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Abstract

Background—Co-morbidity of schizophrenia (SZ) and metabolic problems such as diabetes

mellitus (DM) has been suggested by many studies. Nonetheless, it is still debated whether DM

affects cognitive dysfunction associated with SZ and how much treatment for DM is beneficial for

cognitive functions in SZ. We addressed these questions by re-assessing the cognitive dataset from

the Clinical Antipsychotic Trials of Intervention Effectiveness (CATIE) schizophrenia study.

Methods—We identified 1289 SZ patients in which scores for several cognitive domains of

verbal memory, vigilance, processing speed, reasoning, and working memory together with the

composite score and metabolic characteristics (body mass index, dyslipidemia, hypertension, and

DM) were available at baseline of the trial. We performed multiple linear regression analyses to

assess the impact of DM on cognitive performance of SZ patients, controlling for a number of

other confounding factors including obesity, hypertension, and dyslipidemia. We also conducted

analyses of covariance to compare cognitive performance among SZ patients without DM and

diabetic SZ sub-groups based on anti-diabetic drugs they were receiving at baseline of the trial.

Results—Co-morbid DM with SZ predicted worse overall cognitive performance and lower

scores for three cognitive domains (vigilance, processing speed, and reasoning), but none of the

other metabolic factors (i.e., obesity, hypertension and dyslipidemia) correlated with cognitive

function in SZ. Furthermore, SZ patients with untreated DM showed poorer overall cognitive

performance and a significantly lower score in the domain of vigilance compared with SZ patients

without DM.
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Conclusion—Our data suggest that DM negatively affects the overall cognitive function of SZ

patients.

Keywords

diabetes; insulin resistance; cognitive function; metabolic syndrome; physical comorbidity;
schizophrenia

1. Introduction

The prevalence of diabetes mellitus (DM) is high in patients with schizophrenia (SZ )

compared with normal controls, ranging from 8 to 22% (Chien et al., 2009; Cohen et al.,

2006; Goff et al., 2005; Heald 2010; Okumura et al., 2010; Philippe et al., 2005; Suvisaari et

al., 2008). This is partly due to side effects of long-term medications (Bergman and Ader

2005; Newcomer et al., 2002). However, recent studies have reported glucose intolerance

even in recent-onset, drug-naïve SZ patients (Fernandez-Egea et al., 2009; Kirkpatrick et al.,

2010; Ryan et al., 2003; Saddichha et al., 2008; Spelman et al., 2007). These results suggest

that SZ is accompanied by intrinsic abnormalities that can underlie the metabolic

disturbance associated with DM.

The pathophysiology of type 1 DM (destruction of beta cell) and type 2 DM (insulin

resistance) are different. The positive association of insulin resistance or type 2 DM with SZ

has been repeatedly reported (Cohen et al., 2006; Fernandez-Egea et al., 2009; Kirkpatrick et

al., 2010; Ryan et al., 2003; Saddichha et al., 2008; Spelman et al., 2007; Suvisaari et al.,

2008), whereas Juvonen et al. (2007) reported a negative association between SZ and type 1

DM (i.e., insulin deficiency).

Recently, a positive correlation of DM with cognitive impairment or dementia has been

demonstrated (Reijmer et al., 2010; Strachan et al., 2011). Specifically in the general

population, DM was associated with abnormal performance in the domains of memory,

attention and psychomotor speed (reviewed by van den Berg et al., 2009). Nonetheless, it is

not fully known to what extent and specific effects metabolic problems such as DM affect

cognitive dysfunction associated with SZ, and if the treatment against DM has beneficial

effects on cognitive functions in SZ. Of the very few studies so far published, Dickinson et

al. (2008) reported cognitive deficits in SZ patients with DM, whereas Friedman et al.

(2010) reported a negative relationship between cognitive ability and hypertension or

obesity (body mass index, BMI) in SZ.

Here we assessed the relationship between DM and cognitive function in SZ patients to

expand understanding of the impact of DM on cognition in SZ, by controlling for a number

of other possible confounding factors including hypertension, dyslipidemia and BMI using

the baseline dataset in the Clinical Antipsychotic Trials of Intervention Effectiveness

(CATIE) SZ study (Keefe et al., 2003). We also compared the cognitive performances

between SZ patients taking anti-diabetic drugs and those not taking anti-diabetic drugs to

assess how anti-diabetic medication may influence cognitive performance in SZ.
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2. Methods

2.1. Study participants

The CATIE SZ study was primarily designed to compare the efficacy of atypical

antipsychotics and one typical antipsychotic with a randomized clinical trial using a large

sample of SZ patients at multiple (57) institutions. Patients between18–65 years who

received a Diagnostic and Statistical Manual of Mental Disorders Fourth Edition (DSM-IV)

diagnosis of SZ, based on the Structured Clinical Interview of the DSM-IV (SCID) were

eligible to participate in this study. Patients were excluded if they 1) had a diagnosis of

schizoaffective disorder, mental retardation, or other cognitive disorders, 2) had a history of

severe adverse reaction to the antipsychotics used in the trial, 3) had had only one

schizophrenic episode, 4) had a history of treatment resistance, 5) were pregnant or breast-

feeding, or 6) had a severe medical condition. Although the baseline cohort consisted of

1460 individuals, laboratory data and neurocognitive measures required for our study were

available for 1289 participants.

