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Abstract

Background: The global epidemic of diabetes calls for innovative interventions. This study evaluated the
effectiveness of the Project Dulce model, with and without wireless technology, on glycemic control and other
clinical and self-reported outcomes in patients with poorly controlled type 2 diabetes in Mexico.
Subjects and Methods: Adults with type 2 diabetes and a glycated hemoglobin A1c (HbA1c) level of ‡8% were
recruited from Family Medical Unit #27 of the Instituto Mexicano del Seguro Social (IMSS) in Tijuana,
México, and randomly assigned to one of three groups: Project Dulce–only (PD); Project Dulce technology-
enhanced with mobile tools (PD-TE); or IMSS standard of care/control group (CG). Clinical and self-reported
outcomes were assessed at baseline, Month 4, and Month 10. Time-by-group interactions and within-group
changes were analyzed.
Results: HbA1c reductions from baseline to Month 10 were significantly greater in PD-TE (-3.0% [-33 mmol/
mol]) and PD (-2.6% [-28.7 mmol/mol]) compared with CG (-1.3% [-14.2 mmol/mol]) (P = 0.009 and 0.001,
respectively). PD-TE and PD also exhibited significant improvement in diabetes knowledge when compared
with CG (P < 0.05 for both). No statistically significant differences were detected between PD and PD-TE on
these indicators (P = 0.54 and 0.86, respectively). Several within-group improvements were observed on other
clinical and self-report indicators but did not vary significantly across groups.
Conclusions: Project Dulce with and without wireless technology substantially improved glycemic control and
diabetes knowledge in high-risk patients with type 2 diabetes in a Mexican family medical unit, suggesting that
integrating peer-led education, nurse coordination, and 3G wireless technology is an effective approach for
improving diabetes outcomes in high-risk populations.
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Introduction

In recent decades, the incidence and prevalence of
diabetes have increased worldwide.1 The United States–

Mexico border region is highly affected, with a 15.4%
prevalence of type 2 diabetes mellitus in adults,2 exceeding
the overall prevalence described for the Hispanic population
in the United States (11.4%)3 or for the general population in
Mexico (11.9%).4 Diabetes represents one of the greatest
burdens for the Mexican health and social insurance provider,
the Mexican Institute of Social Security (Instituto Mexicano
del Seguro Social [IMSS]).5,6

Glycemic control in type 2 diabetes continues to be a major
challenge.1,7 In Mexico, approximately 75% of individuals with
diabetes have not reached adequate glycemic control.8 Sys-
tematic reviews have reported that diabetes self-management
education programs can help patients with poor blood glucose
control achieve glycemic targets.9–11 Although most of these
studies have been conducted in high-income countries, 80% of
the population affected with diabetes lives in low- and middle-
income countries.1 Thus it is important to identify effective
interventions for underserved, high-need populations in low-
resource settings.

The International Diabetes Federation affirms that culturally
appropriate and well-tested diabetes education models remain
severely limited in low- and middle-income populations.1 One
program that has demonstrated efficacy in improving glycemic
control, behavioral indicators, and long-term cost reductions
for high-risk (patients with poor glycemic control) Mexican-
American patients diagnosed with type 2 diabetes mellitus in the
United States is Project Dulce.12–14 The Project Dulce model
uses nurse care support, peer-led diabetes self-management
education, and a basic registry. Project Dulce uses trained dia-
betes nurses to assist physicians by collecting and reviewing
patient data and taking anthropometric and sensory measures.
Nurses also educate patients and promote adherence to treatment
following evidence-based guidelines. Peer educators (individu-
als from the patients’ communities with personal experience
with diabetes) provide eight weekly educational sessions of 2 h
each, using the Diabetes Among Friends curriculum13 followed
by monthly support groups.

Several studies and systematic reviews of information and
mobile technology have reported small to moderate glycated
hemoglobin A1c (HbA1c) reduction and benefit in behavioral
outcomes.15–23 Some of the largest reductions in HbA1c were
reported by Quinn et al.,24 with differences in HbA1c be-
tween a technology intervention and standard care of 1.2%
(13.1 mmol/mol) in a population of commercially insured
patients in the United States. Systematic reviews emphasize
the need for more randomized, controlled clinical trials that
assess the value of wireless technology in diabetes manage-
ment added to comprehensive, culturally sensitive, and in-
novative clinical and health education interventions for
ethnic minorities and low- or middle-income countries.17,19

Given that Mexico is a country with high diabetes prevalence
and high mobile technology penetration, where at least 85%
of adults use cell phones,25 this study proposed to adapt and
evaluate the Project Dulce program, with and without mobile
technology, for patients with type 2 diabetes mellitus from a
medical familiy unit in the United States–Mexican border
region of Tijuana, Mexico. This study, known as Dulce
Wireless Tijuana (DWT), evaluated if the adapted Project

Dulce model for the Mexican population, with and without
mobile technology, was effective in a ‘‘real-world’’ envi-
ronment (i.e., under routine practice conditions with evolving
management approaches), compared with usual clinical care,
at improving clinical and self-report outcomes in patients
with type 2 diabetes in Mexico.

Research Design and Methods

Study design

The DWT study is an open-label randomized controlled trial
conducted from November 2011 to April 2014 at the Family
Medical Unit #27 (UMF #27) of the IMSS in the city of Ti-
juana. Patients were identified as potential candidates by
medical staff of the 81 medical offices in this health facility and
recruited through direct patient evaluation and review of the
patient’s medical records by trained nurses. Participant inclu-
sion criteria were as follows: 18–75 years of age, diagnosis of
type 2 diabetes, HbA1c ‡8% (‡64 mmol/mol), no current in-
sulin use, active IMSS health coverage, and able to read. Pa-
tients with severe medical or psychiatric conditions and who
were unable to visit the clinic were excluded from the study.

