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Abstract

Introduction
Diabetes self-management education (DSME) is a fundamental
element of type 2 diabetes care. Although 75% of adults with dia-
betes worldwide live in low-income and middle-income countries
(LMICs), limited DSME research has been conducted in LMICs.
The objective of this study was to evaluate a home-based DSME
intervention in rural Guatemala.

Methods
We conducted a prospective study of a DSME intervention using a
quasi-experimental, single-group pretest–posttest design. We en-
rolled 90 participants in the intervention, which consisted of 6
home visits (May 2014–July 2016) conducted by a diabetes edu-
cator using a curriculum culturally and linguistically tailored to
rural Mayan populations. Primary outcomes were changes in mean
hemoglobin A1c (HbA1c) and mean systolic and diastolic blood
pressure at baseline and at 12 months. Secondary outcomes were
diabetes knowledge and self-care activities at baseline and inter-
vention completion.

Results
HbA1c decreased significantly from baseline to 12 months (abso-
lute mean change, −1.5%; 95% confidence interval [CI], −1.9% to
−1.0%; P < .001). Systolic blood pressure also improved signific-
antly at 12 months (−6.2 mm Hg; 95% CI, −10.1 to −2.2 mm Hg;
P = .002); changes in diastolic blood pressure were not significant

(−1.6 mm Hg; 95% CI, −3.9 to −0.7 mm Hg; P = .17). We also
found significant improvements in diabetes knowledge and self-
care activities from baseline to intervention completion.

Conclusion
DSME interventions can be successfully delivered in a setting
with  an  underresourced  health  system,  high  poverty  rate,  and
unique cultural characteristics like Mayan Guatemala. Our find-
ings point to the need for more DSME research in resource-lim-
ited settings globally.

Introduction
Chronic, noncommunicable diseases such as diabetes are the lead-
ing cause of death globally (1). Of the 415 million adults with dia-
betes  worldwide,  75% live in  low-income and middle-income
countries  (LMICs)  (2).  However,  the  health  systems of  many
LMICs are ill-equipped to deliver high-quality diabetes services
(3).

Guatemala is a lower–middle-income Central American nation
with a large rural and Maya indigenous population. Of a total pop-
ulation of 15 million, approximately 760,000 adults in Guatemala
have diabetes. Despite limited epidemiologic data on diabetes in
Guatemala (4,5), modeling studies suggest an age-adjusted nation-
al prevalence of 11.5% among men and 14.0% among women (6).

Lifestyle education and support is a fundamental element of dia-
betes care. Yet a striking contrast exists between the large burden
of diabetes in LMICs and the small fraction of diabetes behavioral
research conducted in these settings. In high-income countries, a
robust literature supports the effectiveness of diabetes self-man-
agement education (DSME) interventions deployed through vari-
ous delivery methods, training levels of personnel, and cultural
specificity (7–9). In LMICs, however, only a few studies have in-
vestigated this topic (10–12), and the role of DSME interventions
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is unclear in settings with underresourced health systems, high
poverty rates, and unique cultural characteristics, such as Maya
Guatemala.

The objective of this study was to evaluate glycemic control and
blood pressure outcomes of a small, home-based DSME interven-
tion tailored to indigenous Maya adults with type 2 diabetes in rur-
al Guatemala and implemented by a nongovernmental organiza-
tion.

Methods
This research was conducted by Wuqu’ Kawoq (www.wuquka-
woq.org), a Guatemalan medical nongovernmental organization,
in 4 municipalities in central Guatemala. The population in these
municipalities is predominantly indigenous Maya in terms of lan-
guage, culture, and dietary and work patterns. High-quality clinic-
al diabetes care or diabetes education is largely unavailable in
these areas (13). The first educational visit (and enrollment) oc-
curred on May 3, 2014, and the last educational visit on July 16,
2016.

