Increased Risk of Diabetes Mellitus
Among Persons With Psychotic Symptoms:
Results From the WHO World Health Survey

Roberto Nuevo, PhD; Somnath Chatterji, MD; David Fraguas, MD; Emese Verdes, PhD;
Nirmala Naidoo, MA; Celso Arango, MD; and José Luis Ayuso-Mateos, MD

ABSTRACT

Objective: To analyze with a symptom-based approach
the relationship between psychosis and diabetes mellitus
in the general population.

Method: Nationally representative samples from the
World Health Organization (WHO) World Health Survey,
totaling 224,743 randomly selected adults 18 years and
older from 52 countries worldwide, were interviewed
to establish the presence of psychotic symptoms and
diabetes mellitus. Presence of psychotic symptoms

was established using questions pertaining to positive
symptoms from the psychosis screening module of the
Composite International Diagnostic Interview. Presence
of diabetes was established with a response of “yes"to the
question, “Have you ever been diagnosed with diabetes
(high blood sugar)?” The World Health Survey was
conducted between 2002 and 2004.

Results: An increasing number of psychotic symptoms
was related to increasing likelihood of diabetes mellitus
(OR=1.27;95% Cl, 1.24-1.30). As compared to no
symptoms, at least 1 psychotic symptom substantially
elevated the risk (OR=1.71; 95% Cl, 1.61-1.81). In people
with a lifetime diagnosis of schizophrenia or psychosis,
the prevalence of diabetes was higher in those with
current psychotic symptoms (7.3% vs 5.2%; OR=1.65;
95% Cl, 1.21-2.26), suggesting that the persistence of
symptoms over time could play a central role. After
controlling for different potential confounders, there
was a clear increase in the probability of having diabetes
as the number of psychotic symptoms increased. The
relationship between psychotic symptoms and diabetes
was tested with multiple mediation models and path
analyses for categorical outcomes. Only body mass index
appeared as a relevant mediator in a model with a good
fit (ie, x% = 3.2, P=.0742; comparative fit index=0.999).

Conclusions: Psychotic symptoms are related to

increased rates of diabetes mellitus in nonclinical samples,
independent of several potential confounders—including
a clinical diagnosis of psychosis or schizophrenia, previous
antipsychotic treatment, depression, lifestyle, and
individual or country socioeconomic status. The findings
highlight the worldwide relevance of the problem and
the importance of identifying the specific paths of this
association.
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P revalence rates of diabetes mellitus in schizophrenia samples
are about twice those in the general population.'™ A review
of data on diabetes prevalence in US schizophrenia samples found
that the rate of lifetime diabetes was 14.9%,' whereas in the gen-
eral population (US national cross-sectional telephone survey with
184,450 adults) it was 7.3%.> The excessive prevalence of diabe-
tes mellitus in patients with psychosis compared with the general
population remains even after controlling for other potential con-
founding variables.?

However, the basis of the relationship between psychosis and
diabetes mellitus is still controversial. Three main paths for this
connection may be proposed. First, diabetes mellitus and psychosis
share several lifestyle and demographic risk conditions, including
race and ethnicity, age, sedentary lifestyle, and obesity.® Second,
there is growing evidence that antipsychotic medications, especially
some second-generation antipsychotics, are related to the onset or
exacerbation of diabetes mellitus.*’~? Third, a still unknown and
controversial physiopathologic link, which could presumably be
based on genetics, inflammatory mechanisms, immunology, and/or
metabolism, may perhaps underlie the relationship between psy-
chosis and diabetes mellitus.*”1°

Studies in subjects with psychosis not exposed to antipsychotic
medication have shown inconclusive results. Data from schizophre-
nia patients from the pre-antipsychotic era already showed that the
prevalence of diabetes mellitus or glucose intolerance was higher
in patients than in controls.!! On the other hand, recent studies
assessing metabolic abnormalities (including glucose intolerance)
in antipsychotic drug-naive samples have reported inconsistent
results. Some studies found no differences between patients and
controls,'®1213 while other studies found that drug-naive patients
were more likely to have diabetes mellitus or glucose intolerance.!*!>
Most of these studies, however, used small samples.

