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Implications
Practice: In-home community health worker-led 
programs can promote physical activity and some 
healthy eating behaviors among adults with dia-
betes and low incomes.

Policy: Policymakers should consider how to ef-
fectively integrate community health workers 
into health care systems to support diabetes 
self-management among adults with low incomes.

Research: Future research is needed to under-
stand the mechanisms by which community 
health worker-led programs lead to positive 
changes in health behaviors among adults with 
diabetes.
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Abstract
People with low incomes have a disproportionate prevalence 
of diabetes and its complications and experience many barriers 
to self-management, which community health workers (CHWs) 
may help address. We sought to examine the effects of an 
in-home CHW-led intervention for adults with diabetes and 
incomes <250% of the federal poverty line on self-management 
behaviors and test mediators and moderators. From 2010 
to 2013, we randomized participants from three Washington 
State health systems with type 2 diabetes and hemoglobin A1c 
(HbA1c) ≥ 8% to the CHW intervention (N = 145) or usual care 
control (N = 142) arms. We examined effects on 12-month self-
management: physical activity, dietary behaviors, medication 
taking, blood glucose monitoring, foot care, and tobacco use. 
For behaviors with significant intervention-control group 
differences, we tested mediation by self-efficacy and social 
support. We also investigated whether intervention-associated 
changes in behaviors varied by race/ethnicity, gender, and 
baseline values of HbA1c, diabetes distress, depression, 
and food insecurity (moderators). Compared to controls, 
intervention participants engaged in more physical activity and 
reported better dietary behaviors for some measures (general 
diet, frequency of skipping meals, and frequency of eating 
out) at 12-months, but there was no evidence of mediation 
by self-efficacy or social support. Evidence of moderation was 
limited: improvements in the frequency of skipping meals were 
restricted to participants with baseline HbA1c < 10%. Study 
findings suggest CHWs could be integrated into diabetes care 
to effectively support lifestyle changes around physical activity 
and some eating behaviors among adults with low incomes. 
More research is needed to understand mechanisms of change.
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INTRODUCTION
Diabetes remains a major public health problem, 
affecting more than 30 million American adults [1]. 
Socioeconomic disparities exist in the prevalence 
of diabetes and its complications, with populations 
with low incomes bearing a disproportionate burden 
[2, 3]. Individuals with low incomes are less likely to 
receive self-management education and support [4] 

and experience greater barriers to self-management 
related to their physical and social environments, 
[5] which may contribute to higher hemoglobin 
A1c (HbA1c) levels and diabetes complications [6]. 
Therefore, there is a need to develop effective dia-
betes self-management interventions that address 
challenges adults with low incomes face that can be 
implemented broadly across health care systems to 
improve access.

One potential strategy is the use of community 
health workers (CHWs) to provide self-management 
education and support. CHWs are trusted members 
of and/or have intimate knowledge of the community 
served whose goal is to promote health through edu-
cation, assistance, client advocacy, social support, 
informal counseling, and linkages to community re-
sources [7, 8]. CHW-led interventions have shown 
modest improvements in blood glucose levels in 
randomized controlled trials among individuals with 
diabetes [9, 10]; however, the mechanisms by which 
these changes occur are not well understood [10]. 
CHWs may be particularly well-suited to provide 
self-management support among ethnically diverse 
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households with low incomes because they are able 
to address underlying socioeconomic contribu-
tors to health and act as bridges between the com-
munity and health care systems [8]. Furthermore, 
CHWs are less costly than other types of health pro-
fessionals, which improves the feasibility and scal-
ability of these interventions.