The protocol of this study protocol was approved by the
Universidad Autónoma de Baja California and the Bioethical
Committee of the IMSS National Research Commission
(protocol CNIC-R-2011-785-019).

Medical and laboratory records were reviewed to confirm
eligibility. Insulin-naive patients were selected because they
provided a participant group with more uniform clinical
features by which to study the interventions. Patients are el-
igible to obtain IMSS health and social services if they are
either dependents of or themselves active employers or em-
ployees registered in the IMSS national labor registry. This
includes provision of laboratory services, medications, hos-
pital services, and disability coverage. Alternatively, most
uninsured have to pay out-of-pocket medications, laborato-
ries, or disability coverage. Similar to designs in pragmatic
studies, this study was conducted in a real-world environment
with evolving management approaches, but the interventions
for Project Dulce diabetes self-management education and
technology remained consistent for the duration of the study.

Patients who agreed to participate were randomly assigned
to one of three groups: Project Dulce–only intervention (PD),
Project Dulce technology-enhanced intervention (PD-TE), or
control group (CG). A block randomization procedure26 was
used to promote homogeneity among groups. Patients en-
tered the study in successive cohorts as they were recruited,
every 2 or 3 months. Figure 1 gives the Consolidated Stan-
dards of Reporting Trials diagram for the study.

Assessments of clinical outcomes were conducted at
baseline (Month 0), Month 4, and Month 10 by trained
nurses. Self-reported oucomes were assessed at baseline and
Month 10 only.

Interventions

PD. Consistent with the Project Dulce model,13 the PD
group included a combination of care management by a
multidisciplinary team led by trained clinicians and nurses, as
well as a peer-led group education component. The flow of
usual care at UMF #27 was modified to allow patients to be
cared for by this multidisciplinary team.
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Clinicians completed a 16-h training based on the Amer-
ican Diabetes Association guidelines27 that was delivered by
the Scripps Whittier Diabetes Institute in San Diego, CA.
They also participated in monthly multidisciplinary capacity-
building case discussions and were responsible for prescribing
and changing medications for patients as needed to meet gly-
cemic control targets, adhering to current guidelines. These
case discussions were added training components to meet
the capacity-building needs of the local clinicians and the
multidisciplinary team.

Nurses, also trained in diabetes management, played an
important role in patient management and education. These
diabetes-trained nurses collaborated with the attending phy-
sicians, providing personalized education to patients, re-
viewing their clinical history, and monitoring progress
toward specific clinical or behavioral outcomes, all according
to current clinical guidelines. Nurses also acted as liaisons

with the community peer educators, referring patients to
educational classes and support groups.

Peer educators, locally known as ‘‘promotoras,’’ who ei-
ther had diabetes themselves or had lived with relatives or
closely worked with people with diabetes, were trained in the
‘‘Diabetes Among Friends’’ curriculum of Project Dulce
using an established training protocol, and competencies
were met by the trainees.12,28 The order of the educational
classes was modified to address the fears, myths, and barriers
of the Mexican population. Peer educators were recruited
from the same communities where the patients lived. Peer
educators were supervised by staff from Fronteras Unidas Pro
Salud, a community organization in Tijuana, as well as the
IMSS. Promoting clinicians’ adherence to guidelines and
overcoming patients’ and providers’ fears and misconcep-
tions of insulin use were part of the DWT training and edu-
cation program. Observational data showed that providers in

FIG. 1. Consolidated Standards of Reporting Trials (CONSORT) flowchart of enrollment and follow-up. HbA1c, glycated
hemoglobin A1c; IMSS, Instituto Mexicano del Seguro Social; INT, intervention; PD, Project Dulce-only; PD-TE, Project
Dulce technology-enhanced.
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the clinic were hesitant to initiate and titrate insulin because
of fear of hypoglycemia and the limited glucose monitoring
resources available to patients. Patients had a strong fear of
injections and misconceptions about the use of insulin.

The educational sessions were aimed at achieving ef-
fective diabetes self-management and were offered to pa-
tients and relatives on flexible schudules and locations.
Patients received a total of eight 2-h, weekly sessions of
peer-led diabetes self-management education during the
first 2 months. Patient sessions were interactive and offered
at the clinic and convenient community sites (public li-
braries, gymnasiums, and community centers). At the con-
clusion of the eight weekly sessions, patients were encouraged
to attend monthly support groups through the 10th month of
follow-up.

PD-TE. In addition to the PD intervention described
above, PD-TE participants received a MyGlucoHealth glu-
cose meter (Entra Health Systems, San Diego) with USB
connection, 80 glucose test strips, and a 3G-enabled cell
phone (Iusacell Mexico, Mexico City, Mexico). Patients re-
ceived a 2-h orientation on how to use the glucose meter and
the cell phone. IMSS usually does not provide glucose meters,
test strips, or cell phones to patients, so the combination of
technology tools used in this study for the PD-TE group can be
considered a novel therapeutic approach in this institution.

