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Purpose: Complications of diabetes mellitus (DM) can be reduced with regular preventive care and
guidance on self-management. We investigated whether regular primary care utilization could improve
glycemic control and blood pressure control among American Indian/Alaska Native people with DM.

Methods: Patient characteristics, risk factors, and health outcomes were identified from electronic
health records of a cohort of 2138 adults with DM who received care between 1995 and 2010 from
Southcentral Foundation, a tribal provider. Bivariate probit regression models estimated the probability
of glycemic control and blood pressure control as functions of regular primary care, risk factors, and
access factors, while taking into account potential bias arising from voluntarily choosing to seek pri-
mary care services.

Results: Regular primary care was associated with an 89% increased likelihood of blood pressure
control (95% confidence interval [CI], 59–118%) and 177% increased likelihood of glycemic control
(95% CI, 123–222%). Increasing the distance by 10 miles to primary care services reduced the likeli-
hood of regular primary care by 3.7% (95% CI, �2.9% to �4.6%).

Conclusions: Regular primary care utilization over 16 years was associated with higher rates of
blood pressure control and glycemic control for adults with DM. People living closer to primary care
services had a better chance of improved outcomes. (J Am Board Fam Med 2015;28:28–37.)
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Complications of diabetes mellitus (DM) can be
reduced with regular preventive care and guidance
on self-management of the disease. Conversely, pa-
tients who are not regularly screened by a health
care provider for hemoglobin A1c (HbA1c) con-
centrations, blood pressure, and lipids are at risk of
developing health complications that can adversely
affect quality of life, result in costly emergency and

tertiary health care utilization, and contribute to
premature death.1,2 Coordinated patient-centered
primary care can improve health outcomes for pa-
tients with DM, and access to primary care provid-
ers can reduce emergency department use, hospi-
talizations, morbidity, mortality, and cost.3,4

The patient-centered medical home (PCMH)
model of care includes tenets that support better
care for patients with chronic conditions such as
DM, including advanced access to health care pro-
viders; coordinated care across primary, specialty,
and tertiary care; improved health technology sys-
tems; and continuity of care with the primary care
providers.5 Under the PCMH model of care, pa-
tients with DM are less likely to miss screenings;
providers are able to tailor self-management plans
to individual patients; providers coordinate care
and are aware of adverse health outcomes; and
patients are less likely to develop complications.6,7

Some studies have shown improved outcomes for
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patients with DM receiving care after implementa-
tion of components of the PCMH model.4,8–14

Southcentral Foundation (SCF) is an Alaska Na-
tive (AN) nonprofit health corporation providing
prepaid primary care for 60,000 AN people living
in Anchorage, the Matanuska-Susitna Valley, and
the surrounding rural villages of south-central
Alaska. In partnership with the Alaska Native
Tribal Health Consortium (ANTHC), SCF also
comanages the AN Medical Center, serving
120,000 AN/American Indian (AI) people state-
wide.15 SCF’s service population includes the 229
federally recognized tribes of Alaska as well as a
large proportion of the 336 federally recognized
tribes in the contiguous United States. In 1997
SCF assumed ownership of primary care services
for AI/AN people of south-central Alaska and in
1999 transformed the delivery of care using key
components of the PCMH model: matching pa-
tients with an integrated, comprehensive care team;
enhancing access to health care services; and coor-
dinating care by integrated primary care teams.16

SCF’s AI/AN patients are both customers and
owners of the health care system and thus are called
“customer-owners” rather than patients.

The PCMH model was adopted at SCF in part
to address observed AI/AN health disparities com-
pared with the US population. For instance, the
Indian Health Service reports a higher mortality
rate from DM (177% higher) and chronic lower
respiratory diseases (59% higher) for AI/AN than
other Americans.17 Despite recent improvements
in health status, life expectancy for the south-cen-
tral Alaska AI/AN population remains 8 years
shorter, obesity rates are one-third higher, and
adult smoking prevalence is double that of the
white US population.18

