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Abstract - The type of delivery and antipsychotic medications could modulate clinical features of schizophrenia and nico-
tine dependence by affecting gut microbiota composition. In this study, we aimed to investigate whether the age of dis-
ease onset, severity of PANSS (Positive and Negative Syndrome Scale) psychopathology and nicotine dependence might 
be associated with the type of delivery among two groups of patients with schizophrenia without antipsychotic therapy: 
first-episode patients, and chronic patients, non-adherent to antipsychotic medications. Information regarding antipsy-
chotic non-adherence, smoking status, and the type of delivery (vaginal delivery or caesarean delivery) was obtained 
from autoanamnestic and heteroanamnestic data. Age of disease onset was defined as age at the patient’s first hospital 
admission due to a psychotic episode at which the diagnosis of schizophrenia was used. PANSS evaluation data was taken 
during the acute state of the illness at the most recent hospitalization. Values of the age of disease onset, PANSS score 
and PANSS factor and prevalence of early (≤ 26 years) and late (> 26 years) disease onset did not differ significantly be-
tween patients born by caesarean delivery and vaginal delivery (p > 0.05). The prevalence of smokers was significantly 
higher among patients born by caesarean delivery (p = 0.012). The caesarean delivery is associated with ~9%-fold greater 
risk of nicotine dependence. We did not find any associations of the age of disease onset and PANSS psychopathology 
with the type of delivery among patients without therapy, but our results implicate that caesarean delivery might be a 
risk factor for nicotine dependence in that patient group.
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Introduction
According to the World Health Organiza-

tion, the frequency of  caesarean deliveries at 
the global level today is 21%, which is three 
times more than thirty years ago [1]. This fre-
quency is even higher in the Republic of  Croa-
tia; according to the data from the report of  
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the Croatian Institute of  Public Health, the 
share of  such births was 26.6% in 2020 and 
represents an increase of  as much as 1.3% 
compared to the previous 2019 [2].

Research into the implications of  caesar-
ean delivery is of  growing scientific interest 
not only in physical but also in mental illness-
es, such as schizophrenia [3-6]. No association 
was found between caesarean delivery and life-
time risk of  schizophrenia  but some studies 
suggest that caesarean delivery may contribute 
to an earlier onset of  schizophrenia, although 
the results of  the studies are not uniform [3-6]. 
In a recent study, Fond and associates com-
pared various clinical features of  schizophre-
nia between patients on antipsychotic therapy 
born by vaginal delivery and caesarean deliv-
ery [6]. Their results did not show a significant 
correlation between the type of  delivery and 
the age of  disease onset, the severity of  the 
symptoms of  the PANSS (Positive and Nega-
tive Syndrome Scale), the severity of  depres-
sive symptoms of  the CDRS (Calgary Depres-
sion Rating Scale for Schizophrenia) and the 
severity of  manic symptoms of  the YMRS 
(Young Mania Rating Scale). Nevertheless, the 
results suggest that patients born by caesarean 
delivery may manifest poorer intellectual func-
tioning before the onset of  the first psychotic 
symptoms compared with patients born by 
vaginal delivery. This study also examined the 
association between the type of  delivery and 
nicotine dependence and found no significant 
difference in the distribution of  smokers and 
non-smokers between patients born by vagi-
nal delivery and caesarean delivery. Further-
more, the association of  the type of  delivery 
with components of  the metabolic syndrome, 
such as body mass index (BMI) values, waist 
circumference and plasma triglyceride and glu-
cose concentrations, was investigated. Patients 
born by caesarean delivery were found to have 
significantly lower BMI and waist circumfer-
ence values compared to the group of  patients 
born by vaginal delivery, while triglyceride and 
glucose concentrations did not differ signifi-
cantly between the two groups of  subjects. In 
our recent study we compared BMI values, 

and plasma total cholesterol, LDL cholester-
ol (low density lipoprotein cholesterol), HDL 
cholesterol (high density lipoprotein choles-
terol), triglyceride, and glucose concentrations 
among patients with schizophrenia without 
antipsychotic medications born by vaginal de-
livery and caesarean delivery [7]. Our results 
suggest that the effect of  the delivery type on 
the components of  the metabolic syndrome 
in patients without therapy could differ from 
that in chronic patients receiving therapy. In 
summary, we did not find an association of  
the type of  delivery with BMI values (nor with 
cholesterol concentrations), but we did find 
an association of  the type of  delivery with tri-
glyceride concentrations, with caesarean deliv-
ery being a risk factor for elevated triglyceride 
concentrations. However, we did not corre-
late the clinical features of  schizophrenia and 
nicotine dependence with the type of  delivery. 
To our knowledge we also found no study that 
correlated the clinical features of  schizophre-
nia and nicotine dependence with the type of  
delivery in patients with schizophrenia with-
out therapy.

