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Abstract
Purpose  Limited evidence exists on the impact of participation in community-based chronic disease self-management and 
prevention programs on health disparities. The purpose of this research was to determine the effects of participation in the 
Healthy Here Wellness Referral System on existing disparities in glycated hemoglobin (HbA1c), systolic blood pressure 
(BP), and diastolic BP among Hispanic/Latinx adults compared with non-Hispanic White adults.
Methods  We merged administrative clinical and referral data from 2018 through 2022 for adult patients in six focus ZIP 
codes in New Mexico resulting in a sample of 1331 patients and used regression models to examine predictors of interven-
tion participation as well as propensity-adjusted impacts of participation on HbA1c and BP outcomes.
Results  Non-Hispanic White patients who were referred to community-based programming but did not participate saw 
statistically significant increases in HbA1c. Hispanic/Latinx patients saw statistically significant decreases in HbA1c with 
referral alone, with no added benefit from program participation. The impact of participation differed statistically signifi-
cantly (t(683) = 3.55, p < .001) between these two groups for HbA1c levels, as well as for systolic (t(958) = 2.11, p = .04) 
and diastolic BP outcomes (t(958) = 2.96, p = .003).
Conclusions  Results of this study support the promise of using centralized referral systems to co-produce health improvement 
in community settings. Mixed findings highlight the need for further uptake of theory-informed measurement in evaluations 
seeking to understand heterogeneous program impacts by race and ethnicity.
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Introduction

Attempts to address longstanding health inequities in the 
United States have led to a range of local, state, and federal 
responses. Among these, the Centers for Disease Control 
and Prevention’s Racial and Ethnic Approaches to Com-
munity Health (REACH) program aims to reduce health 
disparities and improve health equity for minoritized popu-
lations through the implementation of culturally appropri-
ate, evidence-based interventions [1]. As a REACH ini-
tiative, Healthy Here engaged community partners with 
local knowledge in central New Mexico, co-developing the 
Healthy Here Wellness Referral System. At the core of the 
system is the Wellness Referral Center (WRC) that facilitates 
community-clinical linkages and connects referred patients 
to community-based physical activity and healthy eating 
programs [2]. To accomplish this, the WRC established and 
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sustained connections with health clinics in three under-
resourced communities in central New Mexico and identified 
community-based opportunities for chronic-disease preven-
tion and management in and around those communities. This 
approach is consistent with evidence and recommendations 
for prevention and control of chronic diseases including dia-
betes and hypertension [3–7].

Key elements of the Healthy Here WRC map to con-
structs in the theories of Reasoned Action and Planned 
Behavior [8] which, together, posit that an individual’s 
intention to engage in a particular behavior is determined 
by their attitude toward the behavior, their perceived social 
norms about the behavior, and their perceived behavioral 
control [9]. Indeed, WRC activities, by design, reinforced 
both injunctive and descriptive social norms: provider refer-
ral to programs paired with post-clinic follow-up contact 
from WRC staff helped reinforce injunctive expectations 
that the behavior was considered desirable by referent oth-
ers while collective community-based programs, such as 
cooking classes and walking groups, reinforced descriptive 
perceptions that the behavior was common among referent 
others. Additionally, by removing barriers (e.g., covering 
participation costs, offering programs in Spanish, provid-
ing child care) and increasing availability and access (e.g., 
recruiting local agencies to provide programming) to com-
munity-based prevention programs, the Healthy Here WRC 
sought to enhance individual agency, promoting perceived 
behavioral control and patient confidence in their ability to 
engage in prevention behaviors. The WRC linked patients 
to local programs that were free to participants, typically 
provided child care, and were available in both English and 
Spanish. The WRC also provided incentives to participants 
for participation and completion of programs, and incen-
tives to programs for tracking participation. The Healthy 
Here WRC team expected that removing barriers and cre-
ating more access and opportunities to engage in commu-
nity-based chronic disease prevention and self-management 
programs, while simultaneously increasing social support 
and perceived social norms about healthy behaviors, would 
increase patients’ intention to engage in community-based 
programs across groups and, ultimately, improve health out-
comes and reduce disparities.

Study Setting

Study participants were drawn from residents of six ZIP 
codes centered around three core urban neighborhoods 
in Bernalillo County, NM. Bernalillo County is the most 
populous county in New Mexico, home to 672,508 resi-
dents in 2022, which constitutes about 32% of the state’s 
total population [10]. The county has a median household 
income of $59,640, and 15.6% of residents live below the 

