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Abstract

Context: Cardiovascular disease in the U.S. accounted for healthcare cost and productivity losses
of $330 billion in 2013-2014 while diabetes accounted for $327 billion in 2017. The impact is
disproportionate on minority and low-SES populations. This paper examines the available
evidence on cost, economic benefit, and cost effectiveness of interventions that engage community
health workers to: prevent cardiovascular disease, prevent type 2 diabetes, and manage type 2
diabetes.

Evidence acquisition: Literature from the inception of databases to August 2016 were
searched for studies with economic information, yielding nine studies in cardiovascular disease
prevention, seven studies in type 2 diabetes prevention, and 13 studies in type 2 diabetes
management. Analyses were done in 2017. Monetary values are reported in 2016 U.S dollars.

Evidence synthesis: The median intervention cost per patient per year was $329 for
cardiovascular disease prevention, $600 for type 2 diabetes prevention, and $571 for type 2
diabetes management. The median change in healthcare cost per patient per year was —$82 for
cardiovascular disease prevention, and —$72 for type 2 diabetes management. For type 2 diabetes
prevention, one study saw no change and another reported —$1,242 for healthcare cost. One study
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reported a favorable 1.8 return on investment from engaging community health workers for
cardiovascular disease prevention. Median cost per quality-adjusted life year gained was $17,670
for cardiovascular disease prevention, $17,138 (mean) for type 2 diabetes prevention, and $35,837
for type 2 diabetes management.

Conclusions: Interventions engaging community health workers are cost effective for
cardiovascular disease prevention and type 2 diabetes management, based on a conservative
$50,000 benchmark for cost per quality-adjusted life year gained. Two cost per quality-adjusted
life year estimates for type 2 diabetes prevention were far below the $50,000 benchmark.

CONTEXT

Cardiovascular disease (CVD)-related cost of treatment and loss of productivity in the U.S.
reached $330 billion in 2013-2014, accounting for approximately 14% of U.S. healthcare
expenditures in that year. Diabetes-related treatment cost and productivity loss in the U.S.
was $327 billion in 20172 constituting 14% of healthcare dollars spent in that year, and is
expected to grow into the near future as more undiagnosed diabetes patients are diagnosed
and treated, and some of the estimated 84 million people with prediabetes progress to type 2
diabetes mellitus (T2DM).3

Risk factors for CVD, such as hypertension and hyperlipidemia, are more prevalent within
Hispanic, African American, and other minority populations compared with the general
population,* as is the prevalence of risk factors for T2DM, such as smoking, obesity,
physical inactivity, and poor diet.> Among those living with T2DM, the relative burden is
greatest among American Indian/Alaska Natives, followed by those of Hispanic ethnicity,
and Asians due to higher prevalence, underdiagnosis, and barriers to health care.3
Interventions engaging community health workers (CHWS) have been proposed as one
strategy to address these disparities in health status and access to care in the U.S., based on
the growing evidence of their effectiveness in improving the quality of care and individual
health outcomes.5:

Three previous systematic reviews from the Community Guide established that interventions
engaging CHWs are effective in: (1) preventing CVD,8 (2) preventing progression to T2DM,
9 and (3) improving management of and reducing complications from T2DM.10 The
objective of the present paper is to report on the methods, results, and conclusions from the
systematic economic reviews of the literature evaluating the cost, economic benefit, cost
benefit, and cost effectiveness of these interventions.

Interventions engaging CHWs are delivered in group or individual sessions, or some
combined format within community organizations, health systems, or homes. CHWs may
work alone or as part of a team of counselors, clinicians, or other health professionals.
Interventions engaging CHW:s for CVD prevention screen for and educate patients about
high blood pressure, high cholesterol, and behavioral risk factors for CVD, such as physical
inactivity and smoking. Support is provided for medication adherence and health behavior
changes.8 Interventions engaging CHWs to prevent T2DM aim to reduce one or more risk
factors primarily through improvements in diet, physical activity, and weight management.
Activities may include education about T2DM prevention and lifestyle modification, or
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informal counseling and coaching.® Interventions engaging CHWs for T2DM management
aim to improve T2DM care and self-management behaviors among people living with
T2DM, through education, coaching, or social support; interventions aim to improve T2DM
testing and monitoring, medication adherence, diet, physical activity, or weight
management.10

