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BACKGROUND: Diabetes prevalence is twice as high
among people with severe mental illness (SMI) when com-
pared to the general population. Despite high prevalence,
care outcomes are not well understood.
OBJECTIVE: To compare diabetes health outcomes re-
ceived by people with and without comorbid SMI, and to
understand demographic factors associated with poor di-
abetes control among those with SMI.
DESIGN: Retrospective cohort study
PARTICIPANTS: 269,243 adults with diabetes
MAIN MEASURES: Primary outcomes included optimal
glycemic control (A1c < 7) or poor diabetes control (A1c >
9) in 2014. Secondary outcomes included control of other
cardiometabolic risk factors (hypertension, dyslipidemia,
smoking) and recommended diabetes monitoring.
KEY RESULTS: Among this cohort, people with SMI (N =
4,399), compared to those without SMI (N = 264,844),
were more likely to have optimal glycemic control, adjust-
ing for various covariates (adjusted relative risk (aRR)
1.25, 95% CI 1.21–1.28, p < .001) and less likely to have
poor control (aRR 0.92, 95% CI 0.87–0.98, p = 0.012).
Better blood pressure and lipid control was more preva-
lent among people with SMI when compared to those
without SMI (aRR 1.03; 95% CI 1.02–1.05, p < .001; aRR
1.02; 95%CI 1.00–1.05, p = 0.044, respectively). No differ-
ences were observed in recommended A1c or LDL testing,
but people with SMI were more likely to have blood pres-
sure checked (aRR 1.02, 95% CI 1.02–1.03, p < .001) and
less likely to receive retinopathy screening (aRR0.80, 95%
CI 0.71–0.91, p < .001) than those without SMI. Among
people with diabetes and comorbid SMI, younger adults
and Hispanics were more likely to have poor diabetes
control.
CONCLUSIONS: Adults with diabetes and comorbid SMI
had better cardiometabolic control than people with dia-
betes who did not have SMI, despite lower rates of reti-
nopathy screening. Among those with comorbid SMI,

younger adults and Hispanics were more vulnerable to
poor A1c control.
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INTRODUCTION

US adults with severe mental illnesses (SMI) such as schizo-
phrenia and bipolar disorder (numbering approximately 7
million Americans) die, on average, 25 years earlier than the
general population, largely from premature cardiovascular
disease (CVD).1 A recent large study of people with SMI
found that 28% had diabetes, more than twice the prevalence
of the general population during the same time frame.2 A prior
systematic review of studies conducted between 1987 and
2005 also estimated a diabetes prevalence double that of
age-matched samples from the general population during the
same time period.3 Treatment with antipsychotic medications
contributes to diabetes risk, with risk associated with both first
and second-generation antipsychotics.4–6 Since diabetes is a
potent risk-factor for CVD,7,8 it is important to examine treat-
ment of diabetes among this vulnerable population.
Unfortunately, there have been no large, well-designed,

recent studies evaluating diabetes care among diverse popula-
tions with SMI in the USA. Prior retrospective cohort studies
found diabetes care to be comparable between patients with
SMI and frequency matched controls,9 with good glucose
control and medication adherence regardless of the location
of their receipt of primary care.10 However, these studies were
restricted to predominantly male samples in the Veterans
Affairs Medical Center (VAMC),9–11 and a systematic review
showed that diabetes care outcomes appear to be different for
people with SMI dependent on whether examining VAMC or
non-VAMC settings.12 In addition, Frayne et al. (2005) exam-
ined data that is over two decades old11 and was done prior to
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growing recognition of diabetes risk in this population asso-
ciated with antipsychotic use, as evidenced by American
Diabetes Association (ADA) guidelines and Healthcare Effec-
tiveness Data and Information Set (HEDIS) measures.13,14

This study aimed to fill a gap in the literature by examining
diabetes care outcomes received among a diverse population
of adults with diabetes with and without SMI. We selected
individuals with SMI who were treated with antipsychotic
medications because of our prior work with this cohort,2,15

and also given the increased risk for metabolic side effects
from these medications.4,16 We examined the correlates of
poor diabetes control among the SMI cohort to identify sub-
populations that may require more intensive interventions. To
our knowledge, this is the first large study in over 20 years
examining disparities in diabetes care among a racially and
ethnically diverse populations with and without SMI.

