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Abstract: Weight gain is a common concern in general adult psychiatry. However, there are no extensive and longitudinal
studies to show how weight gain variates and if it does so in the inpatient population. We collected the electronic data of the
weights from a sample of 186 psychiatric and non-forensic inpatients hospitalized in Essex, United Kingdom, these data being
relative to a period from one to ten years. Statistical methods included the coefficient of determination R* for progressive
measures of weight, Cohen’s d for R?, and meta-analysis to calculate the coefficient of heterogeneity I? of individual R* and mean
weights. Subsequently, the body weights were compared with the national Body Mass Index (BMI = Kg/m?). The results showed
that the time variation of body weight was low to medium for male patients (R* = 0.17; d = 0.44), and medium to high for female
patients (R* = 0.27; d = 0.74). Additionally, the average BMI for female patients was 31.21 (SD = +7.73) corresponding to the
WHO Class I Obesity spectrum while for males it was 27.05 (SD = £5.92) corresponding to the WHO Overweight Class
spectrum. In conclusion, overweight in males and obesity in females are commonly found in psychiatric non-forensic inpatients.
However, in our study, only 27% of the females’ and 17% of the males’ variation in body weight was explained by the time
variable. Consequently, one conclusion is that increased BMI might be comorbid with psychiatric disorders although the
direction of the reciprocal influence should be investigated.
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mental illness can lead to obesity [4].

Overall, we hypothesized four theories linking weight-gain
to mental health. The first theory assumes that physical
inactivity and lifestyle of psychiatric patients justifies their
high BMI (Body Mass Index) [5, 6]. The second theory
assumes that psychotropic medication is responsible for
weight gain, especially antipsychotic medication and
antidepressants of the SSRI (Serotonin System Reuptake
Inhibitor) [7, 8]. Some authors propose a combination of these
factors where patients reduce physical activity, and via
psychotropic medication and increased appetite acquire more
weight due to some predilection for carbohydrates [9]. The

1. Introduction

Obesity is positively correlated with mental health illnesses
[1]. In particular, the prevalence for overweight and obesity in
psychiatric inpatients reaches 66% with the trend for female
patients to increase their weight along with their admissions
compared to males who usually reach a steady state [2]. A
study by Public Health England indicates a higher rate of
obesity in psychiatric patients accounting for 80% with a high
risk of becoming obese when patients are detained in
psychiatric hospitals [3].

In the United Kingdom, a survey by the National Obesity

Observatory and the National Health Service summarizes
several types of researches indicating a ‘bidirectional
influence’” where obesity can lead to mental illness or where

third theory assumes that some type of food is responsible for
psychiatric problems, mainly an increased consumption of fast
food and baked goods might be conducive to depression [10];
studies in mice show a central inflammatory effect of a
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high-fat diet [11]. The fourth theory assumes that pathological
weights are comorbid to psychiatric illnesses especially in
female patients [12, 13]. In fact, the prevalence of women with
borderline personality disorder in the general adult inpatient
population [14], and the association between borderline
personality disorder and obesity [15] can partly explain why
pathological weight is mostly found in the female psychiatric
population with personality disorders. Furthermore, a general
association has been discovered between overweight,
metabolic syndrome and psychiatric illnesses [16].

However, there are no extensive and longitudinal studies to
show if weight gain is already present when patients access
psychiatric services or if, instead, it could be attributed to the
above-mentioned theories. In the United Kingdom, data
relative to psychiatric patients, including weight, are
commonly recorded on an electronic database. Consequently,
longitudinal data collection using electronic support can
improve research outcomes [17]. Electronic medical records
(EMR) offer a chance for useful and extensive scientific
research in psychiatry [18]. Preliminary research from the
authors of the current study by using a combination between
EMR and longitudinal meta-analysis suggests comorbidity
between obesity and psychiatric illnesses; the hypothesis is
that weight gain does not decrease during the years although
extensive policies already exist in the United Kingdom to
reduce obesity in psychiatric patients [19, 20].

Research that has investigated the effect of obesity on brain
suggest that increased body weight is associated with a
reduced brain size of the hippocampus, frontal and parietal
lobes [21]. Compared to healthy population, persons with
obesity show reduced volumes of the gray matter (frontal,
temporal gyri, thalamus, and hippocampus) and white matter
(internal capsule and optic radiation) [22].

A study involving 896 Chinese patients discovered that
obesity was associated with decreased cognitive functioning
while patients with obesity and schizophrenia had worse
scores compared to patients who were not obese [23]. One
systematic review found that the most altered cognitive
functions in obesity are psychomotor performance and speed,
and time underestimation [24].

