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IntroductIon 

 There is increasing recognition 
that population health approaches, 
such as evidence-based wellness and 
prevention services and address-
ing social determinants of health 
(SDOH), can reduce emergency 
department (ED) and inpatient (IP) 
hospital utilization.1-3 However, ev-
idence as to which strategies lead 
to improved health outcomes and 
reductions in hospital use is limit-
ed.4-6 Filling this gap in the evidence 
is important for improving the 
health of and care provided to all 
segments of the population, but is 
needed most urgently for uninsured 
populations, as their lack of health 

insurance carries a significantly el-
evated risk of mortality.7,8 Addition-
ally, from the perspective of health 
care systems left to cover the cost 
of uncompensated hospital care for 
uninsured patients, low-cost popu-
lation health interventions that pre-
vent the need for such hospital care 
hold substantial value: nationally, 
costs of uncompensated care for 
the uninsured in the United States 
average $42.4 billion per year.9

 In 2019, almost 30 million 
predominantly low-income, non-
White, working-age adults in the 
United States lacked health insur-
ance.10 Uninsured adults use fewer 
health services in a given year than 
covered adults, and the use of fewer 
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and less appropriate services is as-
sociated with higher morbidity and 
mortality.8 Data also show that the 
uninsured are admitted to hospi-
tals for more serious conditions,11 
and that low-income, racial/eth-
nic minorities, and un- or under-
insured patients have higher rates 
of preventable hospitalizations.12 
 Health care systems must transi-
tion from a reactionary model that 
focuses on acute conditions to one 
that proactively prevents disease 
and improves overall population 

come populations report success of 
the PCMH model in these groups, 
including reductions in all-cause or 
nonurgent ED visits,16,17 and hos-
pitalization costs,18 while others 
report little impact19 or even exacer-
bation of some health disparities.20 
 Overall, there is a lack of evi-
dence to guide population health 
initiatives to improve health and 
reduce costs,5,6 particularly in un-
insured, low-income populations. 21 
The Baylor Scott & White Health 
and Wellness Center (BSW HWC) 
previously reported that its innova-
tive population health model signif-
icantly reduced ED and IP use and 
costs; however, the impact of pro-
gram components on patient out-
comes and associated hospital use 
was not evaluated.3 To build popu-
lation health evidence for uninsured 
and low-income populations, this 
study estimated the differential ef-
fects of the BSW HWC model: ac-
cess to primary care at a designated 
PCMH with and without participa-
tion in population health strategies. 
The study aim was to determine 
which components of the model 
were associated with improvements 
in type 2 diabetes mellitus (DM) 
and cardiovascular disease (CVD) 
outcomes, and associated patterns of 
hospital use in a primarily uninsured 
adult ethnic minority population. 

Methods

 This retrospective cohort study 
included participants who visited 
the ED or IP at any Baylor Scott 
& White Health hospital in North 
Texas and attended at least two 

primary care visits at BSW HWC 
within a 12-month time span 
from 2011-2015. BSW HWC is 
a community-based health center 
comprising a level 3 PCMH clinic 
that conducts extramural grant-
supported research and medical 
education, housed within a City 
of Dallas Parks and Recreational 
Center through a private/public 
partnership. A detailed descrip-
tion of BSW HWC has previously 
been published.3 In addition to pri-
mary care and adjunct clinical and 
behavioral health services, BSW 
HWC offers patients opportunities 
to participate in “population health 
programs” that focus on wellness, 
prevention, and social determinants 
of health (SDOH), defined by the 
Centers for Disease Control and 
Prevention as the “conditions in the 
environments in which people are 
born, live, learn, work, play, wor-
ship and age that affect a wide range 
of health, functioning, and quality-
of-life outcomes and risks.”22 Partic-
ipation in any service is voluntary.
 The enrollment date for individ-
uals meeting study criteria (ie, ED 
or IP visit in the past 12 months and 
two primary care visits) was taken as 
the time of first BSW HWC service, 
ie the index event. Electronic health 
records were examined for up to 12 
months following the index event 
to group patients into those who 
had participated in ‘PCMH only’ 
(PCMH) services or ‘PCMH + Pop-
ulation Health’ (PCMH+PoPH) 
services. Those with less than 30 
days of follow-up were excluded 
from analyses. This study was con-
sidered IRB exempt by the Baylor 
Scott & White Research Institute.

This study evaluated the 
benefits of integrating 

population health strategies 
into a primary care 

medical home (PCMH) 
serving a low-income, 

primarily ethnic minority 
community.

health and counters current health 
disparities.13,14 The primary care 
medical home (PCMH) is designed 
to improve population health 
through integrated medical and so-
cial care, and has reduced ED use 
in select studies.15 Some studies fo-
cusing on uninsured and/or low-in-
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Study Groups

PCMH Only (PCMH)
 Participants in the PCMH 
group received at least two pri-
mary care visits at the BSW HWC 
PCMH over 12 months. BSW 
HWC PCMH services include 
medical care as well as options 
for a variety of adjunct clinical or 
“wrap-around” services including 
appointments with a licensed clini-
cal social worker, pharmacist, and 
nutritionist.2 Community health 
workers were also available for pa-
tient navigation, care coordina-
tion, and chronic disease education.  