We completed a randomized controlled trial 
of Peer Support for Achieving Independence in 
Diabetes (PeerAID): a home-based, low-intensity 
CHW intervention among adults with diabetes 
and incomes <250% of the federal poverty line 
(FPL), which was intended to improve HbA1c [11]. 
PeerAID focused on promoting the adoption of 
self-management behaviors that improve HbA1c, 
such as blood glucose monitoring, healthy eating, 
physical activity, medication taking, and smoking 
cessation. PeerAID was based on Social Cognitive 
Theory [12] and Self-Regulation Theory [13], 
leading to an individualized intervention approach. 
CHWs met with participants in their homes and 
worked collaboratively to develop and revise dia-
betes self-management plans, including setting be-
havioral goals, identifying actions to achieve those 
goals, evaluating progress, addressing challenges 
and concerns, and providing education and refer-
rals to group activities and community resources. 
Because of links to improved self-management and 
HbA1c [14, 15], self-efficacy and social support were 
important targets through which the intervention 
was intended to improve outcomes.

In PeerAID primary analyses, there were no stat-
istically significant improvements in HbA1c in the 
intervention arm relative to usual care in the full 
sample, but improvements were observed among the 
prespecified subgroup of participants with HbA1c ≥ 
10% at baseline [16]. Although reductions in HbA1c 
are commonly used to measure whether diabetes inter-
ventions are successful, improvements in self-manage-
ment behaviors that can lead to changes in HbA1c 
are also meaningful given their overlap with health-
promoting behaviors and independent associations 
with quality of life and mortality [17, 18]. Examining 
effects on behavioral outcomes may illuminate which 
behaviors are most susceptible to the influence of 
CHW interventions. Understanding mechanisms (i.e., 
mediators) by which any behavioral changes occur 
provides valuable information about how CHWs 
should address them in future interventions, which has 
not been a focus of most previous intervention evalu-
ations. Identifying whether the intervention was more 
or less effective in subgroups of participants (i.e., mod-
erators) allows focusing on participants most likely to 
benefit and identifying intervention modifications to 
improve outcomes in those without benefit, leading to 
a more effective and efficient intervention [19].

Therefore, the aims of this study were to (a) 
examine effects of PeerAID on diabetes self-manage-
ment behaviors; (b) evaluate whether effects on 

behaviors were mediated by self-efficacy or social 
support; and (c) determine whether intervention ef-
fects on behaviors were moderated by gender, race/
ethnicity, and baseline levels of HbA1c, diabetes 
distress, depression, or food insecurity.

METHODS

Study setting
Details of PeerAID have been previously published 
[11]. Briefly, the study was a randomized controlled 
trial in which the local health department (Public 
Health-Seattle King County [PHSKC]) provided 
CHW services to several health systems. Participants 
were recruited from September 2010 to May 2013 
from three health systems: Harborview Medical 
Center (a local public hospital); VA Puget Sound 
Health Care System (a tertiary hospital serving 
Veterans); and Sea Mar Community Health Centers 
(a community health center network specializing 
in service to Latinxs). Follow-up concluded in 
November 2014. University of Washington and VA 
Puget Sound Institutional Review Boards approved 
the study, and all participants provided written in-
formed consent.

Participants
We recruited individuals with type 2 diabetes and 
HbA1c ≥ 8% who were 30–70 years of age, English 
or Spanish-speaking, and had a household income 
<250% of the FPL. We excluded individuals cur-
rently participating in other diabetes studies, who 
had received diabetes education in the past 3 years, 
or who had a serious illness (e.g., cancer, end-stage 
renal disease, and dementia).

Intervention and controls
The PeerAID intervention focused on promoting 
the adoption of self-management behaviors that 
improve HbA1c, such as blood glucose moni-
toring, healthy eating, physical activity, medica-
tion taking, and smoking cessation. CHWs met 
with participants in their homes at baseline, with 
follow-up visits at 0.5, 1.5, 3.5, and 7 months and 
an optional 10-month visit. Behavior change tech-
niques employed in the intervention, according to 
Michie et al.’s 2013 taxonomy, included shaping 
knowledge (e.g., instruction on how to perform 
behaviors), feedback and monitoring (e.g., feed-
back on behavior, self-monitoring of behavior), 
goals and planning (e.g., goal setting, problem-
solving, and action planning), and social support 
(e.g., emotional and practical) [20]. At the baseline 
visit, the CHW developed an individualized dia-
betes self-management plan with the participant. 
At follow-up visits, the CHW assessed diabetes 
and blood pressure control, learned more about 
participant challenges and concerns, reviewed 
progress on implementing the self-management 
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plan, provided targeted education, revised the 
self-management plan, and made referrals to 
group activities and community resources.

