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Abstract

People with schizophrenia (SZ) are at increased risk for type-2 diabetes (DM), its complications, 

depression, and disability. However, little is known about the interrelationships of these three 

factors in adults with SZ and DM.

Purpose: We assessed the number of diabetic complications and depressive symptom severity 

as predictors of disability and evaluated depressive symptom severity as a mediator of the 

relationship between diabetic complications and disability in a sample of 62 adults with SZ and 

DM.

Methods: Two- and three-step sequential regression models were used to evaluate depression and 

the number of diabetic complications as predictors of disability. Path analysis with bootstrapping 

was used to evaluate depressive symptom severity as a mediator of the relationship between 

complications and disability.

Results: Diabetic complications significantly predicted disability scores when controlling for 

age, gender, socioeconomic status, hemoglobin A1C, positive symptom severity, and negative 

symptom severity. The addition of depression severity scores resulted in a significant increase in 

explained variance in disability scores. In the final model, only depression severity scores were 

significantly associated with disability scores. The full- model accounted for 56.2% of the variance 

in disability scores. Path analysis revealed a significant indirect association of complications on 

disability through depression severity scores while controlling for all covariates. The association 

between complications and disability was non-significant when depression symptom severity was 

included in the model.
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Discussion: Relative to diabetes complications, depressive symptoms may present a more 

effective and tractable target for interventions aimed at reducing disability in people with SZ 

and DM.
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Introduction

Schizophrenia and other psychotic disorders are among the most severe and disabling 

psychiatric conditions (1). Globally, schizophrenia is the eighth leading contributor to 

Disability Adjusted Life Years lost for people between ages 15 and 44 (2). The disease 

course for schizophrenia is associated with a high rate of symptom relapse (e.g., 

acute psychosis) (3), and even those who achieve sustained clinical remission often 

experience protracted functional impairment (4). Consequently, disability among people 

with schizophrenia is characterized by poor social and vocational outcomes, as well as low 

rates of independent living (5).

In addition to the social and functional burden of disease, people with schizophrenia are 

at increased risk for comorbid physical and mental health conditions, such as diabetes 

(6, 7) and depression (8), which may further contribute to high levels of disability. For 

example, chronic medical complications associated with the course of diabetes (e.g., heart 

disease, vascular disease, peripheral neuropathy, kidney failure, and ocular disease) have 

been associated with greater rates of physical disability (9, 10) among the general population 

(i.e., a non-psychiatric population). Similarly, depressive symptoms are related to high 

rates of disability among individuals in the general population (11, 12) and people with 

schizophrenia (13).

While major depression and diabetes are frequently comorbid (14), little is known about the 

relative contribution of these factors to disability. Research has shown that the co-occurrence 

of these disorders is associated with the number of lost work days (15) and risk for 

functional disability within the general population (16). Furthermore, some research has 

suggested that, compared to the complications of diabetes, depression may have a stronger 

relationship to lost work days (17) and global level of disability (18) among those with 

diabetes.

Findings from other research have suggested that depressive symptoms may partially 

account for the disabling effect of diabetic complications (19). For example, diabetes and 

the burden of its complications have been associated with greater experience of depressive 

symptoms (20–23). In turn, high depressive symptom severity has been associated with high 

levels of disability among people with diabetes (15, 16). At least one recent study has also 

shown that depressive symptoms actually precipitate the development of disability among 

people with diabetes in the general population (24). Given these associations, it is possible 

that diabetic complications may impact disability through depressive symptoms. However, 

few studies have simultaneously examined the relationships of diabetic complications, 

depressive symptom severity, and disability in the general population or in unique 
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subpopulations. Additional research is particularly needed to improve our understanding 

of the relationship among depressive symptoms, diabetes complications, and disability in 

high risk populations such as those with serious mental illness and type-2 diabetes.