PCMH + Population Health 
(PCMH+PoPH)
 Participants in the PCMH+PoPH 
group received at least two pri-
mary care visits at the BSW HWC 
PCMH and attended at least one 
Population Health wellness, pre-
vention, or SDOH program over 
12 months. Programs and services 
were free of charge and included 
the National Diabetes Prevention 
Program (DPP), Diabetes Self-
Management Education (DSME), 
Group Lifestyle Balance (GLB), 
nutrition seminars, cooking dem-
onstrations, physical activity classes 
(eg, Zumba, Praise and Flow, Aero-
bics), Walk with a Doc, Bible Study, 
Crafting for Health, weekly farm 
stands providing local access to af-
fordable produce, and support pro-
grams for seniors. Program partici-
pation was tracked in a relational 
database from class attendance and 
sign-in logs. Program participation 
was classified in three categories:1) 
Evidence-Based Education (DPP, 

DSME, GLB); 2) General Well-
ness/SDOH (nutrition seminars, 
farm stand, lunch and learn, cook-
ing demonstrations, Bible Study, 
physical activity and senior pro-
gramming); and 3) All (participa-
tion in both types of programs). 

Measures
 Biomarkers were collected dur-
ing routine visits to the BSW HWC 
primary care clinic by trained medi-
cal assistants. Systolic blood pres-
sure (SBP), diastolic blood pres-
sure (DBP), glycated hemoglobin 
(HbA1C), and body weight were 
obtained from electronic health 
records. A clinically significant im-
provement in CVD/DM was de-
fined as a reduction of 10 mm Hg 
systolic BP or 5 mm Hg diastolic BP 
and/or .5% of HbA1c by the end of 
the follow-up period.23,24 A worsen-
ing in CVD/DM outcomes was de-
fined as an increase of 10 mm Hg 
systolic BP or 5 mm Hg diastolic BP 
and/or .5% of HbA1c by the end of 
the follow-up period. Biomarkers 
measured at the index event (± 30 
days) were used as the baseline and 
those recorded closest to 12 months 
(± 90 days) following the index 
event were used as the post-mea-
sure. Participants lacking a baseline 
and/or post measure for a particu-
lar biometric marker were removed 
from that corresponding analysis. 
 Hospital utilization was evalu-
ated based on the number of visits 
and direct cost incurred during IP 
hospitalizations and/or ED visits 
obtained from electronic health re-
cords.  Number of visits and associ-
ated direct costs in the 12 months 
prior and 12 months post the in-

dex BSW HWC visit were taken 
as baseline and follow-up mea-
sures, respectively.  Direct costs of 
ED and IP services were adjusted 
for inflation based on the 2015 
Consumer Price Index for medi-
cal care services. Hospital visits 
with primary diagnosis codes for 
trauma, pregnancy, and/or new-
borns were excluded from analyses. 

Statistical Analyses
 Continuous variables are pre-
sented as mean ± standard deviation 
or median [quartile 1, quartile 3], 
if skewed. Categorical variables are 
presented as frequencies (percent-
ages). Differences between study 
groups in baseline demographics 
(self-reported gender, age, ethnicity, 
race), socioeconomics (self-reported 
zip code, health insurance status), 
biometrics, and utilization were 
evaluated using two sample t-tests, 
Wilcoxon Rank Sum tests, or Chi-
Square tests, as appropriate. Along 
with assessing the overall changes in 
CVD and DM, subgroup analyses 
were conducted for patients who 
were prediabetic/diabetic or pre-
hypertensive/hypertensive (HbA1C 
> 5.6 mmol/mol; systolic BP ≥120 
mm Hg; and diastolic BP ≥80 mm 
Hg), and diabetic or hypertensive 
only patients (HbA1C > 6.4 mmol/
mol; or systolic BP ≥140 mm Hg; 
and diastolic BP ≥90 mm Hg, hy-
pertension stage 2 or greater).25,26

 Multiple linear regression mod-
els were constructed to evaluate 
the effect of Population Health 
programs in addition to clinic 
services on CVD and DM out-
comes (systolic BP, diastolic BP, 
and HbA1c), adjusting for socio-
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economic and demographic vari-
ables. Further, to estimate the effect 
of the type of Population Health 
program in which individuals in 
the PCMH+PoPH group partici-
pated (Evidence-based Education, 
General Wellness/SDOH, All), 
stratified analyses were performed 
with paired biometric changes us-
ing paired t-tests and Wilcoxon 
Signed Rank tests, as appropriate. 
 Additionally, multivariable zero-
inflated Poisson or negative bino-
mial models were constructed to 
estimate the effects of improvement 
or worsening of CVD/DM on hos-
pital utilization while controlling 
for baseline diabetes status, demo-
graphic factors, and socioeconomic 
variables. Zero-inflated Gamma 

models were used to estimate the 
impact of BSW HWC programs 
and improvement or worsening of 
CVD/DM outcomes on ED and 
IP costs after adjusting for baseline 
diabetes status, demographic factors 
and socioeconomic variables. Each 
of the adjusted models was assessed 
for goodness of fit using the likeli-
hood ratio test and Pearson chi-
square test as appropriate. Variables 
significantly different at baseline be-
tween groups, such as sex, baseline 
diabetic status, and residential loca-
tion, were included in the model to 
adjust for confounding effects. Age, 
ethnicity, and insurance status were 
cited in the literature as differential 
factors for hospital utilizations and 
therefore included in the model.27,28 

results

 Of 666 records from 2011 to 
2015 screened, 445 were eligible for 
analyses. The average age was 46±12 
years and 61% were female (Table 
1). The PCMH+PoPH group had 
significantly more participants with 
diabetes (77% vs 36%, P<.001) and, 
therefore, diabetes status was ad-
justed in the regression model. Only 
126 (29%) participants were non-
hypertensive; baseline hypertension 
rates did not differ between groups. 
Most participants were uninsured 
(69.5%) and insurance status did 
not differ between groups. Those in 
the PCMH+PoPH group were more 
likely to live in a local ZIP code 
than those in the PCMH group 