Patients were asked to check their glucose level two times
a day (fasting and postprandial), every day, during the first
month and 2 days per week during the second month. Patients
checked their glucose levels with the glucose meters and test

strips provided. The glucose meter data were uploaded to the
project’s diabetes registry system. The system identified
glucose readings considered too low or too high. The medical
staff had access to the diabetes registry system developed to
securely receive glucose meter readings and track patient
information during visits and classes.

Patients were also encouraged to take interactive surveys,
read text messages, watch short educational videos, and read
brochures available through a Brew� application developed
by Iusacell (Geocontrol�) and installed on their cell phone.
The interactive survey was sent from the patients’ cell phone
once a day during the first month and twice a week during the
second month. The interactive survey was designed to pro-
mote tracking and accountability. It contained five simple
questions related to their glucose readings, carbohydrate in-
take, physical activity, and medication adherence. The in-
teractive survey had the capacity to relay feedback data to
providers in real time via the Brew application. The system
sent automatic reminders to complete the survey via short
message service (text messaging). Alert messages were also
sent to providers when patients reported out-of-range glucose
levels or missed appointments. Lastly, PD-TE patients had
access to diabetes care information through short, culturally
appropriate videos and educational materials available in
their cell phones. Videos followed the soap-opera style,
known as ‘‘novela’’ in Spanish. The survey and videos were
developed for and evaluated with Mexican patients with di-
abetes in a qualitative pilot test at UMF #27.

Patient data were protected using standard security pro-
tocols to guarantee integrity and confidentiality (Fig. 2).

FIG. 2. Project Dulce technology-enhanced topology. Promotoras, patients, physicians, and nurses use their 3G cell
phones, laptops, and USB glucose meters to exchange clinical and educational information through an EV-DO Revision A
wireless network.
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CG. Participants in the CG received standard care out-
lined by IMSS guidelines29,30 via recently introduced Dia-
betIMSS group medical visits or one-on-one visits with a
family physician. Medical group visits were provided ac-
cording to the IMSS Institutional Program for Prevention and
Treatment of Diabetes, called the DiabetIMSS technical
guide.29 Physicians, nurses, and social workers are trained
according to these diabetes guidelines. Clinicians prescribed
and made changes to medications following these guidelines.
The DiabetIMSS program encouraged patients to participate
in monthly visits of approximately 3 h, where they received
educational classes and were evaluated by a nurse and a
physician.30,31 Thus, patients in the DiabetIMSS group had
access to 10 monthly medical group visits during the study.

In order to prevent contamination among the three groups,
different physicians and peer educators provided care for
each of the study groups. Also, the classes and visits were
offered separately and at different times to prevent contam-
ination across conditions.

Measures

Clinical outcomes. The primary outcome of this study
was HbA1c (expressed in % [mmol/mol]). Secondary clinical
outcomes were total cholesterol, low-density lipoprotein
cholesterol (LDL-c), high-density lipoprotein cholesterol
(HDL-c), triglycerides, systolic blood pressure (SBP), dia-
stolic blood pressure (DBP), and body mass index (BMI).
Laboratory assays were processed by the regional laboratory
of the IMSS at Hospital #1 in Tijuana, according to stan-
dardized procedures. HbA1c concentration was measured by
a turbidimetric immunoinhibition method, using the UniCel�

DxC Synchron� (Beckman Coulter, Inc., Brea, CA) systems
hemoglobin (HbA1c–) assay, certified by the NGSP.

Self-reported outcomes. Self-efficacy, depression, life-
style, quality of life, and diabetes knowledge were measured at
baseline and Month 10 using the respective Spanish-validated
survey instruments: the Spanish Diabetes Self-Efficacy,32 the
Patient Health Questionnaire (PHQ-9),33 the Instrument to
Measure Lifestyle of Type 2 Diabetes Mellitus Patients
(IMEVID),34 Diabetes 39,35 and the Diabetes Knowledge
Questionnaire 24 (DKQ24).36 These instruments were val-
idated in Spanish-speaking populations in the United States
or in Mexico.

The Spanish Diabetes Self-Efficacy is an eight-item in-
strument that uses a 1 (not at all confident) to 10 (totally
confident) response scale to assess patients’ level of confi-
dence conducting basic diabetes management activities.32

The PHQ-9 is a questionnaire validated for use in primary
care to assess the nine diagnostic criteria for major depressive
disorder.33

The IMEVID contains 25 items that measure self-reported
health behaviors across seven domains: nutrition, physical
activity, tobacco/alcohol consumption, information on dia-
betes, emotions, and therapeutic adherence.34

The Diabetes 39 is a 39-item questionnaire that uses a 1
(not affected at all) to 7 (extremely affected) response scale to
gauge psychological well-being and social functioning.35

The DKQ24 instrument is a 24-item questionnaire that
uses a true–false response scale to gauge patients’ knowledge
of diabetes.36

The reported internal consistency reliability (a) of each of
these Spanish-validated instruments was 0.85, 0.84, 0.81,
0.95, and 0.78, respectively.32–36

Sociodemographic and medical history. Information re-
garding age, gender, education, marital status, hypertension
diagnosis, and previous hospitalizations were collected dur-
ing the baseline assessment.

Statistical analysis

A sample size of 99 patients per group (total n = 297) was
calculated based on differences of the primary outcome
(changes in HbA1c) with a 97.5% power to detect an effect of
0.9% difference as reported in a mobile diabetes intervention
study.24 A 25% attrition rate was considered realistic given
the high mobility of this population.