federal poverty line. More than half (50.9%) of county resi-
dents identify as Hispanic or Latinx and just over one-third 
(37.1%) as non-Hispanic White. However, the population in 
Bernalillo County is unevenly distributed by race and ethnic-
ity and socio-economic class, leading to contrasts in poverty 
and wealth and access to resources, all of which affect health 
outcomes and contribute to inequities [11]. For example, 
crude diabetes prevalence rate estimates for 2021 among 
adults ranged from 1.3 to 18.1% across Bernalillo county 
ZIP codes, while corresponding hypertension estimates 
ranged from 8.8 to 40% [12]. In the ZIP codes included in 
this study, Hispanic/Latinx residents are a majority (66%), 
Mexican American residents are a plurality (45%), 15% of 
residents were born outside the United States, and 23% of 
residents are non-Hispanic White [10]. Although the three 
focal communities engaged in this study have unique char-
acteristics, disparate histories of colonization and residential 
segregation, and varying population density, non-Hispanic 
White vs. Hispanic/Latinx resource gaps are present in each 
community with median non-Hispanic White household 
income, on average, 30% higher than that of Hispanic/Latinx 
households. The communities in these ZIP codes have long 
struggled with structural under-investment impacting walk-
ability as well as access to healthy foods, despite some areas 
retaining links to their agricultural roots.

Previous Results

In earlier work [13], using an intent to treat approach, we 
examined comparative impacts of WRC referral alone on 
patient health outcomes of body mass index (BMI), HbA1c, 
and systolic and diastolic blood pressure. While findings 
regarding BMI were unremarkable, not meriting follow-
up analysis, mixed results using data from 2018 to 2021 
included unexpected findings regarding HbA1c and BP 
outcomes:

1.	 HbA1c. Relative to non-referred counterparts, referred 
Hispanic/Latinx patients, showed consistently beneficial 
impacts as Hba1c levels changed over time. In absolute 
terms, referred Hispanic/Latinx patients showed signifi-
cant pre-/post-reductions in HbA1c levels and referral 
was observed to significantly and substantially reduce 
disparities in HbA1c levels between Hispanic/Latinx 
and non-Hispanic White patients. Unexpectedly, these 
benefits of referral were not observed for non-Hispanic 
White patients and, indeed, pre-/post-increases in mean 
HbA1c levels occurred in this group of patients.

2.	 Systolic blood pressure (BP). Contrary to prior research 
[14, 15], referral was not associated with relatively ben-
eficial impacts on systolic BP. In absolute terms, sig-
nificant and substantial pre-/post-increases in systolic 
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BP values occurred among both Hispanic/Latinx and 
non-Hispanic White patients.

3.	 Diastolic BP. Unexpectedly, but consistent with systolic 
BP, diastolic BP values increased pre/post for both His-
panic/Latinx and non-Hispanic White patients and sta-
tistically significantly increased in the sample overall. 
Relative to non-referred patients, referred non-Hispanic 
White patients saw, unexpectedly, consistent increases 
in diastolic BP values over time, while Hispanic/Latinx 
patients showed, in contrast and as expected, consistent 
benefits.

While our previous analyses did examine and adjust for 
systematic differences between referred and non-referred 
patients, they did not examine predictors of nor seek to 
quantify the impact of extent of participation in referred 
activities. We leverage updated data from 2018 to 2022 to 
do so here.

Methods

Detailed information on study and intervention design, par-
ticipant eligibility, data collection, data de-identification, 
data handling, and core measures used are available in 
our prior publications [2, 13]. Briefly, primary care clin-
ics referred adult residents of our focus communities who 
showed above-normal-range HbA1c, BP, or BMI values to 
the Healthy Here WRC. In turn, the WRC acted as a cen-
tral hub to match referred patients to incentivized health 
promotion programs provided by community-based organi-
zations. Electronic health record data, including data from 
non-referred comparators, from one primary referring health 
system were then matched with WRC referral data and de-
identified for analysis by the referring health system. As this 
analysis focuses on participation in referred activities, it does 
not include non-referred comparators.

Measures

As in our prior work, we relied on systematic pharmacist 
review of prescribed medications to code for both adverse 
and beneficial impacts on BP and HbA1c. In this follow-
up analysis, demographic determinations continued to be 
limited by electronic health record availability: gender was 
limited to two categories, race to seven mutually exclusive 
categories, and ethnicity to Hispanic vs. non-Hispanic, pre-
cluding detailed examination of within-group heterogene-
ity by ethnicity. Also, as in our previous work, pre-/post-
outcome comparisons were made between the last available 
measure preceding or coinciding with initial referral and the 
first available measure at least 180 days after initial referral.

Community-based organizations were incentivized to 
track and report participation data to the WRC. Patient par-
ticipation for each referred activity was designated by the 
WRC as “full,” “partial,” or some other designation indicat-
ing participation had not yet occurred. In order of frequency, 
non-participant designations included “dropped,” “referred,” 
“declined,” “registered,” “event cancelled,” and “wait list.” 
Although the WRC was actively working to connect patients 
in the “referred,” “registered,” “event canceled,” and “wait 
list” categories to programs, they were categorized as non-
participants for the purposes of this analysis. Since patients 
could be referred to multiple activities over multiple time 
points, a patient was designated as a “full participant” if they 
had completed any program within 180 days of initial refer-
ral. A patient was designated as a “partial participant” if they 
participated in a community-based program within 180 days 
of initial referral but did not complete any program within 
180 days of initial referral. A patient was categorized as a 
“non-participant” if they did not fully or partially participate 
in any referred activity within 180 days of initial referral.

