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Background: Underweight in early adulthood increases risk for schizophrenia, but the effect of early childhood
underweight on psychosis risk is not well known.
Methods:We studied whether underweight or overweight in childhood and adolescence increases risk for non-
affective psychosis or other psychiatric disorders in a population-based cohort study ‘Cardiovascular Risk in
Young Finns’. Body mass index (BMI) trajectories were recorded in the years 1980, 1983 and 1986 (in
3–18 years of age), before the first hospitalization due to a psychiatric disorder. BMI was categorized as under-
weight, normal weight or overweight, using the BMI classification for children and adolescents. We formed
DSM-IV based diagnostic groups of non-affective psychosis (n = 69, including a schizophrenia subgroup, n =
41) and affective disorders (i.e. mood and anxiety disorders, n = 112) based on the Care Register for Health
Care. Groups were compared with subjects with no psychiatric diagnoses (n= 3310). Sex, age, low birthweight
and mother's mental disorders were included in the analyses.
Results: Underweight, but not overweight, independently predicted later development of non-affective psycho-
sis. The risk of psychosiswas over two-fold (relative risk (RR) [95%CI] 2.31 [1.2–4.4]) and of schizophrenia nearly
2.5-fold (RR 2.44 [1.03–5.8]) after underweight in childhood/adolescence. Underweight or overweight in child-
hood and adolescence was not associated with mood or anxiety disorders.
Conclusions: These results support the hypothesis of non-affective psychosis as a neurodevelopmental disorder
with somatic manifestations throughout childhood and adolescence.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

Recent studies have provided increasing amount of evidence of
schizophrenia as a neurodevelopmental disorder (Insel, 2010). One as-
pect is thefinding that suboptimal growth in childhood and adolescence
is associated with the risk of psychosis later in life. Low birthweight is a
risk factor for schizophrenia, as shown in a large cohort study conducted
in Sweden and Denmark (Abel et al., 2010). Very few studies have been
made concerning deviation from normal weight in childhood in this
group. In 1994 Jones et al. did not find a significant difference in height
or weight between 7 and 11 years old children with future schizophre-
nia and controls (Jones et al., 1994). Two separate studies have shown
hiatry, University of Turku,
.

the association between childhood underweight and future schizophre-
nia or psychosis. Wahlbeck et al. have shown that children and adoles-
cents, who later developed psychosis, had lower birthweight, were
shorter at birth and, at the age of 7 to 15 years, thinner than comparison
subjects (Wahlbeck et al., 2001). Similar results were shown by
Sørensen et al.; low birthweight and low BMI at the age of 7 to
13 years were associated with the risk of schizophrenia (Sørensen
et al., 2016). Furthermore, low BMI in adolescence or early adulthood
is well known to predict later schizophrenia (Gunnell et al., 2005;
Sørensen et al., 2006; Weiser et al., 2004; Zammit et al., 2007). Most of
these studies, however, included only men (Sørensen et al., 2006;
Weiser et al., 2004; Zammit et al., 2007) and some results, that have
been inconsistent with previously mentioned studies, have also been
published. A Swedish cohort study with 334,577 males did not find a
significant difference in BMI at the time of military conscription
(mean age 18) between controls and patientswith future schizophrenia
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(Gunnell et al., 2003). Further,Wyatt et al. studied US armed forces per-
sonnel and found no association between BMI and later development of
schizophrenia, bipolar disorder or major depressive disorder (Wyatt
et al., 2003).

Based on epidemiologic and genetic research, there is increasing ev-
idence thatmental disorders have partially commonpathophysiological
factors. The risk of schizophrenia is associated not only with family his-
tory of schizophrenia, but with family history of wide range of other
mental disorders as well (Mortensen et al., 2010). Genetic studies con-
firm this impression: a significant part of genetic susceptibility is com-
mon in schizophrenia, bipolar disorder and major depression (Cross-
Disorder Group of the Psychiatric Genomics Consortium, 2013). We,
therefore, assumed that deviation from normal weight could also affect
the risk of mental disorders other than psychosis. Some studies have
shown that overweight or obesity in childhood, adolescence or both
may predict depression (Anderson et al., 2007; Herva et al., 2006;
Sanderson et al., 2011), but we are not aware of any studies concerning
underweight in childhood and the risk of mental disorders other than
psychosis.