2.2. Assessments of diabetes

A number of laboratory evaluations, including serum lipids, serum glucose and hemoglobin

A1c (HbA1c), were available at baseline of the CATIE trial phase 1. We used the American

Diabetes Association (ADA) diagnostic criteria to define DM in our study sample

(American Diabetes Association, 2011). A diagnosis of DM was defined as either (a) HbA1c

≥ 6.5% (b) serum glucose ≥ 126mg/dl at fasting state (i.e., ≥ 8 h since the last meal) or (c)

use of any anti-diabetic medications. Fifty percent of the subjects included in this study

donated blood in a fasting state at baseline. For those who donated their blood in non-fasting

state, a glucose level of 200mg/dl or greater was used.

We also subdivided diabetic SZ patients into four groups as follows: (i) those who were not

on anti-diabetic medications, (ii) those who received insulin or oral insulin secretion

promoters (ISP) or both of these, (iii) those who received insulin resistance (IR) treatment

agent(s) and (iv) those who had both types of medications (that is, insulin itself and/or ISP

and IR treatment agents). Patients who received glimepiride were assigned to the group of

“both types of medications” based on its multiple effects.

2.3. Other clinical assessments

The CATIE trial also assessed a number of clinical variables including demographic factors,

years since first antipsychotic medication, antipsychotic medications at baseline,

concomitant medications, co-morbid psychiatric illnesses, and psychopathology using the

Positive and Negative Syndrome Scale (PANSS). The diagnosis of hypertension was based

upon a systolic blood pressure (BP) of 140 mm Hg or greater, or diastolic BP of 90 mm Hg

or greater, or use of any blood pressure lowering drugs. Blood pressure was determined as a

single, seated value. Blood pressure lowering drugs included angiotensin-converting enzyme

inhibitors, angiotensin II antagonists, antiadrenergic agents, beta-adrenergic blocking agents,

diuretics, and selective calcium channel blockers. A diagnosis of dyslipidemia was based

upon either (a) low serum HDL (< 40 mg/dl for male, < 50 mg/dl for female), (b) elevated

fasting serum triglyceride (TG) (≥ 200 mg/dl), (c) elevated total cholesterol (≥ 240 mg/dl),
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or (d) use of any lipid lowering drugs. We excluded TG values from those subjects who

donated the blood without fasting. Lipid lowering drugs consisted of statin, fibrate, nicotinic

acid, and fish oil. Psychiatric co-morbidities were assessed through the SCID. The criteria

for tardive dyskinesia (TD) used in this study were previously published (Miller et al.,

2005). Briefly, patients who had at least one Abnormal Involuntary Movement scale (AIMS)

item rated ≥ 3 (moderate) or at least two AIMS items rated ≥ 2 (mild) were considered as

having a diagnosis of TD.

2.4. Neurocognitive Assessment

The rationale for the use of the neurocognive instruments, as well as their reliability and

validity are described in detail in a previous publication which extensively focused on the

methodology of the cognitive measurements used in the CATIE study (Keefe et al., 2003).

Briefly, there were 24 individual scores from 11 neurocognitive tests that were grouped into

five domain scores (processing speed, reasoning, verbal memory, working memory, and

vigilance). Those domain summary scores were converted to standardized scores, and then a

composite neurocognitive score (standardized average of the five domain scores) was

calculated. We used the composite neurocognitive score and standardized domain summary

scores for the statistical analyses. The cognitive tests, the description of each test and

cognitive domains are summarized in Supplemental table 1 (taken from Keefe et al., 2006,

with the publisher’s permission)

2.5. Statistical Analysis

Demographic and clinical variables were compared using a chi-square test and an

independent two-sample t-test between SZ patients with and without DM.