Descriptive and graphical analyses were used to examine
outcome distributions, as well as to calculate means and SDs.
Multilevel modeling analyses examined differential changes
across time among the three groups on clinical and self-
reported outcomes. Multilevel analysis was specifically used
to correct for any potential nonindependence among the
subjects and their groups. These analyses were conducted
with the entire cohort (i.e., participants with at least one data
point) in an intent-to-treat approach. Subsequent analyses
examined within-group change on clinical and self-reported
outcomes using analyses of covariance and controlling for
age and sex. Medication adjustments were not included as a
covariate because they were part of the DWT comprehensive
interventions.

Furthermore, combined and individual associations of
class and medical visit attendance with HbA1c changes were
analyzed in dosage analyses. In an attempt to assess if in-
teractive surveys in the PD-TE group had a predictive value
by itself on the primary HbA1c outcome, an analysis of
doses via linear regression adjusted for age and gender was
conducted.

IBM (Armonk, NY) Statistical Package for the Social
Sciences (version SPSS-21) and Scientific Software Inter-
national (Skokie, IL) hierarchical linear modeling (version
HLM-7) for Windows software were used to perform all
analyses.

Results

In total, 2,489 potential study participants were identified
and referred to staff for screening evaluation. Of those, 915
(37%) were considered ineligible, 83 declined (3%), and
1190 (48%) could not be reached after several contact at-
tempts. The remaining 301 participants were enrolled in the
study and were allocated randomly: 99 to PD, 102 to PD-TE,
and 100 to CG (see the CONSORT diagram in Fig. 1).

The majority of patients were female, married, and middle-
aged and reported middle school or lower educational
attainment (Table 1). Average duration of diabetes since di-
agnosis was 8.3 years. All patients enrolled were taking oral
hypoglycemic therapy, mainly metformin. The three study
groups were similar at baseline, except for a larger proportion
of women in the PD group (76.8%) compared with the CG
(62.0%) and PD-TE (61.8%) groups (P < 0.05). There were
no statistically significant differences of baseline HbA1c
levels among the groups.
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Unadjusted means, SDs, and differences between baseline
and Month 4 and between baseline and Month 10 are pre-
sented in Table 2 for all outcomes.

Differential change over time analyses

Clinical outcomes. A significant time-by-group interac-
tion effect was observed for HbA1c (P < 0.001) but not for
any other clinical outcomes (all P values >0.05). Follow-up
analyses were conducted to investigate differences among the
three groups. Specifically, the PD-TE and PD groups ex-
hibited significantly greater reductions in HbA1c over time
compared with CG (P = 0.001 and P = 0.009, respectively).
The degree of improvement in HbA1c did not vary signifi-
cantly between PD and PD-TE over the 10-month follow-up
(P = 0.86) (Fig. 3).

Self-reported outcomes. A significant time-by-group
interaction effect was also observed for diabetes knowledge
but not for any of the other self-reported outcomes: self-
efficacy, depression, lifestyle, and quality of life (all P values
>0.05). Follow-up analyses indicated that the PD-TE
(P = 0.01) and PD (P = 0.03) groups exhibited significantly
greater improvements in diabetes knowledge between base-
line and Month 10 compared with CG. The degree of im-
provement in knowledge did not vary significantly between
PD and PD-TE (P = 0.54).

Within-group changes analyses

Clinical outcomes. Unadjusted change scores are pre-
sented in Table 2 for descriptive purposes; however, P values
are derived from age/gender-adjusted multivariable tests. An
average within-group HbA1c decline between baseline and
Month 10 of -3.02% (-33.0 mmol/mol) was observed for
PD-TE with a decline of -2.63% (-28.7 mmol/mol) for PD

(P values <0.01). CG showed a relatively smaller, but still
significant, decline of -1.30% (-14.2 mmol/mol) in the same
period (P < 0.01).

Significant within-group improvements in HDL-c were
observed in the PD-TE (+1.53 mg/dL), PD (+1.57 mg/dL),
and CG (+6.05 mg/dL) groups between baseline and Month
10 (P < 0.01). Also, statistically significant SBP reductions
were observed in the PD-TE (-4.47 mm Hg), PD (-0.08 mm
Hg), and CG (-2.43 mm Hg) groups between baseline and
Month 4 (P values <0.05). No significant differences were
observed for total cholesterol, LDL-c, triglycerides, DBP,
and BMI in any of the three groups.

Self-reported outcomes. Within-group differences in
quality of life and diabetes knowledge improvements ap-
proached statistical significance in the PD-TE and PD groups
(P values <0.10).

Subanalyses

Changes in medication, from baseline to Month 10, showed
a significant higher percentage of insulin use in patients of the
PD and PD-TE groups (74% and 69%, respectively) compared
with the CG (38%) (P < 0.001). Combined attendance to
medical visits and peer-led education classes was a significant
predictor of HbA1c changes for the PD and PD-TE groups
(b = 0.2, P = 0.01). For every additional visit or class attended,
a change in 0.2% (2.2 mmol/mol) of HbA1c was observed. In
analyzing attendance to medical visits alone, medical visits
were a significant predictor of HbA1c changes for the PD and
PD-TE groups (b = 0.15, P = 0.02). Attendance to peer-led
education alone did not reach a significant difference among
groups. Patients in the PD-TE group participated on average in
nine peer-led education classes, in the PD group in eight
classes, and in the CG in seven classes (b = 0.16, P = 0.09).

