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Sex differences in autonomic adverse effects related to
antipsychotic treatment and associated hormone profiles
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Autonomic adverse effects of antipsychotic drugs (APs) cause clinical challenges, but few studies have investigated sex differences
and their underlying biological pathways. Sex-specific regulation of relevant hormones could be involved. We investigated sex
differences in autonomic adverse effects related to olanzapine, quetiapine, risperidone, and aripiprazole, and the role of hormones
related to APs. Patients with severe mental disorders (N = 1318) were included and grouped based on AP monotherapy: olanzapine
(N = 364), quetiapine (N = 211), risperidone (N = 102), aripiprazole (N = 138), and no AP (N = 503). Autonomic symptoms from the
Udvalg for Kliniske Undersggelser (UKU) side effect scale was analyzed with logistic regression, adjusting for age, diagnosis, and
polypharmacy. Further, we analyzed associations between autonomic symptoms and hormones related to APs. We found
associations between autonomic adverse effects and APs, with sex-specific risk for palpitations/tachycardia associated with
hormonal changes related to APs. Results showed increased salivation associated with aripiprazole, reduced salivation with
quetiapine, and nausea/vomiting and palpitations/tachycardia with olanzapine, and higher risk of nausea/vomiting, diarrhea,
constipation, polyuria/polydipsia, and palpitations/tachycardia in females. Significant sex x AP interaction was found for
palpitations/tachycardia, with higher risk in risperidone-treated males, which was associated with different hormone profiles of
prolactin, cortisol, and insulin. Our findings implicate a role of several hormones in the sex-specific autonomic adverse effects

related to APs.
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INTRODUCTION

Schizophrenia and bipolar disorders are severe mental disorders
(SMD) with overlapping symptomatology and shared suscept-
ibility genes'=3. Antipsychotic drugs (APs) are effective for treating
several symptoms of SMD*>, but they are also associated with a
wide range of negative effects including metabolic disturbance,
autonomic, neurological, psychological, sexual, and hormonal
adverse effects®=®, which affect treatment adherence and quality
of life in patients with SMD%'°, Variations in receptor binding
profiles might explain differences in adverse effects across APs,
but the underlying mechanisms are unclear''. Sex differences in
adverse effects of APs have been indicated”'>'3, but sex-specific
treatment strategies in patients with SMD are lacking. To improve
treatment, we need more knowledge regarding sex-specific
adverse effects and explore possible underlying mechanisms.
Dysfunction of the autonomic nervous system (ANS) is linked to
increased cardiovascular disease (CVD) risk in patients with
SMD''%, Heart rate variability (HRV), an index of cardiac ANS
regulation, is reduced in patients with SMD compared to healthy
controls'®. APs affect the ANS, as they act on adrenergic and
cholinergic receptors and influence central autonomic regulation
and baroreceptor reflexes'>'”. The Udvalg for Kliniske Under-
sggelser (UKU) side effect scale includes the following autonomic
adverse effects: accommodation disturbance, increased and
reduced salivation, nausea/vomiting, diarrhea, constipation, mic-
turition disturbance, polyuria/polydipsia, orthostatic dizziness,
palpitations/tachycardia, and increased tendency of sweating'®.
Although few studies have investigated sex differences in these

autonomic adverse effects specifically, there are indications that
female patients receiving olanzapine report more autonomic
adverse effects than males'®. In addition, Iversen et al.® found that
female patients with SMD had higher risk for accommodation
disturbances, nausea, constipation, orthostatic dizziness, and
palpitations, but the direct relations to APs were unclear and
they did not conduct interaction analyses between sex and APs.

Our research group and others have shown that several
hormones are affected by AP treatment, and hormonal changes
related to APs might be involved in the underlying mechanisms of
sex-specific adverse effects?°. Hyperprolactinemia has been linked
to AP treatment, and females have a higher risk than males’. The
APs differ in the propensity to elevate prolactin levels, and
risperidone seems to have a particularly high risk?'. Elevated
testosterone levels have been found in females with schizo-
phrenia, while reduced levels have been found in males, and the
changes in testosterone levels might be linked to the prolactin-
releasing effect of APs?2, Circulating testosterone is bound to sex-
hormone binding globulin (SHBG), and lower levels of SHBG have
been found in AP-treated females compared to males®3. Evidence
has also shown that APs reduce hypothalamic-pituitary-adrenal
(HPA) axis activity and cortisol secretion?*?%, and a blunted stress
response seems to be more evident in males®®. Also, reduced
levels of thyroxine (fT4) and elevated thyroid-stimulating hormone
(TSH) levels have been linked to APs, but less is known about
potential sex differences?’. There are some differences across APs
in the effect on insulin levels, and females seem more vulnerable
to developing insulin resistance compared to males?®%°,
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Additionally, different levels of adipokines (i.e, leptin and
adiponectin) have been indicated in AP-treated males and
females?®. Despite the indicated link between hormones and
APs, and the physiological hormonal differences between males
and females, the role of hormones in sex-specific autonomic
adverse effects related to APs is unclear. Several hormones and
signaling pathways may be involved, and in addition to the
hormones described here, estrogen, noradrenaline, adrenaline,
and acetylcholine might have a role.

The present study aimed to identify sex differences in
autonomic adverse effects related to olanzapine, quetiapine,
risperidone, and aripiprazole, and characterize the potential role of
hormonal changes related to AP treatment. We first investigated
sex differences in autonomic adverse effects related to use of
olanzapine, quetiapine, risperidone, and aripiprazole in patients
with SMD. For autonomic adverse effects found with a significant
interaction effect, we further investigated the associations with
hormones related to APs (prolactin, cortisol, TSH, fT4, testosterone,
insulin, leptin, adiponectin and SHBG).