Self-efficacy and social support were key mech-
anisms by which the intervention was intended to 
influence self-management behaviors. CHWs ad-
dressed self-efficacy, an individual’s confidence 
in their ability to perform the desired behavior, 
using motivational interviewing to help partici-
pants consider and resolve their ambivalence to-
ward making behavioral changes, set achievable 
health goals, and identify barriers to goals and 
strategies to overcome them [21]. CHWs directly 
provided social support to participants and en-
couraged family members and other social net-
work members to help participants by supporting 
lifestyle changes and medication taking, attending 
clinic visits, and providing emotional support. 
CHWs also linked interested participants to group 
support, such as group-based diabetes education 
classes.

Two full-time CHWs who were employed by 
PHSKC delivered the intervention to all interven-
tion arm participants. Intervention arm participants 
were allocated equally between the two CHWs. The 
CHWs had high school or equivalent degrees and 
5–8 years of experience as CHWs on asthma pro-
jects. CHWs were Latina and bilingual in Spanish 
and English and were from the communities the 
project served. The CHWs received 40 hr of com-
prehensive training, including didactic sessions, 
in-class exercises, and field practice. CHWs re-
ceived training in health coaching and motivational 
interviewing delivered by a professional health 
coach and Certified Diabetes Educator (CDE). 
They received education on diabetes self-manage-
ment from the CDE. CHWs passed a competency 
test prior to working with clients. Throughout the 
intervention, CHWs had biweekly training sessions 
with the health coach. Participant educational ma-
terials and assessments were provided in Spanish 
and English; CHWs conducted home visits in the 
patient’s primary language.

Participants in the control group received usual 
care and were offered one optional diabetes 
self-management educational visit after completing 
the 12-month outcome assessment. We random-
ized individual participants to the intervention or 
usual care control with equal probability using a 
stratified (by health system), permuted block de-
sign with varying block size. Study coordinators 
enrolled participants and assigned them to the 
intervention or control arm, based on the alloca-
tion sequence generated by the study biostatisti-
cian. The average time from randomization to the 
first CHW visit among intervention arm partici-
pants was 20.9 days. The nature of the intervention 
made it impossible to blind participants and staff to 
group assignments.

Outcomes
Outcomes included self-management, including 
eating behaviors, physical activity, medication 
taking, blood glucose monitoring, foot care, and 
tobacco use. Outcomes were assessed in-home by 
the CHWs at baseline and 12-months for both inter-
vention and control participants. For intervention 
participants, the CHW who did not deliver the inter-
vention collected these data to minimize bias.

We used the Summary of Diabetes Self-Care 
Activities to assess self-management engagement in 
days per week (range: 0–7) for specific diet (fruit/
vegetable consumption, full-fat dairy/red meat con-
sumption), general diet (following a healthful eating 
plan), carbohydrate spacing, foot care, and blood 
glucose monitoring [22]. We measured additional 
diabetes-specific diet variables with the Diabetes Self-
Management Assessment Report Tool, including 
the frequency of eating more than one should, the 
frequency of skipping a meal or scheduled snack, 
and the location where meals are prepared [23]. We 
dichotomized frequency variables as at least several 
times a week versus a few times a month or less and 
location of meal preparation as at least regularly eat 
out or take out versus mostly at home.

We assessed self-reported physical activity using 
the short form of the International Physical Activity 
Questionnaire, from which we calculated total 
weekly minutes of physical activity from vigorous, 
moderate, and walking activity [24]. Walking was in-
cluded because it is encouraged as a way to meet 
national physical activity recommendations [25] 
and is the most common modality to achieve re-
commended physical activity [26]. We measured 
medication taking with the Morisky Medication 
Adherence Scale (range: 0–11) [27]. We classified 
respondents’ smoking status as current smoker or 
nonsmoker based on self-report.