Study design and sample

This was a prospective study of a home-based DSME intervention
using a quasi-experimental, single-group pretest–posttest design. It
was approved by the institutional review boards of Wuqu’ Kawoq
and Partners Healthcare, Boston. Participants were recruited from
Wuqu’ Kawoq’s diabetes clinics. To be included in the study, par-
ticipants  were  required  to  be  1)  existing  patients  who had  an
HbA1c greater than 8.0% or had complications of diabetes or 2)
patients newly presenting for care. The study had no exclusion cri-
teria. No person meeting inclusion criteria was not enrolled. The
intervention was incorporated into the ongoing standard of care at
Wuqu’ Kawoq in April 2014, and participants were enrolled on a
rolling basis. The sample in this study consisted of all participants
who had been enrolled for at least 1 year when analysis began in
September 2016. In addition to the home visits, all participants re-
ceived free clinical care as detailed elsewhere (14), consisting of
regular provider visits in the clinic, laboratory testing, treatment of
hyperglycemia (including insulin), blood pressure management,
and primary care coordination for specialty referrals.

Formative research and intervention

In 2010, our group conducted a needs assessment on adult type 2
diabetes in rural Guatemala (15). We found that indigenous people
with  diabetes  in  this  setting  had  limited  understanding  of  the
causes, chronicity, and complications of the disease. Education
levels were low, and lack of social and family support were key
barriers to making dietary and lifestyle changes. Many people with
diabetes also described the financial challenges in carrying out di-

etary recommendations, such as increasing consumption of fruits
and  vegetables.  In  2012,  based  on  formative  work  and  focus
groups, we adapted a cardiovascular disease curriculum for use in
low-literacy, Mayan-speaking populations based on a Guatemalan
version of the US National Heart, Lung, and Blood Institute’s Sa-
lud Para Su Corazón (Health for Your Heart) community health
worker model for Latinos (16,17). In late 2013, we tested the cur-
riculum’s cultural acceptability and iterated the intervention based
on a pilot with 10 people with diabetes.

This curriculum formed the basis of the education intervention in
this study. In addition to general topics on cardiovascular disease,
we  emphasized  the  curriculum’s  diabetes-related  themes  and
offered participants practical strategies for implementing exercise
routines and adhering to a diabetes diet in the rural Guatemalan
setting where carbohydrate-rich corn tortillas are a dietary staple
and an economical source of calories. Other adaptations included
requesting family participation in education sessions, conducting
the intervention in an individual home-based format rather than in
a group format, minimizing use of written text, and integrating
locally relevant drawings and props.

This intervention was delivered by a diabetes educator as a series
of 6 home visits conducted Monday through Saturday during the
day. Visits were planned as a weekly visit for the first month, a
fifth visit at 3 months, and a sixth and final visit at 6 months. Vis-
its could be rescheduled to account for a participant’s cancellation
or unavailability. Sessions 1 through 3 focused on a theme (diet,
exercise, or medical management), and in sessions 4 through 6, the
diabetes  educator  reviewed  progress  and  coached  the  patient
through barriers  relating to each theme.  A full-time,  bilingual
(Spanish-Mayan) diabetes educator, who had a one-year postsec-
ondary auxiliary nursing degree, delivered the sessions. The dia-
betes educator received more than 100 hours of training in the
form of formal didactic sessions and clinic shadowing and jointly
conducted home visits with clinical providers during the training
period. The diabetes educator placed a brief note into the electron-
ic health record (EHR) after each encounter; the note included in-
formation on themes discussed during the visit, visit duration, and
the presence of family members. Clinical providers reviewed these
notes with participants during monthly clinic visits to ensure inter-
vention fidelity and reinforce educational themes.