RESULTS
Demographic and clinical characteristics

Table 1 shows demographic and clinical characteristics of the
study sample and for the male and female subsample, including
distribution across the AP groups for sex, age, ethnicity, diagnostic
group, and current symptom scores. Significant AP group
differences were found for all these variables in the total sample,
for age, ethnicity, diagnostic groups and PANSS in the male
subsample and for age, diagnostic groups, IDS-C and YMRS in the
female subsample.

Sex differences in autonomic adverse effects related to
antipsychotic treatment

The results from the logistic regression analyses investigating sex
differences in autonomic adverse effects related to AP groups are
presented in Table 2. Significant main effect for AP groups were
found for increased salivation (No AP vs. aripiprazole, p =0.018),
reduced salivation (No AP vs. quetiapine, p=0.003), nausea/
vomiting (No AP vs. olanzapine, p=0.023) and palpitations/
tachycardia (No AP vs. olanzapine, p =0.035). Significant main
effect for sex was found for nausea/vomiting (p = 0.007), diarrhea
(p=0.025), constipation (p=0.043), polyuria/polydipsia
(p=0.008) and palpitations/tachycardia (p=0.028), all with
higher risk in females. A significant interaction effect between
sex and AP groups ([males;females x No AP;risperidone] p = 0.021)
was found for palpitations/tachycardia, with higher risk in males
treated with risperidone (Fig. 1).

Associations with hormones related to antipsychotic
treatment

Table 3 shows the results from the logistic regression analyses
including hormones related to APs in the statistical model with
palpitations/tachycardia as dependent variable. The significant
interaction effect found for palpitations/tachycardia became non-
significant in all models including a hormone, suggesting that the
sex difference found for palpitations/tachycardia is associated
with different hormone levels. Of the hormones investigated,
prolactin (p =0.007), cortisol (p=0.028), and insulin (p = 0.035)
showed a significant main effect, indicating a specific role of these
hormones.

Sensitivity analyses

The results from the sensitivity analyses adjusting for AP
compliance showed similar results as in the full sample, except
for palpitations/tachycardia where the result for No AP wvs.
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olanzapine did not reach significance (p = 0.051). The results from
the sensitivity analyses are described in detail in the Supplemen-
tary material.

DISCUSSION

The main findings of the present study were associations between
autonomic adverse effects and individual APs, and a significant
interaction between sex and AP groups for palpitations/tachycar-
dia, with higher risk in risperidone-treated males. This sex-specific
finding was associated with hormone levels suspected to be
influenced by APs, and sex-dependent regulation of hormones
related to AP treatment thus seem to have a role in the sex-
specific autonomic adverse effects.

We found associations between individual APs and several
autonomic adverse effects independently of sex. Patients with
SMD receiving aripiprazole had a higher risk of increased
salivation, and quetiapine-treated patients had a higher risk of
reduced salivation compared to patients not receiving any APs.
Olanzapine-treated patients had lower risk of nausea/vomiting
and palpitations/tachycardia compared to no AP users. APs have
variations in receptor binding profile, and compared to olanzapine
and quetiapine, risperidone and aripiprazole have shown a lower
affinity to the muscarinic receptors, indicating that olanzapine and
quetiapine reduce the ANS activity to a greater extent compared
to risperidone and aripiprazole'"”. This is in accordance with our
findings, and variations between individual APs in the effect on
ANS might partly explain differences in AP adverse effects.

We show differences between males and females for nausea/
vomiting, diarrhea, constipation, polyuria/polydipsia, and palpita-
tions/tachycardia, with a higher risk in female patients with SMD.
These results show the main effect of sex and were not linked to
APs per se. Therefore, these results indicate that differences
between males and females can be due to causes also different
from AP treatment. In general, females have greater parasympa-
thetic responsiveness and males have greater sympathetic
responsiveness®. It might be that differences in the effect of
ANS between males and females cause differences in autonomic
symptoms, regardless of AP treatment. Iversen et al.2 showed in a
partly overlapping sample that female patients with SMD had a
higher risk of accommodation disturbance, nausea, constipation,
orthostatic dizziness, and palpitations/tachycardia, which our
findings are in accordance with. However, few studies have
investigated sex-specific effects of ANS in patients with SMD
independently of AP treatment, and more knowledge is needed to
better understand these associations.

Studies investigating sex-specific autonomic adverse effects
related to individual APs are few. Still, we report sex-specific
findings related to AP treatment for palpitations/tachycardia, with
a higher risk in males receiving risperidone. Howell et al."* showed
that risperidone was associated with a moderate risk of
palpitations, but they did not conduct sex-specific analyses. In
addition to differences in the affinity to muscarinic receptors
across APs, it is also shown that risperidone has a higher alphal-
adrenoceptor antagonist activity, which causes a greater sympa-
thetic discharge'®. This might partly explain the differences seen
for palpitations/tachycardia, but it is also reasonable to think that
the mechanisms are more complex. Sex hormones such as
estrogen and testosterone seem to be involved in the differences
in ANS function between males and females3®, but our findings
suggest that also sex-specific hormonal changes related to APs
have a role. It might be that these hormones act through ANS
pathways, as there is evidence of sex differences in functioning of
the ANS3C. Our results showed the potential role of several
hormonal changes related to AP treatment, specifically with
prolactin, cortisol, and insulin. Risperidone is one of the APs with
the highest risk of prolactin elevation and females are more
susceptible to this adverse effect’?'28, This in accordance with our
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Table 1. Demographic and clinical characteristics of the study sample.