Table 1. Demographic and General Characteristics of Groups at Baseline

CG (n = 100) PD (n = 99) PD-TE (n = 102) P

Sex 0.036a

Men 38 (38.0) 23 (23.2) 39 (38.2)
Women 62 (62.0) 76 (76.8) 63 (61.8)

Education 0.757
Basic (K–6th grade) 51 (51.0) 48 (48.5) 58 (56.9)
Middle (7th–12th grade) 44 (44.0) 46 (46.5) 38 (37.3)
College and above (13th + grade) 5 (5.0) 5 (5.1) 6 (5.9)

Marital status 0.208
Married or domestic partnership 71 (71.0) 60 (60.6) 72 (70.6)
Single, divorced, or widow 29 (29.0) 39 (39.4) 30 (29.4)

Hypertensionb 0.725
Yes 47 (47.0) 43 (43.4) 50 (49.0)
No 53 (53.0) 56 (56.6) 52 (51.0)

Hospitalizations 0.844
Yes 7 (7.2) 5 (5.3) 6 (6.0)
No 93 (93.0) 94 (94.9) 94 (94.1)

Age (years) [mean (SD)] 52.5 (9.7) 50.6 (10.7) 51.5 (11.4) 0.456

Data are n (%) unless indicated otherwise. Statistical tests used to assess differences were v2 tests or one-way analysis of variance.
aP < 0.05, significant difference.
bAccording to Instituto Mexicano del Seguro Social national guidelines, hypertension was defined as systolic blood pressure ‡140 mm

Hg, diastolic blood pressure £90 mm Hg, or normal ranges in people receiving antihypertensive therapy.
CG, control group; PD, Project Dulce-only; PD-TE, Project Dulce technology-enhanced.
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Table 2. Group Means for Clinical and Self-Report Outcomes at 0, 4, and 10 Months

Among the Three Groups

CG PD PD-TE

n Mean (SD) n Mean (SD) n Mean (SD)

HbA1c (% unit)
Baseline 100 10.90 (2.01) 99 11.39 (2.52) 102 11.19 (2.03)
Month 4 84 9.66 (2.71) 77 8.27 (2.13) 85 7.68 (2.13)
Month 10 92 9.56 (2.79) 82 8.68 (2.76) 89 8.19 (2.17)

Change 0–4 monthsa -1.20 (2.89) -3.11 (2.86) -3.37 (2.80)
Change 0–10 monthsa -1.30 (3.29) -2.63 (3.73) -3.02 (2.83)

HbA1c (mmol/mol)
Baseline 100 96 (22.0) 99 101 (27.5) 102 99 (22.2)
Month 4 84 83 (29.6) 77 67 (23.3) 85 61 (23.3)
Month 10 92 81 (30.5) 82 72 (30.2) 89 66 (23.7)

Change 0–4 monthsa -13.1 (31.6) -34.0 (31.3) -36.8 (30.6)
Change 0–10 monthsa -14.2 (36.0) -28.7 (40.8) -33.0 (30.9)

Total cholesterol (mg/dL)
Baseline 89 209.92 (38.99) 94 206.46 (39.79) 100 206.02 (37.14)
Month 4 79 201.00 (36.73) 74 189.47 (35.98) 83 188.06 (31.71)
Month 10 90 205.13 (38.84) 79 195.80 (40.17) 85 191.12 (39.04)

Change 0–4 months -10.91 (34.77) -14.07 (36.89) -14.08 (35.82)
Change 0–10 months -6.96 (31.18) -7.40 (33.19) -13.75 (36.94)

Triglycerides (mg/dL)
Baseline 87 249.09 (141.48) 92 231.46 (169.83) 99 231.20 (148.93)
Month 4 78 203.17 (115.00) 74 168.22 (90.96) 83 173.48 (90.67)
Month 10 86 210.57 (122.79) 75 173.97 (81.61) 86 180.16 (96.39)

Change 0–4 months -49.05 (131.69) -41.25 (113.65) -49.74 (125.69)
Change 0–10 months -25.30 (128.11) -29.85 (106.45) -46.76 (120.4)

LDL-c (mg/dL)
Baseline 52 118.64 (38.05) 67 114.91 (29.87) 75 109.74 (35.59)
Month 4 68 117.83 (31.91) 63 107.71 (24.83) 78 108.20 (27.52)
Month 10 75 117.45 (34.92) 63 112.00 (28.41) 77 111.54 (26.10)

Change 0–4 months +4.31 (31.59) -4.11 (28.93) -1.18 (35.70)
Change 0–10 months +0.45 (35.22) -0.40 (24.91) -0.26 (33.52)

HDL-c (mg/dL)
Baseline 51 40.08 (9.50) 67 41.56 (8.42) 75 40.83 (7.96)
Month 4 69 41.00 (10.17) 66 43.28 (10.49) 77 43.69 (10.72)
Month 10 77 44.75 (12.07) 64 42.72 (10.61) 77 43.38 (11.71)

Change 0–4 months +1.67 (9.11) +2.99 (11.97) +2.35 (10.24)
Change 0–10 monthsa +6.05 (13.47) +1.57 (8.78) +1.53 (9.30)

BMI (kg/m2)
Baseline 100 30.79 (5.10) 97 31.15 (5.41) 100 30.74 (5.29)
Month 4 84 31.11 (5.32) 75 31.55 (5.28) 85 31.20 (5.19)
Month 10 91 30.79 (4.98) 74 32.08 (5.01) 88 31.23 (5.27)

Change 0–4 months +0.07 (1.32) +0.08 (1.58) +0.01 (1.69)
Change 0–10 months -0.08 (1.67) +0.25 (2.06) +0.23 (2.27)