The purpose of this study was to examine the role of depression within the relationship 

between diabetes complications and disability among adults with schizophrenia and type-2 

diabetes. First, we hypothesized that diabetic complications and depressive symptom 

severity would be positively associated with disability among members of this population. 

Second, we expected that depressive symptom severity would account for the variance in 

disability above and beyond the total number of diabetic complications when controlling for 

potential covariates of disability (i.e., age, gender, socioeconomic status, positive symptoms, 

negative symptoms, and hemoglobin A1C). Third, we expected that depressive symptom 

severity would mediate the putative relationship between number of diabetic complications 

and disability.

Methods

Participants

The current study used baseline data from a pilot intervention which aimed to improve 

health outcomes in adults with serious mental illness and comorbid type-2 diabetes. 

Participants who were over the age of 18, demonstrated the capacity to provide informed 

consent, and had a chart diagnosis of schizophrenia or schizoaffective disorder and comorbid 

type-2 diabetes were included in this study. Participants with a diagnosis of dementia were 

excluded.

Procedure

Study participants were recruited at board-and-care facilities, day treatment programs, and 

community club houses in San Diego County. Following receipt of informed consent, 

participants were invited to take part in an assessment with a trained interviewer. 

Interviews lasted approximately 2.5 hours, and participants were compensated 10 dollars 

for completing the interview. All participants were treated in a manner consistent with 

the American Psychological Association Ethical Principles of Psychologists and Code of 

Conduct. All methods were approved by the appropriate IRB boards.

Measures

Sociodemographic and diabetes-related variables.—Sociodemographic measures 

were used to gather self-report data on participants’ age and gender. Medical and psychiatric 

chart abstraction was used to verify participants’ psychiatric diagnosis (i.e., schizophrenia or 

schizoaffective disorder) and diabetes status.

Hollingshead Four Factor Index of Social Status.—The Hollingshead Four Factor 

Index of Social Status is a measure of socioeconomic status based on highest level 

of education, occupation, marital status, and sex (25). The measure has demonstrated 

convergent validity with yearly income (r = .78 for men and r = .67 for women) 

(25).Weighted scores for participants’ current occupation and highest level of education 
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are summed to generate a social status score. Scores range from 11 to 84 with higher scores 

indicating higher socioeconomic status.

Positive and Negative Syndrome Scale.—Participants’ psychiatric symptom severity 

was measured using the Positive and Negative Syndrome Scale (PANSS). The PANSS is a 

30-item, semi-structured interview that is administered by a trained rater. Item scores are 

based on verbal responses, behavioral observation, and collateral reports. Individual item 

scores are aggregated to yield three subscales that reflect positive, negative, and general 

psychiatric symptom severity. The positive and negative symptom severity scales were used 

for the purpose of this study. The PANSS positive and negative subscales have demonstrated 

acceptable to good internal reliability (α = .73 and α = .83, respectively) and convergent 

validity with other measures of positive and negative symptom severity (26). Higher scores 

reflect greater symptom severity.

Hemoglobin A1C.—Hemoglobin A1C (A1C) is a measure of participants’ glucose control 

during the previous 2 to 3 months (27). Fasting blood samples of 3 mL were collected 

from each participant at the baseline time point. Blood samples were submitted to high 

performance liquid chromatography (28). Values for A1C are expressed as a ratio of 

glycosolated hemoglobin to total hemoglobin (28). Higher values reflect higher average 

blood glucose levels.

Hamilton Depression Rating Scale.—Depressive symptom severity was measured 

using the 17-item Hamilton Depression Rating Scale (HAM-D) (29). Ratings for each item 

are made by a trained interviewer. The HAM-D is a commonly used measure of depressive 

symptom severity that has demonstrated good reliability (i.e., internal reliability, inter-rater 

reliability, test-rest reliability) and the ability to accurately differentiate among depressed 

and non-depressed patients with schizophrenia (sensitivity = 79%, specificity = 83%) (30). 

Higher scores reflect greater depressive symptom severity.