No AP Olanzapine Quetiapine Risperidone Aripiprazole p
N =503 N =364 N=211 N=102 N=138
TOTAL (N=1318)
Females, N (%) 274 (54.5) 141 (38.7) 122 (57.8) 40 (39.2) 64 (46.4) <0.001
Years of age, mean (SD) 32(11.2) 32 (10.4) 30 (10.4) 31 (10.1) 29 (9.2) 0.001
Caucasian, N (%) 431 (85.7) 301 (82.7) 181 (85.8) 80 (78.4) 105 (76.1) 0.002
Diagnosis, N (%) <0.001
Schizophrenia spectrum? 107 (21.3) 191 (52.5) 82 (38.9) 71 (69.6) 86 (62.3)
Other psychosisb 71 (14.1) 62 (17.0) 30 (14.2) 13 (12.7) 19 (13.8)
Bipolar spectrum¢ 301 (59.8) 93 (25.5) 92 (43.6) 12 (11.8) 27 (19.6)
Major depressive disorder 24 (4.8) 17 (4.7) 7 (3.3) 6 (5.9) 5 (3.6)
Total symptom scores, mean (SD)
PANSS 52.0 (15.6) 55.8 (15.8) 53.9 (14.9) 60.9 (17.0) 55.8 (15.6) <0.001
CDSS 5.6 (4.4) 4.6 (4.3) 5.6 (4.7) 5.6 (4.6) 5.0 (5.0) 0.014
IDS-C 18.7 (12.0) 15.1 (11.4) 18.4 (12.0) 18.7 (12.7) 16.0 (12.1) <0.001
YMRS 4.1 (4.5) 3.7 (4.5) 4.2 (5.1) 46 (4.8) 3.7 (5.0) 0.049
AP dose (mg), mean (SD) - 12.1 (6.9) 385.9 (321.4) 3.3 (1.5) 13.2 (6.3)
MALES (N =677)
Years of age, mean (SD) 33 (11.5) 31 (9.5) 30 (10.1) 31 (9.2) 28 (8.2) 0.040
Caucasian, N (%) 198 (86.5) 175 (78.5) 72 (80.9) 49 (79.0) 51 (68.9) 0.001
Diagnosis, N (%) <0.001
Schizophrenia spectrum? 60 (26.2) 119 (53.4) 43 (48.3) 46 (74.2) 52 (70.3)
Other psychosis® 43 (18.8) 43 (19.3) 17 (19.1) 9 (14.5) 8 (10.8)
Bipolar spectrum¢® 113 (49.3) 50 (22.4) 27 (30.3) 4 (6.5) 11 (14.9)
Major depressive disorder 13 (5.7) 11 (4.9) 2 (2.2) 3 (4.8) 2 (2.7)
Total symptom scores, mean (SD)
PANSS 54.6 (16.7) 57.9 (15.2) 57.7 (14.6) 63.2 (15.6) 60.2 (16.8) <0.001
CDSS 5.0 (4.1) 4.5 (4.3) 5.0 (3.9) 5.3 (4.4) 5.1 (5.0) 0.421
IDS-C 17.2 (12.1) 15.0 (11.4) 18.6 (10.9) 18.2 (12.4) 16.7 (12.2) 0.101
YMRS 4.1 (4.5) 4.0 (4.7) 4.6 (5.4) 4.7 (4.6) 3.7 (4.7) 0.686
AP dose (mg), mean (SD) - 13.1 (7.7) 435.3 (373.3) 3.5 (1.6) 13.5 (5.3)
FEMALES (N = 641)
Years of age, mean (SD) 32 (10.9) 35 (11.1) 30 (10.6) 32 (11.4) 30 (10.2) <0.001
Caucasian, N (%) 233 (85.0) 126 (89.4) 109 (89.3) 31 (77.5) 54 (84.4) 0.379
Diagnosis, N (%) <0.001
Schizophrenia spectrum? 47 (17.2) 72 (51.1) 39 (32.0) 25 (62.5) 34 (53.1)
Other psychosisb 28 (10.2) 19 (13.5) 13 (10.7) 4 (10.0) 11 (17.2)
Bipolar spectrum® 188 (68.6) 43 (30.5) 65 (53.3) 8 (20.0) 16 (25.0)
Major depressive disorder 11 (4.0) 6 (4.3) 5(4.1) 3(7.5) 3(4.1)
Total symptom scores, mean (SD)
PANSS 499 (14.3) 52.4 (16.2) 51.0 (14.5) 57.4 (18.6) 50.9 (12.5) 0.103
CDSS 6.2 (4.6) 4.9 (4.3) 6.0 (5.2) 5.9 (5.0) 49 (5.1) 0.066
IDS-C 19.7 (11.8) 153 (11.4) 18.3 (12.7) 19.4 (13.3) 15.1 (12.0) 0.007
YMRS 4.2 (4.5) 3.1 (4.1) 4.0 (4.9) 4.5 (5.1) 3.6 (5.3) 0.020
AP dose (mg), mean (SD) - 10.4 (5.0 350.2 (273.9) 29 (1.4) 12.8 (7.2)