EVIDENCE ACQUISITION

Concepts and Methods

Intervention

This study was conducted using established methods for systematic economic reviews,
available online at The Guide to Community Preventive Services (The Community Guide),!
at the Centers for Disease Control and Prevention. The review team (team) worked under the
guidance of the Community Preventive Services Task Force, an independent, nonfederal
panel of public health and prevention experts that provides evidence-based findings and
recommendations about community preventive services, programs, and other interventions
aimed at improving population health. The team included subject matter experts on CHW
interventions, CVD, and T2DM from various agencies, organizations, and academic
institutions, in addition to members of the Community Preventive Services Task Force and
experts in systematic economic reviews from the Community Guide branch at the Centers
for Disease Control and Prevention.

A societal perspective was taken for the three reviews, which means costs and economic
benefits are aggregated regardless of who pays for, or benefits from the intervention. The
following research questions were posed for each of the three interventions: What is the cost
to implement the intervention? What is the effect of the intervention on healthcare cost?
What is the effect of the intervention on productivity of patients at their workplaces? What is
the net economic benefit of the intervention? What is the cost effectiveness of the
intervention?

The published literature was searched for evaluation studies that answered one or more of
the economic research questions for the three interventions engaging CHWs. Criteria for an
economic study to be included as evidence were: met the scope of the intervention, matching
what was described previously; conducted in a high-income country as defined by the World
Bank; written in English; and included one or more economic outcomes described in the
research questions. Studies of patients with established C\VVD were excluded in all three
reviews and those with established T2DM were excluded from the prevention of T2DM
review. Concepts and methods for the accurate measurement of intervention cost, expected
benefits from averted healthcare cost and improved productivity, total cost, net benefit, and
cost per quality-adjusted life year (QALY) gained were developed and described in detail
below.

cost.

Implementation of CHW interventions requires labor and materials, where the intervention
may be combined with additional interventions or may occur within a team-based
organization of care. Team-based care (TBC) is an organizational intervention in which
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primary care providers and patients work together with other providers to improve the
efficiency of care delivery and self-management support for patients. The drivers of
intervention cost are CHW wages and benefits and the cost of CHW training and
supervision. Other costs include costs of education materials, patient testing supplies, and
overhead. From the completeness of reporting in the included studies, estimates of
intervention cost were considered reasonable if they included CHW wages and cost to
supervise CHWSs, plus the cost of any additional intervention.

Healthcare cost.

Changes in healthcare resource use are expected due to the intervention, leading to change in
healthcare cost. The components of healthcare cost are outpatient visits, medications, labs,
emergency room visits, and inpatient stays. Effective interventions can lead to decreased use
of healthcare resources because of improved health, or increased appropriate use of
healthcare resources because of improved access, such as for underserved populations. The
net effect on healthcare cost is an empirical question and is also determined by the length of
time to the follow-up measurement. The components that are drivers of healthcare cost are
medication, inpatient, outpatient, and emergency room visits. From the completeness of
reporting in the included studies, estimates of healthcare cost were considered reasonable if
they included these cost drivers.

Total cost and cost effectiveness.

Total cost is defined as the cost of intervention plus the change in healthcare cost because of
the intervention, an estimator designed to capture possible healthcare cost savings from the
perspective of health systems.

Total cost = intervention cost + change in healthcare cost (1)

Effective interventions are expected to improve health and thereby reduce healthcare
utilization and associated cost in the longer term. Hence, the change in healthcare cost in (1)
is expected to be negative in the longer term, and total cost may also be negative as a result,
indicating overall cost saving.