Another study confirms the co-occurrence of factors
increasing body weight in the psychiatric inpatients like raised
sleep hours, smoking, incorrect diets, antipsychotic
medication although the same research did not find a
correlation between weight change and length of admission
[25]. Although specific programs exist in the United Kingdom
to reduce metabolic syndrome in psychiatric inpatients their
effectiveness is considered low. For instance, although the
most adopted measures to counteract weight-gain in
psychiatric inpatients are diet guidance, sports syllabi, fitness
awareness groups, open gym, walks, and bicycle outdoors,
one study evidenced that these programs were only modestly
effective in 55% and ineffective in 25% of cases [26].

Previous studies by the same authors of the current research
show a prevalence of females with borderline personality
disorder in the adult psychiatric inpatients hence suggesting
that this target population might be the one with the highest

number of observations of severe overweight and obesity [14,
20]. One study seems to confirm the hypothesis suggesting
that difficulties in controlling impulsive eating might be
responsible for obesity in psychiatric inpatients [27].

Regarding age, one study found no correlation between
weight gain and age of patients who instead, show a
correlation of psychotropic medication with hypertension and
diabetes [28].

Regarding the use of psychotropic medication which is
known to increase weight, some are also responsible for the
increased incidence of diabetes type 2 and hypertension, for
instance, olanzapine [29]. Adverse metabolic syndrome and
most notably diabetes type 2 have been associated with the
second-generation  antipsychotics  (SGAs)  especially
olanzapine and clozapine [30]. However, one hypothesis
suggests that the glucose-metabolism dysregulation and
hyperinsulinemia by clozapine and olanzapine are also
correlated to higher antipsychotic action; therefore, it is
hypothesized that the therapeutic and metabolic effects might
be concordant and acted on insulin brain receptors [31].
Patients identified at higher risk are older females with
unipolar depression and bipolar disorder [32, 33].

Under broader perspective, obesity itself is associated to a
higher frequency of hospitalizations in studies reporting the
prevalence in different countries and a similar prevalence in
general medical wards and psychiatric wards, with an average
BMI for males and females of 25.4 Kg/m2 [34]. However,
hospitalized patients with obesity might reflect the same
prevalence of obesity affecting the population of the same
catchment area. In the UK, a National Health Service survey
discloses that in 2015, 58% of women and 68% of men
resulted to be overweight or obese, while two out of three
admissions had a primary diagnosis of obesity, and 74% were
females [35].

Our recent research indicates a prevalence of admissions in
general adult psychiatric wards of females of white ethnic
background with borderline personality disorder [14]. These
patients have already high prevalence of severe obesity [36]. A
study in the United States found a prevalence of borderline
personality disorder in 26.9% of the obese population linking
personality disorder to compulsive eating [15]. A study
indicates that child abuse in females is associated with obesity
later in life [37].

Research also associates obesity with depression. For
instance, compared to adolescents with healthy BMI, obese
adolescents have a higher incidence of cognitive and
psychiatric problems, comprising poor records at the school,
low self-esteem, depression, and a higher rate of suicide
attempts [38]. In general, major depressive disorder (MDD)
has been associated with a higher risk of obesity probably
linked to increased appetite and sleep time [39]. An
association between obesity and recurrent depression has been
associated to lower hippocampal volume [40].

Disturbances in metabolism and obesity are present in
subjects with psychosis autonomously from psychotropic
medication [41]. Furthermore, overweight and obesity might
be conducive to brain alterations already in the initial stages of
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psychosis [42]. The hypothesis is that high BMI causes
alteration of the cerebral white matter in schizophrenia by
hindering the neurotransmission in the cortico-limbic
networks which play a crucial role in neurocognition,
emotions, and mental health in schizophrenia [43].

Research has also found an association between obesity
and bipolar disorder sharing the same causes together with
the obesogenic action of mood stabilizers [44]. Another study
found that increased BMI is related to the size of the frontal
cortical lobes in adolescents with bipolar disorder [45].
Overall research shows an association of obesity with the
schizoaffective disorder characterized by a history of major
depressive disorder and suicide attempts [46].

The current research will address the long-term changes in
weight gain and the prevalence of obesity in the general adult
psychiatric inpatients. The aim is to verify if weight gain is
associated or not with circumstances that are present and
predictable in psychiatric wards as affecting weight, like
psychotropic medications, reduced physical activity or poor
eating habits, or if data would instead suggest comorbidity
between increased BMI and mental health.