Measures

The primary clinical outcomes were glycemic control as assessed
by mean hemoglobin  A1c (HbA1c)  and blood pressure  as  as-
sessed by mean systolic and diastolic blood pressure. These clinic-
al data were extracted from EHRs at 3 points: baseline, 6 months
after enrollment, and 12 months after enrollment. HbA1c testing
was conducted by using point-of-care devices (Quo-Lab, EKF
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Diagnostics;  A1CNow+,  Bayer,  and PTS Diagnostics).  Blood
pressure was measured with standard manual blood pressure cuffs
purchased  f rom  our  loca l  medica l  supply  company
(www.casamedica.com.gt). Given the study’s pragmatic nature
and the variability in patients’ rescheduling, we defined “baseline”
as 5 months before enrollment until 1 month after enrollment; at 6
months and 12 months, we allowed the nearest available data point
within a 3-month window. At baseline only, we also extracted the
following information for each participant from our EHRs: age,
sex, time since diabetes diagnosis, selected prescriptions being
taken (the following 4: metformin, sulfonylurea, insulin, and an-
giotensin-converting enzyme [ACE] inhibitors), and height and
weight. We calculated body mass index (BMI) as weight in kilo-
grams divided by height in meters squared and categorized over-
weight as a BMI of 25.0 or more (18). We did not assess changes
in weight because of insufficient data.

Secondary outcomes were diabetes knowledge as measured by the
24-item Diabetes Knowledge Questionnaire (19) and diabetes self-
management as assessed by selected culturally relevant questions
from the 12-item Summary of Diabetes Self-Care Activities meas-
ured at baseline and at completion of the final home visit (20). We
professionally translated each instrument from the previously val-
idated Spanish versions to Kaqchikel, the local Mayan language,
and then refined the translations during a 3-month pilot stage. At
enrollment, participants also completed a questionnaire document-
ing maternal language, education, marital status, history of dia-
betes education, and household financial difficulties. The 41-item
baseline questionnaire, including items from the 2 surveys, was
administered orally because we anticipated high rates of illiteracy
and because Mayan Kaqchikel and K’iche’ are primarily spoken
(rather than written) languages in the participating communities.

Data analysis

We used Stata version 13.0 (StataCorp LLC) for all analyses. We
used descriptive statistics to summarize data on participants’ vis-
its and demographic characteristics. To assess primary clinical
outcomes,  we constructed separate  linear  mixed models  using
Stata’s mixed function with robust standard errors for HbA1c,
systolic blood pressure, and diastolic blood pressure. Fixed effects
in  all  3  models  included  age,  time,  and  an  interaction  term
between time and an indicator variable for whether the participant
had received clinical care for less than 3 months before enroll-
ment in the intervention. This interaction term was used to control
for the effects of pharmacotherapy on the primary outcomes, as
high-quality clinical diabetes care was not widely available in our
setting. We modeled time as a categorical variable (0 months, 6
months, 12 months), which required no underlying assumptions

about the function of the outcome variable over time. Random ef-
fects were used to account for within-subject correlation. We cal-
culated outcomes as  changes from baseline using the margins
function.

We used the Wilcoxon signed rank test to compare outcomes for
diabetes  knowledge and diabetes  self-management  at  the  first
home visit and last home visit. We compared participants with
missing HbA1c measurements or survey data using 2-tailed Stu-
dent t tests and the Fisher exact test.

Results
Ninety  participants  were  enrolled  in  the  study (Table  1).  The
sample consisted primarily of women (82%). The maternal lan-
guage of most (75%) participants was Mayan, and overall educa-
tional attainment was low (median of 2 years of schooling com-
pleted). Few individuals had previously received formal diabetes
education (9%), and approximately two-thirds had some difficulty
meeting household financial needs. At enrollment, most (90%)
participants were prescribed metformin, and 32% were prescribed
insulin.  Glycemic  control  was  poor;  mean  HbA1c  was  9.9%
(standard deviation [SD]), 1.8%), and only 11% of participants
had an HbA1c less than 8.0%. More than 70% of participants were
overweight.

Of the 90 participants, 71 (79%) completed all 6 visits in a medi-
an of 9.2 (interquartile range [IQR], 8.0–12.1) months. Seventy-
nine (88%) participants completed at least 4 visits. Diabetes edu-
cators spent an average of 115 (SD, 42) minutes with participants
per visit, or 10.0 (SD, 4.0) hours of mean contact time per parti-
cipant during the study period. At least 1 family member particip-
ated in 39% (185 of 471) of home visits.