In practice, patient participation completion rates varied 
widely by referral type with some types of activities having 
systematically more wait listing, cancellations, and patients 
dropping out than others. In order to include adjustments 
in analysis for such variability, we calculated two systemic 
participation rates reflecting a priori probabilities of full and 
partial patient participation, given aggregate referral-system-
wide participation rates in referred patient activity types, 
for inclusion at the patient level in our analysis. Specifi-
cally, for patient i referred to j activities each with system-
wide full participation probability pfk and non-participation 
probability pnk, patient-level full participation probability(i) 
= 100 ∗ (1 −
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) . For 
example, for a patient referred to two activities, the first 
of which was a type of activity having a system-wide full 
completion rate of 4% and a system-wide non-comple-
tion rate of 88% and the second of which had a system-
wide full completion rate of 9% and a system-wide non-
completion rate of 80%, the patient’s full participation 
probability based on overall completion rates would be 
100*(1 − 0.96*0.91) = 12.64% and the patient’s partial par-
ticipation probability would be 100*(0.96*0.91 − 0.88*0.8
0) = 16.96%. Arithmetically, for other factors held constant, 
both full and partial systemic participation rates are guar-
anteed non-decreasing as the number of referred activities 
increases. Statistically, both full and partial systemic par-
ticipation rates are patient-level measures incorporating 
aggregated rates of documented program participation by 
activity type.
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Data Analysis

Data analysis was conducted within a research center not 
delivering the intervention or collecting related data. Per 
data use agreements, analytic results involving fewer than 
20 participants are not reported publicly. Descriptive statis-
tics consistent with measurement type of clinical and demo-
graphic characteristics were compared across patient-level 
participation categories using one-way ANOVAs for con-
tinuous measures and chi-square tests of independence for 
categorical variables. Effect sizes for analyses of observed 
differences across categories were chosen to admit com-
mon conventional effect size threshold interpretations of 
0.1 “small,” 0.3 “medium,” and 0.5 “large.”

Notably, since participants could be initially referred from 
clinics outside of the core health system partner that shared 
clinical data for analysis, baseline clinical measures were 
not available for all referred participants meeting eligibility 
criteria. In order to incorporate systemic participation rates, 
then, into at least one model for participation probability 
available for all participants, two sequential multinomial 
logistic regression models of participation were calculated, 
one including only core demographic, study quarter, and sys-
temic participation rates, and a further model adding base-
line clinical- and medication-related measures. Consistent 
with classic recommendations from the literature [16, 17], 
inverse probability weights were calculated based on these 
two models to allow for weighted balance across participa-
tion groups on baseline characteristics, reducing confound-
ing and enhancing accuracy of estimates of comparative 
impacts of participation on outcomes.

Effect sizes for the extent of observed weighted and 
unweighted pre-/post-differences were calculated using 
Cohen’s dz with the conventional effect size thresholds of 
0.2 “small,” 0.5 “medium,” and 0.8 “large,” and weighted 
and unweighted linear regression models were fit to calcu-
late main, simple, and interaction effects of participation 
and race and ethnicity on patient-level pre-/post-outcome 
differences. Consistent with our approach, statistical signifi-
cance involving comparative impacts of participation was 
only considered using weighted models. Post hoc Wald tests 
were used for joint tests of significance of regression model 
coefficients, and, per convention, α = 0.05 was the threshold 
for statistical significance. Stata 17 was used for all statisti-
cal analyses [18].

Results

A total of 1331 patients met study inclusion criteria of resid-
ing in communities of interest, showing elevated clinical 
values in at least one focal indicator between January 2018 

and September 2022, and having been referred to the WRC 
between January 2019 and September 2022. These patients 
were referred to a recorded total of 4636 activities with 
“Healthier Eating Education” (1440 instances) and “Physical 
Activity Opportunity” (1266 instances) being the most com-
mon referral types, together comprising a majority (58%) of 
referrals. At the activity level, completion rates within 180 
days of initial referral were variable, with healthier eating 
education referrals being partially completed in 10% of cases 
(n = 144) and fully completed in 8% of cases (n = 108) and 
physical activity opportunity referrals being partially com-
pleted in 6% of cases (n = 76) and fully completed in 4% 
of cases (n = 50). Overall, 299 referred activities (6%) were 
recorded as partially completed and 199 referred activities 
(4%) were recorded as fully completed within 180 days of 
initial referral.

