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OBJECTIVE

Persons with serious mental illness (SMI) may benefit from collocation of medical
and mental health healthcare professionals and services in attending to their
chronic comorbid medical conditions. We evaluated and compared glucose con-
trol and diabetes medication adherence among patients with SMI who received
collocated care to those not receiving collocated care (which we call usual care).

RESEARCH DESIGN AND METHODS

We performed a cross-sectional, observational cohort study of 363 veteran
patients with type 2 diabetes and SMI who received care from one of three
Veterans Affairs medical facilities: two sites that provided both collocated and
usual care and one site that provided only usual care. Through a survey, laboratory
tests, and medical records, we assessed patient characteristics, glucose control as
measured by a current HbA1c, and adherence to diabetes medication asmeasured
by the medication possession ration (MPR) and self-report.

RESULTS

In the sample, the mean HbA1c was 7.4% (57 mmol/mol), the meanMPRwas 80%,
and 51% reported perfect adherence to their diabetes medications. In both un-
adjusted and adjusted analyses, there were no differences in glucose control and
medication adherence by collocation of care. Patients seen in collocated care
tended to have better HbA1c levels (b = 20.149; P = 0.393) and MPR values (b =
0.34; P = 0.132) andworse self-reported adherence (odds ratio 0.71; P = 0.143), but
these were not statistically significant.

CONCLUSIONS

In a population of veterans with comorbid diabetes and SMI, patients on average
had good glucose control and medication adherence regardless of where they
received primary care.
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The prevalence of diabetes among indi-
viduals with serious mental illness (SMI)
is estimated to be 16–25% or two to
three times the rate of the average pop-
ulation (1,2). This increased prevalence
has been noted for decades in people
with SMI, notably in people with schizo-
phrenia and other severe psychotic
disorders (3). The exact cause of this
relationship is unknown, but newer anti-
psychotic agents likely play some role
(4). Regardless of the cause, diabetes
and cardiovascular disease contribute
significantly to the observed increased
mortality and morbidity among persons
with SMI (5). Within the Veterans Health
Administration (VHA), the difference in
the prevalence of diabetes and mortality
rates between individuals with and with-
out SMI are smaller and seem to be
driven by, among other things, athero-
sclerosis and hypertension (6). Given
that veterans with mental health needs
are more likely to use the VHA for phys-
ical and mental health care than veter-
answithoutmental health needs and the
high prevalence of diabetes in veteran
populations (7), this creates an impor-
tant subpopulation of patients with co-
morbid SMI and diabetes that rely
heavily on the VHA for care.
Clinical care models that aim to de-

liver disease specific care (such as dia-
betes care) to veterans with SMI may
improve both SMI and disease-specific
healthcare outcomes. One approach is
to collocate primary care healthcare
professionals in mental health clinics
(8). Collocation is thought to facilitate
communication between healthcare
professionals as well as coordination of
care and has been shown to improve
subjective general health for veterans
with SMI (9,10). The VHA has invested
heavily in collocated care, placing men-
tal healthcare professionals in primary
care clinics to help primary care health-
care professionals better manage pa-
tients with co-occurring mental illness
(11); however, there has also been a
move to increase the presence of pri-
mary care healthcare professionals
within mental health clinics. Two recent
evaluations of the VHA system have
shown that when primary care health-
care professionals are collocated in the
mental health clinics, veterans with SMI
are more likely to receive cardiovascular
risk factor evaluations and appropriate
preventive care than veterans with SMI

not seen in these clinics (12,13). An-
other evaluation from the same group
indicates that veterans seen in collo-
cated care are also less likely to be admit-
ted for ambulatory-sensitive admissions
such as for asthma, congestive heart
failure, and diabetes (14).