2. Material and Methods

This current research is a perspective and cross-sectional
study. Electronic data for body weights relative to a period
from one to ten years were collected for 186 psychiatric
inpatients in the general adult population (99 males and 87
females) with the average age for males of 39.65 years (SD =
+11.66) and females of 40.88 years (SD = +13.73).

Data refer to the non-forensic inpatients in general adult
psychiatric wards in Essex, United Kingdom. Statistical
methods included the coefficient of determination R*
computing the time-variation of body weight, Cohen’s d effect
size for the R* and the heterogeneity factor I* from
exploratory meta-analysis measuring differences in individual
R’ and variances in the average weights. The Body Mass
Index (BMI) was calculated by utilizing the national
parameters for the height of the male (175.3 cm) and female
(161.6 cm) population in the United Kingdom as from the
Office for National Statistics [47].
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Exclusion criteria in the correlation studies where patients
presenting with less than three weight observations. Statistical
packages included Medcalc [48] and Open Meta-analyst [49].
We used the National Health Service BMI Calculator [50].
The statistical triangulation involved a sequential mixed
design [51], mixed methods [52] and longitudinal
transformation [53] because data were collected via following
and multiple quantitative methods that were implemented at
separate times and then integrated at the end of the term using
exploratory meta-analysis.

Meta-analysis is a robust statistical method; it can
overcome the restrictions posed by small-sample studies by
summarizing the results of distinct studies to produce the
single best estimation and increasing the generalizability of
the results [54, 55, 56]. We used exploratory meta-analysis
applied to BMI and R* [57]. Furthermore, meta-analysis can
be used to calculate the effect of independent variables on
experimental outcomes [58, 59] or gather the results of
observations that occur at different times [60], as in the current
research. In the current research, meta-analysis was applied to
measure the coefficient of heterogeneity I* within measures.

Longitudinal data were computed by using the coefficient
of determination R (Figure 1). R* measures the proportion of
variation of the dependent variable (weight gain) justified by
the variation of the independent variable or predictor (time)
[61]. In our case, R2 also has a predictive meaning as it allows
for the extrapolation of the correlation curve and makes some
estimate on probable future behaviors of the dependent
variable (weight).

In the current research, patients’ weight readings were
collated into a spreadsheet which automatically converted
subsequent readings into R” values. Once each patient’s R*
was obtained it entered the meta-analysis to verify if R®
showed heterogeneity in the whole population. Weights were
usually taken every week and could be found in the electronic
records since the actual system was introduced in Essex,
meaning about ten years ago. Similarly, R* can also have a
graphic representation which explores the overlapping of the
observed data with the hypothetical curve for a perfect
correlation also expressed as shared variance (Figure 1) [62].

Correlation: 0.17

Sample size 100

Shared variance: 2.9%
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Correlation: 0.27

Sample size 100

Shared variance: 7.3%

’ Correlation: 0.98

Sample size 100

New sample

Shared variance: 96%

Figure 1. Statistical modeling of R2 with values obtained from the results with R2 of 0.17 (males), 0.27 (females) and the hypothetical optimal correlation of
R2=0.98. The shared variances between the points of the observed data and the hypothetical curve are 2.9% (males) and 7.3% (females) compared to the
hypothetical shared variance of 96% when the observed data overlap the hypothetical curve for a perfect correlation [62].

Cohen’s d individual and global effect sizes were calculated
using online effect size calculators [63, 64]. Intermediate
effect size is for values above 0.5 and high for values above
0.8 [65]. The visualization of Cohen’s d [66] allows defining
how the group under observation diverges from the
hypothetical population with low values of d suggesting a
significant overlap between the two curves.

For instance, with Cohen’s d = 0.4 the two curves overlap
for 85.15%, while 66% of the treatment group will be above
the mean of the control group (Cohen’s U3); instead with
Cohen’s d = 0.7 the two curves overlap on for the 72.63%
while 76 % of the treatment group will be above the mean of
the control group (Cohen’s U3) (Figure 2) [66].

Cohen'sd: 0.4
+—
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Figure 2. Statistical modelling of Cohen’s d showing the degree of overlap between the experimental curve (lighter color) and the normal curve (darker color)
d=0.4 (above) [R’ for males] and d=0.7 (center) [R’ for females] and hypothetical (d=3). At d=0 there is no difference between the two curves that will

overlap completely [66].

Finally, with the hypothetical Cohen’s d=3.0, 100 % of the
treatment group will be above the mean of the control group
(Cohen’s U3) indicating that the experimental group is
affected by the variable under investigation, in our case body
weight changing according to the variable time [66]. Hence,
the higher the effect size (Cohen’s d) the wider is the
difference between the experimental group (the one observed)
and a hypothetical population where the effect of the variable
under investigation, weight gain/time, is assumed to be nil.