During a caesarean delivery, the newborn 
is not exposed to the mother’s vaginal and in-
testinal bacteria and has fewer specific bacteria 
in the intestinal microbiota, such as bacteria 
from the genera Bifidobacterium and Bacte-
roides. Studies in animal models suggest that 
these bacteria are involved in the synthesis of  
the neurotransmitters gamma-aminobutyr-
ic acid (GABA) and dopamine in the brain, 
whose role is implied in the clinical features of  
schizophrenia and nicotine dependence (in pa-
tients with schizophrenia and the general pop-
ulation) [8,9]. It has also been observed that 
caesarean delivery, probably due to hypoxia, 
modulates the expression of  dopamine recep-
tors in the mesocorticolimbic regions of  the 
brain; increases the expression of  dopamine 
receptors D1 and D4, and decreases the ex-
pression of  dopamine receptors D2 [6,10].

Studies in patients with schizophrenia sug-
gest that certain second-generation antipsy-
chotic medications (so-called atypical antipsy-
chotics), such as olanzapine and risperidone, 
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may decrease but also increase the number of  
bacteria from the genera Bifidobacterium and 
Bacteroides [11-13]. Since caesarean delivery 
has also been shown to be a modulatory factor 
in the composition of  the intestinal microbio-
ta investigating the association of  clinical fea-
tures of  schizophrenia with the type of  deliv-
ery in patients without antipsychotic therapy 
may be important when prescribing specific 
antipsychotic medications [8,9].

In patients with schizophrenia without an-
tipsychotic therapy, it would also be important 
to investigate the association of  nicotine de-
pendence with the type of  delivery. The mod-
ulatory effect of  cigarette smoking on Bifido-
bacterium and Bacteroides has been observed 
in animal model studies and in the human pop-
ulation: cigarette smoking reduces the number 
of  bacteria of  the genus Bifidobacterium while 
increases the number of  bacteria of  the genus 
Bacteroides [14-16]. Furthermore, by induc-
tion of  liver microsomal enzymes, cigarette 
smoke reduces the plasma concentrations of  
atypical antipsychotics olanzapine and clozap-
ine, leading to the need for a higher therapeu-
tic dose in smoking patients [17-19].

In this study, we examined the relation-
ships between the age of  schizophrenia on-
set, the severity of  PANSS symptoms and 
nicotine dependence with the type of  deliv-
ery in two groups of  patients without thera-
py, in whom we previously investigated the 
association of  metabolic syndrome compo-
nents with the type of  delivery [7]. Our study 
included patients with the first episode of  
schizophrenia and chronic patients non-ad-
herent to antipsychotic medications in the 
appropriate period.

Subjects and Methods
The study included 131 patients (69 men and 62 

women), whose clinical characteristics in relation to 
the type of  delivery are shown in Table 1. All patients 
were hospitalized at the Department of  Psychiatry of  
the University Hospital Center Sestre milosrdnice in 
Zagreb, in the period between 2015 and 2019. The 
Ethics committee of  the said institution previously 
approved the research.

Data on the type of  delivery, nicotine dependence 
and non-adherence to antipsychotic medications were 
collected from autoanamnesis and heteroanamnesis. 
Non-adherent patients were patients who had been 
off  oral antipsychotic drugs for a month or more and 
had not been on long-term depot antipsychotic prepa-
rations.

The diagnosis of  schizophrenia was confirmed by 
two specialists in psychiatry, according to the DSM-
V classification (Diagnostic and statistical manual for 
mental disorders - DSM-V). Age of  disease onset was 
defined as age at the patient’s first hospital admission 
due to a psychotic episode at which the diagnosis of  
schizophrenia was used. Based on the median age at 
first hospitalization, which was 26 years for the entire 
sample, the age of  disease onset was classified as early 
(patients were hospitalized at ≤ 26 years) and late (age 
at first hospitalization was > 26 years). In the acute 
phase of  the disease, which required hospitalization, 
an evaluation of  the symptoms of  the PANSS rating 
scale was performed. The scale consists of  30 items, 
of  which 7 measure positive symptoms, 7 negative 
symptoms, and 16 general symptoms. The values of  
all symptoms are rated from 1 (indicates the absence 
of  symptoms) to 7 (indicates the strongest manifesta-
tion of  a particular symptom), while the total symp-
toms of  PANSS represent the sum of  the established 
values of  all positive, negative, and general symptoms 