The relationship between diabetes mellitus and schizophrenia
still raises major questions that need to be addressed. It is unclear
whether diabetes mellitus is correlated with the presence of psychotic
symptoms, independently of any specific diagnosis. The boundaries
of diagnostic categories of schizophrenia and other psychoses are
now the subject of heated debate.!® Recent epidemiologic studies
show that 3% of the general population have a psychotic disorder
(including both affective and nonaffective psychoses).!” However, in
population-based studies that focus on the prevalence of psychotic
symptoms, estimates are significantly higher, ranging from 4%!'®
to 17.5%" or, in a recent worldwide cross-national study,®® from
0.7% to 45.8% for the presence of at least 1 psychotic symptom.
Therefore, the study of the relationship between diabetes mellitus
and psychosis would benefit from an approach based on psychotic
symptoms.
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For CLINICAL USE

¢ Psychotic symptoms are related to the presence of diabetes mellitus in the general population,

independent of other factors.

¢ Clinicians should examine the lifestyles of patients with psychotic symptoms in order to reduce the

risk of diabetes mellitus.

We analyzed data from the worldwide cross-national
World Health Organization (WHO) World Health Survey,?!
conducted between 2002 and 2004, to study the relationship
between psychosis and diabetes mellitus using a symptom-
based approach.

METHOD

Sample

Individuals from 52 countries from the World Health
Survey who completed questions about diabetes and psy-
chotic symptoms were included in the analysis. All samples
were nationally representative and probabilistically selected
and weighted. Countries were drawn from all regions of the
world and different levels of epidemiologic and economic
development, with 18 countries from the African region, 13
countries from the European region, 7 countries from the
Americas region, 5 countries from the Western Pacific region,
5 countries from the South-East Asia region, and 4 countries
from the Eastern Mediterranean region. Fifteen countries
were classified in the high or upper-middle economic levels,
according to the World Bank,?? with 37 in the lower-mid or
low level. The individual global response rate was 98.5%. All
samples were drawn from a current national frame using
a multistage cluster design so as to allow each household
and individual respondent to be assigned a known nonzero
probability of selection. The sampling guidelines and sum-
mary descriptions of the sampling procedures for each site
are available from the World Health Survey Web site.?* Post-
stratification corrections were made to the weights to adjust
for the population distribution obtained from the United
Nations Statistics Division and for nonresponse.?*

Informed consent was obtained from all respondents, and
the study was approved by the ethical review committees
at each site. The final sample comprised 224,743 subjects.
All interviews were conducted by specifically trained inter-
viewers. A standard procedure for the training and quality
control was implemented at all sites and supervised periodi-
cally, as per the specified guidelines.?!

Measures

All respondents were interviewed using the standardized
World Health Survey instrument from the WHO.?® The in-
terview collected data on health status; sociodemographic
characteristics; weight and height; consumption of alcohol
and tobacco; physical activity; fruit and vegetable intake;
household economic status based on a list of permanent
income indicators; functioning, health status, and quality
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of life; depressive symptoms; lifetime diagnosis of schizo-
phrenia or psychosis; lifetime treatment for schizophrenia
and psychotic symptoms and treatment during the last 12
months; and lifetime diagnosis of diabetes. A diagnosis of de-
pression was established from questions of the World Health
Survey version of the Composite International Diagnostic
Interview (CIDI)* using an algorithm in accordance with
the ICD-10-DCR,?® as described elsewhere.?” Body mass
index (BMI) was coded using 3 dummy variables, with nor-
mal weight (18.5-25.0) as reference: underweight (<18.5),
overweight (25-30), and obesity (> 30). Alcohol consumption
was coded using 3 dummy variables, with lifetime abstainers
being the reference category, as classified in previous studies
using the same assessment instrument®®: occasional drinkers
(those who consumed at least 1 unit during the last week,
but less than a total of 15 units or not more than 4 units on 1
occasion); occasional heavy drinkers (those who consumed
a total of 15 or more units in the previous week, but no more
than 4 units on 1 occasion); and heavy drinkers (those who
consumed 5 or more units on at least 1 occasion). Fruit and
vegetables intake was dichotomized according to daily con-
sumption: 0 =less than 5 times per day, 1 =>5 or more times.
Smoking was dichotomized as not currently smoking any
type of tobacco versus currently smoking tobacco daily.
Participants were asked about the daily time spent in mild
(walking), moderate, or vigorous physical activity. Subjects
were then classified into 2 groups of physical activity: inad-
equate and adequate, based on a standard definition.?’