HbA1c data were available for 89 participants at baseline, 83 par-
ticipants at  6 months,  and 77 participants at  12 months.  Mean
(95% confidence interval [CI]) HbA1c was 9.9% (9.5%–10.3%) at
baseline, 8.2% (7.8%–8.6%) at 6 months, and 8.4% (8.0%–8.8%)
at 12 months. Mean HbA1c decreased significantly from baseline
to 6 months (estimated absolute mean change, −1.7%; 95% CI,
−2.2% to −1.2%; P < .001) and from baseline to 12 months (estim-
ated absolute mean change, −1.5%; 95% CI, −1.9% to −1.0%; P <
.001). Systolic blood pressure also declined significantly from
baseline to 6 months (estimated mean change, −6.3 mm Hg; 95%
CI, −10.2 to −2.4 mm Hg; P  < .001) and from baseline to 12
months (estimated mean change, −6.2 mm Hg; 95% CI, −10.1 to
−2.2 mm Hg; P =  .002).  However,  changes in diastolic blood
pressure were not significant from baseline to 6 months (estim-
ated mean change, −1.3 mm Hg; 95% CI, −3.5 to 1.1 mm Hg; P =
.27) or at 12 months (estimated mean change, −1.6 mm Hg; 95%
CI, −3.9 to −0.7 mm Hg; P = .17).

PREVENTING CHRONIC DISEASE VOLUME 14, E65

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY       AUGUST 2017

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,

the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

www.cdc.gov/pcd/issues/2017/17_0052.htm • Centers for Disease Control and Prevention       3



When we compared the baseline HbA1c measurements of parti-
cipants  with  missing  data  at  6  months  or  12  months  with  the
baseline HbA1c measurements of those who were not missing data
at those times, we found no significant differences. The median
time between baseline and midpoint HbA1c measurements was
214 days (IQR, 181–273 days) and between 6 months and comple-
tion was 195 days (IQR, 153–245 days).

Among the 71 participants who completed 6 visits and for whom
we had complete survey data on the secondary outcomes of dia-
betes knowledge and diabetes self-management, we found signi-
ficant improvements in diabetes knowledge and various self-care
measures (Table 2). We found no differences in age, sex, baseline
HbA1c, or baseline blood pressure between the 71 participants
with complete survey data and the 19 participants with missing
data.

Discussion
This was a quasi-experimental, single-group pretest–posttest study
of a DSME intervention in rural Guatemala that found significant
improvement in participants’ glycemic control and systolic (but
not diastolic) blood pressure at 12 months. Secondary outcomes of
diabetes knowledge and selected self-care activities also improved
significantly during the intervention.

The decrease of −1.5% (95% CI, −1.9% to −1.0%) in HbA1c at 12
months found in our study compares favorably with related DS-
ME interventions in high-income countries. A Cochrane meta-ana-
lysis of culturally appropriate education for people with type 2
diabetes calculated improvements in HbA1c of −0.2% (95% CI,
−0.3% to −0.04%) at 12 months (7). As in other reviews of type 2
diabetes behavioral interventions (8,9), the Cochrane meta-analys-
is did not include studies conducted outside of high-income coun-
tries. There is a dearth of diabetes lifestyle research conducted in
LMICs (10–12). Our study adds to the small volume of DSME re-
search, nearly all quasi-experimental, that has been conducted in
LMICs with high mortality  rates  (10).  To our knowledge,  our
study is only the second DSME study to originate from Guatem-
ala (21). Additionally, the absence of DSME studies in LMICs
complicates the comparison between our intervention and those in
the Cochrane review because studies conducted in high-income
countries  may  examine  populations  that  have  lower  baseline
HbA1c values and thus may have smaller modest effect sizes.

Our study has implications for diabetes lifestyle interventions in
low-resource global settings. For example, a meta-analysis of DS-
ME studies conducted in high-income countries concluded that
education intensity was a powerful predictor of effect, and inter-
ventions offering 10 or fewer hours of contact had minimal bene-
fit (9). However, it is unclear if this finding holds outside of high-

income settings. The interaction between intervention intensity
and  benefit  is  particularly  important  in  settings  such  as  rural
Guatemala where resources must be judiciously allocated.  Al-
though we did not consider costs in our study, we are interested in
examining intensity and cost-effectiveness in future studies.

