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Abstract

Background—Some studies have suggested antipsychotic-naive patients with nonaffective
psychosis (NAP) have glucose intolerance.

Aims—To conduct a systematic review and meta-analysis of fasting glucose (FG), two hour
values in the oral glucose tolerance test (2HG), fasting insulin concentration (INS), and insulin
resistance (IR).

Method—We identified possibly relevant studies, then selected studies, following usual
guidelines, with two authors reviewing the manuscripts. We required studies to include subjects
with nonaffective psychosis and control subjects.

Results—There were 911 patients and 870 control subjects in the analysis of FG; their average
ages were respectively 28.7 and 29.5 years. Significant differences were found for all four
variables, with effect size estimates ranging from 0.21 to 0.58.

Conclusions—As a group, at the time of first clinical contact for psychosis, people with NAP
have a slight increase in FG, which most of them maintain in the normal range despite a small
increase in IR by secreting additional INS. When faced with a physiological challenge such as a
glucose tolerance test or antipsychotics, they are no longer able to maintain a normal glucose
concentration.

Keywords
schizophrenia; diabetes; antipsychotic-naive; insulin; glucose tolerance

1. Introduction

Most research on nonaffective psychosis (NAP) understandably focuses on brain function
and biology, but people with this group of disorders have a number of physiological and
anatomical abnormalities in the periphery as well (Kirkpatrick et al., 2014). These include
increased systemic inflammation (Miller et al., 2011, 2014), low birth weight (Abel et al.,
2010; Cannon et al., 2002), a low body mass index prior to antipsychotic use (Wahlbeck et
al., 2001), and an increased prevalence of minor physical anomalies from head to toe
(Weinberg et al., 2007; Xu et al., 2011).

Family studies have found an increased risk of type 2 diabetes or abnormal glucose in the
first degree relatives of people with NAP (Fernandez-Egea et al., 2008a, 2008b; Mukherjee
etal., 1989; Van Welie et al., 2013), suggesting patients with psychosis may have an
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increased risk of diabetes that exists prior to exposure to antipsychotics, many of which
increase the risk of diabetes (American Diabetes Association et al., 2004). Some studies of
antipsychotic-naive patients with NAP have also found increased fasting glucose (Ryan et
al., 2003) or abnormal glucose tolerance on a glucose tolerance test (Fernandez-Egea et al.,
2009), but the results have been inconsistent. Confirmation that the increased risk of diabetes
in this group is present independently of antipsychotics would imply that glucose monitoring
should not be confined to those who gain weight with these medications, or even confined to
patients taking antipsychotics.

We performed a systematic review and a meta-analysis to assess glucose intolerance in
people with NAP prior to antipsychotic use. We assessed fasting glucose (FG), two hour
values in the oral glucose tolerance test (2HG), fasting insulin (INS), and insulin resistance

(IR).

2. Materials and Methods

2.1 Search strategy

We followed PRISMA guidelines but we began our project before registering, so our study
was not registered. A preliminary search was done for systematic reviews to avoid
publishing a duplicate review. Studies were identified by systematic searches from 1950 to
2016 in Medline, PsycINFO and Web of Science in independent searches by two authors
(AG and LGB). Search terms included: schizophrenia, psychosis, naive, untreated,
antipsychotic naive, and antipsychotic free, fasting glucose, diabetes, glucose tolerance test,
insulin or insulin resistance. The titles and abstracts were screened for eligibility by two
reviewers (AG and either LGB or BK). The search covered articles through Feburary, 2016.
The search was supplemented by reference lists from relevant review articles and the articles
included in the study. These articles were examined by two of these same reviewers to
determine which met the inclusion and exclusion criteria.