As shown in Table 1, at the patient level, about three-
quarters of patients (1009/1331 = 76%) were non-partici-
pants with the remaining approximate quarter split roughly 
equally between partial participants (165/1331 = 12%) and 
full participants (157/1331 = 12%). Statistically significant 
predictors of participation shown in Tables 1 and 2 included 
age, systemic probability of full participation, and baseline 
HbA1c levels; younger patients, patients with higher base-
line HbA1c, and patients having, a priori, lower systemic 
full participation probabilities had lower probabilities of full 
participation. Not shown in the table, participation rates also 
varied statistically significantly across the 15 study quarters 
from 2019 to 2022 (χ2(28) = 154.73, p < 0.001, V = 0.24), 
exceeding 40% in the second quarter of 2019 as well as the 
second and third quarters of 2020 and dropping below 5% 
by the fourth quarter of 2021. After weighting, differences 
across groups on all analyzed predictors of participation 
were statistically non-significant, and only non-Hispanic 
White and Hispanic/Latinx subgroups achieved subsam-
ple sizes exceeding 20 across all participation categories 
(Table 1).

Table 3 illustrates variability in pre-/post-changes in 
HbA1c and BP outcomes across participation and race 
and ethnicity categories. In this table, both weighted and 
unweighted estimates are presented, with weights used to 
statistically adjust for baseline differences across partici-
pation categories on predictors of documented program 
participation such as systemic participation probabilities. 
We unpack these results over the next two paragraphs, first 
focusing on HbA1c levels and then focusing on blood pres-
sure outcomes, referencing corresponding statistics paren-
thetically in the text.

Pre-/post-changes in HbA1c levels varied statistically 
significantly across participation and race and ethnicity 
categories. Although HbA1c was not observed to change 
significantly in the overall sample in any participation cat-
egory, aggregate means masked substantial heterogeneity 
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in impacts of participation by race and ethnicity. Non-
Hispanic White patients who did not participate in any 
referred activities saw statistically significant increases 
in HbA1c (M = 6.92, SD = 1.81 to M = 7.30, SD = 2.32, 
t(71) = 2.43, p = 0.02 (unweighted); M = 6.87, SD = 1.71 
to M = 7.23, SD = 2.20, t(71) = 2.40, p = 0.02 (weighted)), 
while their Hispanic/Latinx non-participant counterparts 
saw statistically significant decreases in HbA1c (M = 7.40, 
SD = 2.33 to M = 7.10, SD = 2.07, t(379) = 3.34, p < 0.001 
(unweighted); M = 7.27, SD = 2.19 to M = 7.03, SD = 1.97, 
t(379) = 3.11, p = 0.002 (weighted)). This observed dif-
ference in impact on HbA1c by race and ethnicity within 
documented non-participants was statistically significant 
in both unweighted (t(683) = 3.40, p < 0.001) and weighted 
analyses (t(683) = 3.55, p < 0.001), and, further, the interac-
tion term between non-participation vs. partial participation 

and Hispanic/Latinx vs. non-Hispanic White race and eth-
nicity was also statistically significant in weighted analysis 
(t(683) = 2.18, p = 0.03). Essentially, levels of documented 
program participation were observed to impact Hispanic/
Latinx patients and non-Hispanic White patients differ-
ently, with non-Hispanic White patients experiencing wors-
ening HbA1c in the absence of program participation and 
Hispanic/Latinx patients having improved HbA1c overall, 
with no significant added benefit with documented program 
participation.

Heterogeneity in participation impacts was also noted 
for blood pressure outcomes. For systolic BP, non-partic-
ipants saw significantly worsening pre-/post-values across 
and within race and ethnicity categories (e.g., overall sam-
ple: M = 127.84, SD = 16.28 to M = 130.41, SD = 17.09, 
t(966) = 4.66, p < 0.001 (unweighted)), and, again, a 

Table 1   Baseline demographic and clinical characteristics and unweighted and weighteda differences across referred study participants by par-
ticipation status (N = 1331)

AIAN American Indian or Alaska Native; HbA1c hemoglobin A1C, a diabetes indicator; BP blood pressure; V Cramér’s V, a measure of associa-
tion; r = √(R2), a measure of association
a Weighted by propensity to participate (see Table 2)
b Includes a total of 41 non-Hispanic Black, 30 non-Hispanic AIAN, and all others: 12 Asian or Pacific Islander, 4 designated “multi-racial,” 13 
designated “other,” and 24 unknown
c Blank cells due to frequency < 20
d Within-column percentages may add to more than 100 since participants can be prescribed multiple medications
* p < .05, **p < .01, and ***p < .001 for statistical significance of observed differences across groups

Characteristic (sample size) Non-participant (n = 1009) Partial partici-
pant (n = 165)

Full participant (n = 157) Extent of 
differences

Extent of 
differences 
(weighted)