Assessment of Psychotic Symptoms

Individual questions based on the World Health Survey
version of the CIDI 3.0%° were included to assess the pres-
ence of psychotic symptoms, including delusional mood,
delusions of reference and persecution, delusions of con-
trol, and hallucinations, over the past 12 months. Thus, only
questions from the psychosis screening module of the CIDI
pertaining to positive psychotic symptoms, and not the full
module, were included in the interview. The response for-
mat was dichotomous (ie, “yes” or “no”). The question on
visual hallucinations specifically excluded symptoms related
to substance use- or sleep-related states.

Dichotomous questions (yes/no) about lifetime diagnosis
of schizophrenia or psychosis, and whether the person had
ever been treated for it, were also included. The psychosis
module of the CIDI has demonstrated high concordance
with clinician ratings,®*! although the goal of our study
was not to detect clinical psychosis among respondents, but
psychotic symptoms as present in the general population.

J Clin Psychiatry72:12, December2011
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Table 1. Percentage of Persons With a Diagnosis of Diabetes Mellitus According to the Number of

Psychotic Symptoms

No. of Psychotic Symptoms

% With Diabetes Mellitus (SE)

Age and Sex Standardized %

With Diabetes Mellitus (SE) Paired Comparisons

0 (n=19,6452) 2.99 (0.04)
1 (n=14,010) 4.72(0.18)
2 (n=7,150) 4.35(0.24)
3 (n=4,246) 5.30 (0.34)
4 (n=2,885) 7.80 (0.50)
Total (N=224,743) 3.25(0.04)
At least 1 4.99 (0.13)

3.27 (0.11) <1,2,3,4(P<.001)
5.84 (0.41) <4 (P<.001)

5.01 (0.57) <3 (P=.021), <4 (P<.001)
7.08 (0.77) <4 (P<.001)

7.46 (0.92)

3.63 (0.11)

5.81(0.29) >0 (P<.001)

Assessment of Diabetes Mellitus

Responders were regarded as having diabetes mellitus if
they responded “yes” to the question, “Have you ever been
diagnosed with diabetes (high blood sugar)?” Type of diabe-
tes was not assessed. Lifetime treatment and diabetes mellitus
medications over the previous 2 weeks were also assessed.

Statistical Analysis

Weighted and age- and sex-standardized prevalence esti-
mates were calculated for diabetes mellitus in persons with
different numbers of psychotic symptoms and for persons
with and without previous diagnoses of schizophrenia, with
and without current symptoms. All of these estimates were
calculated using post-stratified probability weights. Age
and sex standardizations used the WHO’s World Standard
Population for age®? and United Nations Statistics Division
data for sex ratio.*® Differences in proportions across groups
were compared with paired tests, adjusting the probability
level for controlling for familywise type I error. A binary
logistic regression analysis was then carried out, taking dia-
betes mellitus as the dependent variable and a number of
psychotic symptoms as independent variables and control-
ling for different potential confounders coded as explained
above: demographics, income level, work status, BMI, al-
cohol and tobacco consumption, physical activity, fruit and
vegetables intake, diagnosis of depression, lifetime diagnosis
of schizophrenia or psychosis, lifetime treatment for schizo-
phrenia or psychosis, and countries as 51 dummy variables.
All analyses were carried out with STATA, version 11.0.>
Data were missing for between 9.9% (previous diagnosis of
schizophrenia) and 12.6% (delusions of reference and per-
secution) of respondents for the different variables included
in the analyses, and 12.7% of the respondents had missing
data for both diabetes mellitus diagnosis and at least 1 of
the psychotic symptoms. STATAs module for missing data
based on the ICE program®® was used for performing mul-
tiple imputation procedures (10 additional samples) in order
to estimate the values of these individuals in the logistic
regression analysis.

Next, a mediation model was tested to determine whether
different variables related to lifestyle (BMI, activity, tobacco
and alcohol consumption, or diet) accounted for the relation-
ship between psychotic symptoms and diabetes. If complete
mediation was not found, estimation of the strength of the
indirect effects through the Sobel test*® was performed.
Psychotic symptoms were dichotomized (0 vs at least 1
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symptom) for this analysis in order to simplify the pattern of
relationships and given that the presence of at least 1 symp-
tom had proved to be a good indicator of severity.2’

Finally, to examine the pattern of associations among
the variables, path analysis using the weighted least squares
means and variance adjusted estimator was employed to
test the fit of different models. From the simple model of a
direct relationship between psychotic symptoms and diabe-
tes, potential mediators were added one by one according
to the size of their mediation effects (BMI dummies were
added in 1 step), and goodness-of-fit indices were assessed
according to the usual recommendations.>” Mplus version
5.21%% was used for these analyses.