2.2 Inclusion/exclusion criteria

In order to include a study the following criteria had to be met: patients with NAP with
maximum cumulative (lifetime) antipsychotic exposure of 1 week and no antipsychotic use
in the 30 days prior to the study; a matched control group of subjects without psychosis;
participants were at least 16 years of age; FG was measured, or a 2HG conducted, after an
overnight fast; the paper was published in English; and the data had to be either in the article
or accessible from the author upon request. We defined NAP to include schizophrenia,
schizophreniform disorder, delusional disorder, brief psychosis, and psychotic disorder not
otherwise specified. A diagnosis of schizoaffective disorder was an exclusion criterion,
unless separate data for NAP only was available. We chose to study NAP rather than
schizophrenia and not including schizoaffective disorder because of evidence from studies of
newly diagnosed patients that there is substantial diagnostic stability within this group of
disorders, with patients often shifting to a diagnosis of schizophrenia on ten-year follow-up
(Bromet et al., 2011; Castro-Fornieles et al., 2011; Schwartz et al., 2000).
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2.3 Data Analysis

One author (AG) recorded the data from the studies, which was independently verified by a
second (LGB). The statistical analyses were performed in the Stata 13.1 software program.
Effect size (ES) estimates (Hedges’ g) were calculated for the outcome variables
concentration. Random effects, pooled ES estimates and 95% confidence intervals were
calculated using the method of DerSimonian and Laird (1986); p-values were considered
statistically significant at the p<0.05 level.

We examined heterogeneity in the ES estimates using chi-square (Cochran, 1950). We also
performed sensitivity analyses of FG, INS, 2HG and IR by removing one study at a time and
repeating the meta-analysis for each parameter to examine the impact on the ES estimate
(Higgins and Green, 2011). Forest plots and funnel plots were examined for FG, INS, 2HG,
and IR.

Meta-regression was conducted for the categorical variables of body mass index and
smoking, that is, whether or not the groups were matched on these variables; FG, the
variable with the most data, was the dependent variable. We also entered family history
exclusions as a categorical variable in meta-regression, as in some studies the patient and
control groups were matched on the presence/absence of a family history of diabetes. Meta-
regression was also conducted for body mass index, using the effect estimate for these in
each study as the independent variable and ES for FG as the dependent variable.

3. Results

Of the 334 publications originally found with the search strategy, 19 met the inclusion
criteria and presented data on FG (Figure 1). These nineteen studies (see Figure 2 for
references) had 911 patients with NAP and 870 control subjects; the age of the control
subjects was 0.8 years greater than that of patients, which with the large sample sizes was
statistically significant (respective ages (SD) for patients and control subjects were 28.7
(7.3) and 29.5 (6.0) years; t = -2.63, p <.01). There were 10 studies with data on INS (see
Figure 4 for references), 9 for IR (see Figure 5 for references), and 4 for 2HG (see Figure 3
for references).

Significant differences between patients and control subjects were found for all four
variables, with ES estimates of 0.21 [95% CI 0.11, 0.31; p < 0.001; Figure 2] for FG, 0.28
[95% CI 0.15, 0.42; p < 0.001; Figure 3] for INS, 0.30 [95% CI1 0.17, 0.44; p < 0.001; Figure
4] for IR, and 0.58 [95% CI 0.38, 0.78; p < 0.001; Figure 5] for 2HG.

Heterogeneity was significant with all studies included in the meta-analysis for FG [I-
squared = 55.1%, p = 0.002]. After removal of the most divergent study (Zhang et al., 2015),
the heterogeneity was no longer significant for FG [I-squared = 36.5%, p = 0.062] and the
ES remained significant [ES = 0.16; p = 0.002]. Heterogeneity was also significant with all
studies included in the meta-analysis for 2HG [l-squared = 83.2%, p < 0.001]. In a
sensitivity analysis, heterogeneity remained significant after removal of each individual
study.
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Heterogeneity was significant with all studies included in the meta-analysis for INS [I-
squared = 76.5%, p < 0.001]. After removal of the most divergent study (Arranz et al.,
2004), heterogeneity was no longer significant [I-squared = 39.6%, p = 0.103] and the ES
remained significant [ES = 0.46; p < 0.001].