[20]. By extracting the specific symptoms of  PANSS 
and summing their values, the values of  positive fac-
tor (P1, P3, P6 and O9), negative factor (N2, N3, N4, 
N6 and N7), depressive factor (O2, O3 and O6) and 
cognitive factor (O10 and O12) were calculated [21-
23].

Statistical data processing
Median and interquartile scattering were used as 

central and scatter measures. Differences in the values 
of  age, age at first hospitalization, PANSS score and 
PANSS factor between subjects born by vaginal deliv-
ery and caesarean delivery were tested using the Mann-
Whitney U test. Differences in the frequency of  early 
and late disease onset and differences in the frequency 
of  smokers and non-smokers between the two groups 
of  subjects were tested using the χ2 test. The Odds 
ratio (OR) and the 95% Confidence interval (CI) were 
calculated to assess the strength of  the association 
between caesarean delivery and nicotine dependence. 
Statistical data processing was performed using the 
computer program Statistica for Windows, version 13, 
(StatSoft, Inc., Tulsa, OK, USA), and p values less than 
0.05 (p < 0.05) were considered as significant.
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Results
Only eleven out of  one hundred and thirty 

- one respondents (8.4%) were born by cae-
sarean delivery (Table 1). The trend towards 
younger age was observed in subjects born by 
caesarean delivery compared to subjects born 
by vaginal delivery (Table 1). No significant 
difference was found between the subjects 
born by vaginal delivery and caesarean deliv-
ery in the values of  the age disease onset (p 
> 0.05) (Table 1) or in the frequency of  early 
and late disease onset (p > 0.05) (Table 2). The 
values of  the PANSS score and PANSS fac-
tor also did not differ significantly between the 
two groups of  subjects (p > 0.05) (Table 1). 
However, a significantly higher frequency of  

smokers was found among subjects born by 
caesarean delivery than among those born by 
vaginal delivery (90.9% vs. 9.1%, p = 0.012) 
(Table 3). The caesarean delivery is associated 
with an approximately nine-fold greater risk 
of  nicotine dependence: OR = 9.35 (95% CI 
= 1.2 - 75.4); z = 2.10, p = 0.036.

Discussion 
To date, only few studies have investigated 

the association of  clinical features of  schizo-
phrenia and nicotine dependence with the type 
of  delivery; their results were not uniform, and 
studies primarily included chronic patients tak-
ing antipsychotic therapy [3,6]. In this study, 
we included a population of  patients without 

Table 1. Values of  investigated clinical features according to the type of  delivery

Vaginal delivery
(n = 120)

Caesarean delivery
(n = 11) z or χ2 p

Age (years) 33 (18 – 71) 27 (19 – 54) 1.67 0.093
Age at first hospitalization (years) 26 (14 – 57)  6 (19 – 34) 0.08 0.933
PANSS positive symptoms score 23 (7 – 39) 22 (11 – 35) 0.93 0.352
PANSS negative symptoms score 25 (10 – 48) 30 (17 – 39) -1.28 0.199
PANSS general psychopathology score 49 (38 – 82) 47 (35 – 67) 0.71 0.478
PANSS total symptoms score 98 (63 – 159) 94 (75 – 141) 0.37 0.707
PANSS positive factor 13 (4 – 22) 11 (6 – 14) 1.63 0.102
PANSS negative factor 13 (5 – 32) 15 (7 – 22) -1.03 0.303
PANSS depression factor 9 (4 – 19) 10 (7 – 14) 0.03 0.978
PANSS cognitive factor 6 (2 – 14) 4 (3 – 7) 1.57 0.116

PANSS = engl. Positive and Negative Syndrome Scale

Table 2. Frequency of  early and late disease onset according to the type of  delivery

Disease onset
(≤ 26 years),

n (%)

Disease onset
(> 26 years),

n (%)
χ2 df p

Vaginal delivery (n = 120) 61 (50.8) 59 (49.2)
0.66 1 0.416

Caesarean delivery (n = 11) 7 (63.6) 4 (36.4)
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therapy; these were patients with the first epi-
sode of  schizophrenia who had never been 
prescribed antipsychotic therapy and chronic 
patients non-adherent to antipsychotic therapy.