Table 1. Patient characteristics at baseline

Variable All, N=445 PCMH+PoPH 
Group, n=259

PCMH Group, 
n=186 P

Age, years mean (SD) 46.2 (11.6) 46.2 (11.6) 46.2 (11.7) .99
Male, n (%) 174 (39.1) 89 (34.4) 85 (45.7) .02
Ethnicity, n (%) .51
   African American 273 (63.3) 167 (65.5) 106 (60.2)
   White 48 (11.1) 27 (10.6) 21 (11.9)
   Hispanic or Latino 94 (21.8) 54 (21.2) 40 (22.7)
   Other 16 (3.7) 7 (2.8) 9 (5.1)
Diabetes (HbA1c >6.4 mmol/mol), n (%) 224 (61.9) 175 (77.1) 49 (36.3) <.01
HbA1c, mean (SD) 9.37 (2.68) 9.56 (2.70) 8.64 (2.50) <.001
Hypertension status, n (%) .39
   Non-hypertensive (SBP<120 and DBP<80) 126 (29.0) 79 (31.6) 47 (25.5)
   Pre-hypertensive (140>SBP≥120 or 90>DBP≥80) 208 (47.9) 116 (46.4) 92 (50.0)
   Hypertensive (SBP≥140 or DBP≥90) 100 (23.04) 55 (22.00) 45 (24.46)
Systolic BP, mm Hg, mean (SD) 131.5 (23.8) 130.6 (22.9) 132.6 (24.6) .38
Diastolic BP, mm Hg, mean (SD) 81.2 (14.6) 80.2 (13.9) 82.7 (15.4) .07
Weight (lbs), mean (SD) 206.8 (54.7) 208.5 (56.0) 204.6 (53.1) .47
Insurance status, n (%) .12
   Private 81 (18.3) 43 (16.7) 38 (20.5)
   Medicare/Medicaid 54 (12.2) 38 (14.7) 16 (8.7)
   Uninsured 308 (69.5) 177 (68.6) 131 (70.8)
Local ZIP code, n (%) 208 (47.3) 136 (52.7) 72 (39.6) <.01

SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c, hemoglobin A1c
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(53% vs 40%, P=.01). The average 
follow-up time did not differ signif-
icantly between groups (321±115 
vs 303±130 days for PCMH+PoPH 
group and PCMH group, respec-
tively, P=.13, data not shown). 

CVD and DM Outcomes
 There were significant reductions 
in both SBP and DBP for all par-
ticipants using services at the BSW 
HWC (-3.6±23.4 mm Hg, P =.002; 
-2.3±14.9 mm Hg, P=.002, respec-
tively). Further, participants who 
were pre-hypertensive or hyper-
tensive experienced even greater 
decreases in blood pressure (SBP: 
-10.0±24.1 mm Hg and -21.0±27.4 
mm Hg; DBP: -9.3±14.4 mm Hg 
and  -15±13.5 mm Hg, Ps<.0001, re-
spectively). A significant decrease in 
HbA1c was also observed (-1.3±2.6 
mmol/mol, P<.0001). Participants 
gained an average of 2.1±14.2 
pounds by the end of the follow-up 

period (P<.01) (data not shown).
 Table 2 summarizes the compar-
isons of changes in CVD and DM 
outcomes from baseline to follow-
up between the study groups overall 
and by baseline CVD/DM status 
after adjusting for covariates. There 
were no significant differences in the 
groups’ SBP, DBP, weight, or HbA1c 
changes at post-intervention. How-
ever, for the subgroup of partici-
pants with prediabetes or diabetes at 
baseline, the PCMH+PoPH group 
had greater reductions in HbA1c 
than those in the PCMH group 
(adjusted mean differences between 
PCMH+PoPH and PCMH groups: 
-.65 (prediabetes) and -.74 (diabe-
tes); P=.04 and P<.05, respectively). 

PCMH+PoPH Participation 
in Education, Wellness, and 
SDOH Programs 
  Approximately 21% of patients 
participated only in “Evidence-

based Education” programs, 10% 
participated only in “General well-
ness/SDOH” programs, and 69% 
in a mixture of the two program 
types. Patients participating only in 
“Evidence-based Education” pro-
grams had significant reductions in 
SBP, DBP, and HbA1c (Ps=.08, .04, 
<.01, respectively). Patients who 
participated only in “General well-
ness/SDOH” programs had a sig-
nificant reduction in DBP (P=.02) 
and patients who participated in 
both types of programs had signifi-
cant reductions in HbA1c (P<.01). 
 The median number of Evi-
dence-based Education classes at-
tended per program was 2.0 (range 
1 to 11 class visits per program). 
PCMH+PoPH patients who par-
ticipated only in Evidence-based 
Education programs had significant 
reductions in SBP and DBP when 
they attended more than two classes 
(-7.37 mm Hg and -5.84 mm Hg, 

Table 2. Adjusted estimates of CVD and DM at post-intervention for PCMH+PoPH as compared to PCMH group 

Outcomes Adjusted additional effect of PCMH+PoPH 
group compared to PCMH group a, b, c