RESULTS

Relationship Between
Psychotic Symptoms and Diabetes

Prevalence estimates of diabetes mellitus (adjusting for
sampling weights and standardizing for age and sex) across
persons with different numbers of psychotic symptoms and
persons with at least 1 symptom are shown in Table 1. The
pooled age- and sex-standardized prevalence of diabetes
was 3.63% (95% CI, 3.41%-3.85%), whereas the crude rate
of diabetes was 3.25%. The prevalence rates widely varied
among countries, from 10.90% (95% CI, 8.92%-12.88%) in
South Africa to 0.21% (95% CI, 0.07%-0.36%) in Malawi
(specific figures available from the corresponding author
upon request).

There was a statistically significant association of the
overall number of symptoms with the diagnosis of diabetes
(OR=1.27, SE=0.02; P<.001; 95% CI, 1.24-1.30). The odds
ratio for at least 1 symptom clearly indicated a higher prob-
ability of diabetes in that group compared with the absence of
symptoms (OR=1.71, SE=0.05; P<.001; 95% CI, 1.61-1.81).
The linear relationship of an increased probability of diabe-
tes mellitus with a higher number of psychotic symptoms is
graphically presented in Figure 1. Paired comparisons indi-
cated that the prevalence of diabetes was lower in persons
without psychotic symptoms compared with each group with
different numbers of symptoms (P<.001 in all cases). Like-
wise, the prevalence of diabetes was higher in persons with
4 symptoms compared with those who had fewer symptoms.
Persons with 3 symptoms had a higher prevalence of diabetes
mellitus than persons with 1 symptom and an only marginally
higher prevalence than persons with 2 symptoms (P=.021),
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Figure 1. Prediction for the Presence of Diabetes According
to the Number of Psychotic Symptoms (with 95% confidence
interval bands)
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but the finding lacked significance after adjusting the prob-
ability level for multiple comparisons (P=.05/10=.005).

The binary logistic regression analysis with diabetes mel-
litus as the dependent variable, and controlling for different
potential confounders, showed that each of the different
individual numbers of symptoms was statistically signifi-
cant in comparison to the absence of symptoms (Table 2). In
paired post hoc comparisons (with P level adjusted for mul-
tiple comparisons to .05/6 =.0083), the ORs for the group
with 4 symptoms were higher than for the groups with 2
symptoms (x*,=26.9, P<.001) and 1 symptom (x* =18.2,
P<.001), without differences for the group with 3 symptoms
(x*,=4.8, P=.028). The group with 3 symptoms also had a
significantly higher OR than the group with 2 symptoms
(x*1=8.1, P=.005), with no differences between the rest of
the groups.

Known risk and protective factors for diabetes mellitus
were related to a significantly augmented or reduced prob-
ability of having the disease, respectively. Consumption of
alcohol was negatively related to the probability of diabetes
mellitus, but only for an occasional drinking pattern com-
pared with lifetime abstainers, without statistically significant
effects for an occasional heavy or heavy pattern of consump-
tion. On the other hand, a diagnosis of depression, low levels
of physical activity, and older age were positively related to
the probability of diabetes mellitus; every marital status com-
pared with never married was positively related to diabetes
mellitus; income level was also positively related to diabetes
mellitus with a progressive and linear increase in the effect
with increases in income; and the World Bank category clas-
sification of the country indicated a significantly increased
probability of diabetes mellitus in high-middle or high in-
come level countries. BMI had also a significant relation
with diabetes mellitus: taking normal weight as reference,
being underweight was negatively related to the probability
of diabetes mellitus, whereas overweight and obesity were
positively related. Finally, previous diagnosis of psychosis,
but not previous treatment of schizophrenia or psychosis
(although information about specific drugs used was not
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Table 2. Final Equation for the Binary Logistic Regression
Analysis: Number of Psychotic Symptoms Predicting
Diagnosis of Diabetes Mellitus, Controlling for Potential
Confounders