Similar to a recent study conducted by 
Fond and associates our results did not show 
a significant association of  specific symptoms 
of  the PANSS score with the type of  deliv-
ery [6]. The values of  individual PANSS fac-
tor, including the depressive factor, also did 
not show significant variations depending on 
whether patients were born by vaginal deliv-
ery or caesarean delivery (Table 1). It should 
be noted that Fond and associates in their 
study did not use the depressive factor of  the 
PANSS to assess depressive symptoms, as 
was the case in our study, but the CRDS [6]. 
This scale has a higher specificity for the as-
sessment of  depressive symptoms in schizo-
phrenia and includes nine items, in contrast 
to the depressive factor, which considers only 
three items [21-24]. Our results, suggesting 
that there is no significant association between 
the age of  schizophrenia onset and the type 
of  delivery, also coincide with the results of  
research by Fond and associates [6]. However, 
such results do not coincide with the results 
of  a meta-analysis that included 854 patients 
with schizophrenia from different popula-
tions, conducted several years ago by Verdoux 
and associates [3]. Their study examined the 
relationship between the age of  disease onset 
divided into early (≤ 22 years) and late (> 22 
years), with 14 birth complications, and one 
of  the categories was complicated caesarean 
delivery. The results showed that patients born 
by a complicated caesarean delivery have a ten 
times higher risk of  developing schizophrenia 

before the age of  22. The inconsistency of  the 
results on the association of  the age of  disease 
onset with caesarean delivery could, at least to 
some extent, stem from the fact that Verdoux 
and associates included patients with compli-
cated caesarean delivery in the study [3]. On 
the other hand, Fond and associates in their 
research do not state whether caesarean deliv-
ery was complicated, and such data do not ex-
ist for our patients either [6].

The results of  our study suggesting a posi-
tive association between caesarean delivery 
and nicotine dependence (Table 3) do not co-
incide with the results of  research by Fond 
and associates in which no correlation was 
found between the type of  delivery and the 
smoking status of  the respondents [6]. This 
difference could be because the respondents 
included in our study have currently been off  
antipsychotic medications while in the study 
of  Fond and associates subjects were on sta-
ble antipsychotic therapy for at least 4 weeks 
[6]. Since persons born by caesarean delivery 
are more prone to infections, especially during 
childhood, the composition of  their intestinal 
microbiota could be further determined by the 
interaction of  antibiotics and antipsychotic 
medications [6,25]. Furthermore, it is possible 
that patients on antipsychotic therapy smoke 
more often than patients who are off  antipsy-
chotic medications, precisely to alleviate extra-
pyramidal symptoms and cognitive deficits that 
occur due to dopamine receptor blockade by 
antipsychotic medications [19,26,27]. Research 
suggests that nicotine, a major component of  
cigarette smoke that leads to addiction, has a 
positive effect on dopaminergic neurotrans-
mission in the brain: it stimulates nicotinic 

Table 3. Frequency of  smokers and non-smokers according to the type of  delivery

Smokers,
n (%)

Non-smokers,
N (%) χ2 df p

Vaginal delivery (n = 120) 62 (51.7) 58 (48.3)
6.27 1 0.012

Caesarean delivery (n = 11) 10 (90.9) 1 (9.1)
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acetylcholine receptors, promoting increased 
dopamine release and inhibiting monoamine 
oxidase, an enzyme involved in breaking down 
dopamine [28-30]. Literature data show that 
as many as 60-90% of  patients with schizo-
phrenia smoke and that approximately 30% 
of  smokers with schizophrenia belong to the 
group of  heavy smokers (smoke more than 
20 cigarettes a day), which is three times more 
than in general population [31-35].

The small sample of  respondents, the un-
balanced number of  patients born by vagi-
nal delivery and caesarean delivery, as well as 
the fact that data on non-adherence to anti-
psychotic medications were collected from 
autoanamnesis and heteroanamnesis, are im-
portant limitations of  our study. Subsequent 
studies in patients without antipsychotic thera-
py should investigate association of  other clin-
ical features of  schizophrenia with the type of  
delivery, such as depressive symptoms of  the 
CDRS and manic symptoms of  the YMRS [6]. 
Furthermore, more complete anamnestic data 
on nicotine dependence should be collected, 
such as the number of  cigarettes smoked per 
day, a Fagerstrom test to assess nicotine de-
pendence, etc.