METHODS

Study Design. This retrospective cohort study utilized
electronic health record data from Kaiser Permanente
Northern California’s (KPNC). The study received approval
by the UCSF Committee of Human Research and the Kaiser
Permanente Northern California Institutional Review Board.

Setting.KPNC is an integrated delivery system serving over 4
million members in Northern California. KPNC provides
inpatient, outpatient, pharmacy, and laboratory services, all
linked through an integrated electronic health record, under
capitated payment, and its membership is largely
representative of the California population that it serves.
People with SMI are typically cared for in KPNC specialty
psychiatry departments that are integrated within the KPNC
care delivery system with access to the full spectrum of
outpatient, inpatient, laboratory, and pharmacy services.
Psychiatric services are generally delivered within the same
medical center complex as primary care services. Most
patients with SMI receive psychotherapy and case
management services, in addition to medication management
with a psychiatrist. However, KPNC contracts out to county
community mental health clinics for intensive case
management, if necessary. The primary care providers are
responsible for delivering diabetes care to these patients with
SMI.

Population. The following inclusion criteria generated the
cohort of patients with diabetes: (1) KPNC Diabetes registry,
which includes people with any evidence of diabetes defined
by a diabetes diagnosis (ICD-9 codes 250.xx and other med-
ication parameters as previously described)17 and (2) KPNC
member with enrollment for at least 10 months in 2014. To
define the SMI population, we included participants with a
diagnosis of SMI as defined by at least one ICD-9 diagnosis

(295.xx-301.x, 307.1, 307.5, 307.51, 309.81, 311.00, 314.xx,
and 317.xx-329.xx) at any point during 2012–2014 and filled
at least 2 prescriptions for an antipsychotic medication on
different dates in 2014 (See Online Supplemental eTable 1
for list of medications). Our definition of SMI used all agreed-
upon diagnoses from two prior large studies (ICD-9 295.xx-
299.xx),18,19 and selected “other” diagnoses where psychia-
trists commonly prescribe antipsychotic medications as de-
scribed in other studies2 (See Online Supplemental
eTable 2). We selected individuals treated with antipsychotic
medications per our prior work with this cohort,2,15 and also
given the increased risk for metabolic side effects from these
medications.4,16 Individuals were excluded if they were youn-
ger than 18 years old.

Measures. The primary outcome measures were (1) good dia-
betes control, as measured by glycated hemoglobin (A1c) below
7%, and (2) poor glucose control, asmeasured byA1c > 9%or no
measurement that year. If there were two or more A1c measures
in the past year, we used the most recent A1c in that time period.
Secondary outcome measures included control of other cardio-
vascular risk factors (blood pressure < 140/90; LDL < 100,
current non-smoking status). In addition, to assess for processes
of care and evidence of adherence to diabetes treatment guide-
lines,13 we examined additional outcomes including annual A1c
test, annual blood pressure measurement, annual LDL laboratory
test, and retinopathy screening for thosewith background diabetic
retinopathy (ICD-9 362.01).
The database included additional variables: age, gender,

race/ethnicity, geocoded census data (including urban area
type, education, and median household income census varia-
bles), psychiatric diagnoses, antipsychotic medications, sub-
stance use disorder diagnoses (ICD-9 codes 303.xx through
305.xx), self-reported smoking status in 2013, body mass
index (BMI) in 2013, presence or absence of CVD in 2013
(See Online Supplemental eTable 1), other CVD risk factors in
2013 (hypertension defined as ICD-9 codes 401.xx to 405.xx,
Dyslipidemia defined by ICD-9 code 272.xx) and health care
utilization during the index year (2014). If multiple psychiatric
diagnoses were documented, an individual was categorized
based on a hierarchy with priority order as follows: schizo-
phrenia and other psychotic disorders, affective disorders,
autism, and other. If an individual had multiple health insur-
ance types, they were categorized based on a hierarchy with
priority order as follows: (1) Medicaid, (2) Medicare, (3)
commercial, and (4) other. So, for example, if anyone had
both Medicare and commercial insurance, the insurance type
for the patient would be Medicare. We chose these demo-
graphic, psychiatric, and medical variables to characterize
the sample and for use as covariates, since some are associated
with glycemic control as described below.