Nationally, AI/AN people bear a disproportion-
ate burden of diabetes.19,20 Since its inception, the
Special Diabetes Program for Indians, established
as part of the Balanced Budget Act of 1997, has
provided to SCF and ANTHC federal grant funds
to conduct primary, secondary, and tertiary preven-
tion activities. Diabetes prevention activities at
SCF included hiring health care staff to support
integrated care teams (ie, nutritionists and case
managers) and providing public health education
classes (ie, promotion of healthy diet and exercise,
smoking cessation).19,21 Primary care services and
health education classes are offered to customer-
owners at the Anchorage Native Primary Care

Center (ANPCC) in Anchorage. Since 2005, pri-
mary care services also have been offered at the
Valley Native Primary Care Center (VNPCC) in
Wasilla, 45 miles from the ANPCC. The VNPCC
primarily serves customer-owners living in the Ma-
tanuska-Susitna Valley, directly north of Anchor-
age.

In this effort we aimed to assess the effect of
primary care utilization on glycemic control and
blood pressure control for a cohort of customer-
owners with DM who received care from SCF. The
study period spanned 16 years, including years both
before and after implementation of PCMH com-
ponents. We hypothesized that regular primary
care was associated with an increased likelihood of
both blood pressure control and glycemic control
after controlling for other relevant factors. A chal-
lenge to testing hypotheses about the effects of
primary care is that people who regularly use pri-
mary care may differ in systematic ways from those
who do not, potentially creating a bias. Techniques
that could address this bias are well known but are
rarely used in the literature evaluating primary
care.

Methods
This was a cohort study of all SCF customer-own-
ers and Indian Health Service Anchorage service
area enrollees who were age 21 or older, deter-
mined to have DM before the last available medical
record observation, and received care during part
or all of the study period (1995–2010). At least 2
DM diagnoses (International Classification of Dis-
eases, 9th edition, code 250.xx) within a 2-year pe-
riod or inclusion in the AN Medical Center diabe-
tes registry were required to indicate DM. All
measures were queried from the electronic health
and billing records used by SCF and ANTHC. The
beginning of the study period coincides with the
first year for which data were reliably available in
the electronic records. Health records extracted for
the study could include encounters before the date
of first DM diagnosis if the person received this
diagnosis after age 21 and was already a customer-
owner.

Measures
All measures were aggregated over each quarter (3
months) as presence or absence for binary mea-
sures, totals for count measures, and averages for
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other continuous measures, with the exception of
using the maximum HbA1c measurement. There
were 3 binary outcome measures used in this study.
Regular primary care (RPC) utilization was defined
by the presence or absence of at least 1 visit every 6
months for 2 consecutive 6-month intervals. This
definition was used because individuals with DM
need to be seen a minimum of once every 6 months
to meet guidelines for the minimal level of preven-
tive care (eg, HbA1c screenings are recommended
every 6 months by the American Diabetes Associ-
ation1). To allow new customer-owners time to
receive RPC, first-year observations were excluded.
Blood pressure control was defined as present if the
average blood pressure reading had both systolic
�130 mmHg and diastolic �80 mmHg. The
American Diabetes Association published this
treatment guideline22 in early 2004, in the middle
of the study period. Since it is possible that some
clinicians may have been treating milder hyperten-
sion less aggressively in the early years of the study,
a measure of blood pressure control defined as an
average blood pressure reading with both systolic
�140 mmHg and diastolic �90 mmHg and a mea-
sure changing from the higher to the lower thresh-
old in 2004 were also considered. Glycemic control
was defined as a maximum HbA1c �7% and
screening every 6 months, a guideline used for SCF
and Indian Health Service quality assurance and
improvement efforts.23

Quarterly risk factors included age, sex, and du-
ration of DM (calculated from the date of first
diagnosis or date in the registry). Baseline risk fac-
tors that could change because of primary care were
measured at customer-owners’ first encounter and
include body mass index (BMI), a hypertension
index (an indicator of hypertension severity) and a
related blood pressure index (a combined indicator
of systolic and diastolic measurements; see the
Table 2 footnote), smoking status, and smokeless
tobacco use status. An additional variable, excess
BMI (amount by which BMI exceeds 25), was used
to investigate the impact of severe obesity, given
the strong skew in BMI values. Other risk factors
were calculated as presence in any quarter and
included the following: diagnosis of high low-den-
sity lipoprotein (International Classification of Dis-
eases, 9th edition, code 272.xx), prescribed insulin,
and date of DM onset retrieved from the DM
registry (versus the date of first diagnosis). The
latter was considered a risk factor because those