Two further considerations arising from this study concern the
type of delivery personnel and the role of familial support. The
diabetes educator in our study was a health professional with a 1-
year nursing degree rather than a community health worker. Al-
though many high-quality trials from the United States have sup-
ported their  role in diabetes education interventions (8),  com-
munity health workers were not used in our study because of the
wide availability of indigenous auxiliary nurses on the labor mar-
ket and our institutional experience, shared by others elsewhere
(22), that has shown that Maya people with diabetes prefer profes-
sional health workers. However, such contextual factors may not
apply to other settings.

Despite our intervention’s emphasis on involving family members
to generate social support for participants, family attendance dur-
ing home visits was modest, with only 39% of visits registering
family  participation.  Anecdotally,  family  members  frequently
commented on the time burden of participating in home visits.
Despite the salience of family support that has emerged from qual-
itative investigations of type 2 diabetes (14,23), our results sug-
gest that alternative forms of family engagement, including incent-
ives or visits outside of working hours, should be explored.

The primary strength of this study concerns the practical chal-
lenges that were overcome to successfully deploy a DSME inter-
vention in rural Guatemala. For example, HbA1c testing was not
available in local laboratories, so we used point-of-care devices for
HbA1c monitoring (14). We also used an EHR system to collect
data and monitor intervention fidelity even though home visits
were carried out in remote villages. Other strengths of this study
include a follow-up period of 12 months, which is a reasonably
long duration relative to other DSME studies performed in LMICs
(10,11), a low dropout rate (88% of participants completed at least
4 of the 6 scheduled home visits), and the degree to which our in-
tervention was adapted to Maya populations.

Our study is subject to several limitations and weaknesses. First,
because we did not  use an experimental  design with a control
group, our results are subject to residual confounding. One poten-
tial confounder is the degree to which the reconstitution of dia-
betes medical care in resource-limited settings can lead to dramat-
ic glycemic improvements, limiting interpretation of the role of
education or social interventions (24). Although our model in-
cluded an indicator variable representing a clinical lead-in period
of 3 months, we may not have adequately controlled for the ef-
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fects of care reconstitution. Viewed alongside the paucity of dia-
betes education research performed in LMICs, this limitation sug-
gests the need for randomized controlled trials of DSME in these
countries. At the same time, randomized controlled trials of DS-
ME are unlikely to be conducted in every population group around
the world, so it is imperative that implementers also share their
qualitative and quantitative experiences with diabetes education in
LMICs.

Second, we did not formally validate the psychometric properties
of the survey instruments in Kaqchikel, the local language. We ad-
dressed this issue by selecting instruments previously validated in
Spanish, professionally translating them into Mayan, and then iter-
ating them during the pilot period. Third, as in our underlying clin-
ical diabetes program (14) and other community-based chronic
disease interventions (23,25,26), we enrolled a disproportional
number of women in our intervention. Such female predominance
reflects a failure of chronic disease programs globally, including
our own, to identify and overcome the barriers men confront in re-
ceiving care (27). This topic has emerged as a research and pro-
grammatic priority for our institution. Fourth, high rates of elev-
ated  BMI  (especially  in  women)  have  been  reported  in  rural
Guatemala (4,28,29). In our sample, a substantial proportion of
participants (70%) also were overweight, yet we did not measure
or target weight loss. We plan to prioritize weight in future itera-
tions of the intervention.