Our aimwas to studywhether deviation fromnormalweight, i.e. un-
derweight or overweight, in early childhood and adolescence predicts
later development of non-affective psychosis, by utilizing a
population-based cohort study and hospital discharge register. In addi-
tion, we explored whether the mechanism is specific to psychosis or
whether the BMI trajectories associate with an altered risk for mood
and anxiety disorders as well.

2. Methods

2.1. Study sample

The Cardiovascular Risk in Young Finns Study (YFS) is an epidemio-
logic, population based, follow-up study of the risk factors for coronary
heart disease (Raitakari et al., 2008). The subjects of YFSwere randomly
selected from the population register of five Finnish university cities
(Helsinki, Kuopio, Oulu, Tampere and Turku) and their rural surround-
ings. A total of 3596 children and adolescents from six age groups be-
tween 3 and 18 years participated in the first cross-sectional survey in
1980. The cohort was re-examined in three-year intervals until 1986.
In the present study, measurements from the first three follow-ups of
1980, 1983 and 1986 were included, up to the participants' age of
18 years. The next follow-up for all participants was in 2001, when
even the youngest participants were 24 years old and therefore
excluded.

Psychiatric diagnoses of the participants were acquired from the
Care Register for Health Care (HILMO), previously called the Hospital
Discharge Register. This register was established in 1969 and it covers
all hospitals in Finland. It is maintained by the National Institute for
Health andWelfare. Diagnoses up to the year 2014 were included, cov-
ering follow-up to age 37–52 years for all participants. ICD-diagnoses
were converted to DSM-IV diagnoses as described previously by
Sormunen et al. (Sormunen et al., 2017). Cut-off age for analysis of the
premorbid or prodromal phase of psychosis in our study was 18 years.

Participants whowere diagnosed with any psychiatric disorder dur-
ing 1980–1986 were excluded from the analysis; one participant from
non-affective psychosis group and three participants from affective dis-
orders group. Four participants, one fromnon-affective psychosis group
and three from controls, had no BMI measurements during years
1980–1986. Therefore, from a total of 3596 participants, 3588 partici-
pants were available for analysis. Full data from all three study visits
(1980–1986) were available from 49% of the 3588 participants. 24% of
participants had two visits and 27% just one visit.

In this cohort, 71 (2.0%) of total 3596 participants were later hospi-
talized for non-affective psychosis. From a total of 71 participants who
later developed non-affective psychosis, 69 were available for analysis,
41 (59%) men and 28 (41%) women. In the group of future non-
affective psychosis, 41 (59%) of the subjects had schizophrenia,
schizophreniform disorder or schizoaffective disorder (DSM-IV 295),
resulting in a 1.1% prevalence in this population. Delusional disorder
(DSM-IV 297) was diagnosed in 6 (9%) participants and brief psychotic
disorder or psychotic disorder NOS (DSM-IV 298) in 22 (32%) partici-
pants. The prevalences for other hospital-related psychiatric diagnostic
groups were 3.1% (n = 112) for affective disorders (mood and anxiety
disorders, DSM-IV 296, 300, 311), 1.2% (n = 44) for personality disor-
ders (DSM-IV 301) and 1.5% (n = 53) for substance-related disorders
(DSM-IV 291, 303, 292, 304, 305). Controls are subjects who did not
have any psychiatric diagnosis related to hospital care.

The permissions to use register data and link diagnostic data to YFS
data were acquired from the respective organizations. The Ethics Com-
mittee of the Hospital District of Southwest Finland has approved the
protocol.