All participants Estimate (SE) P
   HbA1c, mmol/mol -.48 (.35) .17
   Weight, lbs .11 (1.80) .95
   Systolic BP, mm Hg 2.95 (2.28) .20
   Diastolic BP, mm Hg 1.23 (1.61) .44
Pre-hypertensive or hypertensive, and pre-diabetic or diabetic at baseline
   HbA1c (>5.6 mmol/mol) -.65 (.32) .04
   Systolic BP (≥120 mm Hg) 5.34 (3.09) .09
   Diastolic BP (≥80 mm Hg) 3.98 (2.24) .08
Hypertensive/diabetic only at baseline
   HbA1c (>6.4 mmol/mol) -.74 (.37) .05
   Systolic BP (≥140 mm Hg) 2.23 (5.48) .68
   Diastolic BP (≥90 mm Hg) 2.85 (3.02) .35

a. A positive estimate was an indication of an increase at post-intervention for PCMH+PoPH group compared to PCMH group
b. Model for HbA1C at post-intervention was adjusted for baseline HbA1c, sex, age, ethnicity, baseline measure, insurance status, and residence location
c. Models for systolic BP, diastolic BP, and weight at post-intervention were adjusted for the baseline value of the corresponding outcome variable, sex, age, ethnicity, 
insurance status, residence location, and diabetes status at baseline
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respectively). Further, those who 
were pre-hypertensive or hyperten-
sive at baseline and attended at least 
two classes had a greater reduction 
in SBP and DBP than those who 
attended less than two classes with 
the same risk profile. Similarly, 
participants with diabetes who at-
tended more than two education 
classes had greater reductions in 
HbA1c than those who attended 
less than two. The General Well-
ness/SDOH programs did not show 
a clear dose-response relationship. 
   
ED and IP Use and Cost 
Patterns
 In the year prior to using BSW 
HWC services, there were 531 ED 
visits among the 445 individu-
als included in our cohort, while 
in the year following the initial 
visit at BSW HWC, there were 
456 ED visits (a 14% reduction 
(P=.003)). Additionally, a total of 

178 IP visits occurred in 162 pa-
tients in the 12 months prior to 
the index BSW HWC service and 
IP visits were reduced by 43% af-
ter the index BSW HWC ser-
vice (102 total visits, P<.0001). 
 At least one CVD/DM outcome 
measure had improved for approxi-
mately 65% of patients (and wors-
ened for approximately 44% of pa-
tients) by the end of the follow-up 
period.  After adjusting for exposure 
group, age, sex, ethnicity, insurance 
status, residence location, baseline 
DM status, and number of ED vis-
its prior to using BSW HWC ser-
vices, the expected number of ED 
visits was 32% (=1 - exp[-.3928]) 
lower for patients who had a clini-
cal improvement in CVD/DM 
outcomes than those who did not 
improve (P=.04) (Table 3, ED,  
Model 1). The expected number of 
ED visits per patient per year was 
1.5 for those who had a clinical im-

provement in CVD/DM outcomes, 
vs 2.1 visits per patient per year for 
those who had no improvement. 
Similarly, the expected number of 
ED visits was 39% (= exp [.3319] - 
1) higher for patients who had clini-
cally worsened CVD/DM outcomes 
compared to patients who did not 
(P=.07). The marginal number of 
ED visits were 1.9 per patient per 
year for the patients who had clini-
cally worsened CVD/DM outcomes 
and 1.4 per patient per year who 
did not, respectively. Improvement 
or worsening in CVD/DM out-
comes did not have a significant ef-
fect on the expected number of IP 
visits after adjusting for the baseline 
IP visits, demographic, socioeco-
nomic, and baseline diabetes status. 
 Overall, ED costs were reduced 
by 23.2% and IP costs by 49.5% 
after using BSW HWC services 
(P=.0007 and P<.0001, respective-
ly). After adjusting for baseline ED 

Table 3. Adjusted effect of groups, improvement or worsening in CVD/DM on hospital utilizations 

Adjusted effect 
(SE) on number 
of ED or IP after 

index datea

P Adjusted effect 
(SE) on ED or IP 
costs after index 

dateb

P

Emergency Department (ED)
Model 1 Group: PCMH+PoPH vs PCMH -.13 (0.17) .46 -.46 (.16) .01

Improvement in CVD/DM outcomes: yes vs no -.39 (0.19) .04 -.25 (.15) .10
Model 2 Group: PCMH+PoPH vs PCMH -.12 (0.17) .49 -.42 (.17) .01

Worsened in CVD/DM outcomes: yes vs no .33 (0.19) .07 -.06 (.14) .69
Inpatient Department (IP)
Model 1 Group: PCMH+PoPH vs PCMH -.26 (0.32) .42 -.13 (.23) .59

Improvement in CVD/DM outcomes: yes vs no .39 (0.43) .37 -.02 (.23) .93
Model 2 Group: PCMH+PoPH vs PCMH -.25 (0.31) .43 -.19 (.23) .43

Worsened in CVD/DM outcomes: yes vs no -.05 (0.42) .90 .31 (.21) .14

a. Models were adjusted for age, sex, race/ethnicity, type of insurance, baseline diabetes status, residential location, and number of hospital visits in baseline. Estimates 
were in logarithmic scale and were estimated from two-parts model to account for the mixture distribution of the response variable (number of hospital visits in a year 
following the index date) due to excess zeros and count of hospital visits. Each model had P>.05 from the goodness of fit test
b. Models were adjusted for age, sex, race/ethnicity, type of insurance, baseline diabetes status, residential location, and total costs incurred in baseline. Estimates were 
in logarithmic scale and were estimated from two-parts model to account for the mixture distribution of the response variable (total cost incurred in a year following the 
index date) due to zero costs corresponding to no ED/IP visits and costs due to ED/IP visits. All four models had P>.05 from the goodness of fit test
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costs, baseline diabetes status, and 
demographic and socioeconomic 
factors, improvement in CVD/DM 
outcomes accounted for a 22% (=1 
– exp[-.25]) (P=.10) reduction in 
average ED cost in the post-inter-
vention period while conditional on 
having incurred an ED cost (Table 
3). The marginal average ED cost 
was $424.3 lower per patient per 
year for those who had a clinical im-
provement in CVD/DM outcomes 
compared to those who had not. 
 In comparing the study groups 
from the adjusted analyses, the av-
erage ED cost in the post-interven-
tion period for the patients in the 
PCMH+PoPH group was approxi-
mately 37% (=1 - exp[-.46] ) lower 
(P=.01) than those in the PCMH 
group when accounting for im-
provements in CVD/DM out-
comes. The average ED cost per 
patient per year was $441 lower for 
the PCMH+PoPH group than the 
PCMH group. Worsening of CVD/
DM outcomes was not statistically 
significant in ED cost (P=.69). The 
findings were similar for average IP 
cost (12% lower for PCMH+PoPH 
than PCMH for the model with 
improvement in CVD/DM and 
19% lower for PCMH+PoPH 
than PCMH for the model with 
worsening in CVD/DM), but 
were non-significant (Table 3). 