Effective CHW interventions increase the quantity and quality of years lived by averting
CVD and T2DM morbidity and mortality. Cost-effectiveness analysis seeks estimates for
cost per QALY gained, where cost is the sum of intervention cost, change in healthcare cost,
and other societal costs. An intervention is considered cost effective if the cost per QALY
gained is less than a conservative benchmark of $50,000.12:13

For CHW interventions to prevent CVD, reductions in systolic blood pressure (SBP) when
reported, were converted to QALY's gained to assess cost effectiveness. Two conversions
from the published literature were used. Conversion (1) is from the Cardiff DiabForecaster
model,1* where a reduction of 1 mmHg of SBP=0.009 QALY gained per model cycle (year).
The simulated population in the study had T2DM, mean age 52.6 years, 50% female,
baseline SBP of 129.5 mmHg, and baseline HbAlc of 10.0%. QALY was calculated for
CVD and T2DM events based on utility scores from literature. Conversion (2) was drawn

Am J Prev Med. Author manuscript; available in PMC 2020 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jacob et al.

Productivity

Page 5

from a Markov model developed to evaluate control of blood pressure,1® where a reduction
of 1 mmHg of SBP=0.093 QALY gained over a lifetime (40 years). The simulated
population in the study had T2DM, mean age 56 years, 49% female, baseline SBP of 160
mmHg, and baseline HbAlc from 7.2% to 8.3%. QALY was estimated with a Markov model
for CVD events and utility scores from literature.

For CHW interventions for T2DM management, the conversion factor is drawn from the
CORE-Diabetes model,16 where 1 percentage point reduction in HbA1c=0.38 QALY gained
over 35 years. The simulated population in the study had T2DM, mean age 59 years, 51%
female, and baseline HbAlc from 7.0 to 9.5 for subgroups. QALY were calculated with a
Markov model simulating effects of reducing HbAl1c independent of other risk factors. No
conversions were performed for CHW interventions to prevent T2DM because the studies
did not report physiologic outcomes that could be converted to QALY gained.

Cost of intervention plus healthcare cost were cumulated over the same time horizon
specified in the conversion formulas: 20 years in Conversion (1) for SBP, 40 years in
Conversion (2) for SBP, and 35 years in the conversion for HbAlc. QALY were cumulated
over 20 years in converting SBP to QALY using Conversion (1). QALYSs are already
cumulated within the conversion formulas for SBP using Conversion (2) and within the
conversion formula for HbAlc. A discount rate of 3% was assumed.

in the workplace.

Interventions that reduce CVD and T2DM lead to higher productivity from workers who are
ill less or not absent from their jobs as often. These lead to better work performance and
increased working years.

Cost benefit.

Methods for

Cost-benefit assessments, whether expressed as net benefit or benefit-cost ratio, consider the
cost of the resources necessary to carry out the intervention against the expected monetized
benefits derived from reduction in healthcare cost, improved worksite productivity, and
increased years lived because of the intervention.

Organization and Analysis

Studies that included other interventions in addition to the CHW engagement were
identified. The inclusion of additional interventions has consequence for both intervention
cost and for interpretation of outcomes. Cost for the CHW intervention and the cost of the
additional intervention cannot be separated from the reported combined cost and the change
in healthcare cost and other outcomes cannot be interpreted as being the result of the CHW
intervention alone. The change in healthcare cost reported in studies also identifies whether
the estimate from each study is based on all causes, T2DM-related, or CVD-related causes
in order to clarify whether the outcome measured is commensurate with the defined
objective of intervention (i.e., prevent CVD, prevent T2DM, or manage T2DM). Finally, it
was identified for each study whether the measured outcomes were observed and recorded
during the conduct of the study or modeled.
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Economic results and conclusions are presented separately for each CHW intervention (i.e.,
CVD prevention, T2DM prevention, and T2DM management). All monetary values are in
2016 U.S. dollars, adjusted for inflation using the Consumer Price Index,1” and converted
from foreign currency denominations using purchasing power parities.18 All analyses were
conducted in 2017.

Search Strategy

The search covered publications listed in CINAHL, Cochrane, Google Scholar, National
Technical Information Service, PubMed, Sociological Abstracts, Social Science Research
Network, WorldCat, EconLit, and databases maintained at the Centre for Reviews and
Dissemination at the University of York. The search period was from the inception of
databases to August 2016. The detailed search strategy is available on The Community
Guide website.19 Reference lists of included studies were also searched, as were studies
identified by subject matter experts.