Baseline demographic M (SD) M (SD) M (SD) r r
Age in years (N = 1331) 53.09 (15.91) 55.60 (15.53) 59.31 (13.32) 0.13*** 0.08
Gender (N = 1331) n (%) n (%) n (%) V V
  Female 686 (68) 122 (74) 115 (73) 0.05 0.05
  Male 323 (32) 43 (26) 42 (27) 0.05 0.05

Race and ethnicityb (N = 1331)
  Hispanic/Latinx 737 (73) 112 (68) 110 (70) 0.04 0.06
  Non-Hispanic White 180 (18) 37 (22) 31 (20) 0.04 0.03
  Non-Hispanic Black 29 (3) c c 0.03 0.05
  Non-Hispanic AIAN 26 (3) c c 0.04 0.08
  All others 37 (4) c c 0.04 0.02

Baseline clinical M (SD) M (SD) M (SD) r r
HbA1c (N = 1145) 7.10 (2.23) 6.59 (1.52) 6.69 (1.52) 0.10** 0.06
Body mass index (N = 1229) 34.67 (8.38) 33.80 (7.68) 32.91 (8.19) 0.07* 0.08
Systolic BP (N = 1328) 127.34 (15.70) 130.17 (16.28) 127.22 (17.56) 0.06 0.09
Diastolic BP (N = 1328) 76.27 (10.55) 76.26 (10.15) 75.20 (10.96) 0.03 0.05
Prescribed meds treatingd n (%) n (%) n (%) V V
   Diabetes (N = 1146) 351 (40) 56 (40) 56 (42) 0.01 0.07
   Blood pressure (N = 1329) 525 (52) 97 (59) 105 (67) 0.10** 0.07
Prescribed meds with side effects ond

  Diabetes (N = 1146) 542 (62) 98 (71) 93 (70) 0.07* 0.04
  Blood pressure (N = 1329) 700 (70) 120 (73) 126 (80) 0.08* 0.09
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statistically significant contrast in the impact of non-par-
ticipation vs. partial participation was observed by race and 
ethnicity (t(958) = 2.11, p = 0.04 for the interaction term) 
with a statistically significant difference between the impacts 
of non-participation v. partial participation only observed 
among non-Hispanic Whites (t(958) = 2.27, p = 0.03; Mdiff 
(SE) 4.87 (2.26) vs. − 4.84 (3.67)). For diastolic BP, non-
Hispanic White partial participants saw, on average, sta-
tistically significant pre-/post-improvements in weighted 
analyses (M = 76.44, SD = 9.34 to M = 71.19, SD = 9.89, 
t(32) = 2.26, p = 0.03). Again, for diastolic BP, a statisti-
cally significant contrast in the impact of non-participation 
vs. partial participation was observed by race and ethnic-
ity (t(958) = 2.96, p = 0.003 for the interaction term) with 
a statistically significant difference between the impacts 
of non-participation v. partial participation only observed 
among non-Hispanic Whites (t(958) = 2.74, p = 0.01; Mdiff 
(SE) 2.01 (1.31) vs. − 5.26 (2.33)). Further, within partial 
participants, non-Hispanic White patients saw significantly 
better impacts on diastolic BP than Hispanic/Latinx patients 
in both unweighted (t(958) = 2.23, p = 0.03; Mdiff (SE) − 3.12 
(2.33) vs. 2.40 (1.33)) and weighted analyses (t(958) = 2.64, 
p = 0.01; Mdiff (SE) − 5.26 (2.33) vs. 2.03 (1.51)). As with 
HbA1c levels, levels of documented program participation 
were observed to impact Hispanic/Latinx and non-Hispanic 
White blood pressure outcomes differently; only non-His-
panic White patients showed any significant relative benefit 
from any documented program participation.

Discussion

These results further our understanding of the comparative 
impacts of patient engagement with a centralized community-
clinical linkage program, highlighting the interacting roles 
of levels of participation and race and ethnicity in explaining 
mixed impacts of program referral. For non-Hispanic White 
patients, documented partial participation in referred program 
activities was observed to be a particularly salient predictor 
of benefit with statistically significant contrasts between non-
participation and partial participation noted for blood pressure 
outcomes. Non-participants showed statistically significant 
increases in both HbA1c and systolic BP, whereas partial par-
ticipants showed statistically significant decreases in diastolic 
BP. Documented participation, in contrast, was not observed to 
be an important predictor of changes in outcomes for Hispanic/
Latinx patients. Indeed, for Hispanic/Latinx patients, statisti-
cally significant pre-/post-referral HbA1c impacts were noted 
even among non-participants.