Assessment for Missing Data. To determine the completeness
of our data and ensure that laboratory information was not
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occurring outside of KPNC, we searched claims data for
evidence of diabetes screening labs (CPT codes 82947,
82950, 82951, 83036) drawn outside of the KPNC system.
We found that less than 0.4% of laboratory tests were
performed outside of KPNC.

Statistical Analysis. We used chi-square tests to evaluate
differences in demographic, insurance, and clinical character-
istics and diabetes care outcomes between patients with SMI
vs. without SMI. We then used Poisson models20 with robust
standard errors to estimate the associations of SMI with dia-
betes control and care outcomes, adjusting for smoking status,
age, gender, race, urban area type, BMI, primary care utiliza-
tion, and medical facility. Since glycemic control are often
personalized based on co-morbidity and some suggest a cutoff
of < 8%,21 we also conducted a sensitivity analysis in which
the threshold for A1c control was defined as A1c < 8%. In
addition, we used a Poisson model to examine whether age,
gender, race/ethnicity, comorbid substance use, BMI, or pri-
mary care utilization—all variables that could impact glyce-
mic control—were independently associated with poor control
among people with SMI. Finally, we compared the adjusted
means of A1c, LDL, and blood pressure levels between
patients with SMI vs. without SMI. For these models, we used
a directed acyclic graph (DAG) to identify confounders and
mediators of each predictor of poor diabetes care as described
previously.15 We used the confounders as covariates in our
analysis.

RESULTS

Applying our inclusion and exclusion criteria, we identified a
large cohort of people with diabetes (N = 269,243). The
demographics of this population are described in Table 1. At
baseline, there were significant differences in demographic
and clinical characteristics and utilization of health care
(Table 1). For example, there were more women (60% vs
47%, p < 0.001), more whites (58% vs 44%, p < .0001), more
insured by Medicaid (10% vs 2%, p < .0001), higher mean
BMI (36.6 vs 31.4, p < .0001), higher rates of comorbid
disorders, and higher median health care utilization in the
group with SMI compared to those without SMI. Among
those with SMI, the vast majority (70%) of antipsychotic
prescriptions were for 30 or 100 days.
Among people with diabetes, those with comorbid SMI

were more likely to have optimal diabetes control than those
without SMI (51% vs 40%, p < 0.0001, Table 2).
After controlling for age, gender, race, urban area type,

BMI, primary care utilization and medical facility, people with
SMI were 25% more likely to have good diabetes control
(adjusted relative risk [aRR] = 1.25, 95% CI 1.21–1.28, p <
.001) compared to those without SMI (Table 3). With optimal
diabetes control was defined as A1c < 8%, those with SMI

continued to have better control (aRR 1.06, 95% CI 1.04–
1.08, p < 0.001). The mean adjusted A1c was lower in people
with SMI (7.16, 95% CI 7.11–7.21) compared to people
without SMI (7.47; 95%CI 7.46–7.47, p < 0.001). In addition,
people with SMI were less likely to have poor diabetes control
(aRR 0.92, 95% CI 0.87–0.98, p < .012). People with SMI
were more likely to have well-controlled blood pressure (RR
1.03, 95% CI 1.02–1.05, p < 0.001) and mean adjusted sys-
tolic blood pressure (SBP) and diastolic blood pressure (DBP)
was lower in people with SMI (SBP: 125 mmHg, 95% CI
124.7–125.6; DBP 71.1, 95% CI 70.8–71.5) compared to
people without SMI (SBP: 128 mmHg, 95% CI 127.9–
128.1; DBP 71.6, 95% CI 71.5–71.6, p < 0.001). People with
SMI were more likely to have well-controlled lipids (RR 1.02,
95% CI 1.00–1.05, p = 0.044), and a lower mean adjusted
LDL (85; 95% CI 84.3–86.4) compared to people without
SMI (88; 95% CI 88.2–88.5, p < 0.001). People with SMI
were less likely to have quit smoking (aRR 0.94, 95% CI
0.93–0.96, p = .001). Finally, people with SMI were slightly
more likely to have recommended blood pressure measure-
ments (aRR 1.02, 95% CI 1.02–1.03, p < .001) but substan-
tially less likely to have retinopathy screening (aRR 0.80, 95%
CI 0.71, 0.91, p < .001), while A1c and LDL testing rates were
similar between groups.
Among the cohort of people with SMI and diabetes, our

