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Purpose: The purpose of our study was to compare the metabolic parameters in two genetic

syndromes with a proven high risk of developing psychiatric comorbidities. These comor-

bidities, especially mood and psychotic disorders, may be associated with a risk of obesity,

type 2 diabetes and other components of metabolic syndrome regardless of antipsychotic

treatment.

Patients and Methods: Two groups of children diagnosedwith Prader -Willi syndrome (PWS)

(n = 20) and DiGeorge syndrome (DGS) (n = 18), aged 7–18 years, were enrolled. Behavioral

symptoms and co-occurring psychopathological symptomswere assessed using the Child Behavior

Checklist (CBCL). The levels of following biochemical parameters were measured: glucose,

insulin, high-sensitivity C-reactive protein, total cholesterol, low- and high-density lipoproteins

(LDL and HDL), triglycerides and non-HDL cholesterol. Additionally, the Homeostasis Model

Assessment of Insulin Resistance (HOMA-IR) was calculated.

Results: There were significantly higher levels of insulin and non-HDL in patients with

PWS compared to those with DGS. The scores of four CBCL subscales (social problems,

thought problems, delinquent behavior and aggressive behavior) were significantly higher in

PWS patients. Higher scores of the CBCL-thought problems were associated with signifi-

cantly higher levels of insulin as well as HOMA-IR.

Conclusion: Patients with PWS seem to be more prone to develop subclinical metabolic

dysregulation, in terms of elevated non-HDL levels and insulin levels, compared to DGS

patients. Altered insulin sensitivity, present in both groups, even though it is not a specific

risk factor, might be related to thought problems associated with psychosis.
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Introduction
Metabolic alterations are widely described in the literature with respect to the

psychosis-spectrum conditions.1 Both risk and clinical manifestations of psychosis

are often associated with disturbances in the levels of various cardiometabolic

parameters.2,3 This phenomenon is mostly attributed to environmental factors such

as pharmacotherapy with antipsychotics or unhealthy lifestyle among patients.4

However, previous meta-analyses revealed that even patients at early stages of

psychosis (including drug-naive patients) or mood disorders as well as at-risk

individuals already present subclinical metabolic disturbances.2,5–8 Recent studies

also indicate shared genetic backgrounds of severe mental disorders and metabolic

conditions, including obesity and type 2 diabetes.9
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It is important to note that certain genetic syndromes

that are characterized by a number of psychiatric comor-

bidities are also associated with a risk of obesity, type 2

diabetes and other components of metabolic syndrome.