While these results do expand discernment of conditional 
process pathways to community-clinical linkage interven-
tion outcomes, the observed heterogeneity of participation 
impact by race and ethnicity was unanticipated. That WRC 
referral, even in the absence of documented participation, led 
to improved health outcomes for Hispanic/Latinx patients is 
consistent with theory regarding the importance of injunc-
tive norms, often operationalized with Hispanic/Latinx pop-
ulations by measuring perceived normative attitudes arising 

Table 2   Model-baseda predictors of study participation, 2019–2022

a Multinomial logistic regression models with non-participation as the base outcome category
b For brevity, regression coefficients and standard errors displayed only for selected characteristics. Both models also included a Hispanic/Latinx 
vs. non-Hispanic, non-White contrast, and quarterly time shocks as undisplayed control variables. Model 2 also included indicator variables for 
prescription of outcome-impacting medications at baseline
* p < .05, **p < .01, and ***p < .001 for statistical significance of regression coefficient

Model 1 (N = 1331) Model 2 (N = 1057)

Selected characteristicb (contrast vs.  
reference category)

Partial Full Partial Full

B (SE) B (SE) B (SE) B (SE)

Systemic participation rate
  Partial participation probability 0.01 (0.03)  − 0.07 (0.03)* 0.04 (0.04)  − 0.05 (0.04)
  Full participation probability 0.08 (0.03)** 0.16 (0.03)*** 0.05 (0.03) 0.14 (0.04)***

Gender (male vs. female)  − 0.17 (0.20)  − 0.01 (0.21)  − 0.17 (0.24)  − 0.14 (0.25)
Age at first referral 0.01 (0.01) 0.03 (0.01)*** 0.01 (0.01) 0.03 (0.01)***
Race and ethnicity (non-Hispanic White  

vs. Hispanic/Latinx)
0.51 (0.23)* 0.33 (0.25) 0.40 (0.27) 0.30 (0.29)

Baseline clinical values
  HbA1c  − 0.23 (0.08)**  − 0.16 (0.08)*
  Body mass index  − 0.02 (0.01)  − 0.02 (0.02)
  Systolic blood pressure 0.02 (0.01)*  − 0.01 (0.01)
  Diastolic blood pressure 0.00 (0.01) 0.01 (0.01)
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Table 3   Pre-/posta−study outcomes and predictors of pre-/post-difference by participation statuses and for selected race/ethnicity groups, 2018–2022

Note: statistical significance of predictors of pre-/post-differences in outcomes indicated through typographic emphasis. Italicized values reflect significant non-His-
panic White vs. Hispanic/Latinx pairwise contrasts or, for weighted estimates only, significant pairwise participation contrasts. Within weighted estimates, bolded 
values reflect statistically significant pairwise interactions
a Pre-referral measure is at the last available time point prior to initial referral; post-referral measure is at the first available time point after 180 days after initial 
referral
b Weighted by propensity to participate, see Table 2. Note that, arithmetically, weighted means across participation categories reflect approximately equal weighted 
subsample sizes
c Cohen’s d, a measure of association, for extent of pre-/post-difference
* p < .05, **p < .01, and ***p < .001 for statistical significance of observed pre-/post-difference

Hemoglobin A1c
Unweighted estimates Weighted estimatesb

Pre Post Pre Post
Sample subgroup n M (SD) M (SD) dc M (SD) M (SD) dc

Overall 692 7.18 (2.09) 7.09 (2.05) 0.06 7.05 (1.79) 6.98 (1.71) 0.06
Non-participant 487 7.35 (2.28) 7.21 (2.19) 0.08 7.24 (2.16) 7.13 (2.08) 0.07
Partial participant 93 6.72 (1.38) 6.85 (1.51) 0.10 6.93 (1.58) 6.91 (1.41) 0.02
Full participant 112 6.83 (1.57) 6.75 (1.72) 0.07 6.97 (1.52) 6.88 (1.52) 0.09
Hispanic/Latinx 521 7.22 (2.15) 7.00 (1.92) 0.14** 7.05 (1.80) 6.94 (1.58) 0.08
Non-participant 380 7.40 (2.33) 7.10 (2.07) 0.17*** 7.27 (2.19) 7.03 (1.97) 0.15**
Partial participant 61 6.62 (1.33) 6.85 (1.55) 0.19 6.86 (1.55) 6.97 (1.42) 0.08
Full participant 80 6.86 (1.59) 6.62 (1.28) 0.23* 6.98 (1.54) 6.82 (1.22) 0.17
Non-Hispanic White 117 6.88 (1.67) 7.14 (2.18) 0.20* 6.96 (1.59) 6.96 (1.91) 0.00
Non-participant 72 6.92 (1.81) 7.30 (2.32) 0.29* 6.87 (1.71) 7.23 (2.20) 0.28*
Partial participant 24 6.90 (1.46) 6.78 (1.41) 0.11 7.09 (1.70) 6.68 (1.38) 0.28
Full participant 21 6.70 (1.42) 6.99 (2.42) 0.21 6.90 (1.36) 7.02 (2.16) 0.09