adjusted analysis found that young adults, Hispanics, and
those without any primary care visits were more likely to have
poor diabetes control (see Fig. 1). Specifically, young adults18–
29 had over twice the risk of having poor control compared to
older adults (aRR 2.15, 95% CI 1.65–2.79, p < 0.001), His-
panics were 18%more likely to have poor control compared to
whites (aRR 1.18, 95% CI 1.01–1.39, p value 0.041), and
people without any primary care visits were over twice as
likely to have poor control when compared to those who
frequently utilized primary care services (aRR 2.72, 95% CI
2.23–3.33, p < 0.001).

DISCUSSION

In this cohort of people with diabetes in an integrated health
care delivery system, we found that those with SMI had better
glycemic control than people with who did not have SMI. We
also found better control of hypertension and dyslipidemia, no
difference in A1c or LDL lab monitoring, but improved
screening for blood pressure. All of these findings indicate
that people with diabetes and comorbid SMI appeared to have
better diabetes health outcomes and process of care outcomes
than those without SMI.
Our findings are particularly noteworthy because people

with SMI are increasingly identified as a health disparities
population because of their high mortality rates and frequently
low-quality care.22 For example, in Medicaid populations
served in the fragmented public health care system, studies
consistently show that only 30% of people with SMI are
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screened for diabetes,23–25 though our recent work in KPNC
found higher screening rates (55%).15 That increased diabetes

screening is critical because of the burden of disease, with
28% of those screened having diabetes and 47% having

Table 1 Characteristics of People in the Diabetes Registry With and Without SMI

Characteristic Diabetes with SMI*
(N = 4,399)

Diabetes without SMI†
(N = 264,844)

P value

Demographic characteristics
Female gender 60% 47% < .0001
Race/ethnicity < .0001
African American 11% 10%
Asian 10% 21%
Hispanic 18% 21%
White 58% 44%
Other 1% 2%
Unknown 2% 3%

Age, years
Mean (SD) 60.5 (15.0) 61.9 (13.6) < .0001
Minimum, maximum 18, 98 18, 106
Age categories < .0001
18–29 2% 1%
30–39 6% 4%
40–49 14% 12%
50–59 26% 24%
60–64 13% 14%
65+ 38% 44%
Insurance (hierarchy)‡ < .0001
Medicaid 10% 2%
Medicare 62% 47%
Commercial 28% 51%
Other <1% <1%

Clinical characteristics§
BMI
Mean (SD) 36.6 (7.9) 31.4 (7.1) < .0001
Minimum, maximum 15, 87 15, 89
BMI categories < .0001
Normal (< 25 kg/m2) 14% 14%
Overweight (25– < 30 kg/m2) 23% 28%
Obese (≥ 30 kg/m2) 53% 45%
Unknown 10% 13%
Prior smoker 56% 44% < .0001
Substance use disorders‖ 21% 6% < .0001
Hypertension‖ 69% 65% < .0001
Dyslipidemia‖ 77% 69% < .0001
CVD ‖ 28% 21% < .0001

Health care utilization characteristics
Number of primary care visits¶ < .0001
0 7% 12%
1–2 29% 39%
3–4 24% 24%
5+ 39% 26%
(Among 5+): min, median, max Min = 5, Med = 8, Max = 130 Min = 5, Med = 7, Max = 156