Mediators
We measured self-efficacy with the Australian/
English version of the Diabetes Management Self-
Efficacy Scale, which measures respondent’s confi-
dence in managing their blood glucose level, foot 
care, medication, diet, and physical activity [28]. 
Item scores were summed for a composite score 
(range: 0–200) where higher scores reflect greater 
self-efficacy. We measured diabetes-related social 
support from significant others, family, friends, 
and health professionals with the Multidimensional 
Diabetes Questionnaire [29]. We calculated an 
average score across items (range: 0–6), with higher 
scores indicating greater support. We used change 
score values (12-month to baseline) for self-efficacy 
and social support in mediation analyses.

Moderators
Potential moderators included those we believed 
could influence the effectiveness of the intervention, 
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including demographic characteristics (race/ethni-
city, gender), baseline values of clinical (HbA1c), and 
baseline psychosocial variables (diabetes distress, de-
pression, and food insecurity) [30–34]. Participants 
self-reported demographic characteristics at base-
line. We categorized race/ethnicity as White, Black, 
Latinx, or other. We obtained HbA1c values at the 
baseline home visit using a collection kit (Home 
Access Health Corporation) that allowed individuals 
to self-test with a finger stick blood sample, assisted 
by the CHW. All testing is performed in a labora-
tory regulated by Clinical Laboratory Improvement 
Amendments and certified by the College of 
American Pathologists [35]. We collected baseline 
home testing data for 90% of participants, which was 
supplemented with clinic values for missing data 
(n = 28). Due to logistical challenges, most samples 
were non-fasting. Consistent with the parent study, 
we dichotomized baseline HbA1c as <10% or ≥10% 
[16].

We measured diabetes-related distress with the 
Diabetes Distress Scale [36]. Scores for all items 
were summed and divided by the total number of 
questions answered to obtain an average item score; 
average scores ≥ 2.0 were categorized as moderate/
high distress [37]. We measured depression with 
the Patient Health Questionnaire depression scale 
(PHQ-8) and categorized values of ≥10 as clinic-
ally significant symptoms [38]. We ascertained food 
insecurity using the United States Department of 
Agriculture’s validated Six-Item Short Form Food 
Security Survey Module [39]. Items were totaled; 
total scores ≥ 2 were categorized as food insecure, a 
standard cutoff.

Statistical analyses
Demographic and clinical characteristics
We first examined the distribution of demographic 
and clinical characteristics of participants in each 
study arm. We also examined whether character-
istics of participants included and excluded from 
analyses differed overall and within each arm using 
chi-square or Fisher’s exact tests for categorical vari-
ables and t-tests for continuous variables.

Baseline to 12-month changes in self-management behaviors 
(within-group changes)
We estimated unadjusted baseline to 12-month 
changes in self-management behaviors in each of 
the intervention and control arms using t-tests for 
continuous and McNemar’s test for categorical 
outcomes.

Intervention effects on self-management behaviors (between-
group changes)
To compare intervention and control arms, we es-
timated associations between study assignment and 
12-month values of self-management behaviors 
with linear regression for continuous outcomes and 

modified Poisson regression for dichotomous out-
comes [40], along with 95% confidence intervals 
(CIs). Modified Poisson regression directly estimates 
the relative risk (RR) for common outcomes where 
the odds ratio from logistic regression no longer ap-
proximates the RR. We adjusted for baseline values 
of outcomes so that estimates reflected changes 
from baseline to 12 months, as well as clinic site be-
cause randomization was stratified by site, and body 
mass index calculated from CHW-measured height 
and body weight because it was unbalanced at base-
line [16].

Mediation of intervention effects on self-management 
behaviors
We examined mediation only among self-manage-
ment outcomes for which there were statistically sig-
nificant 12-month differences between control and 
intervention arms. We used a common approach 
to mediation analysis that defines causal mediation 
effects within a potential outcomes framework [41] 
and is implemented in Stata (Version 15; medeff 
command; [42]). Within this framework, we esti-
mated the average causal mediation effect, which 
is the indirect effect of the treatment through the 
mediator. This is defined as the average difference 
between two potential outcomes: the self-manage-
ment outcome experienced under a given treat-
ment status and its associated mediator value, and 
the self-management outcome experienced under 
the same treatment status, but this time under a me-
diator value associated with the other treatment. 
Only one of these potential outcomes is observ-
able since each participant was assigned to only 
one treatment group. All models adjusted for clinic 
site, baseline BMI, and baseline self-management 
behaviors.