Prader-Willi syndrome (PWS) is a rare genetic disorder

occurring in 1:10,000–1:30,000 births with a lack of

expression of genes inherited from the paternal chromo-

some 15q11-13 either from paternal deletion (75%), uni-

parental maternal disomy (mUPD) (20%) or as a result of

other chromosomal anomalies.10,11 It is a multisystemic,

neurodevelopmental disorder with frequently delayed

motor and intellectual development and characteristic dys-

morphic features such as almond-shaped eyes downturned

mouth, narrow forehead and small hands and feet as well

as distinctive appearance of further symptoms with

age.10,12,13 At about 2–4 years of age, the first signs of

indolent hunger arise accompanied by challenging

behaviors.12,14,15 Recent studies indicated that mental dis-

orders occur in this syndrome much more often than in the

general population – especially schizophrenia spectrum.16

PWS characterizes a specific behavioral profile in which

many psychopathological symptoms and challenging

behaviors are included. Behavioral phenotype of PWS

patients consists of autistic traits which are becoming

more and more noticeable with age.17 Another feature

includes preoccupation with food, disruptive, abusive

behaviors accompanied by impulsivity, stubbornness and

lack of cooperation and easily getting obsessed with an

idea or activity.18 Attention is drawn to a very large

percentage of up to 20–60% (depending on the mechanism

of the syndrome’s origin) of patients with PWS who

develop psychotic disorders during their lifetime.19 The

majority of patients presenting psychotic symptoms have

PWS due to mUPD, while patients with deletion present

more depressive disorders. It is worth mentioning that

psychiatric illness in PWS tends to have atypical sympto-

matology with predominantly affective syndromes and

psychotic symptoms are described in both groups of

patients with significant advantage of patients with

mUPD.20

The 22q11.2 deletion syndrome, also known as DiGeorge

syndrome (DGS) is the most common chromosomal micro-

deletion with autosomal dominant inheritance pattern and

with prevalence rate estimated at 1:4000 individuals.11,21

DGS is a cluster of congenital malformations resulting

from the loss of a fragment of chromosome 22 with

a variable presentation, which usually consists of cardiac

and palatal abnormalities, immunodeficiency with thymic

hypoplasia, dysmorphic features such as hooded eyelids or

nasal dimple, endocrine disturbances with hypoparathyroid-

ism and varying level of cognitive impairment.21 The beha-

vioral phenotype of DGS consists of poor social skills with

social withdrawal accompanied by restricted affect.22

Impaired abilities mostly include emotions processing and

complex theory of mind similar to disorders of autistic

spectrum.22,23 Apart from behavioral disturbances, the rate

of psychosis in this syndrome is more than twenty times

greater than in the general population and it is estimated

that DGS may stand for 1–2% of all the schizophrenia

cases worldwide.24

Given that subclinical metabolic dysregulation appears

already at early stages of severe mental disorders, includ-

ing mood and psychotic disorders and might be associated

with intrinsic mechanisms, it might be hypothesized that

this phenomenon also appears in patients with DS and

PWS, and might be related to psychopathological symp-

toms. Therefore, in this study, we aimed to compare car-

diometabolic parameters in PWS and DGS as well as

investigate whether metabolic alterations in these symp-

toms are related to psychopathological manifestation. Our

hypothesis was that metabolic dysregulation (lipid profile

disturbances and the measures of insulin resistance) will

be present in PWS and DGS patients representing high

risk of mental illness, especially psychotic disorders.

Materials and Methods
Participants
We recruited 20 children with PWS and 18 children with

DS matched for age, sex and body mass index (BMI).

Participants were recruited among patients of Department

of Genetics (Wroclaw Medical University, Poland) and

Polish PWS and DGS Associations for patients and their

families. The majority of PWS patients (n = 19) had

15q11-13 microdeletion, while mUPD was diagnosed in

one PWS patient. All patients were in the norm or in the

borderline of the intellectual norm, attended public or

integration schools. None of the patients was diagnosed

with previous or current psychotic symptoms and none of

them has taken psychotropic drugs accept for one PWS

patient who was on methylphenidate due to diagnosis of

ADHD. The study was approved by the Ethics Committee

at Wroclaw Medical University (Nr KB – 784/2017) and

was conducted in accordance with the Declaration of

Helsinki, the written informed consents from patients,

their parents and legal guardians were collected.
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Clinical Measures
Psychopathological profile of patients was assessed using

the Polish version of the Child Behavior Checklist

(CBCL),25 a questionnaire composed of 113 statements

filled by the child’s guardian as 0 (not true), 1 (sometimes

true) or 2 (often true). Results were divided into three main

groups: competences, internalizing problems (consisting of

anxious/depressed, withdrawn/depressed, somatic com-

plaints domains) and externalizing problems (consisting of

delinquent behavior and aggressive behavior domains)

together with social problems, thought problems and atten-

tion problems domains included in total problems.26

Clinical and Biochemical Parameters
The following clinical and biochemical parameters were

assessed to compare both groups of participants: 1) anthro-

pometric measures: weight, height, body mass index (BMI),

waist and hips circumference; 2) inflammatory markers:

high-sensitivity C-reactive protein (hsCRP); 3) glucose

homeostasis: semi-fasting glucose and insulin and 4) lipids:

low- and high-density lipoproteins (LDL and HDL), non-

HDL, total cholesterol and triglycerides.

Semi-fasting blood samples (10mL, after 3–4 hrs fasting)

were collected from all patients participating in the study,

centrifuged at 2500 rpm for 10 min to collect serum that was

stored in aliquots at −80°C. The Konelab 60 analyzer

(Argenta) was used to measure the levels of glucose, total

cholesterol and triglycerides based on colorimetric methods.

The levels of LDL were calculated with the Friedewald

equation.27 Insulin levels were analyzed with the electroche-

miluminescence method (Cobas e411 analyzer, Roche). The

levels of hsCRP were determined using the immunonephelo-

metric method (BN2 analyzer, Siemens). The Homeostatic

Model Assessment (HOMA)methodwas used to indicate the

insulin resistance and β-cell function estimated from semi-

fasting glucose and insulin levels.28,29

Statistics
Between-group differences in the distribution of categorical

variables and continuous variables were assessed using the

χ2 test and the Mann–Whitney U-test, respectively. Bivariate

correlations were tested using the Spearman’s rank correla-

tion coefficients. The Benjamini–Hochberg method with the

false discovery rate of 25% was used due to multiple testing.