EVIDENCE SYNTHESIS

Results

A total of 14,435 papers were screened, yielding 29 studies in 33 papers29-52 for inclusion
(Figure 1). Nine studies20-22.29.31,34,36,39,40,52,53 provided economic evidence for
interventions engaging CHWSs for CVD prevention, seven studies3741-44.49.51 for
interventions to prevent T2DM, and 13 studies?23-28.30.32,33,35,38.45-48,50 for jnterventions to
manage T2DM (Table 1). Seven20-22:31,36,39,40.52 of nine studies in CVD prevention, one**
of seven studies in T2DM prevention, and 1123-28.35,3845-48,50 of 13 studies in T2DM
management were interventions implemented for minority or low-SES populations.
Six21:22,29,34,36,39,40.53 of nine studies for CVD prevention, five37:42-44.51 of seven studies
for T2DM prevention, and nine23:25-28.35.45-48,50 of 13 studies for T2DM management were
RCTs, with the remaining studies being either pre to post without comparison groups or
models. The comparison group in most studies received usual primary care. The average age
of study patients was 60 years in CVD prevention, 57 years in T2DM prevention, and 52
years in T2DM management. The additional intervention of TBC occurred in three20.21.34 of
nine studies of CVD prevention and six23:28.30.32,:33,38,45.48 f 13 studies of T2DM
management; no additional interventions occurred within the seven studies of T2DM
prevention. Note that multiple publications that covered the same population and
intervention are considered single studies, and they can be identified within Table 1 as those
studies with more than one citation.

Although several studies reported intervention cost and effects on healthcare cost, only one
study29:53 reported productivity effects (Table 1). Also, only one study3%49 performed a
return-on-investment (ROI; ROI=[(averted cost/intervention cost)-1.0]) analysis from the
perspective of a health plan. Ten studies?2-24.28,29,32,33,36,37,4547,49.53 modeled the
outcomes to cost per QALY gained. Converted cost per QALY gained estimates were
derived for the three studies?1:38. 46 that provided both change in SBP or change in HbAlc
and the total cost of the intervention. Details for individual studies and the estimates they
provided are in Appendix Tables 1-4 (available online).
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Estimates for intervention cost, healthcare cost, and total cost are shown in Table 2. The
median cost to implement the intervention was $329 per patient per year based on eight
studies?0-22:29,31,34,36,52,53 for interventions engaging CHWs for CVD prevention (median
293 patients), $600 per patient per year, based on seven studies3”:41-44.49.51 for those to
prevent T2DM (median 134 patients), and $571 per patient per year based on 13
studies?3-26:28,30,32,33,35,38,45-48,50 for jnterventions to manage T2DM (median 90 patients).
The substantial part of all three CHW interventions is made up of CHW wages, the cost of
CHW supervision, and any additional intervention, such as TBC. Most studies included the
wages of CHWs and the cost of any additional intervention in the estimates of intervention
cost, but many did not report adequately to determine whether supervision of CHWs was
included. Individual study details along with components of intervention cost included in the
estimate are presented in Appendix Table 1 (available online).

The median change in healthcare cost was a reduction of $82 per patient per year for CHW
interventions to prevent CVD, based on seven studies20-22:29.31,34.36.53 (Taple 2). Three
studies estimated the change in healthcare cost for CHW interventions to prevent T2DM:
one showing a decrease of $1,242 per patient per year,*3 the second showing no change,
37and the third did not report the estimated value but included the effect of the intervention
on healthcare cost in its model for cost per QALY gained.4® For CHW interventions to
manage T2DM, the median change in healthcare cost was a reduction of $72 per patient per
year, based on four studies.32:33:38:46:48 Among the studies that provided healthcare cost
estimates, five20.21,29.34.36,53 of the seven studies for CVD prevention included only CVD-
related healthcare spending in the estimation; all studies for T2DM prevention included “all-
causes” or CVD-related spending, and all studies for T2DM management included only
T2DM-related spending. Therefore, the estimates for change in healthcare cost in the three
reviews were appropriate for the objectives of the interventions, namely CVD prevention,
T2DM prevention, and T2DM management, respectively. Outpatient care and medication
were included in estimates for healthcare cost effects in most studies of CVD and T2DM
prevention, but was not included or not reported clearly in about half of the six estimates for
T2DM management. Inpatient stays and ER visits were included in estimates of change in
healthcare cost for most studies that reported the inclusion/exclusion of components. Details
about the studies and the estimates for change in healthcare cost related to the intervention
are shown in Appendix Table 2 (available online).