Diabetic Complications.—Section IV of the Diabetes History Form Version 2.0 

(DMHV2) was used to collect self-report data on 27 diabetes-related complications. 

Established diabetic complications were identified using the 2011 Diabetes Fact Sheet (31). 

Participants’ responses (i.e., Yes/No) on these items were used to quantify total number of 

diabetic complications. No studies have assessed the reliability or validity of the DMH-V2; 

however, this instrument has been used in published studies (32).

World Health Organization Disability Assessment Scale – Second Version.—
Total disability was assessed using the Word Health Organization Disability Assessment 

Schedule – Second Version (WHODAS-II). The WHODAS-II includes 36 items spread 

across five subscales (i.e., understanding and communicating, getting around, self-care, 

getting along with other people, and life activities). Participants rate their disability on 

5-point Likert-type scales (1 = none, 5 = extreme or cannot do). The WHODAS-II has 

shown good internal and test-retest reliability, as well as good convergent validity with 

other measures of self-reported quality of life among people with schizophrenia (13). 

A total percent disability (0%–100%) was calculated using the Item Response Theory 

algorithm provided by the World Health Organization. Percent disability, as measured by the 
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WHODAS-II, was the dependent variable of interest in this study. Higher scores indicate a 

greater level of disability.

Statistical Analysis

The sample was characterized using descriptive statistics. To test the first hypothesis, a 

two-step sequential linear regression analysis was used to evaluate number of diabetic 

complications as a predictor of WHODAS-II scores. Age, gender, socioeconomic status, 

psychiatric symptom severity (i.e., PANSS positive and negative scores), and A1C were 

entered in the first block of the model to statistically control for the potential effects of 

these variables on WHODAS-II scores. Number of diabetic complications was entered into 

the second block. To test the second hypothesis, a separate sequential linear regression 

model added HAM-D scores in a third block to the model specified for hypothesis one. 

Pearson product-moment correlations were used to assess for colinearity between predictor 

variables. The order of variable entry was determined a priori in the case of both models. 

Regression analyses were performed using SPSS, version 19.0. The third hypothesis was 

tested using a path model with bootstrapping (5,000 replications) to calculate the effect size 

and confidence intervals for the indirect path of total diabetic complications on disability 

through depressive symptom severity. This path model was tested using the PROCESS 

macro for SPSS (33). Hayes has suggested that partially standardized measures of indirect 

effect size (reported here) are stable given small samples (34). PROCESS calculates partially 

standardized coefficients by rescaling the product of the a and b paths to the standard 

deviation of the Y variable (i.e., WHODAS-II scores). These effect sizes are expressed in 

terms of the X scale metric (i.e., number of diabetic complications). All other coefficients 

reported for the path model (i.e., a path, b path, direct, and total effects) are expressed 

as unstandardized coefficients. An alternative path model was used to test the indirect 

association of depressive symptom severity on disability via diabetic complications. The 

practice of testing competing path models within a specified set of variables is consistent 

with methods described by Hayes (34). Alpha was set at p < .05 and all tests were two-

tailed.

Results

Participants

Baseline data for 64 participants with chart diagnoses of schizophrenia or schizoaffective 

disorder and type-2 diabetes were available for analysis in the present study. Of these 

participants, one was excluded due to missing diabetes complications data and another 

was excluded for missing A1C data. Therefore, the final sample consisted of 62 adults 

with schizophrenia (n = 52, 83.8%) or schizoaffective disorder (n = 10, 16.1%) and type-2 

diabetes. The sample was predominately male (n = 36, 58.1%) and Caucasian (n = 36, 

58.1%) with an average age of 52.5 (SD = 8.9) years. The average score on the Four Factor 

Index of Social Position was 24.0 (SD = 4.5) indicating relatively low socioeconomic status 

(25). PANSS positive (M =14.8, SD = 5.6) and negative (M = 15.3, SD = 5.6) symptom 

scores were somewhat lower than those reported in a PANSS validation study by Kay et 

al. (26). Internal consistency was acceptable for the PANSS positive (α = .78) and PANSS 

negative (α = .77) subscales. Participants’ mean A1C (M = 7.1%, SD = 2.4%) was slightly 
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above the maximum threshold recommended by the American Diabetes Association (i.e., > 

7.0) for glycemic control (35).