By overcoming barriers to care as well
as coordinating care, collocation inher-
ently embodies many of the goals of the
Patient Aligned Care Teams, the Veter-
ans Affairs (VA) medical home initiative,
which aims to improve the provision of
accessible, coordinated, comprehen-
sive, patient-centered care. Deter-
mining if they also improve clinical
outcomes will make it clearer for the
VHA the value added from collocated
care. Toward this end, we sought to de-
termine whether receiving collocated
care is associated with better diabetic
outcomes in veterans with comorbid di-
abetes and SMI. We compared glucose
control and diabetes medication adher-
ence in veterans from three different VA
medical centers, comparing outcomes in
individuals with diabetes and SMI re-
ceiving collocated care to those not re-
ceiving collocated care (which we call
usual care). We hypothesized that vet-
erans with SMI and diabetes receiving
collocated care would have both bet-
ter glucose control and medication
adherence than those not receiving col-
located care.

RESEARCH DESIGN AND METHODS

Patients and Setting
We performed a cross-sectional, obser-
vational cohort study of patients with
type 2 diabetes and SMI seeking care
from three VA medical facilities: two
sites provide both collocated and usual
care, and one site provides only usual
care. Potential participants were identi-
fied through the VHA electronic medical
record. To be eligible, the potential par-
ticipant had to have: a diagnosis of di-
abetes (any 250 ICD-9 code); received a
prescription through the VHA for an
antihyperglycemic medication (oral or
injectable) at some time between 12
and 24 months prior to enrollment;
and a diagnosis of an SMI that we de-
fined as schizophrenia, schizophreniform
disorder, schizoaffective disorder, bipolar
disorder, manic affective disorder, delu-
sional disorder, or other nonorganic psy-
choses (ICD-9 code: 295.0–295.99; 296.0,
.1, .4, .5, .6, .7, or .8; 297.0, .1, .2, .3, .8, or

.9; and 298.0, .1, .2, .3, .4, .8, or .9). Due
to potential miscoding of SMI (15), SMI
was confirmed with the potential partic-
ipant’s mental health healthcare profes-
sional. Healthcare professionals were
given an opportunity to remove patients
from contact lists if they did not think it
was appropriate for us to contact the
patient. We then mailed potential
participants a letter describing the study
including a number that they could call
for more information. At two sites, this
was followed by a phone call, and at the
third site, patients were approached by
clinic staff at scheduled appointments.
Recruitment procedures at the different
sites varied based on what each local In-
stitutional Review Board considered
acceptable.

Interested patients met individually
with a research assistant who explained
the study procedures, obtained in-
formed consent, administered a quiz as-
sessing comprehension of the consent
(16), and administered the research
questionnaires asking about demo-
graphics, diabetes history, general clini-
cal characteristics, and psychiatric
symptoms and functioning. Patients
who did not comprehend the consent
were reimbursed for their time but not
included in the study. Questions were
read to patients, and responses were
recorded by the research assistant. Pa-
tients held large-font, laminated cards
with answer options to help them re-
member and select appropriate re-
sponses. Following completion of the
questionnaire, the research assistant es-
corted participants to the clinical labo-
ratory where they had a glycosylated
hemoglobin (HbA1c) drawn. In addition,
we obtained, from the medical record,
the patients last documented HbA1c

and date, their BMI, and pharmacy
records for all antihyperglycemic, mood-
stabilizing, and antipsychotic medications
for the 12 months preceding the survey
administration date. The Institutional Re-
view Board at each institution approved
the study protocol.

Outcome Variables
Our outcomes of interest were glucose
control asmeasured by the HbA1c drawn
on the day of the survey administration
and antihyperglycemic medication ad-
herence as measured by the medication
possession ratio (MPR) (17) over the
prior year for diabetes medications
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and the self-reported diabetes-specific
Morisky Medication Adherence scale
(18). We chose to include two measures
of adherence since no single measure is
considered a gold standard, and there
are concerns that self-report might suf-
fer from social desirability bias (19). We
calculated a composite MPR for all anti-
hyperglycemic medications including in-
sulin from electronic pharmacy data for
the 12 months prior to the day of the
survey administration. The MPR calcu-
lates the percent of days in the past
365 in which the patient was in posses-
sion of the appropriate antihyperglyce-
mic medications. To calculate the MPR
for insulin, we used the methods de-
veloped by Kleinman et al. (20). The
Morisky Medication Adherence scale in-
cludes four general questions about
medication adherence without a speci-
fied timeframe. We evaluated HbA1c

and MPR as continuous variables. We
dichotomized self-reported adherence
as perfect versus nonperfect adherence.