2.2. Clinical characteristics

Height and weight of the children and adolescents were measured
during the follow-ups in 1980, 1983 and 1986 and BMI was calculated
as kg/m2. BMI was categorized using the classification provided by
Cole et al., with underweight representing adult BMI ≤ 18.5 kg/m2

(Cole et al., 2007), normal weight representing adult BMI N 18.5 kg/m2

and b25 kg/m2 and overweight representing adult BMI ≥ 25 kg/m2

(Cole et al., 2000). Birthweight was asked in 1983 and 1986 in a ques-
tionnaire for the participants' parents. Birthweight was further dichoto-
mized to low birthweight representing birthweight b 2500 g vs. higher.
Parents' mental disorders or problems, diagnosed by a doctor, were
asked fromparticipants' parents with a questionnaire in 1980 and 1983.

2.3. Statistical methods

The descriptive statistics are given as n (%) in total and distribution
to underweight, normal weight and overweight (Supplemental table
1, Fig. 1). Associations of underweight or overweight with the risk of
adult age psychosis are given as risk ratioswith 95% confidence intervals
(RR [95% CI]) from univariate and multivariable modified Poisson re-
gression models (Zou, 2004). Generalized estimation equations were
used in analyses of repeated measures (Zou and Donner, 2013). The
Bonferroni correction was used to control for type I error in multiple
testing. All multivariable models included sex, age and low birthweight
(≤2500 g) as covariates. Mother's mental disorders were included in the
analyses except for substance-related disorders, because in this diag-
nostic group there were no participants whose mother had a mental
disorder. BMI data were used from all available time points and ana-
lyzed longitudinally. Statistical analyses were done using SAS® version
9.4 (SAS Institute, Cary, NC, USA) and IBM® SPSS® Statistics version 23
(IBM Corp., Armonk, NY, USA).

3. Results

The proportion of underweightwas consistently larger through ages
3 to 18 years in the group of later non-affective psychosis than controls
with no psychiatric diagnosis (Fig. 1, Supplemental table 1). Under-
weight in childhood or adolescence independently predicted later de-
velopment of non-affective psychosis, increasing the covariate-
adjusted risk of psychosis to two-fold (Table 1). Results were similar
for schizophrenia; underweight was associated with nearly 2.5-fold
risk of schizophrenia. Underweight or overweight in childhood and ad-
olescence was not significantly associated with later affective disorder
(Table 1). There was no significant association between under- or over-
weight in childhood and/or adolescence and later development of per-
sonality disorder (p N 0.5 in all analyses) or substance-related disorder
(p N 0.6 in all analyses) (data not shown). However, the results in
these two groups should be interpretedwith caution due to lownumber



Fig. 1. Distribution of BMI using the classification provided by Cole et al. (Cole et al., 2007; Cole et al., 2000) in childhood and adolescence (3–18 years, during years 1980–1986) in the
groups of later development of non-affective psychosis (DSM-IV 295, 297, 298) and controls with no psychiatric diagnoses during follow-up years 1980–2014.
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of participants at each follow-up time point and limited amount of re-
peated measurements of the same individual.

Low birthweight (b2500 g) was significantly associated with the
risk of non-affective psychosis ((RR) [95% CI] 2.04 [1.2–3.6]) in uni-
variate analysis, but not with the risk of schizophrenia. When ad-
justed for BMI in childhood and adolescence, the association did
not remain statistically significant. Sex was not associated with
later development of non-affective psychosis or schizophrenia.
Mother's mental disorders were significantly associated with the
risk of non-affective psychosis (5.91 [2.5–14.0] p b 0.001) and
schizophrenia (7.00 [2.4–20.6] p b 0.001) and the results remained
significant after adjusting for BMI in childhood and adolescence (for
psychosis 6.15 [2.5–15.2] p b 0.001 and for schizophrenia 6.57
[2.1–20.6] p = 0.002).
Table 1
Childhood and adolescent bodymass index measured at the age of 3 to 18 and their association
fective disorders in 1980–2014.