Independent Variable OR (SE) P 95% CI
No. of psychotic symptoms
(reference category=none)
1 159 (0.11) <.001 1.39-1.81
2 1.49 (0.15) <.001  1.23-1.80
3 1.93(0.22) <.001 1.54-2.42
4 2.95(0.37) <.001 2.32-3.76
Sex (reference category=men) 1.03 (0.03) .305 0.97-1.10
Age in years 1.04 (0.00) <.001  1.04-1.05
Marital status (reference
category = never married)
Married 1.33(0.07) <.001 1.19-1.48
Separated 1.40 (0.14) .001 1.16-1.70
Divorced 1.36 (0.14)  .003 1.11-1.67
Widowed 1.22 (0.08) .003 1.07-1.40
Cohabitating 1.22(0.11)  .027 1.02-1.46
Years of formal education 0.988 (0.00)  .002 0.981-0.996
Income quintiles (reference
category =lowest)
2nd Quintile 1.12 (0.07) .084 0.99-1.27
3rd Quintile 1.79 (0.12) <.001 1.57-2.04
4th Quintile 2.33(0.17) <.001  2.01-2.69
5th Quintile 2.26 (0.19) <.001  1.90-2.67
Employment 1.03(0.09) .720  0.87-1.22

(reference = unemployed)

Depression (reference = nonclinical) 1.58 (0.08) <.001 1.43-1.75
Body mass index
(reference = normal weight)
Underweight 0.78 (0.05) <.001  0.68-0.89
Overweight 1.44 (0.05) <.001  1.35-1.55
Obesity 2.05(0.09) <.001 1.89-2.23
Alcohol consumption
(reference =lifetime abstainer)
QOccasional drinkers 0.84 (0.04) <.001 0.77-0.92
Occasional heavy drinkers 0.77 (0.14)  .146  0.54-1.10
Heavy drinkers 0.88 (0.11)  .305 0.69-1.12
Tobacco consumption 0.92 (0.06) .171  0.81-1.04
Exercise (reference =adequate 1.11 (0.04) .004 1.03-1.19

physical activity)

Lifetime psychosis or 1.54(0.27) .016 1.08-2.18
schizophrenia diagnosis

Lifetime treatment of psychosis 1.30(0.26)  .200  0.87-1.93

Fruit and vegetables intake (ref=<5) 1.05(0.04) 236 0.97-1.14

World Bank category 2.69 (0.66) <.001 1.66-4.36

(ref=low/low-middle)
Country (51 dummy variables,
not reported)

available), was positively related to diabetes mellitus. There
was no significant effect for fruit and vegetables intake,
tobacco consumption, sex, education level, or work status.
Low rates of comorbidity between psychotic symptoms and
diabetes do not allow making specific comparisons in specific
countries, and the country is thus considered as a potential
confounder in the analyses. These results are summarized
in Table 2. This pattern of results was also checked under
more restrictive conditions for establishing the presence of
diabetes mellitus: additional logistic regression analyses were
performed including only persons with lifetime self-reported
diabetes mellitus who had been treated for that condition or
who had taken medication for diabetes in the last 2 weeks.
Results were nearly identical to those reported here (spe-
cific results available upon request from the corresponding
author).

J Clin Psychiatry72:12, December2011
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Diagnosis of Psychosis and Diabetes
In separate analyses of persons with a life-

Table 3. Percentage of Persons With Diabetes Mellitus Diagnosis Among
Persons With a Previous Lifetime Diagnosis of Schizophrenia or Psychosis

time diagnosis of schizophrenia or psychosis,

% With Diabetes % Without Diabetes

a significantly higher percentage of people had
diabetes mellitus in the subsample with cur-
rent psychotic symptoms compared with the
subsample without current symptoms. These
results are presented in Table 3.

Mediational and Path Analyses pa
The direct effect of psychotic symptoms ~ OR
on diabetes was positive and significant (ie,

Group Mellitus (SE) Mellitus (SE)
Without current psychotic symptoms (n=1,069)
Standardized for age and sex 5.19 (1.11) 94.81 (1.11
Not standardized 5.11(1.21) 94.89 21.213
With current psychotic symptoms (n=1,283)
Standardized for age and sex 7.28 (1.08) 92.72 (1.08)
Not standardized 7.71 (1.38) 92.29 (1.38)
Statistical Result
.002
1.65
95% CI 1.21-2.26

greater number of symptoms was related
to higher probability of diabetes mellitus;

*Comparison of persons with versus without current psychotic symptoms. Statistical test
based on weighted, unadjusted prevalence estimates of diabetes mellitus.