Main Independent Variable of Interest
Our main independent variable of interest
was receipt of collocated care (yes/no).
The three study sites were chosen be-
cause each provides a different model
of primary care for patients with SMI.
Table 1 summarizes the differences be-
tween each site. Site 1 integrates pri-
mary care healthcare professionals into
the mental health clinics. At this site, the
primary care healthcare professionals
deliver care in the exact same space as
the mental health healthcare profession-
als, participate in mental health clinic
conferences, and discuss comanage-
ment of care on a routine basis. We
call this model integrated collocated
care. Site 2 collocates primary care
healthcare professionals in a specialized
site where a majority of the mental
health care is delivered such that the

primary care healthcare professionals
at this site predominantly care for veter-
ans with mental illness. At this site, the
primary care healthcare professionals
are one floor above the mental health
healthcare professionals, and although
they only see patients who are seen in
the mental health clinics, they do not
formally comanage care. We call this
model specialized collocated care. At
Site 3, there is no special arrangement
between primary care and the mental
health services; however, as is the case
in all VAmedical centers, healthcare pro-
fessionals use the same electronic med-
ical record.We call thismodel usual care.
While Site 1 and 2 both strive to accom-
modate most of their SMI patients in
the collocated primary care clinics de-
scribed, some SMI patients receive care
from routine primary care clinics, and
these patients were also designated as
receiving usual care. When the study be-
gan, neither site had formal guidelines
regarding who was referred to collo-
cated care.

Covariates
Covariates included demographic char-
acteristics: age, sex, race, education
completed, and marital status. Diabetes-
specific covariates included: how long
the person had diabetes; if they were
prescribed oral antihyperglycemic medi-
cations, insulin, or both; the total num-
ber of diabetes medications prescribed
in the previous 12 months; the number
of diabetes-related comorbidities (in-
cluding ophthalmologic disease, cardio-
vascular disease, peripheral vascular
disease, cerebrovascular disease, renal
disease, and complications from neurop-
athy); and whether they had seen an en-
docrinologist in the past year. Additional
clinical covariates were smoking status,
BMI, and a self-reported Charlson Co-
morbidity Index (a measure of overall

comorbidity) (21,22). Mental health co-
variates included the Repeatable Battery
for the Assessment of Neuropsychologi-
cal Status (RBANS) memory index score
(an indicator of the extent of cognitive
impairment) (9,23) and two subscales
from the revised Behavior and Symptom
Identification Scale assessing psychotic
symptoms and depression (24). The
RBANS memory index score is expressed
as an age-adjusted standard score with a
mean of ;100 and an SD of ;15. Re-
vised Behavior and Symptom Identifica-
tion Scale subscales are weighted scores
based on five-point rating scales ranging
from 0 to 4. Finally, we also included
whether the individual received all of
their care from the VHA.

Statistical Analysis
We evaluated the unadjusted associa-
tion between collocation and all covari-
ates as well as the outcomes of interest.
We used t tests to evaluate differences
in continuous variables and x2 tests to
evaluate differences in categorical vari-
ables. Linear regressions were used for
the adjusted analysis of HbA1c and MPR,
while logistic regression was used for
the analysis of self-reported adherence.
Because of the limited sample size and
the large number of potential covari-
ates, we performed stepped regres-
sions, forcing collocation (yes/no) into
the model to determine the association
between collocation and each of the
three outcomes. Covariates were re-
tained in the final models if the associa-
tion with the outcome of interest was
P, 0.05. We used these same techniques
to examine the associations between
the type of collocation (integrated or
specialized) and the outcomes of inter-
est. All analyses used nonresponse
weights that make survey responses
representative of the eligible popula-
tions at each site based on available
demographic and clinical characteris-
tics. Our aim was to enroll 100 patients
per group. Assuming a moderate effect
in any outcome (Cohen d = 0.40), this
would provide 80% power to detect sta-
tistically significant and clinically mean-
ingful differences between groups
with a two-tailed a = 0.05.