SBP (mm Hg)
Baseline 100 122.70 (15.65) 97 120.05 (11.71) 100 123.78 (15.35)
Month 4 84 121.26 (12.66) 76 119.59 (13.51) 85 120.00 (13.34)
Month 10 90 123.02 (12.58) 77 119.69 (14.24) 87 120.13 (14.26)

Change 0–4 monthsb -2.43 (15.7) -0.08 (15.85) -4.47 (15.15)
Change 0–10 months -0.64 (16.0) +0.08 (15.72) -4.05 (16.86)

DBP (mm Hg)
Baseline 100 78.09 (9.73) 97 75.90 (8.18) 100 78.88 (8.54)
Month 4 84 75.98 (8.02) 76 74.12 (8.11) 85 74.78 (11.71)
Month 10 91 76.85 (6.82) 77 75.60 (9.13) 87 75.22 (8.55)

Change 0–4 months -2.34 (10.85) -0.68 (10.01) -4.28 (13.13)
Change 0–10 months -1.82 (10.77) +0.14 (11.48) -3.74 (10.32)

Self-efficacy
Baseline 97 46.81 (16.37) 88 48.82 (18.10) 92 54.75 (16.02)
Month 10 81 57.37 (17.04) 62 61.77 (18.93) 77 63.29 (17.26)

Change 0–10 months +9.66 (22.02) +12.08 (21.63) +9.12 (19.29)

(continued)
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Table 2. (Continued)

CG PD PD-TE

n Mean (SD) n Mean (SD) n Mean (SD)

Depression
Baseline 97 6.52 (4.99) 89 7.48 (5.29) 93 7.73 (5.77)
Month 10 81 5.56 (4.79) 62 4.81 (4.26) 77 5.13 (4.48)

Change 0–10 months -0.83 (5.44) -2.35 (4.83) -2.36 (5.07)

Lifestyle
Baseline 95 58.26 (12.52) 89 61.79 (13.36) 93 62.57 (13.13)
Month 10 81 69.68 (11.93) 62 77.60 (9.20) 77 76.90 (11.80)

Change 0–10 months +11.78 (13.99) +14.08 (11.00) +14.44 (13.95)

Quality of lifec

Baseline 97 31.11 (17.60) 88 31.40 (20.99) 93 30.09 (18.10)
Month 10 81 24.51 (18.12) 62 16.68 (14.81) 77 19.28 (16.88)

Change 0–10 months -6.53 (20.57) -15.41 (21.66) -11.40 (18.65)

Diabetes knowledge
Baseline 51 13.69 (4.22) 49 14.12 (3.45) 48 14.21 (3.91)
Month 10 81 14.83 (3.16) 62 16.76 (2.98) 77 17.30 (3.56)

Change 0–10 months +1.15 (4.05) +3.20 (3.28) +3.24 (4.15)

The following Spanish-validated survey instruments were used to measure self-efficacy, depression, lifestyle, quality of life, and diabetes
knowledge, respectively: the Spanish Diabetes Self-Efficacy,32 the Patient Health Questionnaire,33 the Instrument to Measure Lifestyle of
Type 2 Diabetes Mellitus Patients,34 Diabetes 39,35 and the Diabetes Knowledge Questionnaire 24.36 Unadjusted means are presented for 0,
4, and 10 months for descriptive purposes. Results for within-group changes were examined using analyses of covariance and controlling
for age and sex. Sample sizes vary for each analysis because of missing values.

Levels of significance are indicated: aP < 0.01, bP < 0.05.
cHigher scores mean quality of life is adversely affected. Thus reductions in quality of life scores represent positive gains in quality of

life.
BMI, body mass index; CG, control group; DBP, diastolic blood pressure; HbA1c, glycated hemoglobin A1c; HDL-c, high-density

lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; PD, Project Dulce-only; PD-TE, Project Dulce technology-enhanced;
SBP, systolic blood pressure.

FIG. 3. Changes in absolute levels of glycated hemoglobin A1c (HbA1c) (%) at baseline and at 4 and 10 months among
Project Dulce-only (PD), Project Dulce technology-enhanced (PD-TE), and control group (CG) groups. PD-TE (P = 0.001)
and PD (P = 0.009) groups exhibited significantly greater reductions in HbA1c over time compared with CG but did not vary
significantly from each other (P = 0.86).
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Descriptive analysis showed that patients had high levels
of response to the interactive surveys designed to promote
tracking and accountability.On average, patients responded
to 30 of the 40 interactive surveys they received via cell
phone during the first 2 months of the study (75% adherence).
Nevertheless, the results of the linear regression indicate that
the number of interactive surveys by itself does not signifi-
cantly predict the observed reduction in the primary outcome
HbA1c (P = 0.152).

Discussion

Findings indicate that the PD-TE and PD groups exhibited
significantly larger reductions in HbA1c levels at Month 10
(-3.02% [-33 mmol/mol] and -2.63% [-28.7 mmol/mol])
than CG (-1.30% [-14.2 mmol/mol]). However, no signifi-
cant differences were observed between the PD-TE and PD
groups. A similar pattern was observed for diabetes knowl-
edge. Although significant within-group changes were ob-
served on several of the remaining clinical and self-reported
outcomes, these improvements did not vary significantly
among the groups.