B=0.235, SE=0.014, P<.001). All of the po-

tential mediators had a statistically significant
relationship both with psychotic symptoms
and with the presence of diabetes. When they
were added one by one in models of simple
mediation, the mediation effects were low;
ie, the total mediation effect for smoking ac-
cording to the Sobel test accounted for 1.56%
(z=7.5, P<.001), and the maximum effect
was for BMI: total effect mediated was 5.49%.
When all potential mediators were included

Figure 2. Path Model: Effect of Psychotic Symptoms on Diabetes Mediated
by Body Mass Index and Alcohol Consumption With Unstandardized
Weights (standard errors)

Underweight

-0.128(0.010)

-0.163 (0.011)

Obesity
0.094 (0.007)

together in a multiple mediation model, only

Psychotic
Symptoms

0.178(0.014)

Diabetes

6.79% of the effect of psychotic symptoms on
diabetes was mediated by these factors.

The relationship between psychotic symp-
toms and diabetes was modeled through path
analysis. Mediators were included one by one
according to the sizes of their effects in the pre-
vious multiple mediation model. Thus, the 3

0.086 (0.009) 0.152 (0.008)

Overweight

-0.081 (0.004) -0.037 (0.006)

Alcohol

BMI dummy variables (normal weight as refer-
ence) were first included as mediators between
psychotic symptoms and diabetes mellitus. This model dem-
onstrated good fit indices (ie, x*; =3.2, P=.0742; comparative
fit index [CFI] =0.999; Tucker-Lewis index [TLI]=0.990;
root mean square error of approximation [RMSEA]=0.003,
weighted root mean square residual [WRMR] =0.826), with
a negative regression coefficient for underweight (-0.163,
P<.001) and positive coefficients for overweight (0.152,
P<.001) and obesity (0.231, P<.001). Modification indices
did not suggest relevant sources of misspecification. When
additional variables were added to the model in a second
step, the goodness-of-fit indices were clearly not satisfactory;
only the inclusion of alcohol consumption offered indices
that can be considered as acceptable (x*;3=63.1, P<.001;
CFI=0.970; TLI=0.889; RMSEA =0.008, WRMR =2.452).
This model with the standardized weights is graphically rep-
resented in Figure 2.

DISCUSSION

The results show that prevalence of diabetes mellitus was
related to the presence of psychotic symptoms, indepen-
dent of a self-reported lifetime diagnosis of schizophrenia
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or psychosis. This finding supports the relevance of the
symptom-based approach. Among the strengths of the
present study are that it was conducted across a range of
countries spread globally, including those with a wide range
of differences in their levels of economic development,
lifestyle, and the availability of treatment for psychotic symp-
toms and diabetes. Moreover, most previous studies on the
relationship between schizophrenia and diabetes mellitus
have focused on clinical samples of persons diagnosed with
schizophrenia seeking treatment or in contact with clinical
settings, and most of these studies have been carried out in
Western countries where treatment coverage for schizophre-
nia is high. The relationship between psychosis and diabetes
mellitus in the general population has been understudied;
the present work is, to our knowledge, the first epidemiologic
study of this subject in a representative sample of the general
population on such a scale.

Our results provide evidence for a direct relationship
between diabetes mellitus and psychotic symptoms. It is
clear that the prevalence of diabetes mellitus increases
as the number of reported psychotic symptoms rises; for
instance, diabetes mellitus prevalence for people reporting
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4 symptoms is 2.6 times higher than for people not reporting
any symptoms. Even a single psychotic symptom is clearly
related to higher rates of diabetes mellitus. This is compatible
with the idea of a continuum of psychotic symptoms'® and
with the recent finding that even minimal presentations of
psychotic symptoms in nonclinical general populations have
a potential impact on health and functioning in daily life.?

The relationship between diabetes mellitus and psychotic
symptoms depends on the current presence of symptoms
and not on a previous diagnosis of psychosis or schizophre-
nia: in the subsample of people with a previous diagnosis, for
those who reported current symptoms compared with those
who did not, the prevalence of diabetes mellitus was clearly
higher. This finding suggests that in the complex relationship
between diabetes mellitus and psychosis, the persistence of
symptoms over time could play a central role, although this
possibility cannot be addressed with the cross-sectional data
of this study.