Table 1 shows the demographical and clinical characteristics of patients with SMD, in the total sample and for the male/female subsample. Differences across
AP groups were investigated using Kruskal-Wallis test for age and symptom scores, and chi-square test for diagnostic groups and ethnicity. The corresponding
p-values are shown in the table with significant results marked in bold.
AP Antipsychotics, PANSS Positive and Negative Symptom Score, CDSS Calgary depression scale for Schizophrenia, IDS-C Inventory of depressive
symptomatology clinical rating, YMRS Young Mania Rating Scale, SD Standard deviation.

aSchizophrenia spectrum = schizophrenia, schizophreniform disorder, schizoaffective disorder.
bOther psychosis = brief psychotic disorder, delusional disorder, psychosis not otherwise specified (NOS).
“Bipolar spectrum = bipolar disorder |, bipolar disorder Il, bipolar NOS.
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findings of sex-dependent prolactin levels. Further, our results
suggest that sex-dependent prolactin levels could be involved in
autonomic adverse effects. However, the underlying mechanisms
of sex-specific AP adverse effects need clarification in experi-
mental studies.

Our findings are important for clinicians treating patients with
SMD, who should be aware of sex-specific differences in the
experience of palpitations/tachycardia related to AP treatment.
Autonomic adverse effects have previously been associated with
poor medication adherence in patients with SMD>'. Palpitations
cause discomfort and affect the quality of life, and it is important
to monitor the heart rate in patients receiving APs, and based on
our results, in risperidone-treated male patients especially.
Clinicians should also be aware of the associations between
several autonomic adverse effects and individual APs, as some
seem to be AP specific, but with similar risks for males and
females. It is also important that female patients with SMD seem
to have a higher risk of certain autonomic symptoms regardless of

Probability of palpitations/tachycardia

—e— Male

—e— Female

Fig. 1 Interaction plot showing the probability of palpitations/
tachycardia across antipsychotic (AP) groups in male and female
patients with severe mental disorders. The figure illustrates the
significant interaction effect for palpitations/tachycardia (p = 0.021),
with the probability and 95% confidence interval for males and
females. Palpitations/tachycardia (yes/no) was the dependent
variable in the logistic regression analysis, adjusting for age,
diagnostic groups, and non-AP psychopharmacological drugs.
Risperidone-treated males show a higher probability for palpita-
tions/tachycardia compared to risperidone-treated females.

I.T. Johansen et al.

AP treatment, and clinicians should examine, monitor, and treat
autonomic symptoms also independently of AP use. ANS has a
major role in the regulation of the cardiovascular system under
both psychological and pathophysiological conditions®2, and our
findings might be further linked to the increased risk of
cardiovascular disease (CVD) in patients with SMD33%, in which
the underlying mechanisms remain unknown. Altogether, the
underlying mechanisms of AP adverse effects are multifactorial
and complex, but our results provide findings for understanding
sex-dependent mechanisms which are important for future sex-
specific treatment strategies and personalized treatment in
patients with SMD. However, before implications are implemented
in clinical guidelines, our findings should be tested in experi-
mental studies.

The strengths of the present study include a large well-
described sample. We have analyzed sex differences using
interaction analyses with patients not using any APs as
comparison and we adjusted for several confounders including
polypharmacy (antidepressants, mood stabilizers). We used a
transdiagnostic sample and did not study the specific diagnoses
separately. However, to minimize the potential effect of specific
diagnoses, the diagnostic groups were adjusted for in the
statistical analyses, and we used patients not using APs as a
comparison group. Also, a comprehensive set of hormones related
to AP treatment were included. The AP drug groups were based
on the mostly used APs in our study sample, which reflect the
prescription practice at psychiatric hospitals in Norway. The items
from the UKU side effect scale are reported as subjective
symptoms and represent distress/discomfort that the patients
experience in daily life, which also embodies quality of life. The
subjective measures might have been influenced by individual
perceptions and communication styles, and by sex differences in
the communication of adverse effects'2. This potential bias may
have affected the data of adverse effect®>. However, this has not
affected our objective measures of hormone levels. The well-
characterized study sample enabled us to adjust for several
confounders, but the autonomic symptoms can be influenced by
multiple factors, and there may be other potential confounding
factors such as lifestyle and dietary habits that was not considered.
The association reported between aripiprazole and increased
salivation should be interpreted with caution due to the small
number of patients reporting increased salivation. Due to the
cross-sectional study design, we cannot conclude regarding
causality, and our findings should be replicated in experimental

Table 3. Relationship between sex differences in palpitations/tachycardia related to risperidone and antipsychotic related hormones.
Hormone (independent variable) Main effect: hormone Interaction effect: Sex x No AP vs.
risperidone
OR (95% Cl) p OR (95% Cl) p

Prolactin, mU/L 1.001 (1.000-1.001) 0.007 0.227 (0.043-1.202) 0.081
Testosterone, nmol/L 1.029 (0.988-1.072) 0.171 0.327 (0.067-1.594) 0.166
SHBG, nmol/L 0.997 (0.992-1.003) 0.322 0.328 (0.067-1.601) 0.168
Leptin, pmol/L 1.000 (0.999-1.000) 0.276 0.361 (0.075-1.749) 0.206
Adiponectin, mg/L 0.995 (0.967-1.025) 0.757 0.388 (0.079-1.883) 0.240
Insulin, pmol/L 1.002 (1.000-1.004) 0.035 0.402 (0.083-1.951) 0.258
Cortisol, nmol/L 1.001 (1.000-1.002) 0.028 0.376 (0.078-1.827) 0.225
TSH, mIE/L 0.954 (0.846-1.075) 0.435 0.370 (0.094-1.455) 0.155
fT4, pmol/L 1.057 (0.997-1.121) 0.061 0.347 (0.088-1.374) 0.132

Table 3 shows the results for the logistic regression models investigating the role of hormones in associations with the sex difference found for palpitations/
tachycardia. Palpitations/tachycardia was the dependent variable, and each hormone was added to the model one at the time, adjusted for age, diagnostic
group, and other psychopharmacological drugs. We investigated potential change in significance of the interaction effect between sex and No AP vs.
risperidone which was found significant in the first step (p =0.021), and the main effect of each hormone. Significant p-values are marked in bold.