Number of mental health visits¶ < .0001
0 38% 95%
1–2 29% 3%
3–4 10% 1%
5+ 23% 1%
(Among 5+): min, median, max Min = 5, Med = 11, Max = 119 Min = 5, Med = 8, Max = 97

Total number of primary care and mental health visits ¶ < .0001
0 4% 11%
1–2 17% 38%
3–4 18% 24%
5+ 60% 27%
(Among 5+): min, median, max Min = 5, Med = 10, Max = 141 Min = 5, Med = 7, Max = 156

*Defined as meeting criteria for SMI per Online Supplemental eTable 2 and in the KPNC DOR diabetes registry as described below
†Control group consists of patients in the KPNC DOR diabetes registry as of 12/31/2014 excluding patients who were SMI, < 18 years old, unknown
gender, enrolled less than 10 months in 2014, or died prior to 2015
‡If an individual had multiple health insurance types, they were categorized based on a hierarchy with the following priority order: (1) Medicaid, (2)
Medicare, (3) commercial, (4) other
§Based on last measurement in 2013
‖Substance abuse diagnosis includes any of the following ICD-9 codes: 303.x to 305.xHypertension diagnosis includes any of the following ICD-9
codes: 401.x to 405.xDyslipidemia diagnosis includes any of the following ICD-9 codes: 272.xCVD diagnosis includes any of the following ICD-9
codes: 402.x, 404.x, 410.x, 412.x to 414.x, 427.x to 431.x, 433.x to 434.x, 436.x,437.0, 437.1, 437.2, 437.8, 437.9
¶A maximum of one visit per day was counted within each visit category
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prediabetes.2 In addition, from a population viewpoint, even
small reductions in blood pressure can have very meaningful
impacts upon all populations in terms of risk of myocardial
infarction and stroke.26 These blood pressure reductions are
especially important for those who at high risk for cardiovas-
cular disease, like people with diabetes and people living with
serious mental illness. We believe future comparative-
effectiveness trials should be done to understand what com-
ponents of this delivery system actually drive the reduction in
disparities in care for this vulnerable population.
In addition, we found disparities in diabetes control among

subpopulations with SMI, specifically young adults and His-
panics, which is consistent with prior work in the general
population.27,28 This adds to the growing evidence that young
adults and minorities with SMI could benefit from enhanced
screening and early identification of diabetes.2,15,16,23

It is possible that these positive health care outcomes may
be a direct result of better adherence to diabetes medications.
In prior studies, people with mental illness had more self-
reported adherence to diabetes medications.29–31 Authors have
speculated that managing a chronic mental illness might con-
fer advantages to people with SMI in the self-care of other
conditions like diabetes, or that these patients have additional
members of the health care team (psychiatrists, casemanagers)

and early and sustained involvement in the health system at
large.
Although this is a rigorous and large study, the major

limitation of this study may be generalizability, since the
data come from one delivery system, albeit a very large
one. In addition, there is an overrepresentation of Cauca-
sians in this sample (68%) when compared with the general
KPNC population (43% Caucasian). Although this differ-
ence is consistent with prior studies of KPNC member’s
mental health utilization,32 it may influence generalizabil-
ity of findings to more diverse populations and uninsured
or publicly insured populations. The study is also limited
by lack of data on longitudinal exposure to antipsychotic
medications that are risk factors for diabetes. In addition,
there was significant missingness for the current smoking
variable, with an “unknown” status for 8% of the SMI
population and 14% of the non-SMI population, so the
rates of non-smoking might be higher in both groups.
This work has major public health implications. Given the

excellent diabetes care outcomes obtained for this population
with severe mental illness receiving care in a system that
champions population health approaches, it is worth consid-
ering whether such approaches might reduce disparities for
this vulnerable population in other settings. Future
comparative-effectiveness trials should be done to understand
what specific components of this delivery system helped to
mitigate health care disparities for this vulnerable population.
Future research should also examine quality of prediabetes
care among this population compared to the general
population.