BMI is categorized according to World Health Organization
(WHO) international classification —which classifies
‘underweight’ with BMI less than 18.5, ‘healthy weight’ with
BMI between 18.5 and 24.9, ‘overweight’ with BMI between
25 and 29.9, ‘obesity class I’ with BMI between 30 and 34.9,
‘obesity class II” with BMI between 35 and 39.9, and ‘obesity
class III” with BMI from 40 and over [67, 68].

When results were provided as percentages, the online
statistical program Medcalc [48] calculated the significance
for differences of proportions or a single proportion. In this
last case, the Null Hypothesis (Ho) was obtained by dividing
100% by the number of entries in the results. For instance, in
Table 3, the results were compared with Ho =20% (100-+5). In
general, weight gain is defined as a growth of 7% or more of
the weight from the starting point till to the endpoint [69].

The current research was conducted according to the
conventions of the Declaration of Helsinki principles of 1975,

as revised in 2008. The electronic data related to patients were
gender, age, and weight. Data were stored in encrypted files
accessible only to the clinicians involved in the research. The
anonymity of patients was maintained at all stages of the
research.

3. Results

Some of the results were graphically commented in the
Methods (Figures 1 and 2). Regarding the time variation of
body weight, mean R for male patients (n = 90) was 0.17
(95% CI = 0.14-0.20), Cohen’s d = 0.44 (small), and the
coefficient of heterogeneity I* was 91.52% (p<0.001). For
female patients (n = 48) mean R* was 0.27 (95% CI =
0.20-0.34), Cohen’s d = 0.74 (intermediate), and the
coefficient of heterogeneity I = 72.26% (p<0.001).

Furthermore, the meta-analysis revealed statistically
significant heterogeneity in males’ body weight (n = 99), with
a mean weight of 83.33 Kg (95% CI = 80.03-86.63),
coefficient of heterogeneity I* = 99.86% (p<0.01) and BMI of
27.1 Kg/m* corresponding to the WHO overweight spectrum
(Table 1 and 2). When all the BMI from every single male
patient were averaged, the resulting score was instead 27.05
(SD = +5.92) corresponding to WHO Overweight Class
(Table 3).

In females’ body weight (n = 87), the meta-analysis
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revealed statistically significant heterogeneity with a mean
weight of 79.97 Kg (95% CI = 79.27-80.68), the coefficient of
heterogeneity I* = 99.95% (p<0.01), and BMI of 31.9 Kg/m®
corresponding to the WHO obese spectrum (Table 1 and 2).
When all the BMI from every single female patient were
averaged, the resulting score was instead 31.21 (SD = +7.73)
corresponding to WHO Obesity Class I (Table 3).

The next step was to count the number of male and female

patients showing pathological BMI (Table 3). When each single
patient BMI was calculated (Table 3), it emerged a prevalence
of healthy weight in males (N = 100; 44%) and overweight in
females (N = 81; 29.62%). BMI evenly distributed in all classes
for females while concentrating on overweight for males (Table
3). Overall, the BMI of the female population tends to be higher
than the BMI in the male population and more dispersed within
all BMI categories (Figure 3).

Table 1. Longitudinal data and R’.

Gender N Cohen’s d R? I p-value

Males 90 0.44 0.17 91.52% p<0.001

Females 48 0.74 0.27 72.26% p<0.001
Table 2. Average weights and BMI1

Gender N BMI 12 p-value

Males 99 27.1 98.86% p<0.001

Females 87 31.9 99.95% p<0.001

Table 3. Number of patients with pathological BMI and percentages, Z scores, and Cohen’s d. Null Hypothesis (Ho) for percentages calculated at 20%.