AP Antipsychotics, SHBG Sex-hormone binding globulin, TSH Thyroid-stimulating hormone, T4 free thyroxine, OR Odds ratio, C/ Confidence interval, vs. versus.

Published in partnership with the Schizophrenia International Research Society

Schizophrenia (2024) 6



I.T. Johansen et al.

and longitudinal studies to clarify the causal effects. Another
limitation of the present study is the lack of information about
estrogen levels, which may have impact on AP treatment, and
about levels of noradrenaline, adrenaline, and acetylcholine,
which are neurotransmitters involved in the ANS. As the SMD
patients were predominantly young adults, the findings may be
less representative for older age groups, especially postmenopau-
sal females, as the number of postmenopausal females in the
sample was low (age =52, N=43). Patients were instructed to
meet for blood sampling fasting, but information about fasting
status was only recorded in a subsample, in which 87% were
confirmed fasting. A potential sex difference in fasting status was
investigated, with non-significant results. Thus, fasting status is
unlikely to be a confounder in the main statistical analyses.

CONCLUSIONS

We found associations between several autonomic adverse effects
and AP treatment. Compared to patients with SMD not using any
AP, aripiprazole-treated patients had a higher risk of increased
salivation, quetiapine-treated showed a higher risk of reduced
salivation, and olanzapine-treated had lower risk of nausea/
vomiting and palpitations/tachycardia. Sex differences were found
for nausea/vomiting, diarrhea, constipation, polyuria/polydipsia,
and palpitations/tachycardia, but significant interaction between
sex and AP groups was found for palpitations/tachycardia only,
with higher risk in risperidone-treated males. Hormonal changes
related to APs might have a role in the sex-specific findings for
palpitations/tachycardia related to risperidone. These findings
underscore the importance of sex-dependent factors in adverse
effects related to AP treatment.

METHODS

Study sample

The study was part of the ongoing Thematically Organized
Psychosis (TOP) study (http://www.med.uio.no/norment/english/),
recruiting participants from the catchment area of psychiatric
units at the major hospitals in Oslo, Norway. The present study
was cross-sectional, using data from N = 1318 patients with SMD
(48.6% (N =641) females). All patients were between 18 and 65
years of age and able to give written informed consent.

Patients with SMD included schizophrenia spectrum disorders
(N =537) [schizophrenia, schizophreniform disorder, schizoaffec-
tive disorder], other psychotic disorders (N=195) [delusional
disorder, brief psychotic disorder, psychotic disorder not other-
wise specified (NOS)], bipolar spectrum disorders (N=525)
[bipolar | disorder, bipolar Il disorder, bipolar disorder NOS] or
major depressive disorder with psychotic symptoms (N =59).
Patients with a pronounced cognitive deficit, severe somatic
disease, history of severe head trauma, or not speaking a
Scandinavian language were excluded from the study.

Clinical assessment

All patients with SMD went through a comprehensive clinical
assessment. Diagnosis was established with the Structured Clinical
Interview (SCID-1)*¢ for the Diagnostic and Statistical Manual of
Mental Disorders, fourth edition (DSM-IV)*’. Current symptoms
were evaluated with Positive and Negative Syndrome Scale
(PANSS)8, Young Mania Rating Scale (YMRS)3?, Calgary Depression
Scale for Schizophrenia (CDSS)*° and Inventory of Depressive
Symptomatology Clinician (IDS-C)*'.

The UKU side effect rating scale

We used the Udvalg for Kliniske Undersgkelser (UKU) side effect
rating scale'® to assess adverse effects. This scale was developed
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and validated for use in psychiatric patients to assess the
adverse effects of psychopharmacological drugs and is used to
measure the type and severity of adverse effects. It is designed
as a semi-structured interview to be performed by trained
investigators. The UKU items are divided into four major
domains: psychiatric, neurological, autonomic, and other
adverse effects, with 48 items in total. All items are scored from
0 to 3 where 0 indicates no symptom present and scores 1 to 3
indicate the presence of a symptom with increasing severity. The
present study included items from the autonomic domain:
accommodation disturbance, increased salivation, reduced
salivation, nausea/vomiting, diarrhea, constipation, micturition
disturbance, polyuria/polydipsia, orthostatic dizziness, palpita-
tions/tachycardia, and increased tendency of sweating. These
items were reported as subjective symptoms with or without
presence the past 7 days and assessed without consideration of
causality. The distribution of autonomic adverse effects across
AP groups is shown in Supplementary Table 1.

Psychopharmacological drugs

We collected information about use of psychopharmacological
drugs as part of the clinical assessment, and medical records were
used to ensure information quality. To obtain standardized doses
for mood stabilizers (lithium, antiepileptic drugs) and antidepres-
sants, we applied Defined Daily Dose (DDD) (http://
www.whocc.no/atc_ddd_index/). Serum concentrations of APs
were used for assessment of AP compliance and analyzed at the
Department of Clinical Pharmacology, St. Olav University Hospital,
Trondheim, Norway. We included patients independent of their AP
dose and the AP doses are shown in Table 1.