Psychiatric diagnosis Underweight vs. normal weight

Total Univariate Multiva

n (%) RR (95% CIb) Pb RR

All non-affective psychosis 69 (1.92) 2.15 (1.1–4.1) 0.013 2.31
Schizophrenia 41 (1.14) 2.25 (0.99–5.1) 0.055 2.44

Affective disorders 112 (3.12) 1.47 (0.8–2.6) 0.127 1.45

RR = Risk ratio; CI = confidence interval.
a Multivariate analyses include age, sex, low birth weight and mother's mental disorders.
b Bonferroni corrected confidence intervals and p-values.
The association between underweight in childhood and adolescence
and future psychosis or schizophrenia was stronger inmultivariate anal-
ysis including all three covariates (Table 1).When covariateswere added
to the model one by one, sex and mother's mental disorders strength-
ened the association between childhood and adolescence underweight
and future non-affective psychosis (underweight alone: p = 0.013; ad-
justed by sex p = 0.009; adjusted by mother's disorders p = 0.009).
When low birthweight was added to the model, the association was
found to be weaker but still statistically significant (p = 0.016). The re-
sults were similar for schizophrenia (p = 0.055 for underweight alone;
p = 0.044, p = 0.048 and p = 0.064 for sex, mother's disorders and
low birthweight; respectively). Any of these covariates did not affect to
the results on overweight in childhood and adolescence and the risk of
non-affective psychosis or schizophrenia.
s with the risk of later development of any non-affective psychosis, schizophrenia and af-

Overweight vs. normal weight

riatea Univariate Multivariatea

(95% CIb) Pb RR (95% CIb) Pb RR (95% CIb) Pb

(1.2–4.4) 0.008 1.67 (0.8–3.3) 0.191 1.65 (0.8–3.4) 0.234
(1.03–5.8) 0.041 2.11 (0.9–4.9) 0.093 2.25 (0.98–5.2) 0.059
(0.8–2.6) 0.150 0.67 (0.3–1.4) 0.229 0.68 (0.3–1.4) 0.253
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4. Discussion

4.1. General discussion

This study examined the effect of bodymass index trajectories, espe-
cially deviation from normal weight, from early childhood to adoles-
cence to the risk of non-affective psychosis and affective disorders.
Themain finding of this study is that underweight in childhood and ad-
olescence independently increases the risk of schizophrenia and other
non-affective psychoses, but no affective disorders, over two-fold. The
effect is seen throughout childhood, although it appeared less pro-
nounced in children at the age of 3. This may be due to a small number
of subjects at that age who later developed non-affective psychosis.
These results are consistent with earlier findings in other studies with
reported associations between schizophrenia or other non-affective
psychosis and low BMI during childhood (Sørensen et al., 2016;
Wahlbeck et al., 2001) or adolescence/early adulthood (Gunnell et al.,
2005; Sørensen et al., 2006; Weiser et al., 2004; Zammit et al., 2007).
Our results support the idea that non-affective psychoses are not only
brain disorders, but also systemic disorderswith earlymetabolic aberra-
tions. A link between earlymetabolic and structural aswell as functional
brain changes seems likely and is supported by neuroimaging studies
(Moser et al., 2018). However, direct imaging studieswith simultaneous
metabolic assessments in children later developing psychosis are cur-
rently not available.

Underweight in childhood and adolescence can be hypothesized to
relate to increased amount of physical activity. In the YFS cohort, phys-
ical activity index was not available before the age of 9 and, therefore,
could not be used as a potential confounder in the analysis. However,
we have previously reported, in the same study group, decreased levels
of physical activity among 9 to 18 years old children and adolescents,
who later developed non-affective psychosis (Sormunen et al., 2017).
These results are somewhat surprising, because generally low physical
activity increases the risk of obesity, not underweight, in children
(Jiménez-Pav́n et al., 2010).