Table 2 Diabetes Outcomes and Processes of Care Among Adults in
the KP Diabetes Registry With and Without SMI, Unadjusted

Diabetes care
outcomes*

Diabetes with
SMI†
(N = 4,399)

Diabetes without
SMI ‡
(N = 264,844)

P value

Primary outcome
Optimal diabetes

control
(A1c < 7%)§

2,232 (51%) 107,043 (40%) < .0001

Poor diabetes
control
(A1c > 9)‖

816 (19%) 51,687 (20%) 0.1086

Secondary outcomes
Control of other cardiovascular risk factors
BP < 140/90§ 3,683 (84%) 215,710 (81%) 0.0001
LDL < 100§ 2,678 (61%) 162,608 (61%) 0.4822
Current

non-smoker¶
3,428 (78%) 210,016 (79%) 0.0261

Recommended diabetes monitoring
Annual A1c

lab test
4,048 (92%) 243,358 (92%) 0.7475

Blood pressure
measurement

4,225 (96%) 246,849 (93%) < .0001

LDL lab test 3,763 (86%) 228,708 (86%) 0.1191
Retinopathy

screening #
122 (52%) 7,385 (66%) < .0001

*All measurements took place in 2014
†Defined as meeting criteria for SMI per Online Supplemental eTable 2
and in the KPNC DOR diabetes registry as described below
‡Control group consists of patients in the KPNC DOR diabetes registry
as of 12/31/2014 excluding patients who were SMI, < 18 years old,
unknown gender, enrolled less than 10 months in 2014, or died prior to
2015
§Based on last measurement in 2014
‖A1c > 9% or no measurement
¶Smoking status defined as current smoker or unknown in 2013
#Sample restricted to patients with background retinopathy in 2013 (N
= 11,500). Diabetes with SMI (n = 233) and diabetes without SMI (N =
11,267)

Table 3 Diabetes Care Outcomes Among People With and Without
SMI, Adjusted

Dependent variable
(outcome)*

Adjusted RR for SMI
with CI†

P
value

Primary outcomes
Optimal diabetes control (A1c

< 7%)‡
1.25 (1.21, 1.28) < .001

Poor diabetes control (A1c >
9)§

0.92 (0.87, 0.98) < .012

Secondary outcomes
Control of other cardiovascular risk factors
BP < 140/90‡ 1.03 (1.02, 1.05) < .001
LDL < 100‡ 1.02 (1.00, 1.05) 0.044
Current non-smoker‖ 0.94 (0.93, 0.96) 0.001

Recommended diabetes monitoring
Annual A1c lab test

completed
1.00 (0.99, 1.01) 0.834

Blood pressure measurement 1.02 (1.02, 1.03) < .001
LDL lab test 0.99 (0.98, 1.01) 0.323
Retinopathy screening¶ 0.80 (0.71, 0.91) 0.001

*All measurements took place in 2014
†Estimates from modified Poisson regressions with robust standard
errors, using SMI (vs. no SMI) as the main independent variable, and
controlling for age, gender, race, urban area type, BMI, primary care
utilization, and medical facility. Number of observations = 269,243
‡Based on last measurement in 2014
§A1c > 9% or no measurement
‖Smoking status defined by as current smoker or unknown in 2013
¶Sample restricted to patients with background retinopathy in 2013 (N
= 11,959). Diabetes with SMI (n = 235) and diabetes without SMI (N =
11,724)
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CONCLUSION

This is the first large, comprehensive study to examine current
diabetes care in a diverse sample of adults with diabetes and
comorbid SMI in the USA. In this large cohort, we found that
people with diabetes and comorbid SMI had better control of
three major cardiovascular risk factors (diabetes, hypertension,
and dyslipidemia) than people with diabetes who did not have
SMI. We also found room for improvement in smoking ces-
sation and retinopathy screening. Finally, we found that
among people with SMI and co-morbid diabetes young adults,
and those with Hispanic ethnicity were more likely to have
poor control. Future research should be done to understand
which components of care delivery are most helpful in revers-
ing health care disparities for this vulnerable population.
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utilization for urban area type, education, income, insurance, psychiatric diagnosis, psychotropic adherence, substance Abuse, medical facility,
cardiovascular disease, current primary care utilization, current mental health utilization, past mental health utilization, past primary care

utilization and medical facility.
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