Moderation of intervention effects on self-management 
behaviors
To examine moderators of the intervention on dia-
betes self-management, we fit separate linear regres-
sion models for each moderator with an interaction 
term between study assignment and moderator. We 
restricted analyses to self-management outcomes 
with significant 12-month differences between 
intervention and control arms. We used Wald tests 
to evaluate the significance of moderation at the 
p = 0.05 level. We adjusted for clinic site, baseline 
BMI, and baseline self-management behaviors.

Sensitivity analyses
To account for missing data, we used multiple imput-
ations by chained equations and repeated analyses 
testing intervention effects on 12-month self-manage-
ment outcomes and testing for moderation [43]. We 
created N  =  20 imputed data sets using all base-
line demographic and clinical characteristics (see 
Table 1), baseline and 12-month self-management 
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behaviors, and baseline and 12-month mediators 
and pooled results across data sets.

RESULTS
We randomized 287 participants (5% of those 
identified as potentially eligible from medical re-
cords, Fig. 1), and 264 had data on ≥1 12-month 
self-management outcome (92%). Twenty-three par-
ticipants (control: N = 8 [6%], intervention: N = 15 
[10%]) did not complete the 12-month exit visit. 
Among intervention arm participants with baseline 
and 12-month self-management outcomes, all but 
one received at least four CHW visits. One control 
arm participant was excluded from analyses be-
cause they were missing data on BMI. Therefore, 
analyses include N  =  130 control and N  =  133 
intervention arm participants. Participants across 
arms were similar for most baseline characteristics  
(Table 1), except controls were more likely to be 
female, to have obesity, and have high diabetes 
distress. There were few significant differences be-
tween participants included and excluded from ana-
lyses due to missing data, with excluded participants 
having: higher baseline physical activity in the full 
sample and intervention arm, a greater proportion 
with high diabetes distress in the intervention arm, 
and a smaller proportion with food insecurity in the 
control arm (Supplemental Table 1).

Baseline to 12-month changes in self-management 
behaviors
Both intervention and control arms demonstrated 
within group improvements from baseline to 
12-months in general diet, specific diet, carbohy-
drate spacing, foot care, and medication taking 
(Table 2). From baseline to 12-months, a larger pro-
portion of intervention arm participants reported 
skipping meals a few times a month or less, and a 
smaller proportion of control arm participants re-
ported preparing meals mostly at home.

Intervention effects on self-management behaviors
At 12 months, participants in the intervention arm 
followed general diet recommendations more days 
per week (difference [diff]  =  0.54, 95% CI 0.07, 
1.01), were more likely to skip meals a few times a 
month or less (RR = 1.24, 95% CI 1.02, 1.50), and 
were more likely to prepare meals mostly at home 
(RR = 1.19, 95% CI 1.07, 1.34) compared to con-
trols (Table 2). Intervention arm participants also 
had 141 min of additional weekly physical activity 
compared to controls at 12 months (95% CI 46.4, 
236.4).

Mediators of intervention effects on self-management 
behaviors
We found no evidence that intervention-control dif-
ferences in eating behaviors and physical activity 

Table 1 | Distribution of baseline participant characteristics by PeerAID study assignment, King County, Washington, 2010–2014