Gender Healthy weight Over-weight Obesity Class I Obesity Class I1 Obesity Class I11
Males (n=100) 44% 29% 17% 4% 4%
p-values <0.001 0.02 n.s. <0.001 <0.001
Z 0.77 1.05 1.37 2.05 2.05
d 0.23 0.39 0.7 n.a. n.a.
Females (n=81) 22.22% 29.62% 13.58% 19.75% 14.81%
p-values n.s. 0.02 n.s. n.s. n.s.
Z 1.22 1.04 1.49 1.28 1.44
d 0.6 0.43 1 0.67 0.91
Differences between percentages 21.78% 0.62% 3.42% 15.75% 10.81%
p-values for differences <0.01 n.s. n.s. <0.001 0.01
psychiatric inpatients of our sample. Moreover, a progressive
BMI IN MA L_E AND l'tE MALE weight gain is more significant in female than male patients
POPULATION during their admissions although individual variations were
O eviv [ eMiF higher in male than female patien'ts. However, .in our gample,
only 27% in females’ and 17% in males’ variation in body
60 weight was explainable by the time variable. Significant
heterogeneity was similarly found in the average weights both
50 for male and female patients.
g Therefore, in our study, no significant changes in body
40 weight were found during long-term admissions although
T psychiatric hospitals in the UK have been implementing
30 programs in improving body weight in psychiatric inpatients.
J_ For instance, many hospitals have clear policies in the wise
20 L selection of psychotropic medication that could affect body
10 weight. Other hospitals also offer regular physical activities to
B inpatients to improve their pathological BMI.
0 Therefore, one conclusion is that the metabolic syndrome and,

Figure 3. Boxplots for the global BMI of the female psychiatric inpatients
(BMIF) shows global higher values than the BMI in the male psychiatric
inpatients (BMIM). In the female population, the average BMI is higher than
males’ values while the BMI scores are more dispersed than in the male
population. The average females’ BMI (31.21) is higher than the average
males’ BMI (27.05).

4. Conclusions

Overweight in males and obesity in females were found in

therefore, increased BMI, overweight, and obesity are
co-morbid with psychiatric illnesses and might thus be
difficult to treat. These findings would confirm the hypothesis
of the association between obesity and mental health
suggesting a mutual influence.

In any case, a radical change of habits in the psychiatric
population is desirable to reduce the impact that a metabolic
syndrome triggered by pathological BMI becomes a high
concern in the general adult psychiatric population. Research
shows that increased BMI is linked to reduced brain size with
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axonal/myelin anomalies in the white matter, with a reduction
in the gray matter, and with consequent damage to neurons
[70]. Preliminary studies in mice show that diets high in fat
alter the mice’s intestinal microbiome while disturbing their
neuro-behavior including increased anxiety, abnormal
behavior and reduced memory [11].

One suggestion proposed to overcome these effects is the
use of non-steroidal anti-inflammatory drugs and w-3 fatty
acids to promote the growth of helpful intestinal bacteria in
patients at risk of high BMI and psychiatric disorders [71] thus
having beneficial effects on mental health [72]. Additionally,
the reluctance of psychiatric teams to change medications that
have shown benefits for some patients might strengthen the
use of those psychotropic drugs that mostly affect body
weight.

Moreover, although policies for physical activities exist and
are promoted, limited physical spaces in psychiatric wards and
rare gyms make obesity epidemic in psychiatric inpatients.
Lastly, many patients use comfort eating and energy food to
deal with anxieties or increased drowsiness, and this behavior
would make obesity comorbid but not cause of mood
disorders. The use of energy drinks is commonly found as
patients try to balance over-sedation from medication.
Additionally, people who are unemployed and socially
isolated do not use outdoor activities; in this case, obesity will
ensue as a lifestyle in those who already suffer from minimal
mental health problems.

Therefore, low socioeconomic status, often leading to
depression and hopelessness, will favor the use of junk food,
highly caloric and fat food making obesity a common finding
especially in females with borderline personality disorder and
depression coming from underprivileged social classes.

Furthermore, the observations that links the current
research with previous studies from the same authors is that
the group of the psychiatric inpatients that is mostly affected
by obesity is the borderline female patients who might use
impulsive eating to soothe emotional turmoil or as a form of
self-harm, but also linked to other forms of eating disorders
like anorexia and bulimia. Besides, in the United Kingdom, as
most of the female patients with borderline personality
disorder come from Children and Adolescent Mental Health
Services (CAMHS), the process of weight gain might have
started earlier, while it is registered once these adolescents,
having reached the age of 18, become inpatients in adult
wards.

The current study shows several limitations. One weakness
is that the entry and exit weight of the population could have
shown higher variations than the longitudinal study. Besides,
when first becoming inpatients the sample might already have
started to assume psychotropic medication that affects body
weight then recorded at the first admission. Furthermore, a
vicious circle might link low self-esteem, comfort eating and
depression giving the false impression of comorbidity where
eating can also be used as a self-harming behavior in female
patients with borderline personality disorder.

Therefore, further research is needed to verify if pathogenic
factors act individually or consensually in psychiatric

inpatients thus suggesting a multifactorial cause for
pathological weight-gain. Preliminary research indicates that
given the association of high BMI and depression, an
improved metabolic state through the normalization of obesity
shall have effects also on the underlying depression [73].
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