dIscussIon

 This study evaluated a multifac-
eted innovative population health 
model to improve chronic disease 
and reduce ED and IP use and 
costs. The overall BSW HWC mod-

el demonstrated significant reduc-
tions in blood pressure and HbA1c 
that were associated with decreased 
ED and IP use and costs. This study 
supports previous findings that the 
BSW HWC population health mod-
el reduces ED and IP use and costs 
in a primarily uninsured population 
and extends these findings by evalu-
ating patient outcomes and compar-
ing the additive value of Population 

related to changes in CVD and DM 
outcomes indicate some had even 
greater improvements, whereas oth-
ers benefitted less. This could be 
due to sociodemographic or other 
factors not collected in this study. 
Clinic patients who attended ad-
ditional population health services 
had a significantly greater reduction 
in DM and a greater reduction in 
ED costs than those who only ac-
cessed the PCMH. These findings 
are promising for the integration of 
wrap-around wellness, prevention, 
and SDOH services and are consis-
tent with a recent study in a large 
urban safety-net health system that 
also found that wraparound servic-
es integrated into a PCMH led to 
reductions in hospitalizations and 
ED visits along with significant cost 
savings.2 Further, individuals who 
lived close to the center were more 
likely to engage in services that im-
proved diabetes outcomes provid-
ing support for place based initia-
tives to address health disparities.
 Overall, the impact of PCMH 
on health care resource utilization 
and costs in lower-income popu-
lations16-20 has been less consis-
tent than in insured or Medicare 
populations.15 The effectiveness of 
the PCMH is impacted by SDOH 
and other upstream factors outside 
of the medical setting.5 Although 
many health care systems are be-
ginning to address individual so-
cial needs such as transportation, 
meals, housing, or mental health, 
few are addressing community-level 
SDOH, or underlying factors, that 
perpetuate high social needs and 
health disparities.29 The BSW HWC 
actively addresses SDOH and in-

Our findings indicate that 
integrating population 
health into primary 

care has the potential to 
enhance patient outcomes 

in a predominantly 
uninsured, low-income 
population and reduce 
uncompensated hospital 

costs.

Health programs to primary care.3 
 Individuals who accessed the 
BSW HWC PCMH demonstrated 
significant improvements in CVD 
and DM outcomes. These findings 
were clinically significant for those 
with elevated blood pressure. Fur-
ther, the large standard deviations 
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tegrates community health work-
ers into its care model, which may 
explain the positive outcomes on 
hospital use and costs in this study. 
 This study also demonstrated 
a significant relationship between 
CVD/DM outcomes and patterns 
in EP and IP use and costs. Clini-
cally significant reductions in blood 
pressure, such as a 10 mm Hg reduc-
tion in SBP, can reduce the risk of 
CVD events by 20%.23 Uninsured 
individuals are more likely to have 
undiagnosed and uncontrolled hy-
pertension, contributing to a higher 
risk for stroke and death than in-
sured individuals.30-32 Similarly, un-
insured individuals are more likely 
to have undocumented and untreat-
ed diabetes, yet even modest reduc-
tions in HbA1c of 1% have been as-
sociated with long-term reductions 
in diabetes complications,33 which 
could provide substantial savings as 
diabetes health care costs are more 
than $300 billion annually.34 In our 
study, worsening CVD/DM out-
comes were associated with a 39% 
greater chance of an ED visit and 
36% higher IP costs. Conversely, 
participants with an improvement 
in CVD/DM outcomes were 32% 
less likely to visit the ED and in-
curred 22% less in ED costs. These 
findings indicate that small chang-
es in CVD and DM outcomes are 
associated with use of emergency 
services, and programs to manage 
CVD and DM outcomes at the 
population level could provide cost 
savings and improved health in low-
income, uninsured populations. 
 Our findings indicate that in-
tegrating population health into 
primary care has the potential to 

enhance patient outcomes in a pre-
dominantly uninsured, low-income 
population and reduce uncompen-
sated hospital costs. In this study, 
evidence-based education programs 
showed the strongest beneficial im-
pact on health outcomes, but more 
research is needed to determine 
which services lead to the greatest 
improvements in health and re-
ductions in hospital utilization for 
situations that are primary care-pre-
ventable. Identifying the most effec-
tive, and cost-effective, programs to 
offer in conjunction with primary 
care can reduce costs, improve pop-
ulation health, and inform value-
based care models. Since the pro-
vision of services to the uninsured 
seldom generates much, if any, re-
imbursement, developing sustain-
able population health models for 
this population depends largely on 
cost savings to hospitals through 
the avoidance of resource inten-
sive, uncompensated acute care. 