Results of bivariate tests were considered statistically signif-

icant if the p-value was ≤0.017. Significant differences in

biochemical parameters were further tested using the analysis

of co-variance (ANCOVA) with diagnostic group (PWS vs

DGS patients) as an independent variable and BMI as a co-

variate. Moreover, linear regression analysis was performed

to assess bivariate correlations to control for the effects of

BMI. The alpha criterion level was set at 0.05 in the

ANCOVA and linear repression analyses. Statistical analysis

was performed using the Statistical Package for Social

Sciences, version 20 (SPSS Inc., Chicago, Illinois, USA).

Results
General characteristics of the sample are presented in Table 1.

Both groups of participants had similar age, the number of

males and females as well as anthropometric parameters

(BMI, waist circumference and hip circumference). The levels

of insulin and non-HDL were significantly higher in PWS

patients compared to those with DGS. Patients with PWS

had also higher levels of HOMA-IR and LDL than individuals

with DGS. However, these differences did not reach statistical

significance after the Benjamini-Hochberg correction. The

ANCOVA revealed significant effects of diagnostic group

(PWS vs DGS, F = 4.99, p = 0.033) on insulin levels after co-

varying for BMI (F = 3.26, p = 0.080). In addition, the effects

Table 1 General Characteristics of the Sample

PWS (n = 20) DGS (n = 18) p

Age, years 11.5 ± 4.1 9.8±2.5 0.239

Sex, M/F(%) 9 (45.0)/11 (55.0) 10 (55.6)/8 (44.4) 0.973

BMI, kg/m2 19.0 ± 6.2 17.9±2.6 0.964

Waist circumference, cm 67.1 ± 14.8 60.4±8.3 0.126

Hip circumference, cm 78.8 ± 17.1 72±9.9 0.210

hsCRP 0.9245±2.1 0.5±0.5 0.845

Insulin 28.51±20.8 18±17.7 0.013

Glucose, mg/dL 87.95±16.4 84.1±19.1 0.497

HOMA-IR 6.8±6.8 4.3±5 0.028

Total cholesterol, mg/dL 171.8±31.4 150.6±34.8 0.056

LDL, mg/dL 106.5±29.9 81.9±35.8 0.028

HDL, mg/dL 48.1±13.3 52.3±19.6 0.497

Non-HDL, mg/dL 123.7±30.1 98.3±39.3 0.013

Triglycerides, mg/dL 86.6±31.9 81.5±38.7 0.326

CBCL – anxious/depressed 60.1±8.7 62.1±9.3 0.654

CBCL – withdrawn/depressed 62.1±7.6 62.9±12.4 0.919

CBCL – somatic complaints 62.2±8.2 59.8±9.6 0.228

CBCL – social problems 71.5±8.7 64.6±8.6 0.016

CBCL – thought problems 69.6±8.7 59.1±9.1 0.002

CBCL – attention problems 65±8.9 60.4±7.7 0.133

CBCL – delinquent behavior 63.2±7.9 53.7±4.1 <0.001

CBCL – aggressive behavior 67.2±10.6 59.2±8.1 0.005

Note: Significant differences after the Bejamini-Hochberg correction were marked

with bold characters (p ≤ 0.017).

Abbreviations: M, male; F, female; BMI, body mass index; PWS, Prader-Willi

syndrome patients; DGS, Di George syndrome patients; hsCRP, high-sensitivity

C-reactive protein; HOMA, Homeostatic Model Assessment; LDL, low-density

lipoproteins; HDL, high-density lipoproteins; CBCL, Child Behavior Check List.
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of diagnostic group (PWS vs DGS) on non-HDL appeared to

be significant (F = 5.53, p = 0.025) after controlling for the

effects of BMI (F = 0.13, p = 0.721). Similarly, the scores of

four CBCL subscales (social problems, thought problems,

delinquent behavior and aggressive behavior) were signifi-

cantly higher in PWS patients in comparison with DGS

patients.