The average depression severity score for the sample (i.e., HAM-D) was 9.6 (SD = 7.0) 

and somewhat lower than the cutoff score (i.e., >12) suggested to maximize specificity 

and sensitivity for depression among people with schizophrenia (30). Internal reliability 

for the HAM-D was adequate (α = .79). The average participant had more than two 

diabetic complications according to the DMH-V2. Cardiovascular problems (e.g., heart 

attack, stroke, or high blood pressure) were the most frequently reported complications, 

followed by lower extremity complications (e.g., peripheral vascular disease and peripheral 

neuropathy), ocular complications (e.g., retinopathy, blindness, and macular edema), and 

renal complications (i.e., kidney failure). See Table 1.

Factors Associated with Disability

Pearson correlations showed significant positive relationships between WHODAS-II scores, 

number of diabetic complications, r = .42, p = .001, and HAM-D scores, r = .63, p 
< .001. A two-step sequential linear regression model (Model 1) was used to evaluate 

number of diabetic complications as a predictor of WHODAS-II scores while controlling for 

age, gender, socioeconomic status, psychiatric symptom severity (i.e., positive and negative 

symptoms) and A1C. The first block of Model 1 included all four covariates and accounted 

for a significant amount of variance in WHODAS-II scores, F(6,55) = 2.90, R2 = .24, p = 

.016. Of these covariates, only female gender was significantly associated with WHODAS-II 

scores, B = −13.13, SE = 4.34, t = −3.03, p = .004. As expected, the addition of diabetic 

complications in the second block of Model 1 accounted for a significant increase in 

explained variance above the first block (i.e., age, gender, socioeconomic status, PANSS 

positive scores, PANSS negative scores, and A1C), ΔF(1,54) = 15.25, ΔR2 = .17, p < 

.001. Number of diabetic complications was significantly associated with disability while 

controlling for covariates entered in the first block, B = 3.97, SE = 1.01, t = 3.91, p < .001. 

See Table 2.

A separate three-step sequential linear regression model (Model 2) added HAM-D scores 

in a third block to the previous two-step model. This model showed that HAM-D scores 

accounted for a significant increase in variance above and beyond the combined variance of 

blocks one (i.e., age, gender, socioeconomic status, positive symptoms, negative symptoms, 

and A1C) and two (i.e., diabetic complications), ΔF(1,53) = 18.70, ΔR2 = .16, p < .001. 

Only gender, B = −10.49, SE = 3.38, t = −3.10, p = .003, and HAM-D scores, B = 1.24, 
SE =.29, t =4.33, p < .001, remained significant predictors of WHODAS-II scores in the full 

model. The full model (Model 2), including diabetic complications, HAM-D scores, and all 

six covariates, accounted for 56.2% of the variance in WHODAS-II total scores. See Table 2.

The Mediating Role of Depressive Symptom Severity

As hypothesized, a path model showed a significant indirect association for total number 

of diabetic complications with WHODAS-II scores through HAM-D scores, B = 0.13, 

SE = 0.04, CI.95 [0.07, 0.22], p < .05. Number of diabetic complications was positively 

associated with depressive symptom severity, B = 1.67, SE = .43, t = 3.87, p < .001, 
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and depressive symptom severity was in turn positively associated with increased level of 

disability, B = 1.38, SE = 0.27, t = 5.05, p < .001. The total association between number 

of diabetic complications and disability was significant, B = 3.83, SE = 1.08, t = 3.56, 

p < .001; however, the direct association was not significant, B = 1.54, SE = 1.01, t = 

1.52, p = .13. See Figure 1. This result indicates that depressive symptom severity fully 

accounted for the effect of diabetic complications on disability. The hypothesized indirect 

relationship remained significant (p < .05) while controlling for age, gender, socioeconomic 

status, PANSS positive scores, PANSS negative scores, and A1C. An alternative path model 

showed no significant indirect effect of depressive symptom severity on disability through 

diabetic complications, B = .01, SE = .01, CI.95 [−0.03, 0.21], p > .05.