Study Limitations 
 Limitations of this study include 
the retrospective design, lack of 
randomization and a control group, 
and data from only one health care 
system. Further, this study evalu-
ated how services improved ED 
and IP use and costs for individu-
als who had previous hospital use. 
Therefore, it may not be generaliz-
able to individuals without a prior 
history of hospital use where pre-
venting unnecessary visits would 
be the objective. While we can-
not eliminate the possibility that 
some unmeasured factor may have 
made patients in the PCMH+PoPH 
group more likely to participate in 

Population Health programs and 
more likely to comply with medi-
cation regimens and recommenda-
tions for healthy living that impact 
the outcomes measured, compa-
rable groups were approximated by 
accounting for participant demo-
graphic and clinical characteristics 
in statistical models. These study 
results may not be generalizable to 
other payer groups such as Medi-
care Advantage or private insurance. 

conclusIon 

 The BSW HWC model ad-
dresses SDOH through popula-
tion health services integrated into 
a PCMH and reduces patient-
level chronic disease risk factors 
and use of expensive hospital uti-
lization. These findings provide 
much-needed support for the 
role of SDOH and prevention in 
population health models for low-
income, uninsured populations. 
Future work should identify spe-
cific cost-effective services that pro-
vide the greatest impact on patient 
health and health care outcomes.

Conflict of Interest
 Wesson: Paid consultant for Tricida, 
Inc (San Francisco) regarding metabolic 
acidosis (not related to this study)

Author Contributions
 Research concept and design: Kitzman, 
Tecson, Mamun, Yeramaneni, Halloran, 
Wesson; Acquisition of data: Kitzman, 
Yeramaneni, Halloran, Wesson; Data anal-
ysis and interpretation: Kitzman, Tecson, 
Mamun, da Graca, Yeramaneni, Wesson; 
Manuscript draft: Kitzman, Mamun, da 
Graca, Yeramaneni, Halloran, Wesson; Sta-
tistical expertise: Tecson, Mamun; Acquisi-



Ethnicity & Disease, Volume 32, Number 2, Spring 2022 99

Population Health and Primary Care - Kitzman et al

tion of funding: Kitzman; Administrative: 
Kitzman, da Graca, Yeramaneni, Halloran, 
Wesson; Supervision: Kitzman

References
1. Morgan SR, Chang AM, Alqatari M, Pines 

JM. Non-emergency department interven-
tions to reduce ED utilization: a systematic 
review. Acad Emerg Med. 2013;20(10):969-
985. https://doi.org/10.1111/acem.12219 
PMID:24127700

2. Vest JR, Harris LE, Haut DP, Halver-
son PK, Menachemi N. Indianapolis 
provider’s use of wraparound services 
associated with reduced hospitalizations 
and emergency department visits. Health 
Aff (Millwood). 2018;37(10):1555-1561. 
https://doi.org/10.1377/hlthaff.2018.0075 
PMID:30273041

3. Wesson D, Kitzman H, Halloran KH, Tec-
son K. Innovative population health model 
associated with reduced emergency depart-
ment use and inpatient hospitalizations. 
Health Aff (Millwood). 2018;37(4):543-550. 
https://doi.org/10.1377/hlthaff.2017.1099 
PMID:29608367

4. Bachrach D. Addressing Patients’ Social 
Needs: An Emerging Business Case for Provid-
er Investment. 2014. Last accessed June 22, 
2021 from https://www.commonwealth-
fund.org/publications/fund-reports/2014/
may/addressing-patients-social-needs-
emerging-business-case-provider. 

5. National Academies of Sciences, Engineer-
ing, and Medicine. 2019. Integrating Social 
Care into the Delivery of Health Care: Mov-
ing Upstream to Improve the Nation’s Health. 
Washington, DC: The National Academies 
Press. https://doi.org/10.17226/25467.

6. Obucina M, Harris N, Fitzgerald JA, et 
al. The application of triple aim frame-
work in the context of primary healthcare: 
A systematic literature review. Health 
Policy. 2018;122(8):900-907. https://
doi.org/10.1016/j.healthpol.2018.06.006 
PMID:29935730

7. Woolhandler S, Himmelstein DU. The Re-
lationship of health insurance and mortal-
ity: is lack of insurance deadly? Ann Intern 
Med. 2017;167(6):424-431. https://doi.
org/10.7326/M17-1403 PMID:28655034

8. Institute of Medicine (US) Committee on 
the Consequences of Uninsurance. Spend-
ing on health care for uninsured Americans: 
how much, and who pays? In: Hidden Costs, 
Values Lost: Uninsurance in America. Wash-
ington, DC: National Academies Press; 
2003.

9. Coughlin TA, Samuel-Jakubos H, Garfield 
R. Sources of Payment for Uncompensated 
Care for the Uninsured. 2021. Last accessed 
January 24, 2022 from https://www.kff.org/
uninsured/issue-brief/sources-of-payment-
for-uncompensated-care-for-the-unin-

sured/..
10. Tolbert J, Orgera K, Damico A. Key Facts 

about the Uninsured Population. 2020. Last 
accessed January 24, 2022 from https://
www.kff.org/uninsured/issue-brief/key-
facts-about-the-uninsured-population/. 

11. Castaneda MA, Saygili M. The health 
conditions and the health care consump-
tion of the uninsured. Health Econ Rev. 
2016;6(1):55-55. https://doi.org/10.1186/
s13561-016-0137-z PMID:27924584

12. McDermott KW, Jiang HJ. Characteris-
tics and costs of potentially preventable 
inpatient stays, 2017: Statistical Brief #259. 
In: Healthcare Cost and Utilization Project 
(HCUP) Statistical Briefs [Internet]. Rock-
ville (MD): Agency for Healthcare Research 
and Quality (US); 2006. PMID: 32730017

13. Clarke JL, Bourn S, Skoufalos A, Beck 
EH, Castillo DJ. An innovative approach 
to health care delivery for patients with 
chronic conditions. Popul Health Manag. 
2017;20(1):23-30. https://doi.org/10.1089/
pop.2016.0076 PMID:27563751