Antipsychotic drug groups

Patients were grouped based on the most frequently used APs,
and patients using several APs simultaneously were excluded from
the present study. Thus, the groups comprised patients using the
following drug as their only AP:

1. Olanzapine (N = 364, 38.7% (N = 141) females). In this group,
7.9% (N = 29) received lithium, 17.0% (N = 63) antiepileptic
drugs, and 32.1% (N = 117) antidepressants.

2. Quetiapine (N =211, 57.8% (N = 122) females). In this group,
11.4% (N = 24) received lithium, 27.5% (N = 58) antiepileptic
drugs, and 42.7% (N = 90) antidepressants.

3. Risperidone (N =102, 39.2% (N = 40) females). In this group,
3.9% (N=4) received lithium, 14.7% (N = 15) antiepileptic
drugs, and 39.2% (N = 40) antidepressants.

4. Aripiprazole (N =138, 46.4% (N = 64) females). In this group,
5.1% (N=7) received lithium, 12.3% (N =17) antiepileptic
drugs, and 25.4% (N = 35) antidepressants.

5. No AP (N =503, 54.5% (N = 274) females). Patients reporting
no use of AP. In this group, 8.5% (N = 43) received lithium,
26.4% (N =133) antiepileptic drugs, and 31.4% (N =158)
antidepressants.

Psychopharmacological drugs other than antipsychotics

A total of 8.1% (N = 107) reported use of lithium, 21.7% (N = 286)
antiepileptic drugs and 33.4% (N = 440) use of antidepressants.

Hormones related to antipsychotic treatment

Serum levels of prolactin (N =903), cortisol (N=902), thyroid-
stimulating hormone (TSH, N=1110), free thyroxine (fT4,
N=1105), testosterone (N=918), insulin (N=914), leptin
(N=919), adiponectin (N=911), and sex-hormone binding
globulin (SHBG, N =899) were assessed. Hormone levels across
AP groups are shown in Supplementary Table 2. Thyroid
hormones were analyzed at the Department of Medical
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Biochemistry, Oslo University Hospital, Norway. All other hor-
mones were measured at the Hormone Laboratory, Oslo
University Hospital, Norway. The analyses were performed on
routine instruments with standard methods. The methods were
accredited according to NS-EN ISO/IEC 17025:2017. Methodologi-
cal changes during the period and adjustments for these are
described in detail in the Supplementary material.

Somatic medications

We collected information regarding current use of somatic
medications, and 0.4% (N=15) patients reported use of beta
blocker, 3.2% (N =42) levothyroxine, 0.6% (N = 8) insulin, 0.08%
(N = 1) testosterone and 3.9% (N =51) contraceptives.

Statistical analyses

All statistical analyses were performed using Stata/MP statistical
software, version 16. The significance level for the statistical tests
was pre-set at p < 0.05 (two-tailed). Differences across AP groups
in demographic and clinical characteristics were investigated
using Kruskal-Wallis test for continuous variables, and chi-square
test for categorical variables.

Binary logistic regression analysis was used as the main
statistical method. We followed the study hypotheses strictly and
systematically, and due to hypothesis-driven analysis design we
did not adjust for multiple testing. We summarized scoring 1-3 for
each autonomic item from the UKU side effect scale as “present”
and used the dichotomized scores: item present (score 1-3) or not
(score 0). Each autonomic item was used as a dependent variable
one at a time: accommodation disturbance, increased salivation,
reduced salivation, nausea/vomiting, diarrhea, constipation, mic-
turition disturbance, polyuria/polydipsia, orthostatic dizziness,
palpitations/tachycardia, and increased tendency of sweating. Sex
and AP groups were used as independent variables, investigating
both main effects and interaction effects between sex and AP
groups in the same logistic regression model. We adjusted for age,
diagnostic group, and other psychopharmacological drugs, includ-
ing individual DDD of lithium, antiepileptic drugs, and antidepres-
sants. The No AP group was the reference group for the AP group
variable, and males were the reference group for the sex variable.

For autonomic adverse effects found with significant interaction
effect between sex and AP groups, we investigated the associations
with hormones related to APs (prolactin, cortisol, TSH, fT4,
testosterone, insulin, leptin, adiponectin, SHBG). One hormone was
added to the logistic regression model at the time. Potential changes
in the significance of the interaction effect between sex and AP
groups were investigated, as well as the main effect of each hormone.

We did sensitivity analyses to adjust for the potential
confounding effect of AP compliance. The statistical analyses
were reran in a subsample of patients removing individuals with
unsatisfactory compliance (<75%, N = 40), using existing criteria®?.,

DATA AVAILABILITY

The dataset used in the present study is not publicly available due to ethical
restrictions but can be made available from the corresponding author upon
reasonable request and approval from the Regional Ethics Committee.

Received: 9 November 2023; Accepted: 23 December 2023;
Published online: 06 January 2024

REFERENCES

1. van Os, J. & Kapur, S. Schizophrenia. Lancet 374, 635-645 (2009).

2. Steen, N. E. et al. Increased systemic cortisol metabolism in patients with schi-
zophrenia and bipolar disorder: a mechanism for increased stress vulnerability? J.
Clin. Psychiatry 72, 1515-1521 (2011).

I.T. Johansen et al.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Published in partnership with the Schizophrenia International Research Society

. Craddock, N., O’'Donovan, M. C. & Owen, M. J. Psychosis genetics: modeling the

relationship between schizophrenia, bipolar disorder, and mixed (or “schi-
zoaffective”) psychoses. Schizophr. Bull. 35, 482-490 (2009).