Controla  
N = 133

Interventiona  
N = 130

Site (n, %)
  Local public hospital 71 53.4 64 49.2
  Community health center network 50 37.6 51 39.2
  Department of Veterans Affairs Medical Center 12 9.0 15 11.5
Age (mean, SD) 51.8 9.4 53.5 8.9
Female (n, %) 71 53.4 58 44.6
Race/ethnicity (n, %)
  Black 38 28.6 31 23.8
  Latinx 54 40.6 55 42.3
  White 28 21.1 28 21.5
  Other 13 9.8 16 12.3
Less than high school education (n, %) 44 33.1 47 36.2
Unemployed (n, %) 100 75.2 90 69.2
Uninsured (n, %) 57 42.9 54 41.5
Food insecure (n, %) 66 49.6 61 46.9
Obesity (n, %) 86 64.7 71 54.6
Depression (n, %) 35 26.3 35 26.9
High diabetes distress (n, %) 86 64.7 66 50.8
Self-efficacy (mean, SD) 144.9 31.1 150.6 39.1
Social support (mean, SD) 5.1 1.7 5.1 1.8
HbA1c ≥ 10% (n, %) 34 25.6 36 27.7
HbA1c hemoglobin A1c; SD standard deviation.
aNumbers may not add to totals and percents to 100 due to missing data; 9 participants randomized to the control arm and 15 to the intervention arm were excluded from 
all analyses due to missing data (all 12-month self-management behaviors or body mass index).

http://academic.oup.com/tbm/article-lookup/doi/10.1093/tbm/ibab113#supplementary-data


Original Research

TBM� page 2149 of 2154

were mediated by changes in self-efficacy or social 
support (Table 3).

Moderation of intervention effects on self-management 
behaviors
The only statistically significant moderator of the 
intervention was baseline HbA1c on the frequency 
of skipping meals (p-value  =  0.03; Supplemental 
Table 2). Among participants with HbA1c < 10% 
at baseline, the intervention group was more likely 
to skip meals several times a month or less com-
pared to controls (RR = 1.41, 95% CI = 1.13, 1.74), 
whereas there was no difference between interven-
tion and control group participants with HbA1c ≥ 
10% (RR = 0.81, 95% CI 0.53, 1.26).

Sensitivity analyses
Findings accounting for missing data using multiple 
imputations were similar to complete case analyses 
except that differences between arms in 12-month 
general diet were slightly smaller and no longer stat-
istically significant (diff = 0.43, 95% CI −0.07, 0.94, 
p = 0.09; data not shown).

DISCUSSION
We found that participants in a CHW-delivered 
self-management intervention for individuals with 
diabetes and low incomes engaged in more weekly 
physical activity and had more favorable dietary 
behaviors for some measures after the interven-
tion compared to usual care controls. Intervention 

Assessed for 
Eligibility

(n = 1438)

Screened
(n = 445)

Eligible/Randomized
(n = 287)

Excluded (n = 993):
Unable to Reach (n = 703)
Declined (n = 221)
Incomplete (n = 69)

Excluded (n = 158):
Eligible (n = 79)
Declined (n = 25)
Not Enrolled/Incomplete (n = 54)
Not Eligible (n = 79)
Age (n = 9)
Health Issues (n = 19)
Homeless (n = 9)
Income Too High (n = 23)
Involved in Other Studies (n = 6)
Moving (n = 6)
Unable to Reach (n = 7)

Control
(n = 142)

Interven�on
(n = 145)

12-month follow-up 
for >1 self-

management 
behavior

(n = 133 [94%])

12-month follow-up 
for >1 self-

management 
behavior

(n = 130 [90%])

Did not complete 12-month follow-
up (n = 8):

Unwilling to con�nue (n = 3)
Lost to follow-up (n = 4)
Withdrawn by study staff (n = 1)

Did not complete 12-month 
follow-up (n = 15):

Unwilling to con�nue (n = 7)
Lost to follow-up (n = 5)
Moved out of area (n = 2)
Other (n = 1)

Excluded (n = 1)
Missing BMI

Fig 1 | Flow diagram for PeerAID inclusion, exclusion, randomization, and follow-up. The figure displays the recruitment and retention of the 
study sample of participants with hemoglobin A1c ≥ 8% and incomes < 250% of the Federal Poverty Line in King County, Washington from 
2010 to 2014.