customer-owners who did not have a first diagnosis in
the medical record originally lived in remote regions
in Alaska where primary care was not readily avail-
able, and thus DM may have progressed differently
than in those for whom RPC was available since the
onset of DM. Additional variables addressed access to
primary care and included a binary variable indicating
community of residence in the Matanuska-Susitna
borough, a binary variable indicating residence ad-
dress outside the SCF service area despite an indica-
tion of receipt of care at SCF, and distance from
community of residence to the nearest primary care
center (either the ANPCC or VNPCC).

Statistical Methods
Hypothesizing that receiving RPC improves out-
comes for people with diabetes, including increased
likelihood of blood pressure control and glycemic
control, is reasonable. However, finding reliable
statistical evidence to support this hypothesis is
challenging because utilization of primary care is
voluntary. For example, individuals with poor
health conditions such as high blood pressure or
poor glycemic control may have high utilization if
they need to see a doctor for prescriptions related
to uncontrolled conditions, uncomfortable symp-
toms of the conditions themselves, or symptoms of
comorbid conditions. In these circumstances com-
mon statistical methods (eg, logistic regression)
might show a higher likelihood of poor health con-
ditions among those receiving RPC. In this sce-
nario the increased likelihood of utilization among
those with worse health confounds the ability of a
retrospective study to test whether primary care
utilization affects health outcomes and potentially
leads to biased results. Although the problem of
voluntary receipt of primary care could theoreti-
cally be addressed via controlled random assign-
ment into groups with differing treatment regimes,
a controlled experiment that denies primary care to
some participants is neither ethical nor practical.

Another approach is to statistically address the
potential correlation in the relationship between
primary care utilization and health outcomes. Bi-
variate probit regression jointly estimates simulta-
neous equations for the likelihood of each of 2
correlated binary (“presence/absence”) outcomes.
The procedure automatically adjusts the results to
control for the correlation between the 2 outcomes
so that the unbiased effect of one outcome on the
other can be measured. In this study bivariate pro-
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bit regression was used to estimate simultaneously
the probability of blood pressure control and the
probability of RPC to investigate the effect of RPC
on blood pressure control as an explanatory vari-
able while adjusting for the general correlation be-
tween the 2 measures. Additional explanatory vari-
ables included risk factors, access factors, and
number of nutrition and exercise classes attended.
Significant interactions included DM duration and
patient age; duration and date of onset based on the
DM registry; and BMI and age. Since the data
included repeated observations at quarterly inter-
vals, the models included indicators of the quarter
and year of each observation to address general
changes over time (data not shown).

Similar methods were used to estimate the prob-
ability and effect of glycemic control and the prob-

ability of RPC, with one important distinction. The
equations for glycemic control covered only the
period after the official DM diagnosis because sys-
tematic determination of glycemic control was ex-
pected only after DM onset.

Probit equations are similar to logistic regres-
sions for binary outcomes except for the units of
the outcome variable. Logistic regressions predict
the log of the odds ratio, whereas probit regressions
predict the z score associated with the probability
that the outcome is true. Therefore in these results
estimated effects are represented as predicted
changes in z scores.

One other statistical method used in these anal-
yses should be explained. That the number of nu-
trition and exercise classes attended could explain
health outcomes was expected, and this variable

Table 1. Characteristics of the Study Population and Health Care Encounters

Observations (n) Mean (SD) Percentage

Characteristics of the study population*
Demographics

Female sex† 2,138 — 59.5
Age 2,138 52.0 (14.3) —

Diabetes mellitus
Diagnosis from registry† 2,138 — 53.1
Years since diabetes onset 2,138 1.2 (3.0) —

Risk factors
Prescribed insulin† 1,712 — 22.0
Tobacco smoker† 1,593 — 44.0
Smokeless tobacco user† 1,593 — 9.5
High LDL diagnosis† 1,712 — 70.4
Prescribed insulin† 1,712 — 22.0
Body mass index† 1,845 36.2 (8.4) —

