concomitant drug
25treatment is often required due to the complex array of
26symptoms [12].
27In schizophrenia, combining a selective serotonin reuptake
28inhibitor (SSRI) with an antipsychotic has been linked to
29improvement of negative symptoms beyond the effect exerted
30by the antipsychotic agent in monotherapy [13]. Although SSRIs
31are used to treat depressive and obsessive-compulsive symptoms
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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.
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32 in schizophrenia as well, the limited data available prevents any
33 definitive recommendations for their use in these cases [14].
34 In bipolar disorder, antidepressants are often administered for
35 acute depression [15], but is generally discouraged as monotherapy
36 due to the risk of switching to hypomania/mania, rapid cycling or
37 increased suicidal ideation [16,17]. Co-medication with mood
38 stabilizers or antipsychotic drugs is therefore recommended and
39 consistent with practice guidelines [18–20]. These disorders as well
40 as the use of antipsychotic drugs as such are linked to cardiovascular
41 diseases [6–9,11,21]. The metabolic implications of SSRI augmenta-
42 tion of antipsychotic treatment should also be considered.
43 A few previous studies have addressed the metabolic adverse
44 effects related to SSRIs and antipsychotics used in combination.
45 Olanzapine and fluoxetine are the most frequently studied
46 combination. A pooled analysis of data from five acute phase
47 studies of patients with treatment resistant depression showed a
48 significantly greater increase in total cholesterol when olanzapine
49 and fluoxetine were combined, as compared to olanzapine
50 monotherapy [22–26]. In contrast, in an 8-week double blind
51 randomized controlled trial in bipolar disorder, non-significant
52 increases in serum cholesterol, glucose and body weight were
53 found in the olanzapine plus fluoxetine group compared to
54 olanzapine alone [27]. Additionally, in a study of patients with
55 bipolar depression, no differences in lipid levels were found
56 between the olanzapine plus fluoxetine group and the olanzapine
57 monotherapy group [28]. Finally, in a study based on the World
58 Health Organization database for spontaneous reporting of adverse
59 drug reactions, SSRIs were found to be a significant risk factor for
60 glucose intolerance when administered in combination with
61 clozapine, olanzapine and risperidone [29].
62 As there has been little effort toward addressing the risk of
63 metabolic adverse effects when antipsychotics and SSRIs are used in
64 combination, the aim of the present study was to investigate the
65 metabolic effects of SSRIs in combination with antipsychotics in
66 patients with schizophrenia or bipolar disorder. In order to relate
67 the outcomes to the degree of exposure, the dose and the serum
68 concentrations of SSRIs and antipsychotics were used as exposure
69 variables.

70 2. Material and method

71 2.1. Subjects

72 The Thematically Organized Psychosis (TOP) Study at the
73 University of Oslo in Norway consists of a sample of patients with
74 schizophrenia spectrum and bipolar disorders recruited from the
75 in- and outpatient wards of the university hospitals in Oslo.
76 Inclusion criteria were meeting the DSM-IV criteria for schizo-
77 phrenia or bipolar disorder, age from 18 to 65 years and being
78 willing and able to give an informed consent of participation.
79 Demographic data and information of pharmacological treatment
80 were collected through interviews and medical records. Procedu-
81 res of data collection and diagnostic and symptom assessment of
82 the TOP study is thoroughly described elsewhere [30].
83 The Regional Committee for Medical and Health Research
84 Ethics, South East Norway and the Norwegian Data Protection
85 Agency approved the study. In total, 1301 patients were available
86 at the time of the data extraction. Demographic characteristics of
87 the patients are listed in Table 1 and are also described in further
88 detail in a previous publication [31].