Correlations between biochemical parameters and scores

of specific CBCL subscales in all participants are provided in

Table 2. There were significant positive correlations between

the scores of CBCL-thought problems and the levels of

insulin as well as HOMA-IR. Linear regression analysis

revealed that the correlation between insulin levels and the

score of CBCL-thought problems was significant (B = 2.24,

p = 0.035) after controlling for the effects of BMI (B = 1.39,

p = 0.173). Similarly, the correlation between HOMA-IR and

the score of CBCL-thought problems appeared to be signifi-

cant (B = 2.13, p = 0.042) after adjustment for BMI effects

(B = 1.02, p = 0.223). There was also a negative correlation

between the scores of CBCL-thought problems and HDL

levels. However, this correlation appeared to be non-

significant after correction for multiple testing.

Discussion
In our study, we found elevated levels of non-HDL as well

as insulin resulting in heightened HOMA-IR in PWS

patients compared to DGS patients, even after controlling

for the effects of BMI differences. We attempted to com-

pare two genetic syndromes with a proven high risk of

developing psychotic disorders.19,24

Research indicate that drug-naive patients with clini-

cally high risk for developing psychosis present also higher

predisposition of developing signs of metabolic syndrome

such as higher rates of elevated levels non-HDL cholesterol

concentrations as well as increased fasting levels of blood

glucose.24 Meta-analysis on dyslipidemia in drug-naive

patients with first episode of schizophrenia showed subcli-

nical lipid profile alterations. Lower levels of low-density

lipoprotein (LDL), HDL and total cholesterol, as well as

significantly higher levels of triglycerides in patients at

early phase of schizophrenia-spectrum disorders were

demonstrated.6 The results of this meta-analysis are consis-

tent with our study, in which we showed a statistically

significant increase in non-HDL cholesterol levels which

stands for the total concentration of all atherogenic lipopro-

teins. A recent study by Keinänen et al indicated that lipid

metabolism dysregulation in drug-naïve first-episode psy-

chosis patients is related to atherogenic lipoproteins

with higher LDL cholesterol, total cholesterol and

triglycerides.30 Dyslipidemia is indicated also as one of

the contributors to cognitive impairment in schizophrenia

spectrum patients.31 Further research on patients with

genetic disorders should be focused on correlations between

cognitive performance and dyslipidemia in vulnerable

populations. This is crucial as dyslipidemia can contribute

to brain structural changes that are already present in ado-

lescence, which are preventable or treateable.31

Meta-analysis on biochemical measures of prediabetic

states in drug-naïve patients with first episode psychosis

revealed impaired glucose tolerance and insulin resistance

compared to healthy controls.32 These results depend not

only on the patient’s lifestyle, prescribed pharmacotherapy

or access to health services, but might also have an intrinsic

background. First episode psychosis might be connected to

abnormal glycemic profile due to inflammatory pathways.

The inflammatory process with increased concentrations of

inflammatory cytokines is involved both in schizophrenia-

spectrum disorders and the type 2 diabetes. When

Table 2 Bivariate Correlations Between Metabolic Parameters and the Measures of Psychopathology in PWS Patients

Anxious/

Depressed

Withdrawn/

Depressed

Somatic

Complaints

Social

Problems

Thought

Problems

Attention

Problems

Delinquent

Behavior

Aggressive

Behavior

hsCRP 0.032/0.852 0.169/0.318 0.141/0.405 0.077/0.650 0.130/0.444 0.042/0.804 0.075/0.658 0.128/0.452

Glucose −0.033/0.847 −0.105/0.235 −0.134/0.430 −0.186/0.269 −0.019/0.912 −0.166/0.325 0.022/0.899 −0.130/0.442

Insulin 0.002/0.990 0.142/0.402 0.161/0.340 0.088/0.603 0.522/0.013 0.138/0.414 0.183/0.279 0.177/0.294

HOMA-IR 0.018/0.918 0.149/0.379 0.147/0.386 0.057/0.740 0.504/0.017 0.250/0.183 0.141/0.404 0.144/0.395

TC −0.177/0.296 0.076/0.656 −0.077/0.651 0.162/0.337 0.053/0.754 0.059/0.729 0.181/0.284 0.100/0.554

LDL −0.169/0.316 0.117/0.492 −0.121/0.477 0.215/0.201 0.211/0.210 0.054/0.749 0.216/0.199 0.046/0.788

HDL 0.101/0.553 0.124/0.465 0.036/0.830 −0.196/0.244 −0.353/0.032 −0.024/0.889 0.008/0.964 0.138/0.416

Non-HDL −0.173/0.307 0.072/0.671 −0.105/0.536 0.237/0.157 0.207/0.218 0.038/0.821 0.236/0.159 0.048/0.780

Note: Data expressed as r/p-value. Significant correlations after the Bejamini-Hochberg correction were marked with bold characters (p ≤ 0.017).