Heterogeneity was significant with all studies included in the meta-analysis for IR [I-
squared = 63.5%, p = 0.005]. After removal of the most divergent study (Arranz et al.,
2004), the heterogeneity was no longer significant for INS [I-squared = 9.1%, p = 0.359] and
the ES remained significant [ES = 0.44; p < 0.001].

In meta-regression, age was not a significant predictor of ES (p<0.5). No other independent
variable we examined (body mass index, cortisol, family history exclusions, and smoking)
was a significant predictor of FG in meta-regression (data not shown). There did not appear
to be a significant publication bias on funnel plots (Figures 6, 7, 8, and 9 in supplementary
materials).

4. Discussion

In a meta-analysis, we found significant differences between antipsychotic-naive patients
with NAP and control subjects in FG, INS, and IR. These ES estimates were small, ranging
from 0.21 to 0.30. However, when given an oral glucose tolerance test, patients exhibited
abnormal glucose tolerance with an ES of 0.58, which is a “medium” effect size. In meta-
regression, age was not a significant predictor of ES although patients were on average 0.83
years younger than control subjects. As a consequence, the greater glucose-related
abnormalities cannot be attributed to confounding by greater age in the patients. Body mass
index, cortisol, family history exclusions, and smoking were also not significant predictors
of ES in meta-regression. There did not appear to be a significant publication bias on funnel
plots.

There are limitations to our analysis. The number of studies for IR and 2HG was small, nine
and four, respectively, although the number of patients and control subjects were 525 and
406, and 237 and 189, respectively. Many of the studies also had limited matching. It would
be desirable for any future studies to match on age, sex, body mass index or waist-hip ratio,
smoking, and other substance use. The FG studies included patients of Western European,
Indian, and East Asian ethnicity, suggesting this is a generalizable effect, but the 2HG
studies did not include examination of East Asian patients, raising the question of
generalizability of this effect. Only one paper provided information on glucose for
schizophrenia and other diagnoses within NAP (Sengupta et al., 2008); unfortunately the
number of subjects in each of those groups was small, making any conclusion uncertain.

Another limitation was the heterogeneity that remained after removal of the study of 2HG
with the most divergent results. The small number of studies of this variable made it difficult
to be confident about the meaning of this heterogeneity. The study of 2HG with the most
complete matching (Fernandez-Egea et al., 2009) had ES estimate of 1.03, and in an
examination subject from the same project, no relationship was found between 2HG and
several other potentially confounding variables (Kirkpatrick et al., 2012).
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Our results are consistent with family studies of the relationship between diabetes and NAP
(Fernandez-Egea et al., 2008a, 2008b; Mukherjee et al., 1989; Van Welie et al., 2013) as
well as studies of glucose intolerance that predate the antipsychotic era (Fernandez-Egea et
al., 2013). They are also consistent with the other findings of physiological abnormalities in
the periphery in people with NAP, including increased inflammation (Kirkpatrick et al.,
2014; Miller et al., 2011) and increases in some lymphocyte populations and in oxidative
stress (Flatow et al., 2013; Miller et al., 2013). In one of the studies, a number of potentially
confounding variables did not appear to cause the abnormal 2HG results: age, ethnicity, sex,
smoking, SES, morning cortisol concentrations, BMI (or waist-hip ratio), measures of diet
(blood concentrations of vitamin B12, folate, and homocysteine) and aerobic conditioning,
or duration of untreated psychosis (Kirkpatrick et al., 2012).

NAP and type Il diabetes appear to share environmental risk factors, including low birth
weight and prenatal famine (Cannon et al., 2002; Li et al., 2010; Lumey et al., 2015; St.
Clair et al., 2005; Susser and Lin, 1992; Thurner et al., 2013; Whincup et al., 2008). They
may also share some genes of risk (e.g., Kajio et al., 2014; Lawford et al., 2016; Liu et al.,
2013; Padmanabhan et al., 2016). The schizophrenia gene of risk DISC1 has been shown to
influence insulin secretion (Jurczyk et al., 2016).