To evaluate the impact of clinical variables including DM on cognitive functioning, multiple

linear regression analyses were conducted with the neurocognitive composite score and the

standardized domain summary scores as the dependent variable. First, all variables (i.e.,

demographic variables, antipsychotic medications at baseline, PANSS negative score, the

use of concomitant psychotropic medications, the use of lipid lowering and hypotensive

medications, the use of anti-diabetic drugs, co-morbid psychiatric illnesses, the diagnosis of

tardive dyskinesia, the diagnosis of hypertension, the diagnosis of dyslipidemia, and the

diagnosis of DM) were entered as independent variables into each model. Then in order to

apply the most parsimonious model, the variable for which the p-value was the largest and

exceeding 0.05 was excluded from the model at each step, retaining in the equation age,

gender, race, ethnicity, years of education, years since first antipsychotic medication, the

diagnosis of hypertension, the diagnosis of dyslipidemia, and the diagnosis of DM. We

retained years since first antipsychotic medication in each equation since greater exposure to

antipsychotic medications could have been associated with the likelihood of developing

DM. The backward selection procedure ended when there was no variable left for which p-

value exceeded 0.05. This combination of variables was retained in the final model.

The effects of type of anti-diabetic treatment on neurocognitive composite and standardized

cognitive domain scores were analyzed using analysis of covariance (ANCOVA) controlling

for age, gender, race, ethnicity, education, years since first antipsychotic medication, the
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severity of negative symptoms, the use of lipid lowering drugs and the use of concomitant

psychotropic medications (i.e., two or more antipsychotics, antidepressants, anticholinergics,

antiepileptics, and anxioletics), and past history of major depressive disorder. Covariates

were chosen based on the results of regression analyses described below. To prevent

possible type I errors, Bonferroni corrections were used to follow up the pair-wise

comparisons.

All statistical analyses were conducted using SPSS version 19.

3. Results

We identified 161 patients with diabetes (12.5%). Diabetic SZ patients were significantly

older than SZ patients without diabetes (t = −6.9, p < 0.001) and had longer years since first

antipsychotic medication use (t = −5.8, p <0.001). While there was no difference in the

severity of negative symptoms between patients with and without diabetes, diabetic SZ

patients had a slightly lower overall PANSS score (t = 2.99, p = 0.003). Patients with DM

were more likely to have greater BMI (t = −10.1, p < 0.001), the diagnoses of hypertension

(χ2 = 31.0, p < 0.001), dyslipidemia (χ2 =31.7, p < 0.001) and tardive dyskinesia (χ2 = 5.4,

p = 0.029), and more likely to receive antiepileptics (χ2 = 5.7, p = 0.021), blood pressure

lowering drugs (χ2 = 76.6, p < 0.001) and lipid lowering drugs (χ2 = 60.8, p < 0.001)

(Table 1). Anti-diabetic medications taken at baseline are grouped as follows: ISP

(Glibenclamide, Glipirizide, Tolazamide, and Nateglinide); IR (Metformin, Pioglitazone,

Rosiglitazone); and Glimepride, which has multiple effects. Most persons with diabetes

were taking no anti-diabetic medication (Table 2a). In this study, HbA1c level was available

from 977 participants (76%) while serum glucose level was obtained from all patients. Most

of the criteria for diabetes were met via the HbA1c level, in combination with other criteria

(Table 2b).

In the backward linear regression analysis controlling for age, gender, ethnicity, race,

education, years since first antipsychotic medication and other independent variables which

survived after the backward variable selection, the diagnosis of DM predicted poorer score

of the cognitive composite [standardized coefficients (beta) = −0.080, p = 0.002], and of the

cognitive domains of vigilance (beta = −0.10, p = 0.001), processing speed (beta = −0.081, p

= 0.002), and reasoning (beta = −0.060, p = 0.027). Other aspects of the metabolic syndrome

(i.e., BMI, hypertension and dyslipidemia) were not significant predictors for the composite

score or any of the individual cognitive domains (Table 3)

Besides the variables retained in each equation (i.e., age, gender, ethnicity, race, education,

years since first antipsychotic medication, BMI, the diagnosis of DM, the diagnosis of

hypertension and the diagnosis of dyslipidemia), several parameters predicted poorer

multiple cognitive domains or the cognitive composite score including PANSS negative

symptoms score (composite score and all individual cognitive domains), anticholinergic

medications (composite score, vigilance, processing speed, reasoning and working memory),

antiepileptics (composite score, vigilance, processing speed and working memory),

anxiolytics (composite score, processing speed and reasoning), and the use of two or more

antipsychotics (vigilance and working memory). The use of lipid lowering drugs predicted
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better scores of composite, verbal memory, vigilance and processing speed (Supplemental

Table 2).

ANCOVAs controlling for a number of possible confounders revealed significant main

effects of the composite score (F = 3.125, p = 0.014), vigilance (F = 3.062, p = 0.016) and

processing speed (F = 3.092, p = 0.015) for groups based on receiving anti-diabetic drugs.