These results suggest that the adapted Project Dulce model
for the Mexican population of IMSS in Tijuana, with and
without technology, is feasible and effective in improving
glycemic control in high-risk patients with type 2 diabetes
mellitus attending IMSS clinic UMF #27 in Tijuana. Abso-
lute reductions in HbA1c in the PD-TE and PD groups were
larger in this study than the declines in HbA1c published in
high-risk patients in the United States using the same peer
education curriculum (-1.5% [-16.4 mmol/mol]).13

Although in this study no significant ifferences were found
between PD-TE (technology-enhanced) and PD alone, this
study did demonstrate acceptability in and engagement of a
low-income patient population with the 3G technology used
in this trial. This is consistent with the argument presented by
the systematic review of Free et al.,16 which stated that mobile
interventions are probably more relevant to providers in de-
veloping countries where mobile technology may offer valu-
able clinical support and guidance remotely. Free et al.16,17

further explained that most controlled trials have been con-
ducted in high-income countries where the standard of care
available ‘‘may be very different to the standard care in low- or
middle-income countries.’’ It was promising to see that pa-
tients did not regress back to their initial high HbA1c levels
(Fig. 2), as may be commonly reported soon after interven-
tions.9 This indicates the potential to maintain glycemic con-
trol over a longer period of intervention.

Potential explanations for the within-group changes ob-
served in the CG may include the facts that a new program
(DiabetIMSS)30,31 was introduced as part of the standard of
care at IMSS UMF #27, and a high influx of recently grad-
uated and trained family physicians was experienced at the
clinic during the implementation of the study. Because this
was a real-world study it was possible that new interventions
may be introduced during the conduct of the study. None-
theless, the improvement observed in the CG was signifi-
cantly smaller than those observed in the PD-TE and PD
interventions, which supports the proposal that other ele-
ments in the PD-TE and PD further improved care.

As demonstrated in previous studies, improvements in
glycemic control can be effectively achieved with the use of

team-based care that includes nurse care managers and peer
educators.12,13 In both the PD-TE and PD groups, adding a
nurse care manager to the workflow and treatment algo-
rithms allowed the family physician to conduct a no-rush,
more complete review of the patient’s clinical status and
medication adjustments, as well as a more thorough con-
versation with the patient. The use of a multidisciplinary
team, together with reinforced clinician education and the
DWT program’s emphasis on overcoming patients’ and pro-
viders’ fears and misconceptions on the use of insulin, may
have facilitated the adherence to medication and explain the
higher percentages of insulin use in the PD and PD-TE groups.
However, because appropriate medication adjustments were
part of the DWT comprehensive interventions, we are unable
to isolate the specific effect of adherence to medications on
glycemic outcomes. In the case of PD-TE, the short-term use
of the glucose meters during the period of medication ad-
justment may have improved clinicians’ confidence when
prescribing or titrating insulin. Future studies should examine
medication adjustment or adherence as a pathway to improved
outcomes.

Community-based, peer diabetes education was also an
important and culturally tailored strategy used in this setting
where education is traditionally provided by healthcare pro-
fessionals. This was the first time that diabetes educational
sessions were provided outside the IMSS UMF #27 clinic at
convenient locations and times by peer educators from a
nonprofit organization. Patients expressed high levels of
satisfaction with the peer and patient-centered approach to
education as well as the use of technology tools, especially
the glucose meter and the interactive survey (PD-TE group).

Although the declines in HbA1c level between the PD-TE
and PD groups did not reach statistical significance, there is a
modest difference of 0.4% (4.4 mmol/mol) between these
two groups, favoring the PD-TE intervention. The magnitude
of this decline is similar to those in several studies for dif-
ferent mobile technology interventions.15,21 Given the higher
reductions in HbA1c trends observed at Month 4, right after
the intensive phase of the technology, future research should
examine if a longer period of mobile technology intervention
leads to greater effects on glycemic control. This recom-
mendation is consistent with the findings of the systematic
review by Clark9 that consider duration of interventions as
key to success. Also, studies with larger samples sizes may be
needed to reach statistical significance when evaluating the
mobile health impact alone.

The completion of the interactive surveys by the partici-
pants had a very high uptake (75%), demonstrating wide-
spread willingness to respond via mobile technology. One
possible explanation of the high survey response was the
automatic alerts sent to the patients as reminders. Although
we cannot conclude this for certain, we suspect that a high
survey response may have indicated high adherence or use of
self-management activities. A dosage effect of the mobile
technology was not detected, but with such high, homoge-
neous dosage across groups (i.e., small effect size), it was
more challenging to detect statistical significance. In terms of
feasibility, the basic literacy levels and wide range in age of
the patients did not seem to prevent the use of the technology
adaptation. However, an initial orientation and ongoing in-
structions on the use of the cell phone interactive survey,
videos, and glucose meters were required.
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Preliminary qualitative reports reveal that participants
particularly valued the ability to see how their glucose
levels responded to the changes in medications, physical
activity, and nutrition. The value of receiving timely feed-
back coincides with the Control Theory and the Goal Setting
Theory, which explain how people can react or adapt to
feedback and that actions or behaviors can be adjusted.37,38

Because the introduction of mobile technology was quite
feasible in a population with high mobile penetration like
Mexico, it merits a more in-depth analysis of the additional
costs to the healthcare system. Additional qualitative and
cost-effectiveness secondary data will be reported in fu-
ture publications to further assess the sustainability of these
interventions.