RESULTS

We enrolled 363 individuals (212 from
usual care, 151 from collocated care [89
from integrated collocated and 62 from

Table 1—Comparison of care at different models

Integrated
collocated

Specialized
collocated

Usual
care

PCHP in same clinic (with same support staff) X

PCHP participates in mental health clinic
conferences X

PCHP seesmostly patientswithmental health
diagnoses X X

Providers use the same electronic medical
record X X X

PCHP, primary care healthcare professional.
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specialized collated care]) out of 681 el-
igible participants (response rate 53%).
Compared with nonparticipants, partic-
ipants were more likely to be black (43
vs. 38%; P , 0.001), have bipolar disor-
der (41 vs. 25%; P, 0.001), and be youn-
ger (mean age 59 vs. 62 years; P, 0.001);
there was no difference by sex or elec-
tronic medical record–documented last
HbA1c.
Overall, on average participants were

59 years old and had diabetes for 10
years (Table 2). A total of 54% had com-
pleted high school or less education,
59% were on oral diabetes medications
alone, 40% had seen an endocrinologist
in the past year, the mean BMI was 33,
the mean psychotic symptoms score
was 0.99, and the mean depression
score was 1.36. Patients seen in collo-
cated care were more likely to be black
(48 vs. 35%; P = 0.044), more likely to
be a current smoker (49 vs. 44%; P ,
0.001), less likely to have seen an endo-
crinologist in the last year (31 vs. 46%;
P = 0.017), and had a lower RBANS score
(70 vs. 76; P = 0.001). Eighty-eight

percent of the sample was on a psychi-
atric medication, 70%were on an antipsy-
chotic, 53% were on a mood-stabilizing
medication, and 36%were on both. There
were no differences in receipt of either
class of psychiatric medication by care
model.

In unadjusted analyses (Table 3),
there were no glucose control or medi-
cation adherence outcome differences
by collocation. The mean HbA1c was
7.4% (57 mmol/mol), the mean MPR
was 80%, and 51% of the sample self-
reported perfect adherence to their
diabetes medications. In adjusted anal-
yses (Table 4), patients seen in collocated
care tended to have better HbA1c levels
and MPR values, but this was not sta-
tistically significant at a P , 0.05 level.
The specific type of collocation did not
alter these findings.

Results did not substantially differ
when the HbA1c and MPR were dichot-
omized at standard VHA cut points
(.8% or .64 mmol/mol for HbA1c and
$80% for MPR). Similarly, the analysis
of MPR did not differ substantially

when insulin was omitted from the MPR
calculation.

CONCLUSIONS

We found that in a population of veter-
ans with comorbid SMI and diabetes,
patients on average had good medica-
tion adherence ($80%) and adequate
glucose control as defined by the VHA
(HbA1c #8% or#64 mmol/mol) regard-
less of where they received primary care
(25). While we found a trend toward
better outcomes in those receiving in-
tegrated collocated care, it was not sta-
tistically significant, possibly because
outcomes were quite good even in usual
care. In general, the VHA seems to be
meeting VHA diabetic recommenda-
tions for their patients with both SMI
and diabetes.

In this study, the mean HbA1c for all
groups was 7.5% (58 mmol/mol) or less,
which is on par with or better than na-
tional VHA averages (26). This value is
also consistent with current VHA recom-
mended goals for patients with diabetes
(25), indicating that even in usual care,

Table 2—Population characteristics by collocation

Entire sample (n = 363) Usual care (n = 212) Collocated care (n = 151) P value

Age, mean (SD) 59 (7) 60 (8) 59 (7) 0.217

Male, % 95 94 97 0.116

Race, % 0.044
White 46 50 41
Black 40 35 48
Other 14 15 11

Education, % 0.217
High school or less 54 51 57
Some college 32 32 33
College graduate 14 17 10

Marital status 0.850
Married/living with someone 35 34 36
Widowed 5 4 5
Other 60 62 59

Duration of diabetes, mean (SD) 10 (8) 10 (8) 10 (8) 0.700

Diabetes medications, % 0.513
Oral only 59 59 59
Oral and insulin 25 23 27
Insulin only 16 18 14