The median total cost for CHW interventions to prevent CVD was an increase of $310 per
patient per year based on seven studies20-22.29.31,34.36.53 (Tape 2). From the results of two
studies, the change in total cost for CHW interventions to prevent T2DM were a reduction of
$85643 and an increase of $60037 per patient per year, respectively. For CHW interventions
to manage T2DM, the median change in total cost was an increase of $1,454 per patient per
year based on four studies.32:33:38:46.48 \jost studies did not adequately report the
components to determine the completeness of the estimates for total cost. Details for
individual studies that contributed to the estimates are in Appendix Table 3 (available
online).

The study3940 that performed an ROI analysis from the health plan perspective of a large
urban service provider found that the savings in healthcare cost compared with the cost of
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intervention generated an ROI of 1.8. Although the perspective is not societal, this study
indicated that the engagement of CHWs for CVD prevention produced a favorable rate of
ROI in the short term.

Table 3 provides study by study time horizon, patient demographics, clinical outcomes,
incremental cost, incremental QALY, methods used to derive QALY's, and cost per QALY
gained. Individual study estimates are followed by mean and median summaries across the
studies. Estimates that were computed by the reviewers by converting SBP or HbAlc
reductions to QALY gained are identified as such, with the conversion formula provided.
Mean patient age was just under 60 years for CVD and T2DM prevention and just more than
50 years for T2DM management. Among patients in the CVD prevention interventions, the
percentage with T2DM ranged from a low of about 14% to 54%. Mean reduction in SBP in
the CVD prevention interventions was —5.7 mmHg from a baseline of about 142 mmHg, and
the mean reduction in HbAlc in the T2DM management interventions was 0.91 percentage
points from a baseline of 8.6.

The median cost per QALY gained for interventions engaging CHWSs for CVD prevention
was $17,670 (mean=$18,521), based on five estimates from four studies,21:22:29.36.53 gach of
which were below the benchmark. One study?! was a TBC intervention that engaged CHWSs.
The time horizon for the cost-effectiveness assessments varied widely, from 6-month within-
trial assessments to lifetime models covering 480 months. QALY's were estimated using
EuroQol-5D (EQ-5D) or modeled health states with utility scores drawn from standard or
literature-based scores. Of the two cost per QALY estimates that were computed by the
reviewers for one study,2! the estimate based on Conversion (2) may be more accurate given
the similarity in baseline SBP and HbA1c for this study population and the population for
which the conversion formula was drawn, SBP=160 mmHg and HbA1c=7.2 to 8.3.

Two3749 studies of CHW interventions to prevent T2DM reported cost per QALY gained at
$4,76749 and $29,509,3 respectively, both <$50,000 benchmark. Neither of these studies
had interventions in addition to the CHW engagement. QALY's were estimated based on
EQ-5D and standard utility scores3” and a Markov model for T2DM health states with
assumed utility weights.*°

The median cost per QALY gained for CHW interventions to manage T2DM was $35,837
(mean=$44,675), <$50,000 benchmark, based on ten estimates from seven studies.
23,24,28,32,33,38,45-47 One study?3 assessed cost effectiveness within the trial horizon of 24
months, whereas the others modeled out 240, 420, and 480 months. The studies estimated
QALY gained using established models from T2DM research and one?3 utilized EQ-5D.
The reviewers computed two estimates of cost per QALY from two studies.38:46 Three of ten
individual estimates of cost per QALY were >$50,000, one from a study“6 that had a high
intervention cost per patient and the remaining two for subgroups within one study
population32:33 that had lower baseline HbA1c, smaller reductions in HbAlc, and higher
cost per patient. The cost per QALY gained was <$50,000 benchmark for two2447 of three
studies?446:47 of CHW interventions to manage T2DM that did not have TBC as an
additional intervention.
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In summary, the evidence indicates interventions engaging CHWs for prevention of CVD
and interventions engaging CHWSs for management of T2DM are cost effective, based on a
conservative $50,000 benchmark. Two studies evaluating interventions engaging CHWs for
prevention of T2DM reported estimates for cost per QALY that were both far below the
benchmark.