It is not clear from the studies included in our meta-analysis whether there are clinical
correlates of impaired glucose tolerance. A study of antipsychotic-naive patients with NAP
found greater intolerance in patients without primary negative symptoms (Kirkpatrick et al.,
2009). The subjects in that study were included in the study of Fernandez-Egea et al. (2009).

Our results do not contradict the strong evidence that certain antipsychotics increase the risk
of diabetes (American Diabetes Association et al., 2004; Holt and Peveler, 2006; Newcomer,
2004). However, our results suggest that in addition, people with NAP as a group have an
increased risk of diabetes that is apparent in early adulthood and prior to antipsychotic use.
As a group, at the time of first clinical contact for psychosis they have a slight increase in
FG, which most of them maintain in the normal range, despite a small increase in IR, by
secreting additional INS. When faced with a physiological challenge such as a glucose
tolerance test or antipsychotics, they are no longer able to maintain a normal glucose
concentration.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Search Strategy:
(Schizophrenia OR Psychosis) AND (Naive OR Untreated OR Antipsychotic Naive OR
Antipsychotic Free) AND (Fasting Glucose or Diabetes or Glucose Tolerance Test or
Insulin or Insulin Resistance)

3 Databases Searched:

PsycINFO (n= 105 total)
- PubMed (n= 154 total)
Web of Science (n= 288 total)

Manual review of reference lists

N= 334
Non-duplicate studies for meta-analysis

N= 305 excluded:

n=102 Case study, commentary, consensus, review, etc.
n=83 No control group or data for control group

n=39 Patients were not antipsychotic-naive

n=23 Animal models

n=22 Unrelated to subject

n=22 FBG not presented in means and standard deviations
n=5 Overap

n=6 Patients were not within the included age range
n=2 No patient group

n=1 Not published in English

N=29
Studies warranting further review

N= 10 excluded:

n=4 Unable to obtain data for antipsychotic-
naive patients separated from drug-free patients
n=2 Author stated that the samples from
multiple papers overlapped

n=2 Unable to obtain data for controls

n=1 Patients weren't antipsychotic naive

n=1 FBG not recorded for controls

v

v

Studies included in the meta.analysis
N= 19 forFG
N= 10 forINS
N=9forIR
N= 4 for2HG

Figure 1.
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Selection of studies for meta-analysis.
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Figure 2.

Study (n of patients, n of controls) ES (95% Cl) Weight
%
Arranz et al., 2004 (117, 68) -—;-— 0.21 (-0.09, 0.51) 10.95
Basoglu et al., 2010 (27, 22) R 0.57 (0.00, 1.14) 3.03
Caietal, 2012 (11, 11) M| (€ -0.72 (-1.58, 0.15) 132
Darcin et al., 2015 (40, 70) —i—o— 0.39 (-0.01, 0.78) 6.32
Dasgupta et al., 2010 (30, 25) J IO 0.37 (-0.16, 0.91) 344
Fernandez-Egea et al., 2009 (50, 50) ——— -0.07 (-0.47, 0.32) 6.32
Kavzoglu and Hariri, 2013 (50, 50) J A — 0.26 (-0.13, 0.66) 6.32
Misiak et al., 2016 (24, 146) (™ 0.48 (0.05, 0.92) 521
Nyboe et al., 2015 (8, 17) & -0.54 (-1.40, 0.31) 135
Padmavati et al., 2010 (51, 51) ——] | -0.42 (-0.81, -0.03) 6.48
Petrikis et al., 2015 (40, 40) _...E_ 0.10 (-0.34, 0.53) 521
Ryan et al., 2003 (26, 26) —— 0.60 (0.04, 1.15) 320
Saddichha et al., 2008 (99, 51) —l 0.15 (-0.19, 0.49) 853
Sengupta et al., 2008 (16, 36) P I — 0.27 (-0.32, 0.86) 283
Spelman et al., 2007 (38, 38) i 0.39 (-0.07, 0.84) 476
Venkatasubramanian et al., 2007 (44, 44) __,'__ 0.17 (-0.25, 0.59) 5.59
Wani et al., 2015 (50, 50) 1 ‘ 0.12 (-0.28, 0.51) 6.32
Wu et al,, 2013 (70, 44) —— 0.03 (-0.35, 0.41) 6.83
Zhang et al., 2015 (120, 31) | —s——  0.94(0.54,1.35) 6.01
Overall (911, 870) ¢ 0.21(0.11, 0.31) 100.00
1
T * T
-2 0 2