Total diabetes medications, mean (SD) 1.73 (0.79) 1.67 (0.81) 1.82 (0.76) 0.084

$4 diabetes complications, % 61 63 58 0.357

Endocrinologist in the past year, % 40 46 31 0.017

Current smoker, % 46 44 49 , 0.001

BMI, mean (SD) 33 (7) 33 (7) 32 (7) 0.424

Charlson Index, mean (SD) 3 (2) 3 (2) 3 (2) 0.609

RBANS Memory Index Score, mean (SD) 73 (18) 76 (18) 70 (17) 0.001

Psychotic symptoms, mean (SD) 0.99 (1.06) 0.92 (1.09) 1.08 (1.02) 0.290

Depressive symptoms, mean (SD) 1.36 (0.94) 1.36 (0.96) 1.37 (0.90) 0.935

All care from VA, % 55 51 61 0.081
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patients with SMI are achieving diabetes
goals. This may in part be because the
VHA system as a whole already em-
bodies many of the attributes specifi-
cally valued in collocated care. First,
there is one electronic medical record.
Thus, as long as the care is being pro-
vided within a VHA system, all records
are available to every healthcare profes-
sional, and records can be flagged such
that specific healthcare professionals
are forced to acknowledge the content
of specific notes or results. Second, even
if not physically located in the same
group of offices, most VAmedical center
clinics are located in the same building
or set of buildings, and appointments,
even when not collocated, can be
planned for the same day without the
need for additional transportation or
parking. Third, while patients might
not be discussed in team meetings
with mental health and primary care
healthcare professionals, given the
proximity of providers, urgent mental
health or primary care issues can be ad-
dressed by walking the patient over to
the appropriate healthcare professional.
Finally, with an internal encrypted e-mail

system, healthcare professionals can
discuss specific patient issues without
security concerns.

Another explanation that might make
our results specific to the VHA includes
the patient population. For the most
part, the patients are all veterans and
as such come from a specific culture
that could make patients, especially pa-
tients with SMI, more responsive to
authority figures such as medical profes-
sionals. Thus, these results may not be
generalizable to a nonveteran population.

It is also interesting to note that those
in usual care were more likely to have
seen an endocrinologist in the past year.
This may reflect the better ability of col-
located healthcare professionals to ad-
dress barriers to adherence in patients
with SMI while usual care healthcare
professionals may more frequently
turn to specialists when trying to help
their patients gain better control of their
diabetes. Thus, while they may achieve
the same results, the means may be
different.

However, good diabetes control
among veterans with SMI may have
nothing to do with the specifics of VHA

care since even outside of the VHA, pa-
tients with and without SMI have similar
control (27), and self-reported perfect
adherence is almost identical to that ob-
served in this study (18). Diabetes con-
trol in patients with SMI may have to do
with the sheer numbers of appoint-
ments these patients have and the
many opportunities there are to address
different medical issues. Another possi-
ble explanation is patients’ established
experience with managing a chronic
medical condition (i.e., SMI). Both of
these potential explanations are consis-
tent with literature indicating that ad-
herence to diabetes medications in
veterans with SMI is better than those
without SMI and improves with visit
frequency (28,29).

In contrast, our results are inconsis-
tent with a recent national study by
Kilbourne et al. (13) in which patients
seen in VA medical centers with inte-
grated collocated care were significantly
more likely to have good blood pressure
control but worse diabetes control. Our
findings might differ because the study
by Kilbourne et al. (13) did not distin-
guish which patients seen at centers
with integrated collocated care actually
received integrated collocated care,
while in our analyses, we verified that
patients with SMI were receiving pri-
mary care from mental health clinics.