Results of the binary logistic regression show that, even
after controlling for the many potential confounders (includ-
ing several known risk factors for diabetes regarding lifestyle,
as well as individual and country socioeconomic level and
the country of residence), the probability of having diabetes
mellitus rises as the number of positive symptoms increases.
This effect was present even after controlling for the pres-
ence of a previous diagnosis or treatment for schizophrenia
or other psychosis. Thus, it seems that psychotic symptoms
in nonclinical populations are related to diabetes mellitus,
independent of diagnoses and treatments, which could sup-
port indirect pathways for the relationship between psychosis
and diabetes mellitus; for example, they share genetic and/or
environmental factors.” Although the relationship between
depression and diabetes mellitus*® and general stress*® has
recently been highlighted, clinical depression did not di-
rectly affect the relationship between psychotic symptoms
and diabetes mellitus and was not a relevant mediator in
our analysis.

Finally, the mediational analyses show that the relation-
ship between diabetes mellitus and psychosis is not clearly
mediated by other variables because the indirect effect of
the different potential mediators was clearly low in a mul-
tiple mediation model. Furthermore, when the relationship
between psychotic symptoms and diabetes mellitus was
modeled in a path analysis, only BMI figured in the model,
and more complex models clearly did not fit the data. Thus,
the relationship between diabetes and psychotic symptoms
was not reducible to known metabolic risk factors and was
only partially accounted for by differences in BMI, in agree-
ment with recent findings that compared persons with
schizoaffective disorder or schizophrenia with persons with
bipolar disorder.*!

Psychotic symptoms in the general population signifi-
cantly affect health and functioning even in the absence of
clinical diagnosis.? Likewise, it is well known that individuals
with psychosis have poorer access to health services, weaker
support networks, and unhealthier lifestyles,*>** and it has
been suggested that diabetes could contribute to mortality
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in persons with severe mental illness.** In this context, the
results of the present study suggest that people reporting psy-
chotic symptoms should be screened for diabetes mellitus.
Moreover, due to the relationship between BMI and diabetes
among subjects with psychotic symptoms, interventions to
produce lifestyle changes should be promoted among this
population. As recommended in recent guidelines, screening
and monitoring of diabetes among those with a diagnosis of
schizophrenia and during the use of antipsychotic medica-
tion should be considered given that both of these factors
can increase the risk for diabetes.*>

Limitations

The diagnosis of diabetes was established through a self-
reported item of previous diagnosis, which may imply an
underestimation of real diabetes mellitus prevalence as many
patients could be unaware that they have diabetes mellitus.*”
This is also reflected in the wide variance in the reported
diagnosis of diabetes mellitus across countries in our study,
which is perhaps related to available health care services in
each location. In any case, personal and country socioeco-
nomic levels, as well as country of residence and differences
in lifestyle (all potential reasons for the differences between
countries in adult-onset diabetes), were statistically con-
trolled for in the analysis, possibly reducing the bias these
factors may introduce. Nonetheless, the same methodology
has been used in previous studies.’* In a telephone survey
in the United States using the same item (self-report of dia-
betes), Mokdad et al® calculated that they underestimated
diabetes mellitus prevalence by 2.7%. High agreement has
been found for self-reported diabetes and clinical records.*3
Furthermore, although it would appear that this proce-
dure increases the percentage of false-negatives, it probably
minimizes the percentage of false-positives, as well. There-
fore, even though the strength of the relationship between
psychosis and diabetes mellitus might be underestimated
in our study, the pattern of associations remains valid and
interpretable.

An additional limitation was that the type of diabetes was
not assessed. Therefore, we did not present data on the rela-
tionship between psychosis and type of diabetes. Most of the
studies on the association between diabetes and psychosis
emphasize the relationship between psychosis and type 2
diabetes.! However, there are few data about the association
of type 1 diabetes and psychosis,*’ and they point to lower
rates of psychosis in persons with type 1 diabetes,”® which
suggests that the relationship between diabetes and psychotic
symptoms reported in the present study could have been
underestimated. Further studies should analyze this issue
in more detail. Missing data in the main variables (diabetes
and psychotic symptoms) are also a potential problem, al-
though multiple imputation methods partially address this
problem, and our specific analyses of patterns of missingness
suggest that this should not detract from the main results of
our study.

Finally, we did not assess all psychotic symptoms and hence
are unable to comment, on the basis of our nonexhaustive
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list, on whether other psychotic symptoms would have the
same relationship with diabetes mellitus as observed in our
study. Likewise, the type of medication for psychotic symp-
toms or the temporal relationship between medication and
symptoms could not be analyzed due to a lack of available
data in the World Health Survey, and we only considered
past or current treatment as a general nonspecific potential
confounder in our analyses.

CONCLUSIONS
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