Post hoc tests demonstrated that SZ patients with untreated DM had lower scores of the

composite score (p = 0.019), and vigilance (p = 0.038) compared with SZ patients without

DM. Post hoc tests showed that there was no significant difference in cognitive performance

among the 4 DM groups (Table 4, Figure 1).

4. Discussion

Our results demonstrate a substantial impact of comorbid DM on global cognitive function

in SZ patients. These cognitive impairments are unlikely to be the consequences of other

possible confounding demographic and clinical factors since we adjusted them in the

regression models.

As far as we are aware, this is the first study which examined the association of all

components of the metabolic syndrome (i.e., obesity, dyslipidemia, hypertension and DM)

with cognitive ability in SZ. Recently Friedman et al. (2010) found negative impacts of

hypertension and obesity on cognition in SZ. Their conclusion may look different from ours.

This discrepancy might be explained by differences in the methodologies. For example, the

study by Friedman et al. (2010), excluded subjects with substance abuse disorder or poorly

controlled physical illness (e.g., DM and hypertension), who were still eligible for the

CATIE study.

In this study, there were cognitive deficits in the domains of vigilance, processing speed and

reasoning among persons with SZ who also had DM, as compared with those persons with

SZ who did not have DM. But there were no differences in verbal/working memory. DM is

also associated with cognitive deficits in the domains of memory (including verbal and

working memory), attention (vigilance), processing speed in the general population

(reviewed by van den Berg et al., 2009). Therefore, the association of cognition with DM

may be different in persons with SZ than in general population.

There are several limitations that should be taken into account. First, we lack a normal

reference group. Second, we lack the evaluation of sub-group of DM (i.e., type 1 and type 2)

though the majority of diabetic patients in this study are considered to have type 2 DM

rather than type 1 DM. Third, as our study design is cross-sectional, prospective studies will

be needed to assess whether DM contributes to cognitive exacerbation overtime or treating

DM could reverse cognitive deficits in SZ. Fourth, we were unable to exclude potential

confounding by several factors which may have exacerbated glucose intolerance such as

atypical antipsychotics (Guo et al., 2006; Lambert et al., 2006), lifestyle (Henderson et al.,

2006), genetic vulnerability (Lin and Shuldiner 2010), or factors that may have affected

cognitive function including smoking (George et al., 2002; Levin et al., 1996; Sacco et al.,

2005; Smith et al., 2006) and age of onset of SZ (Rajji et al., 2009). Fifth, since HbA1c level
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was not available from 24% of the subjects, we might have underestimated the prevalence of

DM.

SZ patients are more likely to have physical diseases such as DM which are undiagnosed

possibly because the psychosis dominates the clinical presentation, and this may be also due

to stigma and the lack of social skills (Fagiolini and Goracci 2009). They are less likely to

receive sufficient treatment or adequate monitoring of DM and related co-morbidities

(Fagiolini and Goracci 2009). Co-morbid DM in SZ may affect cognitive performance

which may affect the treatment adherence, which may further worsen DM.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Comparison of mean standardized scores of neurocognitive composite and five neurocognitive domains (verbal memory,

vigilance, processing speed, reasoning and working memory) among schizophrenia patients without diabetes and diabetic

schizophrenia patients divided based on receiving anti-diabetic drugs. Positive value indicates better cognitive performance.

DM, diabetes mellitus; IR, insulin resistance treatment agents; INS, insulin; ISP, insulin secretion promoter; MIX, receiving

both IR and INS/ISP. *p<0.05, results of post hoc tests compared with schizophrenia patients without diabetes.
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Table 2

Table 2a Receiving anti-diabetic medications at baseline

ISPa or insulin or both (%) 26 (16)

IRb treatment agents (%) 37 (23)

Both insulin/ISP and IR treatment agents (%) 33 (21)

No anti-diabetic drug (%) 65 (40)

Total 161 (100)

Table 2b. Criteria for diabetes met by each patient

HbA1c ≥ 6.5% (%) 26 (16)

Glucose ≥ 126mg/dlc (%) 20 (12)

Any anti-diabetic drug(s) (%) 29 (18)

HbA1c ≥ 6.5% and glucose ≥ 126mg/dl (%) 19 (12)

HbA1c ≥ 6.5% and any anti-diabetic drug(s) (%) 32 (20)

Glucose ≥ 126mg/dl and any anti-diabetic drug(s) (%) 14 (9)

HbA1c ≥ 6.5%, glucose ≥ 126mg/dl and any anti-diabetic drug(s) (%) 21 (13)

Total 161 (100)

a
Insulin secretion promoter

b
Insulin resistane

c
Glucose ≥ 200mg/dl was used if unfasted
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