Abbreviations: hsCRP, high-sensitivity C-reactive protein; HOMA, Homeostatic Model Assessment; TC, triglycerides; LDL, low-density lipoproteins; HDL, high-density

lipoproteins.
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considering the relationship between psychotic disorders

and dysglycemia, mediating or moderating inflammatory

factors should be mentioned. Inflammation, as a mediator,

may lead to dysglycemia which often appears in psychosis.

Moderating model assumes that both dysglycemia and psy-

chosis emerge with a joint participation of inflammatory

mechanisms. However, in our study, we did not find ele-

vated level of hsCRP, that could have indicated the presence

of inflammation in the studied groups. Another finding of

common factor for psychosis and impaired glucose toler-

ance is the PI3K/AKT/mTOR pathway, an intracellular

signaling pathway, involved both in insulin sensitivity and

dopamine regulation.33 HOMAmodel provides information

on insulin resistance, which tends to be present in antipsy-

chotic-naïve patients with schizophrenia.34 This informa-

tion is consistent with the results of our study where we

found statistically significant elevation in insulin concentra-

tion as well as in HOMA-IR in patients with genetic dis-

orders prone to develop psychosis. What is particularly

interesting, we found significant correlations between insu-

lin concentration, HOMA-IR and the CBCL thought pro-

blems domain. It has been shown in the study on individuals

identified as at risk of psychosis, that it is one of the two

domains from CBCL questionnaire that may serve as

a potential psychosis risk screening.35 Thought Problems

subscale in CBCL also proved to be a clinically useful for

identifying psychotic symptoms in children in comparative

studies with the rationally derived DSM-oriented psychotic

symptoms scale (DOPSS).36 The study on early-onset psy-

chosis conducted on teenage population by Jensen et al also

indicated that elevated metabolic risk with dyslipidemia

may be present even prior to pharmacotherapy.37

There are some limitations in this study that need to

be discussed. The sample of our study was limited to 20

PWS patients and 18 DGS patients due to the rarity of

the syndromes as well as exclusion of patients with lower

levels of intellectual functioning. We were also unable to

determine whether metabolic disturbances appear only in

some subgroups of patients with PWS or DGS. An

important limitation is that we were not able to obtain

fasting blood samples from the patients and thus semi-

fasting samples, 3–4 hrs after meal, were collected.

However, it has been found that there is a significant

correlation in the measures of insulin resistance or sensi-

tivity between semi-fasting and fasting blood samples.29

Similarly, there are recommendations that non-fasting

blood samples could be routinely used for the assessment

of plasma lipid profiles.38 In favor of our results stands

the fact that all patients with Prader–Willi syndrome

remained under the care of a dietitian and maintained

a restrictive diet with low glycemic index and reduced fat

content in order to prevent weight gain. Both groups

were comparable in terms of weight and BMI. In the

PWS group, two patients had weight and BMI above

95 percentile, of which only one patient was obese.

Another limitation is that the vast majority of PWS

patients (19:1) had deletion etiology of the syndrome

and psychotic symptoms are more characteristic to PWS

due to mUPD etiology. It is also important to note that

we did not include a group of healthy children. Finally,

a cross-sectional study design does not allow to conclude

regarding causal associations between metabolic distur-

bances and co-morbid psychopathological symptoms in

both groups of patients.

Conclusion
Our results indicate that patients with PWS may be more

prone to develop subclinical metabolic dysregulation, in

terms of elevated non-HDL levels and insulin levels, com-

pared to DGS patients. In both groups of patients, altered

insulin sensitivity, even though it is not a specific risk

factor, might be related to psychosis risk, which needs

further research. These results may indicate that the meta-

bolic alterations are linked to psychosis regardless of pre-

disposing conditions. Longitudinal studies in larger

cohorts of patients with PWS and DGS are needed to

establish causal associations. The comparison with other

at-risk populations is needed to confirm whether our obser-

vations reflect the outcome of intrinsic processes asso-

ciated with the pathophysiology of psychosis.
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