Finally, in the context of  the intestinal mi-
crobiota, it should be mentioned that some 
other bacteria whose variations in numbers 
have been shown to be less dependent on the 
type of  delivery, such as bacteria of  the genus 
Lactobacillus, could be relevant in the clinical 
features of  schizophrenia and/or nicotine de-
pendence [8,36]. For example, studies in ani-
mal models suggest an important role of  these 
bacteria in the synthesis of  the neurotrans-
mitters GABA, glutamate, and acetylcholine 

[8,37].
In conclusion, our results did not show 

an association between the investigated clini-
cal features of  schizophrenia (age of  disease 
onset and severity of  PANSS symptoms) with 

the type of  delivery in patients without an-
tipsychotic therapy. These results, together 
with the fact that neither in the research of  
the Fond and associates conducted on patients 
who were on antipsychotic therapy, was found 
an association of  PANSS psychopathology 
with the type of  delivery, imply that when 
prescribing antipsychotic medications data on 
the type of  delivery should not actually be of  
greater importance for further clinical presen-
tation [6]. On the other hand, we found that 
caesarean delivery increases the risk of  devel-
oping nicotine dependence in patients without 
antipsychotic therapy, which in turn does not 
coincide with the research of  Fond and associ-
ates in which no association between the type 
of  delivery and smoking status in patients on 
antipsychotic therapy was found [6]. We are of  
the opinion that the same does not exclude that 
patients born by caesarean delivery may be at 
higher risk of  developing nicotine dependence 
after the introduction of  antipsychotic therapy 
compared to patients born by vaginal delivery 
or that, for example, they could smoke more 
cigarettes. Since the literature suggests that 
cigarette smoking reduces the concentration 
of  certain antipsychotic medications in plas-
ma, subjects born by caesarean delivery should 
certainly be closely monitored after the intro-
duction of  antipsychotic therapy to prevent 
undertreatment [17-19].
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Može li tip poroda pridonjeti kliničkim karakteristikama 
shizofrenije i ovisnosti o nikotinu u pacijenata koji nisu liječeni 
antipsihoticima?
Sažetak - Vrsta poroda i antipsihotični lijekovi mogli bi modulirati kliničke značajke shizofrenije i ovisnost o pušenju 
djelovanjem na sastav crijevne mikrobiote. Istražili smo povezanost dobi nastupa bolesti, težine simptoma psihopatologi-
je PANSS-a (engl. Positive and Negative Syndrome Scale) i ovisnosti o pušenju, s vrstom poroda, u dvije skupine bolesnika 
sa shizofrenijom bez terapije: u bolesnika s prvom epizodom shizofrenije i kroničnih bolesnika neadherentnih prema 
antipsihotičnoj terapiji. Podaci o vrsti poroda (vaginalni porod ili porod carskim rezom), ovisnosti o pušenju i neadher-
entnosti prema antipsihotičnoj terapiji prikupljeni su iz autoanamneze i heteroanamneze. Dob pri prvoj hospitalizaciji 
zbog psihotičnog ponašanja u sklopu koje je postavljena dijagnoza shizofrenije uzeta je u obzir kao približna dob nastupa 
bolesti. U akutnoj fazi bolesti koja je zahtijevala hospitalizaciju realizirana je evaluacija simptoma psihopatologije PANSS-a. 
Između ispitanika rođenih vaginalnim porodom i carskim rezom nije nađena značajna razlika u vrijednostima dobi nas-
tupa bolesti, simptoma ljestvice PANSS-a i faktora PANSS-a te u učestalosti ranog (≤ 26 godina) i kasnog nastupa bolesti (> 
26 godina) (p > 0,05). Ipak, nađena je značajno veća učestalost pušača među ispitanicima rođenim carskim rezom nego 
među onima rođenim vaginalnim porodom (p = 0,012). Porod carskim rezom povezuje se s približno devet puta većim 
rizikom za pojavu ovisnosti o pušenju. Nije pronađena značajna povezanost između dobi nastupa bolesti i težine PANSS 
psihopatologije s vrstom poroda u bolesnika koji nisu na terapiji antipsihotičnim lijekovima, ali bi porod carskim rezom 
mogao predstavljati rizični čimbenik za pojavu ovisnosti o pušenju u navedenoj skupini bolesnika. 

Ključne riječi: carski rez; dob nastupa bolesti; pušenje; shizofrenija