Systolic blood pressure
Unweighted estimates Weighted estimatesb

Pre Post Pre Post
Sample subgroup n M (SD) M (SD) dc M (SD) M (SD) dc

Overall 967 127.84 (16.28) 130.41 (17.09) 0.15*** 126.97 (16.01) 128.89 (16.25) 0.12*
Non-participant 683 127.63 (16.13) 130.68 (17.14) 0.18*** 127.74 (15.98) 130.71 (16.96) 0.17***
Partial participant 140 129.20 (15.90) 130.70 (17.38) 0.08 126.53 (16.33) 127.34 (16.78) 0.05
Full participant 144 127.47 (17.37) 128.85 (16.60) 0.09 126.61 (15.76) 128.60 (14.71) 0.14
Hispanic/Latinx 717 127.82 (16.20) 130.14 (16.99) 0.14*** 126.44 (15.66) 128.89 (15.72) 0.16**
Non-participant 519 127.89 (16.31) 130.45 (17.28) 0.16*** 128.02 (16.13) 130.44 (16.99) 0.15**
Partial participant 95 128.79 (15.16) 131.36 (16.51) 0.16 124.96 (15.51) 127.73 (15.67) 0.18
Full participant 103 126.57 (16.64) 127.44 (15.78) 0.05 126.34 (15.32) 128.49 (14.38) 0.15
Non-Hispanic White 168 126.45 (16.15) 129.69 (17.01) 0.16* 126.87 (15.81) 127.37 (16.48) 0.03
Non-participant 108 126.00 (16.15) 130.60 (16.96) 0.21* 125.89 (16.11) 130.76 (17.11) 0.22*
Partial participant 33 128.95 (15.19) 126.58 (16.78) 0.12 129.46 (15.41) 124.62 (16.91) 0.25
Full participant 27 125.19 (17.56) 129.87 (17.70) 0.39 124.62 (16.02) 127.10 (14.92) 0.20

Diastolic blood pressure
Unweighted estimates Weighted estimatesb

Pre Post Pre Post
Sample subgroup n M (SD) M (SD) dc M (SD) M (SD) dc

Overall 967 75.54 (10.39) 76.37 (11.69) 0.07* 75.14 (10.77) 75.92 (11.26) 0.07
Non-participant 683 75.74 (10.39) 76.50 (11.92) 0.06 75.74 (10.53) 76.28 (11.57) 0.05
Partial participant 140 75.31 (9.94) 76.70 (11.58) 0.10 74.61 (10.15) 75.08 (10.74) 0.04
Full participant 144 74.82 (10.80) 75.44 (10.67) 0.05 75.07 (11.68) 76.45 (11.49) 0.13
Hispanic/Latinx 717 75.51 (10.35) 76.13 (11.43) 0.05 74.79 (10.85) 76.01 (11.25) 0.11
Non-participant 519 75.82 (10.33) 76.17 (11.58) 0.03 75.76 (10.53) 75.87 (11.28) 0.01
Partial participant 95 74.98 (9.93) 77.38 (11.35) 0.18 73.66 (9.80) 75.69 (10.62) 0.16
Full participant 103 74.43 (10.85) 74.81 (10.68) 0.03 74.97 (12.12) 76.49 (11.91) 0.15
Non-Hispanic White 168 75.03 (10.29) 76.17 (12.22) 0.09 75.57 (9.57) 74.82 (10.96) 0.06
Non-participant 108 74.96 (10.80) 76.99 (13.03) 0.15 75.07 (10.81) 77.08 (12.60) 0.15
Partial participant 33 75.29 (9.50) 72.17 (10.79) 0.23 76.44 (9.34) 71.19 (9.89) 0.41*
Full participant 27 74.96 (9.47) 77.80 (9.55) 0.28 75.02 (8.52) 76.97 (9.18) 0.20
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from family and friends [19, 20]. There is also some general, 
albeit somewhat dated, theory-based evidence that social 
norms are particularly important for prompting behavioral 
intention as a pathway to behavior change for patients at 
risk for diabetes [21] and less important for patients with 
hypertension [22]. However, such theory does not explain 
the worsening of outcomes in the absence of documented 
participation for non-Hispanic Whites referred to the WRC. 
This finding is particularly noteworthy in the face of robust 
and long-standing evidence [23, 24] that doctors are, over-
all, but with heterogenous nuance [25–27], more trusted as 
messengers of health information, and therefore more likely 
to enhance normative pressure, for non-Hispanic White 
patients than for Hispanic/Latinx patients.