�25 (overweight/obese) 1,841 — 93.8
�30 (obese) 1,841 — 77.6

Systolic BP 2,104 138.6 (21.0) —
Diastolic BP 2,104 79.0 (12.9) —
Hypertension diagnosis† (systolic BP �140 or diastolic BP �90) 2,104 — 50.2

Access
Distance from clinic (miles) 2,107 7.1 (10.5) —
Matanuska-Susitna borough resident† 2,107 — 10.2

Summary statistics of quarterly health care encounters
At least one encounter during the past year† 56,906 — 92.2
Primary care visits that quarter (n) 56,906 2.62 (3.32) —
HbA1c percentage (most recent measurement) 52,145 7.5 (1.8) —
Days between HbA1c measurements 52,145 378.0 (607.1) —
Attended nutrition and exercise education classes 55,407 0.9 (4.8) —
At least one primary care visit per 6 months in the past year† 54,572 — 78.1

*Measured during the first encounter.
†Binary measure.
BP, blood pressure; HbA1c, hemoglobin A1c; LDL, low-density lipoprotein; SD, standard deviation.

doi: 10.3122/jabfm.2015.01.130329 Glycemic and Blood Pressure Control in Adults With Diabetes 31

 on 3 M
ay 2025 by guest. P

rotected by copyright.
http://w

w
w

.jabfm
.org/

J A
m

 B
oard F

am
 M

ed: first published as 10.3122/jabfm
.2015.01.130329 on 7 January 2015. D

ow
nloaded from

 

http://www.jabfm.org/


should be included in models. However, customer-
owners presenting with poor health outcomes may
be referred to such classes by their provider, in
which case the health outcome influences atten-
dance, confounding the attempt to estimate the
effect of attendance on health outcomes. In cases of
reverse causation, such as this, instrumental vari-
ables can provide unbiased estimates of the effect of
education classes on health outcomes.24 The in-
strument used in this analysis was the set of pre-
dicted values of a negative binomial regression for
the predictive factors (number of education classes
attended, estimated with DM risk factors, the
total number of classes offered that quarter, and

the distance from the customer-owner’s commu-
nity of residence to the location of classes). This
instrument was not significant in the model for
glycemic control and thus was excluded from that
equation.

Results
The study population was nearly 60% female, with
an average age of 52 years at the first encounter
(Table 1). A high proportion of the population
exhibited multiple risk factors for DM and its com-
plications. Of participants, 94% were overweight,
and more than three-fourths were obese. About

Figure 1. Percentage of patients with diabetes mellitus with blood pressure control over time at 2 thresholds:
<140/90 and <130/80 mmHg. The clinical standard for diabetes mellitus changed from 140/90 to 130/80 mmHg
in 2004.

Figure 2. Glycemic control rates (percentage) over time among patients with HbA1c <7% and screened at least
once in the past 6 months.
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half had high blood pressure, and slightly more
than half smoked or used smokeless tobacco at
baseline. In addition, 22% were prescribed insulin.
The mean number of encounters per quarter of
observations was 2.6, and 78% of quarterly encoun-
ter records met the criteria for RPC. The mean
time interval between successive HbA1c measure-
ments exceeded 1 year, however, indicating that a

substantial fraction of the population did not main-
tain the recommended level of screening; those
who did not get RPC often went many years be-
tween HbA1c tests.

Figures 1 and 2 show the annual average rates of
blood pressure control and glycemic control, re-
spectively, among the cohort of customer-owners
with DM (the binary outcomes to be explained).

Table 2. Bivariate Probit Equations for the Probability of Regular Primary Care and the Probability of Blood
Pressure Control (Year and quarter fixed effects are not shown).