Some recent studies suggest overlapping pathophysiology, e.g. fam-
ily history (Mortensen et al., 2010), genetic susceptibility (Cross-
Disorder Group of the Psychiatric Genomics Consortium, 2013) and
brain morphology (Goodkind et al., 2015) of wide range of psychiatric
diseases, including schizophrenia. In fact, low birthweight is a risk factor
for both schizophrenia (Abel et al., 2010) and depression (Gale and
Martyn, 2004; Thompson et al., 2001). We did not find a significant as-
sociation between underweight in childhood and adolescence and
later development of affective disorders, with a more severe clinical
phenotype that required hospital treatment. There are very few previ-
ous studies concerning underweight in childhood or adolescence and
the risk of mental disorders other than psychosis. However, some stud-
ies concerning childhood overweight and risk of other mental disorders
than psychosis have been published. Results from an Australian cohort
study suggest that overweight at the age of 7 to 15 years increases the
risk for mood disorder later in life, but not anxiety or substance use dis-
orders (Sanderson et al., 2011). Similarly, in the Northern Finland 1966
Birth Cohort, obesity at age 14 was associated with depressive symp-
toms at age 31 (Herva et al., 2006). The Children in the Community
Study from the USA found that obesity in adolescents aged 12–18 pre-
dicted depression and anxiety disorders in women, but not men
(Anderson et al., 2007). In our study, overweight in childhood and ado-
lescence did not predict any studied psychiatric disorder. Despite low
birthweight predicting both schizophrenia (Abel et al., 2010) and de-
pression (Gale and Martyn, 2004; Thompson et al., 2001), future pa-
tients with depression seem to gain weight normally in childhood or
even become overweight, when future patients with schizophrenia re-
main underweight. Our results indicate that the mechanism of under-
weight in childhood or adolescence is specific to non-affective psychosis.

A trajectory of developing schizophrenia seems to begin already in
early childhood or even before birth (Insel, 2010). Childhood
underweight can be seen as one of the early markers of this process.
Many genetic or nutritional factors affect growth during childhood.
One putativemechanism for underweight in childrenwhowill later de-
velop psychosis is a low level of insulin-like growth factor-I (IGF-I)
(Gunnell and Holly, 2004). Low IGF-I levels are associated with low
birthweight (Ong et al., 2000), low BMI and short stature (Juul et al.,
1994), which are also associated with the risk of schizophrenia (Abel
et al., 2010; Wahlbeck et al., 2001; Zammit et al., 2007). IGF-I crosses
the blood-brain barrier and is thought to influence development and
maturation of central nervous system, cellular plasticity (Dyer et al.,
2016) and cognitive functioning (Aleman and Torres-Alemán, 2009).
Findings about IGF-I levels in drug-naïve patients with schizophrenia
have been inconsistent (Petrikis et al., 2016; Venkatasubramanian
et al., 2010), but still indicative of IGF-I having a role in the pathophys-
iology of psychosis. Some results show elevation of serum IGF-1 due to
antipsychotic treatment (Venkatasubramanian et al., 2010).

4.2. Strengths and limitations

The main strengths of this cohort study include its longitudinal and
observational design and follow-up fromchildhood to young adulthood,
before any evidence of a psychotic disorder. A full-scale follow-upof one
participant was possible only for 6 years and, therefore, none of the sub-
ject data are complete from age 3 to 18. However, we have no reason to
assume any remarkable differences between the birth cohorts, and the
number of participants is high. We can assume a good coverage of the
real prevalence of the hospital-treated disorders among the participants
at adult age, as the psychiatric diagnoseswere not inquired from the pa-
tients themselves but derived from the official Care Register for Health
Care. The diagnostic validity for schizophrenia has been reported to be
good in register-based studies (Mäkikyrö et al., 1998; Suvisaari et al.,
1999), but validity of other diagnoses has not been well documented,
which is a clear limitation of this study. It is clear that, in diagnostic
groups other than psychosis, patients requiring hospital treatment rep-
resentmore severe forms of these disorders. One limitation in this study
is, that the number of subjects with future psychosis, and especially
schizophrenia, is relatively low. Despite the small group sizes, the longi-
tudinal design, low drop-out percentage and the usage of several mea-
surements for each participant increases the statistical power in the
analyses and makes this sample valuable.

4.3. Conclusions

In conclusion, underweight in childhood and adolescence is an inde-
pendent risk factor for later non-affective psychosis, but not for affective
disorders. These results support the hypothesis of non-affective psycho-
sis as a neurodevelopmental disorder with early manifestations of so-
matic/metabolic deviations. These results have relevance for etiologic
research of psychoses but also for the risk of later metabolic problems
in this patient group.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.schres.2018.10.025.
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