However, more recent theory does provide some pos-
sible insights into the relative importance of intervention 
participation for non-Hispanic White patients. The behav-
ior change wheel of the COM-B model for behavior change 
posits that the interlinked domains of capability, opportunity, 
and motivation shape behavior [28]. In COM-B, opportunity 
is contextual, situated outside the individual, and has both 
physical and social facets. It is consistent with COM-B that 
the WRC’s efforts to increase the physical facet of opportu-
nity for healthy eating and physical activity led to positive 
impacts for non-Hispanic White patients. It is also possible 
that persistent gaps in the social facet of opportunity for His-
panic/Latinx patients, mirrored in abiding income inequality 
and reflective of structural racism and patterns of institu-
tional exclusion, interacted to blunt the beneficial impacts of 
increasing opportunities for these individuals [11]. Although 
community health workers (CHWs) were partners in devel-
oping and implementing the centralized referral system, 
the increased opportunities provided by the system, despite 
efforts, may, in the end, have been less responsive to cultural 
and social needs among Latinx patients than those provided 
by alternate and more established models such as individual-
ized referral systems that directly utilize CHWs or promo-
toras to connect patients with community-based programs 
[29]. We suggest future programs seeking to increase physi-
cal access to opportunities as a mechanism to improve health 
behavior engage in rapid cycle quality improvement strate-
gies to monitor and address possible heterogenous impacts 
with marginalized groups, perhaps leveraging social condi-
tions to level realized advantages.

Regarding contextual factors, our data analysis, while 
limited, does point to the importance of structural factors 
beyond the individual, such as systemic participation rates 
and exogenous time trends, in shaping, at the least, interven-
tion participation probability. Although intervention partici-
pation probability was not observed to vary meaningfully 
between non-Hispanic White and Hispanic/Latinx patients, 
intervention participation probability did vary markedly 
over time, dropping to its lowest level in later 2021, post the 

occurrence of COVID-19 related challenges to both ade-
quate staffing and focused prioritization of chronic condi-
tions amidst acute distress we observed in previous work [2]. 
Moreover, while we observe that heterogeneity in impacts 
and levels of social challenges between groups may be one 
mechanism for explaining heterogeneity in our results, we 
lack direct measures of these impacts at the individual level 
for participants. Additionally, as always, race and ethnicity, 
the measures that were available to us, are poor and coarse 
markers of differential individual-level exposure to the 
impacts of structural racism [30].

Limitations and Future Research

As a planned evaluation of administrative data, this analy-
sis has limitations. Over three-quarters of patients had not 
participated in any referred programs within 180 days of 
initial referral, limiting statistical power to detect differen-
tial impacts of full vs. partial participation and rendering 
infeasible efforts to further disaggregate our analysis of par-
ticipant impacts (e.g., by referral type or program type or 
ZIP code). Relatedly, our limited measure of participation 
is not a direct measure of actual health behavior. Patients 
may have engaged in health-impacting behaviors beyond 
documented participation in referred programs. Indeed, 
results suggest that Hispanic/Latinx patients, in particular, 
may have engaged in positive health promoting behaviors, 
improving mean HbA1c, in lieu of documented formal pro-
gram participation upon referral. While beyond the scope of 
this effort, greater understanding of health behaviors adopted 
upon program referral could be important for supporting 
generalizable and culturally inherent efforts to improve 
chronic disease outcomes, especially for diabetes, among 
Hispanic/Latinx patients.

Additionally, despite the WRC’s efforts to incentivize 
community-based programs to record and report participant 
attendance, there may also have been misclassification of 
participation due to inconsistent reporting. Further, detailed 
measures of systematically different clinical experiences 
and profiles of patients that may affect outcomes, such as 
cultural humility and competency of care providers [31], 
over- and under-treatment of chronic disease [32], and lev-
els of insulin resistance, as a measure of diabetes history, 
were not available for this analysis. Our lack of measures 
on issues such as access to health information, possible 
COVID-related hesitancy to participate in in-person group 
activities, and patient-provider communication patterns at 
referral precluded adequate consideration of such issues as 
alternate explanations for observed results. Future research 
that includes a larger sample of program participants, inves-
tigates health behavior changes following referral but outside 
structured programming, incorporates measures of discrimi-
nation, and includes patient clinical profiles and experiences 
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beyond chronic disease indicators and prescribed medica-
tions could further elucidate differential effects of referral to 
chronic disease prevention and self-management programs 
by race and ethnicity.

Conclusion

Participation in a centralized referral system that links 
patients with community-based chronic disease self-man-
agement and prevention programs has differential impacts 
on health outcomes for individuals with different racial and 
ethnic identities. Referred non-Hispanic White individuals 
experienced improved outcomes with documented participa-
tion in programming and worsened outcomes with no par-
ticipation. In contrast, Hispanic/Latinx patients experienced 
significant improvement in HbA1c from referral, but did not 
experience any added benefit from participation. Results 
of this study support use of a centralized referral system 
and the promise of implementing culturally appropriate, 
evidence-based programming in community settings, while 
pointing to the need for more comprehensive measurement 
and evaluation to better understand heterogeneous impacts 
by race and ethnicity such as those observed in this study. 
Further, our theory-informed discussion of our mixed results 
contributes to an evidence base on the need for culturally 
responsive equitable interventions that extend beyond self-
management foci, empowering patients while also directly 
linking to enhanced structural opportunities.
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