A final limitation concerns the external validity of our findings.
Our sample size was small, and all participants received care in the
same clinical environment of a private, nonprofit free clinic. The
feasibility and effectiveness of diabetes education in other envir-
onments (eg, a public health center or fee-for-service private clin-
ic) is not known. Additionally, given chronic underfunding of the
Guatemalan public health system, it seems that DSME interven-
tions are most likely to be scaled and sustained by the private sec-
tor, although it is unclear if patients are willing to pay for this ser-
vice. Our small sample size should be viewed as a limitation in the
context that few published examples exist of comprehensive dia-
betes programs serving comparably poor, rural, and marginalized
populations with a clinical volume similar to or greater than ours
(30,31). Lastly, this intervention was tailored to Maya people with
type 2 diabetes in rural Guatemala and should be generalized cau-
tiously. Aspects of our intervention that may be useful in other re-
source-limited settings are prioritization of indigenous languages,
home-based education delivery, and incorporation of family mem-
bers.

This study’s findings support the role of DSME in low-resource
settings globally and show the need for more and higher-quality
diabetes behavioral research in LMICs.
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Tables

Table 1. Baseline Characteristics of Participants (N = 90) in a Home-Based Diabetes Self-Management Education Intervention in Rural Guatemala, 2014–2016a

Characteristic No. of Participants With Data Valueb

Age, mean (SD), y 90 53.8 (12.3)

Female, % 90 82

Time since diabetes diagnosis, median (IQR), y 88 8 (4–14)

Maternal language, %

Kaqchikel Mayan 90 63

K’iche’ Mayan 12

Spanish 24

Education completed, median (IQR), y 88 2 (0–5)

Marital status, %

Married or partnered 89 80

Single, divorced, or widowed 20

Previously received diabetes education, % 90 9

Difficulty paying for household expenses, %

At times 90 33

Often 30

Prescriptions being taken, %

Metformin 90 90

Sulfonylurea 54

Insulin 32

ACE inhibitor 32

HbA1c

Mean (SD) 89 9.9 (1.8)

Measure <8.0, % 11

Blood pressure

Systolic, mean (SD), mm Hg 90 126 (21)

Diastolic, mean (SD), mm Hg 75 (10)

Has <140 mm Hg systolic and <90 mm Hg diastolic, % 72

Body mass index,c kg/m2

Median (IQR) 85 26.8 (24.7–29.3)

≥25.0, % 71

≥30.0, % 22

Abbreviations: ACE, angiotensin-converting enzyme; HbA1c, hemoglobin A1c; IQR, interquartile range; SD, standard deviation.
a Data on maternal language, education, marital status, history of diabetes education, and household financial difficulties were self-reported by participants
through a brief orally administered questionnaire. All other data were extracted from electronic health records. Not all participants answered all questions, and not
all data were available in the electronic health record. Percentages may not add to 100 because of rounding.
b Continuous variables that had normal distributions described as mean (SD); variables that had nonnormal distributions as median (IQR).
c National Heart, Lung, and Blood Institute (18).
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Table 2. Secondary Survey Outcomes of Diabetes Knowledge and Self-Care Among 71 Participants Who Completed All 6 Visits in a Home-Based Diabetes Self-
Management Education Intervention in Rural Guatemala, 2014–2016a

Metric Baseline Median (IQR) Visit 6 Median (IQR) P Valueb

Diabetes Knowledge Questionnaire, no. of questions answered correctlyc 13 (9–15) 21 (18–23) <.001

Diabetes self-care measures,d no. of days performed in most recent week

Followed healthful eating plan 0 (0–4) 5 (4–7) <.001

Participated in at least 30 minutes of physical activity 0 (0–3) 4.5 (2–7) <.001

Checked feet 2.5 (0–7) 6 (3–7) .002

Took medications as recommended 5 (0–7) 7 (6–7) <.001

Abbreviation: IQR, interquartile range.
a Ninety participants were enrolled in the intervention.
b Determined by Wilcoxon signed rank test.
c Of 24 questions in the Diabetes Knowledge Questionnaire (19).
d Assessed by selected culturally relevant questions from the Summary of Diabetes Self-Care Activities (20), measured at baseline and at completion of the sixth
and final home visit. Two questions, about smoking and whether a participant knew what a carbohydrate was, were excluded from analysis because no parti-
cipants smoked at baseline and because “carbohydrate” may not have been meaningfully translated into Mayan.
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