Discussion

The current study is one of the first to examine predictors of disability among people with 

schizophrenia and comorbid type-2 diabetes. Results showed that both number of diabetic 

complications and depressive symptom severity are significantly associated with level 

of disability. However, depressive symptom severity accounted for variance in disability 

scores above and beyond participants’ number of diabetic complications. This result is 

consistent with other findings, which have shown a stronger association of disability 

with depression than with diabetic complications among the general population (i.e., a 

non-psychiatric population) (18). Interestingly, the relationship between depressive symptom 

severity and disability existed in the present sample when controlling for variance due 

to diabetic complications as well as sociodemographic (i.e., age, gender, socioeconomic 

status), psychiatric (i.e., positive and negative symptoms severity), and clinical factors (i.e., 

A1C). This finding indicates that depressive symptom severity has a robust relationship 

to disability which is not fully accounted for by other potentially important demographic, 

psychiatric, and clinical factors among people with schizophrenia and comorbid diabetes.

These results build on previous findings in two important ways. First, this study 

simultaneously assessed the relationships of diabetic complications and depressive 

symptoms to disability in a population at risk for both depression and diabetes (i.e., 

adults diagnosed with schizophrenia). Second, the current results, which utilized continuous 

measures of depression severity and disability level, extend previous findings that have 

relied on dichotomous variables (e.g., major depression vs. no depression, disabled vs. 

non-disabled). This study consequently provides evidence for a strong linear relationship 

between depressive symptom severity and disability in this population.

Of particular interest, path analyses in this study provided some support to the mediating 

role of depressive symptom severity on the relationship between diabetic complications 

and disability. Specifically, the path model demonstrated that a high number of diabetic 

complications is associated with a greater depressive symptom severity, which is, in turn, 

associated with a high level of disability. These findings suggest that depressive symptom 

severity may partially explain the association between burden of diabetic complications 

and disability among people with serious mental illness such as schizophrenia. Notably, a 

separate path model showed that diabetic complications did not mediate the relationship 

between depressive symptom severity and disability.
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These results are supported by prior literature, which has demonstrated that the burden 

associated with diabetes complications (i.e., illness intrusiveness and associated distress) 

contributes to higher levels of depressive symptoms (36–38), that are, in turn, associated 

with high levels of self-reported disability among non-psychiatric populations with diabetes 

(16, 24). However, other possible causal relationships among these variables should be 

noted. For example, high depressive symptom severity may simultaneously increase the 

risk for both complications and disability. Other important variables should be considered 

as well. For example, depression may lead to greater diabetic complications through poor 

self-care behaviors (i.e., diet and exercise) and associated long-term glycemic dysregulation 

(39). Alternatively, all three variables may interact via bidirectional relationships.

Limitations

Results of this study should be considered in the context of four important limitations. 

First, all data included in the current study were derived from participants who elected to 

participate in a baseline assessment for a healthy lifestyle program; however, no restriction 

of range was observed among the study variables. Second, this study used a cross-sectional 

design, and, as a result, the causal effects among the variables within the path model cannot 

be known with certainty. For example, extant literature provides support for a bidirectional 

causal relationship between diabetic complications and depressive symptoms (i.e., the a path 

specified with the current model) (40). However, an alternative path model, tested in the 

current study, showed no indirect relationship between depressive symptoms and disability 

via number of diabetic complications. Additional studies using longitudinal designs and 

lagged analyses are needed to better quantify the causal direction of the interrelationships 

among these variables. Third, the clinical sample used for the current study (n = 62) 

was relatively small. Nevertheless, the relationships between disability and the variables 

of interest (i.e., depressive symptom severity and number of diabetic complications) were 

highly significant (p < .001) and accounted for a substantial amount of variance in disability. 