Variable

Probability of Regular
Primary Care

Probability of Blood
Pressure Control

Coefficient
(�z)

P
Value 95% CI

Coefficient
(�z)

P
Value 95% CI

Demographics
Age 0.027 .000*** 0.021–0.033 �0.029 .000*** �0.034 to �0.023
Female sex 0.088 .000*** 0.055–0.120 0.047 .001** 0.019–0.075

Diabetes mellitus
Duration 0.062 .359 �0.070 to 0.194 0.005 .401 �0.017 to 0.007
Duration � age 0.019 .524 �0.040 to 0.078 0.000 .185 0.000–0.000
Diagnosed �0.007 .322 �0.022 to 0.007 0.217 .001** 0.093–0.341
Identified from registry 0.000 .003** �0.001 to 0.000 0.102 .000*** 0.051–0.153
Duration � registry 0.029 .000*** 0.020–0.037 �0.014 .000*** �0.021 to �0.006

Risk factors
Insulin prescribed 0.213 .000*** 0.177–0.249 0.045 .005** 0.013–0.076
High LDL diagnosed 0.275 .000*** 0.226–0.324 �0.193 .000*** �0.239 to �0.147
BMI �0.087 .000*** �0.116 to �0.057 �0.047 .000*** �0.068 to �0.026
Excess BMI 0.121 .000*** 0.091–0.150 �0.005 .657 �0.016 to 0.026
BMI � age 0.000 .000*** �0.001 to 0.000 0.001 .000*** 0.000–0.001
Hypertension index† �0.239 .000*** �0.255 to �0.223
Blood pressure index‡ �0.025 .000*** �0.033 to �0.018 — — —
Tobacco smoker �0.152 .000*** �0.186 to �0.119 0.049 .001** 0.019–0.078
Smokeless tobacco user 0.198 .000*** 0.146–0.250 �0.013 .556 �0.029 to 0.054

Access
Matanuska-Susitna borough resident �0.653 .000*** �0.706 to �0.601 — — —
Outside service area �0.078 .010* �0.137 to �0.019 — — —
Miles to primary care �0.010 .000*** �0.012 to �0.007 0.000 .000*** 0.000–0.000

Primary care
Nutrition/exercise classes (instrument) — — — 0.022 .001** 0.009–0.035
Regular primary care — — — 0.702 .000*** 0.473–0.930
Constant 2.238 .000*** 1.458–3.018 1.421 .000*** 0.809–2.034

Summary statistics
� �0.306 .000*** — — — —
Log likelihood �39,783 — — — — —
Wald �2 (70) 4,656 .000*** — — — —
Observations 39,504 — — — — —

*P � .05; **P � .01; ***P � .001
†Hypertension index, derived from blood pressure measured during the initial encounter: 0 if systolic blood pressure (SBP) �120 and
diastolic blood pressure (DBP) �80; 1 if 120 � SBP � 140 or 80 � DBP � 90; 2 if 140 � SBP � 160 or 90 � DBP �100; 3 if SBP
�160 or DBP �100.
‡Blood pressure index, derived from blood pressure measured during the initial encounter: (SBP � 100)/20 	 (DBP � 70)/10.
BMI, body mass index; CI, confidence interval; LDL, low-density lipoprotein.
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Table 2 displays the results of the bivariate probit
equation to explain blood pressure control along
with RPC at the lower threshold (130/80 mmHg).
Results of analogous equations estimated with the
higher blood pressure threshold (140/90 mmHg)
and with a threshold changing from the higher to
the lower level in 2004 were similar (data not
shown). Table 3 shows the respective bivariate pro-
bit equation for glycemic control. Typical for bi-
variate probit regression, both tables display the
coefficients (�z) for the 2 equations that have been
jointly estimated to adjust for the correlation be-

tween the 2 dependent variables (RPC and the
health outcome). As an explanatory variable and
with the correlation addressed, RPC is significantly
associated with an increased likelihood of blood
pressure control (�z 
 0.702; P � .001) and an
increased likelihood of glycemic control (�z 

1.163; P � .001). The effects are quite large in both
instances: At the sample mean, these z score
changes for RPC represent relative risks (Figure 3)
of 1.89 (95% confidence interval [CI], 1.59–2.18)
and 2.77 (95% CI, 2.23–3.22), respectively, and
numbers needed to treat of 6 (95% CI, 5–8) and 5

Table 3. Bivariate Probit Equations for the Probability of Regular Primary Care and the Probability of Glycemic
Control (Year and quarter fixed effects are not shown).