http://academic.oup.com/tbm/article-lookup/doi/10.1093/tbm/ibab113#supplementary-data
http://academic.oup.com/tbm/article-lookup/doi/10.1093/tbm/ibab113#supplementary-data
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participants followed a healthful eating plan more 
days per week (general diet measure), skipped 
meals less frequently, and prepared meals at home 
more regularly at 12-month follow-up compared to 
controls. Intervention participants also reported an 
additional 2 hr and 21 min of physical activity per 
week compared to controls. Differences in preparing 
meals at home and physical activity may, in part, be 
influenced by declines in physical activity and in fre-
quency of preparing meals at home among the con-
trol group. We found no evidence that changes in 
self-efficacy and social support mediated improve-
ments in self-management behaviors. Furthermore, 
we found minimal evidence that the intervention’s 
effects on the subset of dietary behaviors and phys-
ical activity varied by demographic, clinical, and 
psychosocial variables.

Observations of increases in physical activity and 
improvements in a subset of dietary behaviors as-
sociated with the CHW intervention are important 
from a public health perspective. Our results dem-
onstrate that CHWs can improve or mitigate typ-
ical declines in health behaviors in adults with 
diabetes who have low incomes. Many adults with 
diabetes do not meet physical activity or dietary re-
commendations [44, 45], yet meeting these targets 
is estimated to prevent 14% of deaths among older 
adults in the general population [46]. Therefore, 
interventions that successfully improve dietary be-
haviors and physical activity could have substantial 
impacts among individuals with diabetes. Because 
these behaviors are important for self-management 
of a variety of other common chronic conditions, 
such as cardiovascular disease and obesity, and with 
disease prevention, CHWs may be effective in chan-
ging health behaviors more broadly. Among popu-
lations with low incomes, in particular, CHWs may 
be one solution to help improve access to diabetes 
self-management education, address social and en-
vironmental barriers to self-management, and miti-
gate adverse health outcomes disproportionately 
experienced by this population.

Although the intervention targeted a wide range 
of self-management behaviors, intervention-control 
differences were only found for a subset of dietary 
behaviors and physical activity. Consistent with our 
findings, these behaviors were the most commonly 

improved outcomes among other CHW-led diabetes 
self-management interventions, despite differences 
in intervention design, delivery, and target popu-
lations [47]. These behaviors may be more suscep-
tible to change than other skilled medical tasks (e.g., 
blood glucose monitoring, medication taking) [48] 
because they are socially influenced or occur in so-
cial settings. Additionally, action plans and goals de-
veloped by participants and CHWs in the study may 
have focused on these behaviors more frequently 
and thus were more likely to improve. Future CHW-
led interventions could consider more explicitly 
incorporating education and goal setting related to 
medication taking and blood glucose monitoring by 
requiring these during CHW visits. Alternatively, 
CHW interventions could incorporate additional 
evidence-based strategies to improve medication 
taking or blood glucose monitoring, including pro-
vision of electronic medicine boxes for real-time 
medication monitoring, text message reminders, 
teach back or pictorial images for education pur-
poses, pharmacist counseling, or remote patient 
monitoring of blood glucose [49, 50].

We found limited evidence of mediation and mod-
eration, for which there are several plausible explan-
ations. We may not have had an adequate sample size 
for detecting mediation or moderation, as the study 
was powered to test for clinically significant changes 
in HbA1c [11]. Regarding mediation, the interven-
tion may have not sufficiently targeted social sup-
port and self-efficacy. Other unmeasured mediators, 
such as diabetes knowledge or perceived control, 
may account for improvements in self-management 
behaviors [51], which should be measured in future 
studies. Furthermore, null findings for social sup-
port may reflect that the measure assessed support 
mainly from family and friends, which may not have 
been substantially improved by the intervention. 
Future studies should consider directly including 
supportive others in the intervention to better en-
hance social support [52]. The lack of significant 
moderation may reflect that the intervention was 
equally effective across subgroups examined. There 
was evidence of moderation by baseline HbA1c 
for skipping meals, with intervention-associated de-
creases in skipping meals only among those with 
HbA1c < 10% at baseline. This contrasts primary 

Table 3 | Average causal mediation effect (indirect effect) of changes in self-efficacy and social support on 12-month diabetes self-manage-
ment behaviors associated with the PeerAID intervention, King County, Washington, 2010–2014