. Lally, J. & MacCabe, J. H. Antipsychotic medication in schizophrenia: a review. Br.

Med. Bull. 114, 169-179 (2015).

. Lindstrom, L., Lindstrom, E., Nilsson, M. & Hoistad, M. Maintenance therapy with

second generation antipsychotics for bipolar disorder - A systematic review and
meta-analysis. J. Affect. Disord. 213, 138-150 (2017).

. De Hert, M., Detraux, J., van Winkel, R, Yu, W. & Correll, C. U. Metabolic and

cardiovascular adverse effects associated with antipsychotic drugs. Nat. Rev.
Endocrinol. 8, 114-126 (2011).

. Seeman, M. V. Men and women respond differently to antipsychotic drugs.

Neuropharmacology 163, 107631 (2020).

. Iversen, T. S. J. et al. Side effect burden of antipsychotic drugs in real life - Impact

of gender and polypharmacy. Prog. Neuropsychopharmacol. Biol. Psychiatry 82,
263-271 (2018).

. Bobes, J., Garcia-Portilla, M., Bascaran, M., Saiz, P., & Bouzoio, M. Quality of life in

schizophrenia patients. Dialog. Clin. Neurosci. 9, 215-226 (2007).

. Young, S. L., Taylor, M. & Lawrie, S. M. “First do no harm.” A systematic review of

the prevalence and management of antipsychotic adverse effects. J. Psycho-
pharmacol. 29, 353-362 (2015).

. Newcomer, J. W. Second-generation (atypical) antipsychotics and metabolic

effects: a comprehensive literature review. CNS Drugs 19, 1-93 (2005).

. Haack, S., Seeringer, A, Thurmann, P. A, Becker, T. & Kirchheiner, J. Sex-specific

differences in side effects of psychotropic drugs: genes or gender? Pharmaco-
genomics 10, 1511-1526 (2009).

. Gogos, A, Ney, L. J, Seymour, N., Van Rheenen, T. E. & Felmingham, K. L. Sex

differences in schizophrenia, bipolar disorder, and post-traumatic stress disorder:
Are gonadal hormones the link? Br. J. Pharmacol. 176, 4119-4135 (2019).

. Howell, S., Yarovova, E., Khwanda, A. & Rosen, S. D. Cardiovascular effects of

psychotic illnesses and antipsychotic therapy. Heart 105, 1852-1859 (2019).

. Leung, J. Y., Barr, A. M., Procyshyn, R. M., Honer, W. G. & Pang, C. C. Cardiovascular

side-effects of antipsychotic drugs: the role of the autonomic nervous system.
Pharmacol. Ther. 135, 113-122 (2012).

. Quintana, D. S. et al. Reduced heart rate variability in schizophrenia and bipolar

disorder compared to healthy controls. Acta Psychiatr. Scand. 133, 44-52 (2016).

. Hattori, S. et al. Effects of four atypical antipsychotics on autonomic nervous

system activity in schizophrenia. Schizophr. Res. 193, 134-138 (2018).

. Lingjaerde, O., Ahlfors, U. G., Bech, P., Dencker, S. J. & Elgen, K. The UKU side effect

rating scale. A new comprehensive rating scale for psychotropic drugs and a
cross-sectional study of side effects in neuroleptic-treated patients. Acta Psy-
chiatr. Scand. Suppl. 334, 1-100 (1987).

. Pu, C. et al. Gender differences in the first-year antipsychotic treatment for chi-

nese first-episode schizophrenia. Neuropsychiatr. Dis. Treat. 16, 3145-3152 (2020).
Johansen, I. T. et al. Sex differences in antipsychotic-related triglyceride levels are
associated with metabolic hormone differences in patients with severe mental
disorders. Schizophr. Res. 243, 55-63 (2022).

Suzuki, Y. et al. Differences in plasma prolactin levels in patients with schizo-
phrenia treated on monotherapy with five second-generation antipsychotics.
Schizophr. Res. 145, 116-119 (2013).

Misiak, B. et al. Testosterone, DHEA and DHEA-S in patients with schizophrenia: a
systematic review and meta-analysis. Psychoneuroendocrinology 89, 92-102 (2018).
Birkenaes, A. B., Birkeland, K. I, Friis, S., Opjordsmoen, S. & Andreassen, O. A.
Hormonal markers of metabolic dysregulation in patients with severe mental
disorders after olanzapine treatment under real-life conditions. J. Clin. Psycho-
pharmacol. 29, 109-116 (2009).

Romanova, Z., Hlavacova, N. & Jezova, D. Psychotropic drug effects on steroid
stress hormone release and possible mechanisms involved. Int. J. Mol. Sci. 23,
https://doi.org/10.3390/ijms23020908 (2022).

Subramaniam, A,, LoPilato, A. & Walker, E. F. Psychotropic medication effects on
cortisol: implications for research and mechanisms of drug action. Schizophr. Res.
213, 6-14 (2019).

Steen, N. E. et al. Sex-specific cortisol levels in bipolar disorder and schizophrenia
during mental challenge-relationship to clinical characteristics and medication.
Prog. Neuropsychopharmacol. Biol. Psychiatry 35, 1100-1107 (2011).

Misiak, B. et al. Thyroid hormones in persons with schizophrenia: a systematic
review and meta-analysis. Prog. Neuropsychopharmacol. Biol. Psychiatry 111,
110402 (2021).

Seeman, M. V. Secondary effects of antipsychotics: women at greater risk than
men. Schizophr. Bull. 35, 937-948 (2009).