Forest plot for fasting glucose (FG)
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Study (n of patients, n of controls)

Fernandez-Egea et al., 2009 (50, 50) —_——
Saddicha et al., 2008 (99, 51) el
P —

Spelman et al, 2007 (38, 38)

Wani et al., 2015 (50, 50) ——

Overall (237, 189)

&

ES (95% CI)

1.03 (0.61, 1.44)

042 (0.08, 0.77)

112 (0.64, 1.60)

0.03, (-0.36, 0.42)

058 (0.38,0.78)

Weight
%

231

33.44

17.28

26.17

100.00

Figure 3.

Forest plot for two-hour glucose values in the two-hour glucose tolerance test (2HG)
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Figure 4.

Study (n of patients, n of controls)

Arranz et al., 2004 (117, 68)

Caietal, 2012 (11, 11)

Darcin et al., 2015 (40, 70)
Fernandez-Egea et al., 2009 (50, 50)
Ryan et al., 2003 (26, 26)

Sengupta et al., 2008 (16, 36)

Spelman et al., 2007 (38, 38)
Venkatasubramanian et al., 2007 (44, 44)
Wu et al., 2013 (70, 44)

Zhang et al., 2015 (120, 31)

Overall (532, 418)

-
H
—l=m
|
i
I —
H
—_—
\
A —
T
1
-
f
1
1
—:*—
'
1
H
H
H

ES (95% Cl)

-0.40 (0.70,-0.10)
—— & 163(066,259)
051(0.12,0.91)
012 (-:0.27,0.51)
054 (-0.01,1.10)
-0.06 (-0.65, 0.53)
068 (0.2, 1.15)
0.46 (0.03, 0.88)
062 (0.23, 1.00)
0.42 (0.02,0.82)

0.28 (0.15, 0.42)

Weight
%

20.41
1.97
177
12.08
5.96
528
8.49
10.17
12.39
11.48

100.00

Forest plot for insulin concentrations (INS)
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Study (n of patients, n of controls) ES (95% Cl) Wifm
1
Arranz et al., 2004 (117, 68) = E -0.21(-0.51, 0.09) 20.60
Darcin et al., 2015 (40, 70) _E_‘_ 0.47 (0.07, 0.86) 11.88
'
Dasgupta et al., 2010 (30, 25) _é._._ 0.56 (0.02, 1.10) 6.36
Fernandez-Egea et al., 2009 (50, 50) _.._;_ 0.09 (-0.30, 0.48) 1219
Sengupta et al., 2008 (16, 36) —o—i— -0.04 (-0.63, 0.55) 533
|
Spelman et al., 2007 (38, 38) -é—t— 0.68 (0.22, 1.14) 8.76
1
Venkatasubramanian et al., 2007 (44, 44) —:0— 0.47 (0.05, 0.89) 10.51
Wu et al., 2013 (70, 44) ﬁE—O— 0.57 (0.18, 0.95) 12.51
Zhang et al., 2015 (120, 31) —";—‘_ 0.56 (0.16, 0.95) 11.88
Overall (525, 406) 0 0.30(0.17,0.44) 100.00
Y
1
1
1
1
% o 2

Figure 5.
Forest plot for insulin resistance (IR)
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