Self-efficacy Social support

Self-management behavior ACME estimatea 95% CI ACME estimatea 95% CI

General diet (days/week) −0.001 −0.04, 0.04 −0.01 −0.08, 0.06
Skipping meals a few times a month or less −0.001 −0.01, 0.01 −0.001 −0.01, 0.01
Eating out a few times a month or less −0.0004 −0.01, 0.01 −0.001 −0.02, 0.01
Physical activity (minutes/week) −1.57 −18.78, 15.57 −1.60 −14.26, 8.62
ACME average causal mediation effect; CI confidence interval.
aAdjusted for study site and baseline values of the self-management behavior, mediator, and body mass index.
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study findings in which improvements in HbA1c 
were restricted to participants with HbA1c ≥ 10% 
at baseline [16]. Findings may reflect participants’ 
disease burden interfering with the ability to follow 
complex dietary recommendations or may be due 
to chance.

Study limitations and strengths
Our findings should be interpreted considering sev-
eral important limitations. The trial was powered 
to detect changes in HbA1c and therefore we may 
have had insufficient power to detect changes 
in self-management behaviors or mediation or 
moderation of these changes. Furthermore, most 
self-management behaviors, mediators, and mod-
erators were subject to social desirability bias, 
as they were self-reported. There is a possibility 
that social desirability bias was more pronounced 
among intervention arm participants, as blinding 
of participants and CHWs was not possible. To re-
duce possible bias, the CHW who did not deliver 
the intervention to a particular participant col-
lected the participant’s 12-month outcome data. If 
social desirability bias was more extensive in the 
intervention arm, this would result in an overesti-
mation of differences between intervention and 
control arm participants. Another limitation is 
that the potential outcomes framework employed 
in our analyses relies on strong assumptions, 
including that the mediators are independent of 
the outcome given treatment assignment and base-
line confounders. Lastly, because we tested many 
hypotheses, at least some of the statistically sig-
nificant findings may be due to chance. Rather 
than formally control for multiple comparisons 
by adjusting our significance threshold (e.g., via a 
Bonferroni correction), we followed the methods 
suggested by Althouse to present effect sizes, con-
fidence intervals, and p-values to facilitate indi-
vidual judgments about the relative weight of the 
conclusions [53]. Strengths of the study include 
a randomized controlled trial design; good par-
ticipant retention; the racially/ethnically diverse 
study population recruited from multiple health 
care systems, which enhances generalizability; use 
of validated measures of many important health 
behaviors; and application of the intervention in a 
community health setting.

CONCLUSIONS
CHW-led interventions have been proposed as an 
effective strategy for improving self-management 
across a variety of chronic conditions. Particularly for 
underserved populations, such as individuals with 
low incomes, CHWs can fill a gap in self-manage-
ment support [8]. However, efforts are needed to 
bolster the sustainability of CHWs, including pre-
dictable and sustained funding for CHWs; standard-
ization of CHW trainings, roles, and responsibilities; 

greater integration of CHWs into health care sys-
tems and health care teams; and development of 
established mechanisms for reimbursement com-
mensurate with CHW skills [54–56].

Our findings support that CHWs are effective for 
changing some diabetes self-management behaviors 
among adults with low incomes, particularly some 
eating behaviors and physical activity. For physical 
activity, these improvements were especially notable 
as intervention arm participants reported almost 2.5 
additional hours per week of activity than controls. 
However, further research is needed to understand 
the mechanisms of these changes, as there was no 
evidence of changes being mediated by social sup-
port or self-efficacy, through which the intervention 
was designed and hypothesized to act. Given that 
eating behaviors and physical activity are critical 
components of disease prevention and self-manage-
ment of other chronic conditions, and that only a 
small proportion of U.S.  adults meet basic recom-
mendations for both [57], CHWs may be effective 
in addressing health promotion broadly among indi-
viduals with low incomes.

SUPPLEMENTARY MATERIAL

Supplementary material is available at Translational Behavioral 
Medicine online.
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