Variables

Probability of Regular
Primary Care

Probability of
Glycemic Control

Coefficient
(�z)

P
Value 95% CI

Coefficient
(�z)

P
Value 95% CI

Demographics
Age 0.026 0.000*** 0.020–0.033 �0.016 0.000*** �0.022 to �0.010
Female sex 0.077 0.000*** 0.044–0.109 0.031 0.040* 0.001–0.060

Diabetes mellitus
Identified from registry 0.025 0.393 �0.032 to 0.081 0.206 0.000*** 0.154–0.258
Duration �0.008 0.259 �0.023 to 0.006 �0.043 0.000*** �0.057 to �0.030
Duration � age �0.0003 0.003** �0.0005 to �0.0001 0.0005 0.000*** 0.0003–0.0007
Duration � registry 0.029 0.000*** 0.021–0.037 �0.017 0.000*** �0.024 to �0.010

Risk factors
Insulin prescribed 0.226 0.000*** 0.190–0.262 �0.438 0.000*** �0.469 to �0.406
High LDL diagnosis 0.281 0.000*** 0.231–0.331 �0.100 0.000*** �0.154 to �0.047
BMI �0.090 0.000*** �0.120 to �0.061 �0.030 0.009*** �0.052 to �0.007
Excess BMI 0.124 0.000*** 0.094–0.154 �0.003 0.804 �0.026 to 0.020
BMI � age �0.0005 0.000*** �0.0006 to �0.0003 0.0006 0.000*** 0.0005–0.0008
Blood pressure index �0.023 0.000*** �0.031 to �0.015 �0.018 0.000*** �0.025 to �0.011
Tobacco smoker �0.154 0.000*** �0.187 to �0.120 0.018 0.286*** �0.015 to 0.050
Smokeless tobacco user 0.211 0.000*** 0.159–0.264 0.004 0.869 �0.043 to 0.050

Access
Matanuska-Susitna borough resident �0.078 0.011* �0.138 to �0.018 0.177 0.000*** 0.130–0.224
Outside service area �0.644 0.000*** �0.698 to �0.590 �0.258 0.000*** �0.353 to �0.164
Miles to primary care �0.010 0.000*** �0.012 to �0.008 — — —

Primary care
Regular primary care — — — 1.163 0.000*** 0.813–1.513
Constant 2.404 0.000*** 1.627–3.180 �0.297 0.393 �0.978 to 0.384

Summary statistics
� �0.338 0.004** — — — —
Log likelihood �36,102 — — — —
Wald �2 (70) 5,041 0.000*** — — — —
Observations 38,889 — — — —

*P � .05; **P � .01; ***P � .001
†Blood pressure index, derived from blood pressure measured during the initial encounter: (systolic pressure � 100)/20 	 (diastolic
pressure � 70)/10.
BMI, body mass index; CI, confidence interval; LDL, low-density lipoprotein.
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(95% CI, 5–6), respectively. Higher attendance at
nutrition and exercise classes also significantly in-
creased blood pressure control (P 
 .001). On
average, taking 10 classes increased the z score for
blood pressure control by 0.22, representing a rel-
ative risk of 1.25 (95% CI, 1.10–1.41) and a num-
ber needed to treat of 14 (95% CI, 7–33).

Many of the risk factors for complications—
high low-density lipoprotein, prescribed insulin,
more overweight, higher blood pressure, smokeless
tobacco user—were significantly associated with a
higher likelihood of RPC (P � .001). However,
tobacco smokers were less likely to obtain RPC
(P � .001). All measures of reduced access were
negatively associated with RPC: living in the Ma-
tanuska-Susitna borough, where public transporta-
tion is limited (P � .01); miles to the nearest pri-
mary care clinic (P � .001); and residing outside
the service area (P � .001). At the mean rate of
RPC, moving 10 miles farther away reduced that
probability by 3.7% (relative risk, 0.963; 95% CI,
0.954–0.971) in both the blood pressure control
and glycemic control equations.

Tables 2 and 3 show significant negative corre-
lation coefficients (�) between RPC and blood pres-
sure control (P � .05) and between RPC and gly-
cemic control (P � .01), respectively. This suggests
that unobserved factors associated with customer-
owners seeking primary care were associated with
worse outcomes for these 2 risk factors for DM
complications.