Fourth, the HAM-D contains a number of items that assess somatic symptoms of depression. 

As a result, participants with a greater number of diabetic complications may have endorsed 

more items on this scale.

Clinical Implications

Findings from the present study suggest that depression may be an important clinical 

target for practitioners or program developers attempting to reduce the burden of disability 

among adults with schizophrenia and diabetes. Namely, results indicate that depressive 

symptoms (i.e., a psychological factor) may have a stronger relationship to overall self-

reported disability than number of diabetic complications (i.e., a physical health factor), and 

may in fact at least partially account for the relationship between diabetic complications 

and disability. Before applying these findings to clinical cases, additional research 

using other factors of interest and employing prospective designs and lagged analyses 

is needed to better specify the nature of the interrelationships of depression, diabetes 

complications, and disability. Subsequent work may be needed to examine the efficacy of 

current empirically supported psychotherapy and psychopharmaceutical treatments to reduce 

depressive symptom severity in adults with serious mental illness and type-2 diabetes.
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FIGURE. 
The Indirect Association of Total Number of Diabetic Complications on Disability (i.e., 

WHODAS-II Scores) Through Depressive Symptom Severity (i.e., HAM-D Scores). Note: 
B Depicted in the Figure is an Unstandardized Regression Coefficient. The Indirect Effect 

of the Total Diabetic Complications on WHODAS-II Scores (Reported as a Partially 

Standardized Regression Coefficient) was Significant (B = 0.13, SE = 0.04, CI.95 [0.7, 

0.22], p « 0.05). the Coefficient Above the c Path is the Total Association and the Coefficient 

Below the c Path Represents the Direct Association, *p < 0.001.
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Table 1.

Means and Frequencies of Diabetic Complications (n = 62)

Diabetic Complication Frequency n (%) Mean Number of Complications M (SD)

Cardiovascular 0.84 (0.81)

 Heart Attack 5 (8.0)

 Heart Failure 3 (34.8)

 Hypertension 33 (53.2)

 Angina 4 (6.5)

 Transient Ischemic Attack 4 (6.5)

 Stroke 4 (6.5)

Ocular 0.08 (0.37)

 Retinopathy 0 (0.0)

 Blindness 3 (4.8)

 Macular Edema 0 (0.0)

Renal/Bladder 0.37 (0.72)

 Kidney Failure 3 (4.8)

 Bladder/Kidney Infection 14 (22.6)

 Protein in Urine 6 (9.7)

Lower Extremity 0.89 (1.16)

 Peripheral Vascular Disease 11 (17.7)

 Intermittent Claudication 6 (9.7)

 Peripheral Neuropathy 14 (22.6)

 Gangrene 1 (1.6)

 Foot Ulcers 2 (3.2)

 Athletes Foot 22 (35.4)

 Amputation 0 (0.0)

Total 2.29 (1.90)
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Table 2.

Two and three-step sequential linear regression models predicting WHODAS-II total scores

Block/Predictors Model 1
a

(β)
Model 2

b

(β)

ΔR2

Block 1 .24*

 SES −.15 −.12

 Age −.07 .00

 Gender −.32* −.30*

 PANSS Positive .19 .09

 PANSS Negative .01 −.13

 A1C −.13 −.15

Block 2 .17**

 Diabetic Complications .43** .20

Block 3 .16**

 HAM-D .50**

Note: SES = Socioeconomic Status, PANSS = Positive and Negative Syndrome Scale, HAM-D = Hamilton Depressive Rating Scale, A1C = 
Hemoglobin A1C

a
Blocks 1 and 2

b
Blocks 1, 2, and 3

*
p < .05

**
p < .001
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