Vedal, T. S. J. et al. Adipokine levels are associated with insulin resistance in
antipsychotics users independently of BMI. Psychoneuroendocrinology 103, 87-95
(2019).

Dart, A. M., Du, X. J. & Kingwell, B. A. Gender, sex hormones and autonomic
nervous control of the cardiovascular system. Cardiovasc. Res. 53, 678-687 (2002).

Schizophrenia (2024) 6


https://doi.org/10.3390/ijms23020908

I.T. Johansen et al.

31. Jonsdottir, H. et al. Predictors of medication adherence in patients with schizo-
phrenia and bipolar disorder. Acta Psychiatr. Scand. 127, 23-33 (2013).

32. Alvares, G. A, Quintana, D. S., Hickie, I. B. & Guastella, A. J. Autonomic nervous
system dysfunction in psychiatric disorders and the impact of psychotropic
medications: a systematic review and meta-analysis. J. Psychiatry Neurosci. 41,
89-104 (2016).

33. Ringen, P. A, Engh, J. A, Birkenaes, A. B., Dieset, |. & Andreassen, O. A. Increased
mortality in schizophrenia due to cardiovascular disease - a non-systematic
review of epidemiology, possible causes, and interventions. Front. Psychiatry 5,
137 (2014).

34. Westman, J. et al. Increased cardiovascular mortality in people with schizophrenia:
a 24-year national register study. Epidemiol. Psychiatr. Sci. 27, 519-527 (2018).

35. Foster, J. M., van der Molen, T, Caeser, M. & Hannaford, P. The use of ques-
tionnaires for measuring patient-reported side effects of drugs: its importance
and methodological challenges. Pharmacoepidemiol. Drug Saf. 17, 278-296
(2008).

36. First, M. B,, Spitzer, R. L., Gibbon, M., Williams, J. B. W. Structured clinical interview
for DSM-IV Axis | Disorders: Patient Edition (SCID-P), Version 2. Biometrics Res. New
York State Psychiatric Institute, New York (1995).

37. American Psychiatric Association. Diagnostic and Statistical Manual of Mental
Disorders. American Psychiatric Association, Washington, DC (2000).

38. Kay, S. R, Fiszbein, A. & Opler, L. A. The positive and negative syndrome scale
(PANSS) for schizophrenia. Schizophr. Bull. 13, 261-276 (1987).

39. Young, R. C, Biggs, J. T, Ziegler, V. E. & Meyer, D. A. A rating scale for mania:
reliability, validity and sensitivity. Br. J. Psychiatry 133, 429-435 (1978).

40. Addington, D., Addington, J. & Schissel, B. A depression rating scale for schizo-
phrenics. Schizophr. Res. 3, 247-251 (1990).

41. Rush, A. J. et al. The Inventory for Depressive Symptomatology (IDS): preliminary
findings. Psychiatry Res. 18, 65-87 (1986).

42. Jonsdottir, H. et al. Medication adherence in outpatients with severe mental
disorders: relation between self-reports and serum level. J. Clin. Psychopharmacol.
30, 169-175 (2010).

ACKNOWLEDGEMENTS

The authors would like to thank all participants of the study for their contribution and
the research staff at the NORMENT Centre. We also thank the Department of Medical
Biochemistry and the Hormone Laboratory, Oslo University Hospital and the
Department of Clinical Pharmacology, St. Olav University Hospital for their contributions.
The authors thank Are Hugo Pripp for help with the statistical analyses. This study was
funded by the Research Council of Norway (grant numbers 223273, 300309, 326813),
the South-Eastern Norway Regional Health Authority (grant numbers 2017-112,
2019-108, 2022-073) and EU’s H2020 RIA grant number 847776 CoMorMent.

AUTHOR CONTRIBUTIONS

ITJ. and O.AA. designed the study with input from N.E.S. and M.N. L.T.J. completed
the statistical analyses and wrote the first draft of the manuscript together with

Schizophrenia (2024) 6

O.AA. and support from N.ES. and M.N. All authors contributed to revisions and
approved the final manuscript.

COMPETING INTERESTS

O.AA. is a consultant to Cortechs.ai and received speaker’s honorarium from Janssen,
Sunovion and Lundbeck. M.N. and .A. received speaker’s honorarium from Lundbeck.
The remaining authors declare that there are no conflicts of interest.

ETHICS

Written informed consent from all participants were obtained. The Regional Ethics
Committee, The Norwegian Data Inspectorate and The Norwegian Directorate of
Health approved the study.

ADDITIONAL INFORMATION

Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/541537-023-00430-4.

Correspondence and requests for materials should be addressed to Ingrid T.
Johansen.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons

BY Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Published in partnership with the Schizophrenia International Research Society


https://doi.org/10.1038/s41537-023-00430-4
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Sex differences in autonomic adverse effects related to antipsychotic treatment and associated hormone profiles
	Introduction
	Results
	Demographic and clinical characteristics
	Sex differences in autonomic adverse effects related to antipsychotic treatment
	Associations with hormones related to antipsychotic treatment
	Sensitivity analyses

	Discussion
	Conclusions
	Methods
	Study�sample
	Clinical assessment
	The UKU side effect rating�scale
	Psychopharmacological�drugs
	Antipsychotic drug�groups
	Psychopharmacological drugs other than antipsychotics
	Hormones related to antipsychotic treatment
	Somatic medications
	Statistical analyses

	DATA AVAILABILITY
	References
	Acknowledgements
	Author contributions
	Competing interests
	Ethics
	ADDITIONAL INFORMATION