14. Butkus R, Rapp K, Cooney TG, Engel LS; 
Health and Public Policy Committee of the 
American College of Physicians. Envision-
ing a better US health care system for all: 
reducing barriers to care and addressing so-
cial determinants of health. Ann Intern Med. 
2020;172(2)(suppl):S50-S59. https://doi.
org/10.7326/M19-2410 PMID:31958803

15. Jackson GL, Powers BJ, Chatterjee 
R, et al. The patient centered medical 
home. A systematic review. Ann Intern 
Med. 2013;158(3):169-178. https://doi.
org/10.7326/0003-4819-158-3-201302050-
00579 PMID:24779044

16. Xin H, Kilgore ML, Sen B. Is access to and 
use of patient perceived patient-centered 
medical homes associated with reduced 
nonurgent emergency department use? Am 
J Med Qual. 2017;32(3):246-253. https://
doi.org/10.1177/1062860616641757 
PMID:27083505

17. Pourat N, Chen X, Lee C, et al. Assessing 
the impact of patient-centered medical 
home principles on hypertension outcomes 
among patients of HRSA-funded health 
centers. Am J Hypertens. 2019;32(4):418-
425. https://doi.org/10.1093/ajh/hpy198 
PMID:30590409

18. Crits-Christoph P, Gallop R, Noll E, et al. 
Impact of a medical home model on costs 
and utilization among comorbid HIV-pos-
itive Medicaid patients. Am J Manag Care. 
2018;24(8):368-375. PMID:30130029

19. Cole ES, Campbell C, Diana ML, Webber 
L, Culbertson R. Patient-centered medical 
homes in Louisiana had minimal impact 
on Medicaid population’s use of acute 
care and costs. Health Aff (Millwood). 
2015;34(1):87-94. https://doi.org/10.1377/
hlthaff.2014.0582 PMID:25561648

20. Swietek KE, Gaynes BN, Jackson GL, 
Weinberger M, Domino ME. Effect of the 
patient-centered medical home on racial 
disparities in quality of care. J Gen Intern 
Med. 2020;35(8):2304-2313. https://
doi.org/10.1007/s11606-020-05729-x 
PMID:32096075

21. Johnson TL, Van Der Heijde M, Davenport 
S, et al. Population health in primary care: 
Cost, quality, and experience impact. Am J 
Accountable Care. 2017;5(3):10-20.

22. Centers for Disease Control and Preven-
tion. Social Determinants of Health: Know 
What Affects Health. Last accessed January 
24, 2022 from https://www.cdc.gov/social-
determinants/index.htm. 

23. Ettehad D, Emdin CA, Kiran A, et al. 
Blood pressure lowering for prevention 
of cardiovascular disease and death: a 
systematic review and meta-analysis. Lancet. 
2016;387(10022):957-967. https://doi.
org/10.1016/S0140-6736(15)01225-8 
PMID:26724178

24. Lenters-Westra E, Schindhelm RK, Bilo 
HJ, Groenier KH, Slingerland RJ. Dif-
ferences in interpretation of haemoglobin 
A1c values among diabetes care profes-
sionals. Neth J Med. 2014;72(9):462-466. 
PMID:25431391

25. Whelton PK, Carey RM, Aronow WS, et al. 
2017 ACC/AHA/AAPA/ABC/ACPM/AGS/
APhA/ASH/ASPC/NMA/PCNA Guideline 
for the Prevention, Detection, Evaluation, 
and Management of High Blood Pressure in 
Adults: A Report of the American College 
of Cardiology/American Heart Association 
Task Force on Clinical Practice Guide-
lines. Hypertension. 2018;71(6):e13-e115. 
PMID:29133356

26. American Diabetes Association. 2. Clas-
sification and Diagnosis of Diabetes: 
Standards of Medical Care in Diabetes-2018. 
Diabetes Care. 2018;41(suppl 1):S13-
S27. https://doi.org/10.2337/dc18-S002 
PMID:29222373

27. Hall MJ, DeFrances CJ, Williams SN, 
Golosinskiy A, Schwartzman A. National 
Hospital Discharge Survey: 2007 summary. 
Natl Health Stat Rep. 2010;29:1-20, 24. 
PMID:21086860

28. Nawar EW, Niska RW, Xu J. National 
Hospital Ambulatory Medical Care Survey: 
2005 emergency department summary. Adv 
Data. 2007;386:1-32. PMID:17703794

29. Castrucci B, Auerbach J. meeting individual 
social needs falls short of addressing social 
determinants of health. Health Affairs Fore-
front. Jan 16, 2019. https://doi.org/  
10.1377/forefront.20190115.234942

30. Ayanian JZ, Weissman JS, Schneider EC, 
Ginsburg JA, Zaslavsky AM. Unmet health 
needs of uninsured adults in the United 
States. JAMA. 2000;284(16):2061-2069. 
https://doi.org/10.1001/jama.284.16.2061 