By design, this study purposefully incorporated the tech-
nology into the multidisciplinary team and peer education
approaches to assess the combination of technology tools
with promising self-management interventions, but future
research may focus on studying the specific components to
further evaluate the individual effects. Thus the current study
provides insight on the effectiveness of a comprehensive
educational approach, including mobile health tools, but in-
sufficient information on the impact of mobile health tools
alone.

Findings for total cholesterol, triglycerides, LDL-c, HDL-
c, BMI, SBP, DBP, self-efficacy, depression, lifestyle, and
quality of life did not show statistically significant differences
among the study groups. The greater increase of HDL-c level
in the control group needs to be further analyzed and may be
due to the new 10-month group visit education model (Dia-
betIMSS). The small reductions in total cholesterol, LDL-c,
SBP, and DBP may be due to the fact that patients were se-
lected based on HbA1c, and thus baseline levels on the other
indicators were largely near clinical targets at baseline for all
three groups. These results are consistent with the mixed re-
sults in similar outcomes reported by the systematic review of
Jackson et al.19 Future studies could focus on recruiting pop-
ulations at higher risk of hypertension and dyslipidemia that
have elevated blood pressure and lipid values in addition to
poor glycemic control. Nevertheless, more emphasis on lipid
management and access to more pharmacological options at
the primary level are recommended for more significant re-
ductions in these risk factors.

This study had several limitations. In this study, the mobile
technology tools were actively only offered to the partici-
pants for the first 2 months of follow-up in order to coincide
with the intensive phase of the self-management education.
Based on the results at Month 4, a greater reduction among
the groups might have been noted if the mobile technology
was made available throughout the entire study period. An-
other limitation to this study included difficulties in obtaining
a full dataset on all patients due to patients entering and
leaving the IMSS healthcare system. This was especially due
to temporarily or permanent changes in job or insurance
coverage status. This challenge is not unusual for a study
taking place in a setting like Eastern Tijuana with a highly
mobile population and high employment rotation.39 This
pattern is common and perhaps more pronounced in the un-
insured population. Nevertheless, the intent-to-treat approach
and multilevel analysis were used to include all the available
measures of the patients enrolled in the study. In general,
IMSS patients visit the clinic on a regular basis to receive

their medications. This may be considered a potential bias for
generalization to other uninsured patient populations. How-
ever, the fact that patients visited the clinic to receive their
medications regularly was not enough to maintain adequate
control. Additionally, temporary shortages of lipid-testing
supplies reduced the number of laboratory studies conducted,
especially at Month 4, resulting in a more limited analysis for
lipid results.

In conclusion, the findings further add to the literature that
the Project Dulce model with or without short-term mobile
wireless technology offers an effective approach in low-
income, publicly insured patients outside of the United States
for improving glycemic control and disease knowledge in the
management of patients with poorly controlled type 2 diabetes.
In addition to technology, this study was able to incorporate
and combine strategies known for their cost savings poten-
tial, including the use of nurses as chronic care coordinators,
the use of outreach workers or peer educators in chronic dis-
ease management, the community-based and patient-centered
approach, and the use of partnerships to maximize resources.
Recent literature indicates that it is essential to evaluate the
impact of combining self-management education approaches
with innovative diverse technology tools versus evaluating
individual component interventions.17 This study assessed
the impact of combining these two methods and evaluating
their effect on clinical and behavioral parameters. The ob-
served declines in HbA1c levels of the PD-TE and PD
groups indicate the feasibility and success of adapting the
multidisciplinary care model of Project Dulce, with and with-
out short-term mobile wireless technology tools, to the care of
uncontrolled patients with type 2 diabetes in publicly insured
populations of low- or middle-income countries. Future re-
search should examine if a longer period of mobile technology
intervention and larger sample-sized studies may lead to even
greater and statistically significant effects on glycemic control.
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Dueñes, and Adriana Gutierrez, with Director Marcela Merino
and Coordinator Dr. Veronica Avalos, IMSS UMF #27 fam-
ily physicians Abraham Martinez, Orlando Salinas, Dulce
Hernandez, Jair Montoya, Jesus Rivas, and Jessica Camarena,
with IMSS social worker and administrators Eulalia Velasquez,
Berenice Cota, and Dr. Clemente Martinez and engineers
Daniel Gutierrez, Marco Bonilla, and Oscar Olivares, Adelaide

DWT: MOBILE TECHNOLOGY IN DIABETES 249



Fortmann, Rachael Araujo, Aurelia Stephens, Norma Mendo-
za, and Chris Walker of the Scripps Whittier Diabetes Institute,
Beatriz Alfaro of the Universidad Autónoma de Baja California
faculty, students Illiana Ortiz, Ana Lucia Rivera, Erick Rivera,
and Nohemi Gonzalez at the Universidad Autónoma de Baja
California, IMSS volunteers Mario Espinoza, Jenny Gonzalez,
and Isabel Gandarilla, and International Community Founda-
tion staff Julieta Mendez, Courtney Corle, and Alicia Milla.

Author Disclosure Statement

No competing financial interests exist.
M.C.A.-C., S.C., R.M.-D., and A.V.-O. wrote the study

protocol and design. M.C.A.-C. as Principal Investigator and
S.C. as Co-Principal Investigator oversaw the implementation
of the study. S.C. wrote the manuscript and researched litera-
ture. R.M.-D. conducted data analysis. A.F. helped with the
hierarchical linear model software analysis. All authors con-
tributed to the discussion, reviewed, and edited the manuscript.
Dr. Manuel Acosta-Meza (deceased) contributed to the design
and protocol development. Drs. Maria Luisa Zuñiga from San
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