The significant associations found between RPC
and both blood pressure control and glycemic con-
trol represent relative effects in a given year. An-

nual intercepts estimated in the bivariate probit
models (data not shown) reveal general changes in
outcomes and primary care utilization over time,
adjusting for other relevant factors; they provide an
opportunity to test whether blood pressure control
and glycemic control changed during the study
period. The adjusted rate of blood pressure control
measured by these intercepts increased by 42.6%
(standard error, 4.5%; P � .001) between the time
period before PCMH implementation (1996–
1999) and after the new model was well established
(2005–2010). A similar comparison for glycemic
control showed a 49.3% increase (standard error,
4.7%; P � .001). The relatively small population
provides insufficient statistical power to test for-
mally whether the improved outcomes came about
gradually or immediately, but casual inspection of
the intercepts shows an abrupt change right after
the PCMH model was introduced.

Discussion
The effect of primary care utilization on health
outcomes can be difficult to perceive given the
relationship between utilization and outcomes.
While there have been studies of the effects of
improved access and other PMCH components on
health outcomes,4,8–14 to our knowledge none of
these addressed the potential bias introduced from
the voluntary decision to seek primary care services
either before or after PCMH implementation. In
this study we addressed this bias statistically and
saw a positive effect of RPC utilization on 2 im-
portant risk factors for complications of DM: high
blood pressure and poor glycemic control. While
the results applied specifically to the AI/AN study
population, we see no reason to doubt their appli-
cability to other populations.

In a finding contrary to ours, Harris25,26 found
no association between primary care utilization or
access and health outcomes for adults with DM in
a US health surveillance study. Harris did not,
however, take into account the potential nonran-
dom selection effect from voluntary primary care,
whereas we did. That difference in methods may
explain why our findings differ.

While the primary question in this study did not
focus on implementation of PCMH components at
SCF, findings align with expectations of propo-
nents of the model. In addition to the positive effect
on blood pressure control associated with attending

Figure 3. Relative risk at sample means of blood
pressure control and glycemic control with regular
primary care. Error bars represent 95% confidence
intervals.
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education classes introduced by SCF, we observed
higher rates of primary care utilization and higher
rates of glycemic control and blood pressure con-
trol after the implementation of other PCMH
components. Although it is possible that these re-
sults reflect only secular trends, specific PCMH
features, including increased access to primary care,
improved continuity and coordination of care, and
increased cultural awareness and customer focus of
the health care system, may have played a role.27

We found that reduced access as measured by
the distance to services was associated with de-
creased RPC utilization, indicating that access is an
important aspect of the PCMH model of care, as
indicated by other studies.3,13 In addition, people
with more risk factors were more likely to have
RPC, and some had poor health outcomes despite
RPC because of factors that were not measured in
this study. It is possible that these individuals had
comorbid conditions, causing them to have higher
service utilization but difficulty controlling their
DM health outcomes.

There are some limitations to this study. All data
used in this study are from electronic health and
billing records created for reasons other than re-
search and that had unknown reliability over the
study period. The availability of electronic records
limits observations before PCMH implementation
to a relatively brief 5-year period. Further, the
results of our study take into account only the
immediate effect of RPC on blood pressure control
and glycemic control. Effects of RPC that may
manifest more than 1 year into the future are not
measured in this study. Other changes not related
to primary care utilization over the study period
have affected the health outcomes for this cohort,
including aging of the cohort, improved access to
nonprimary care health services over the study pe-
riod, and improved guidelines and health care tech-
nologies for people with DM in general.

In this study we observed an association between
regular primary care utilization and improved
health outcomes (specifically, higher rates of blood
pressure control and glycemic control) for adult
customer-owners with DM in a tribally operated
managed care program. Customer-owners with
better access, measured by closer distance to pri-
mary care services, had a better likelihood of im-
proved outcomes. These findings take into account
potential bias arising from voluntarily seeking pri-
mary care services.

The authors acknowledge Mike Mosley for querying the elec-
tronic health records and providing expertise on health indica-
tors.
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