https://doi.org/10.1111/acem.12219
https://www.ncbi.nlm.nih.gov/pubmed/24127700
https://doi.org/10.1377/hlthaff.2018.0075
https://www.ncbi.nlm.nih.gov/pubmed/30273041
https://doi.org/10.1377/hlthaff.2017.1099
https://www.ncbi.nlm.nih.gov/pubmed/29608367
https://www.commonwealthfund.org/publications/fund-reports/2014/may/addressing-patients-social-needs-emerging-business-case-provider
https://www.commonwealthfund.org/publications/fund-reports/2014/may/addressing-patients-social-needs-emerging-business-case-provider
https://www.commonwealthfund.org/publications/fund-reports/2014/may/addressing-patients-social-needs-emerging-business-case-provider
https://www.commonwealthfund.org/publications/fund-reports/2014/may/addressing-patients-social-needs-emerging-business-case-provider
https://doi.org/10.17226/25467
https://doi.org/10.1016/j.healthpol.2018.06.006
https://doi.org/10.1016/j.healthpol.2018.06.006
https://www.ncbi.nlm.nih.gov/pubmed/29935730
https://doi.org/10.7326/M17-1403
https://doi.org/10.7326/M17-1403
https://www.ncbi.nlm.nih.gov/pubmed/28655034
https://www.kff.org/uninsured/issue-brief/sources-of-payment-for-uncompensated-care-for-the-uninsured/
https://www.kff.org/uninsured/issue-brief/sources-of-payment-for-uncompensated-care-for-the-uninsured/
https://www.kff.org/uninsured/issue-brief/sources-of-payment-for-uncompensated-care-for-the-uninsured/
https://www.kff.org/uninsured/issue-brief/sources-of-payment-for-uncompensated-care-for-the-uninsured/
https://www.kff.org/uninsured/issue-brief/key-facts-about-the-uninsured-population/
https://www.kff.org/uninsured/issue-brief/key-facts-about-the-uninsured-population/
https://www.kff.org/uninsured/issue-brief/key-facts-about-the-uninsured-population/
https://doi.org/10.1186/s13561-016-0137-z
https://doi.org/10.1186/s13561-016-0137-z
https://www.ncbi.nlm.nih.gov/pubmed/27924584
https://doi.org/10.1089/pop.2016.0076
https://doi.org/10.1089/pop.2016.0076
https://www.ncbi.nlm.nih.gov/pubmed/27563751
https://doi.org/10.7326/M19-2410
https://doi.org/10.7326/M19-2410
https://www.ncbi.nlm.nih.gov/pubmed/31958803
https://doi.org/10.7326/0003-4819-158-3-201302050-00579
https://doi.org/10.7326/0003-4819-158-3-201302050-00579
https://doi.org/10.7326/0003-4819-158-3-201302050-00579
https://www.ncbi.nlm.nih.gov/pubmed/24779044
https://doi.org/10.1177/1062860616641757
https://doi.org/10.1177/1062860616641757
https://www.ncbi.nlm.nih.gov/pubmed/27083505
https://doi.org/10.1093/ajh/hpy198
https://www.ncbi.nlm.nih.gov/pubmed/30590409
https://www.ncbi.nlm.nih.gov/pubmed/30130029
https://www.ncbi.nlm.nih.gov/pubmed/25561648
https://doi.org/10.1007/s11606-020-05729-x
https://doi.org/10.1007/s11606-020-05729-x
https://www.ncbi.nlm.nih.gov/pubmed/32096075
https://www.cdc.gov/socialdeterminants/index.htm
https://www.cdc.gov/socialdeterminants/index.htm
https://doi.org/10.1016/S0140-6736(15)01225-8
https://doi.org/10.1016/S0140-6736(15)01225-8
https://www.ncbi.nlm.nih.gov/pubmed/26724178
https://www.ncbi.nlm.nih.gov/pubmed/25431391
https://www.ncbi.nlm.nih.gov/pubmed/29133356
https://doi.org/10.2337/dc18-S002
https://www.ncbi.nlm.nih.gov/pubmed/29222373
https://www.ncbi.nlm.nih.gov/pubmed/21086860
https://www.ncbi.nlm.nih.gov/pubmed/17703794
https://www.healthaffairs.org/do/10.1377/forefront.20190115.234942
https://www.healthaffairs.org/do/10.1377/forefront.20190115.234942
https://doi.org/10.1001/jama.284.16.2061


Ethnicity & Disease, Volume 32, Number 2, Spring 2022100

Population Health and Primary Care - Kitzman et al

PMID:11042754
31. Ayanian JZ, Zaslavsky AM, Weissman JS, 

Schneider EC, Ginsburg JA. Undiagnosed 
hypertension and hypercholesterolemia 
among uninsured and insured adults in 
the Third National Health and Nutri-
tion Examination Survey. Am J Public 
Health. 2003;93(12):2051-2054. https://
doi.org/10.2105/AJPH.93.12.2051 
PMID:14652333

32. Fowler-Brown A, Corbie-Smith G, Garrett 
J, Lurie N. Risk of cardiovascular events 
and death—does insurance matter? J Gen 
Intern Med. 2007;22(4):502-507. https://
doi.org/10.1007/s11606-007-0127-2 
PMID:17372800

33. Stratton IM, Adler AI, Neil HA, et al. Asso-
ciation of glycaemia with macrovascular and 
microvascular complications of type 2 dia-
betes (UKPDS 35): prospective observation-
al study. BMJ. 2000;321(7258):405-412. 
https://doi.org/10.1136/bmj.321.7258.405 
PMID:10938048

34. Dall TM, Yang W, Gillespie K, et al. 
The economic burden of elevated blood 
glucose levels in 2017: diagnosed and 
undiagnosed diabetes, gestational dia-
betes mellitus, and prediabetes. Diabetes 
Care. 2019;42(9):1661-1668. https://doi.
org/10.2337/dc18-1226 PMID:30940641

https://www.ncbi.nlm.nih.gov/pubmed/11042754
https://doi.org/10.2105/AJPH.93.12.2051
https://doi.org/10.2105/AJPH.93.12.2051
https://www.ncbi.nlm.nih.gov/pubmed/14652333
https://doi.org/10.1007/s11606-007-0127-2
https://doi.org/10.1007/s11606-007-0127-2
https://www.ncbi.nlm.nih.gov/pubmed/17372800
https://doi.org/10.1136/bmj.321.7258.405
https://www.ncbi.nlm.nih.gov/pubmed/10938048
https://doi.org/10.2337/dc18-1226
https://doi.org/10.2337/dc18-1226
https://www.ncbi.nlm.nih.gov/pubmed/30940641