89 2.2. Variables

90 2.2.1. Outcomes

91 The serum levels of total cholesterol was the primary outcome
92 variable, as it is considered one of the most important risk factors

93for cardiovascular disease [32]. Low density lipoprotein cholesterol
94(LDL-cholesterol), high density lipoprotein cholesterol (HDL-
95cholesterol), triglycerides, glucose, body mass index (BMI) and
96systolic and diastolic blood pressure were chosen as secondary
97outcome variables.
98Fasting serum concentrations of total cholesterol, LDL-choles-
99terol, HDL-cholesterol, triglycerides and glucose were analyzed at
100Department of Clinical Chemistry, Oslo University Hospital, using
101an Integra 800 instrument (Roche Diagnostics, Basel, Switzerland)
102according to standard methods. The height of each individual was
103measured with standard methods, body weight (with light clothes)
104was weighed on calibrated digital weights (Soehnle, Nassau,
105Germany), and BMI (kg/m2) was thereafter calculated. A physician
106measured resting blood pressure manually, using a sphygmoma-
107nometer (Boso, Jungingen, Germany).

1082.2.2. Exposure variables

109To analyze comparable dosages of each drug, the daily dose for
110each patient was expressed in relationship to the defined daily
111dose (DDD) [33]. The following DDDs were applied: 10 mg for
112olanzapine, 400 mg for quetiapine, 5 mg for oral risperidone,
1132.7 mg for intramuscular depot risperidone, 10 mg for escitalo-
114pram, 20 mg for citalopram, fluoxetine and paroxetine and 50 mg
115for sertraline. Thus, a patient using e.g. a daily dose of 10 mg
116citalopram was defined as using an SSRI dose 0.5 DDD per day.
117Similarly, the measured serum concentration of each drug was
118divided by the middle value of the drug’s reference interval [34],
119hereinafter referred to as the ‘‘reference serum concentration’’, to
120provide comparable concentration variables between different
121drugs. The middle values (reference intervals in parentheses)
122applied were 160 (65–255) nmol/L for olanzapine, 780 (260–1300)
123nmol/L for quetiapine, 95 (50–140) nmol/L for risperidone plus the
124active metabolite 9-hydroxyrisperidone, 142 (45–240) nmol/L for
125escitalopram, 240 (150–330) nmol/L for citalopram, 260 (35–490)
126nmol/L for sertraline, 1025 (400–1650) nmol/L for fluoxetine plus
127the active metabolite norfluoxetine and 225 (90–360) nmol/L for
128paroxetine [34]. The serum concentrations of all drugs were
129analyzed at the Department of Clinical Pharmacology, St Olav
130University Hospital by analytical methods described in detail
131previously [35,36].

1322.3. Statistical analyses

133The missing serum concentrations (numbers missing in
134parentheses) for the antipsychotics olanzapine (n = 68), quetiapine
135(n = 39) and risperidone (n = 17) and the SSRIs escitalopram
136(n = 39), citalopram (n = 8), sertraline (n = 6), fluoxetine (n = 6)
137and paroxetine (n = 1), were imputed with single imputation. The
138expectation maximization algorithm was applied separately for
139each substance, using the DDD, age and gender as predictors. The
140remaining missing values were imputed by multiple imputation.
141Seventy-seven variables were imputed, and we imputed 100 data
142sets as recommended by van Buuren [37]. The imputed data set
143included every variable used in the analyses as well as a group of
144variables thought to be supplementary predictors (numbers
145missing in parenthesis): height (n = 96), body weight (n = 104),
146heart rate (n = 149), Calgary Depression Scale for Schizophrenia
147score (CDSS) (n = 402) and use of snuff (n = 61). The variables used
148in the imputation were not transformed, as advocated by Rodwell
149et al. [38].
150Linear regression was performed with total cholesterol, LDL-
151cholesterol, HDL-cholesterol, triglycerides, glucose, BMI and
152systolic and diastolic blood pressure as dependent variables, one
153at a time. Covariates were the antipsychotic drug (olanzapine,
154quetiapine, or risperidone), the SSRI and their interaction.
155Exposure was expressed as daily doses or serum concentrations
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