DISCUSSION

Limitations

In the literature, CHW engagement and responsibilities are typically categorized by the
models of care>* and core roles.>® The studies in the economic evidence engaged CHWSs
across many of the same models and core roles (Appendix Table 4), similar to the studies
included in the three systematic reviews of effectiveness.8-19 The most common model
provided health education to patients, followed by CHWs engaged as members of the care
delivery team. The three economic reviews did not provide enough evidence to determine
the comparative cost effectiveness across CHW models of care and core roles.

The present reviews focused on CVVD and T2DM so that estimated cost and benefit that
result from the interventions are well defined and meaningful to implementers and funders.
The conclusions reached in separate systematic reviews for different diseases and risks
should be considered in the aggregate when assessing the economic merits of CHW
engagements that serve a diverse patient population because CHWSs can be trained to
perform the required roles.

Although some studies did not include important components considered to be drivers of the
magnitude of estimates, others reported estimates without an adequate description of the
components that went into their estimation, details in Appendix Tables 1-3. Hence, there is
uncertainty about the reasonable capture of key and important drivers of estimates for
intervention cost, healthcare cost, and cost per QALY gained.

Two estimates for cost per QALY in CVD prevention and two in T2DM management were
computed by reviewers assuming a linear relationship from reductions in SBP and HbAlc,
respectively, to QALY gained. This is obviously less than the ideal of direct evaluations of
change in QALY using questionnaires, such as EQ-5D, and modeling of outcomes starting
from trial data. However, and even if such resources were available for systematic reviews, it
is quite rare for reviewers to have access to patient-level data from each study.

Some studies for CVD prevention and T2DM management had additional interventions
added to the core intervention engaging the CHWs. In these cases, the reported cost of
implementation and any economic benefit cannot be ascribed to the CHW engagement only.
CHWSs may add the most to the care process when they are embedded within care delivery
teams, such as those organized as TBC, but the evidence did not allow the reviewers to draw
such comparisons across the models of care.
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Evidence Gaps

The lack of reasonable capture of important components of the cost of intervention and
change in healthcare cost because of the intervention is a gap that needs to be addressed in
future studies. Evaluations of interventions to prevent CVD and manage T2DM need to also
measure and report appropriate physiologic outcomes, such as reductions in blood pressure
and HbAc, so that simple conversions of these intermediate outcomes to long-term QALY
gained may be attempted, as done in the present reviews. Further research should also
determine the comparative cost and economic benefit across the different CHW models of
care and core roles.

CONCLUSIONS

Interventions engaging CHWs are cost effective for CVD prevention and T2DM
management. For interventions engaging CHWs for prevention of T2DM, two studies
reported cost per QALY that were far below a conservative $50,000 benchmark for cost
effectiveness. Also, the evidence indicates the cost-effectiveness conclusions hold whether
the CHW engagement occurred within care organized as TBC or otherwise. The evidence
for cost effectiveness came substantially from studies of interventions that were
implemented among low SES and minority populations who are the most burdened by CVD
and T2DM in the U.S.
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Appendix Table 4.

CHW Roles and Models of Care

CHW models of care CHW CVvD CHW T2DM CHW T2DM
prevention prevention management (n=13)
(n=9) (n=7)
Health education provider and screening ol-11 712-18 919.20,23,25,26,28-32
Outreach/enrollment/information agent 267 21516 22031
Member of care delivery team 4127810 0 §19-22.25-3033
Navigator 16 0 22428
Community organizer 0 0 0
CHW coreroles
Providing culturally appropriate health education gl-57-11 412131516 819.20,23,25,26,28-32
and information
Building individual and community capacity 41-36 216.18 420.25.26,29-31
Providing coaching and support g1-6.8-11 412141718 1019-24.27,28,31,33,34
Case coordination and management, system 0 0 720-22,24,28-30,33,34
navigation
Cultural mediation between community and 3167 0 3202324
healthcare system
Providing direct services 267 0 221222930
Advocating for individual and community needs 0 115 0
Implementing individual and community 0 0 128

assessments

CHW, community health worker; CVD, cardiovascular disease; T2DM, type 2 diabetes.
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Figurel.
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