It is also important to note that some
patients had lowHbA1c (,6.5%, and one
had an HbA1c of 4.6%). Regardless of
how low the HbA1c was on the day of
the study, the mean reported years
with diabetes was.5 years, and all par-
ticipants had been prescribed a hypogly-
cemic medication (thus it is unlikely that
we accidentally enrolled patients with-
out diabetes). However, it does raise the
possibility that primary care providers
are not closely monitoring glucose
control in their patients with SMI
and that some patients may be overly
aggressively taking their medication or
should not be on medications at all. This
in and of itself is a concern since

Table 3—Glucose control and adherence by collocation

Entire sample (n = 363) Usual care (n = 212) Collocated care (n = 151) P value

HbA1c, mean % (range, SD) 7.4 (4.6–17.7, 1.7) 7.5 (4.6–14.1, 1.6) 7.4 (5.0–17.7, 1.9) 0.528

HbA1c, mean mmol/mol (range, SD) 57 (27–170, 18.6) 58 (27–131, 17.5) 57 (97–170, 20.8)

MPR, mean (range, SD) 0.8 (0.0–1.0, 0.3) 0.8 (0.0–1.0, 0.3) 0.8 (0.0–1.0, 0.2) 0.134

Perfect self-reported adherence, % 51 55 45 0.070

Table 4—Adjusted association between care and diabetes outcomes

b estimate P value

HbA1c
Usual care Reference
Any collocated care 20.149 0.393
Integrated collocated 20.221 0.281
Specialized collocated 20.039 0.870

MPR
Usual care Reference
Any collocated care 0.034 0.132
Integrated collocated 0.045 0.096
Specialized collocated 0.082 0.548

Self-reported adherence
Usual care 1.0
Any collocated care 0.71 (0.46–1.12)* 0.143
Integrated collocated 0.85 (0.50–1.43)* 0.532
Specialized collocated 0.56 (0.30–1.03)* 0.063

Variables included in models: HbA1c: education, diabetes medication type, and number of
diabetes medications; MPR: race, education, marital status, number of diabetes medications, and
BMI; and self-reported adherence: education, depressive symptoms, and receiving all care at
the VA. *Value is odds ratio (95% CI).
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hypoglycemia can also have serious con-
sequences (30). However, there was no
indication that low HbA1c values dif-
fered whether or not the patient’s care
was collocated.
While large, this study has limitations.

As a cross-sectional study, we can only
examine associations and cannot claim
causality. We included only three VA
medical centers; thus, we cannot com-
ment on all collocated care within the
VHA. However, given how we collected
data, we are able to assess multiple
individual-level potential confounders.
In addition, our findings regarding HbA1c
levels are consistent with national data
evaluating glucose control in patients
with comorbid diabetes and SMI (31).
Both sites with collocated care also
had SMI patients in noncollocated usual
care, making it likely that those with the
most severe disease were seen in collo-
cated care. Although we adjusted for
several measures of psychiatric severity
(the RBANS, psychotic symptoms, and
depression symptoms), there may have
been unmeasured confounding, per-
haps leading us to underestimate the
benefits of collocated care. While we
had adequate power to detect differ-
ences between those in collocated care
versus usual care, we were underpow-
ered to detect equally large differences
between the different types of collo-
cated care and usual care. Given the di-
rection and magnitude of the b estimate
for integrated collocated care versus
usual care, a larger sample may have
found these differences statistically sig-
nificant. Regardless, the entire sample
exhibited adequate diabetes control
and adherence. Finally, we did not mea-
sure resource use and thus cannot make
any definitive statements about cost or
cost-effectiveness of collocated care.
Setting up collocated clinics within the
VHA generally requires reallocation of
providers and thus is cost-neutral to set
up. Unless collocated care leads to
greater resource use (such as laboratories,
appointments, studies, etc.), these clinics
likely place limited economic burden on
the VHA but may decrease resources
available to the general clinic population
by diverting them to collocated clinics.
Collocated care is gaining wide favor

both inside and outside of the VHA, and
it achieves many of the goals set out by
the VHA in its efforts to become more
patient centric. Future studies should

evaluate patients’ perceptions of and
satisfaction with care across different
models of collocation as well as other
important intermediate diabetic out-
comes such as blood pressure, lipid,
and weight control. While we cannot
say that collocated care improved dia-
betic outcomes, it certainly was as
good as usual care for the outcomes
we evaluated and was perhaps less re-
source intense. Examination of patients’
experiences would be valuable to in-
clude in future research efforts. If collo-
cated care improves SMI patients’
experience of care, a strong argument
can be made for the model.
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