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Abstract

Context: Diabetes has become a global noninfectious
pandemic with rates rapidly rising around the globe. The
major drivers of this increase in type 2 diabetes are obesity,
an increase in processed foods, and a decrease in physical
activity. In the United States, the National Diabetes Pre-
vention Program (NDPP) has proven to be an effective life-
style intervention to delay or prevent new-onset type 2
diabetes. However, there is limited evidence that such a
lifestyle programwillwork in a SouthAmerican community.

Objectives: This pilot program aims to determine if a
modified version of the Centers for Disease Control and
Prevention (CDC) Diabetes Prevention Program (DPP)
would be feasible in an Ecuadorian population. The goals
of this pilot program were a 7% weight loss, >150 min of
physical activity per week, and a reduction of fat calories to
yield a reduced risk of type 2 diabetes. This program was
led by family medicine physicians and was offered to
people with prediabetes in Quito, Ecuador.
Methods: The program was modified to include only the
first half of the DPP curriculum, which included a
schedule of 16 classes in the first 6 months. Further, the
programwas provided in Spanish andmodified to bemore
culturally specific to this population. Participants were
recruited from the faculty and staff of Pontifical Catholic
University of Ecuador (Pontificia Universidad Católica del
Ecuador [PUCE]) in Quito. Outcomes measured included
A1c reduction, weight loss, increase in physical activity
minutes, and progression to type 2 diabetes mellitus
(T2DM).
Results: The sample included 33 people with prediabe-
tes. The mean age of the participants was 52 years (range,
41–66 years), the mean body mass index (BMI) was
27.6 kg/m2 (range, 21.0–40.3 kg/m2), and the mean HbA1C
was 6.2% (range, 5.7–6.4%). The attendance was 97.8% at
6months. Themeanweight loss was 3.4 kg per participant
(range, 1.5 kg weight gain to 8.3 kg weight loss); in per-
centage points, this was a mean weight loss of 3.6%
(range, 2.3% gain to 11.8% weight loss). Three-fourths of
the participants lost weight (78.3%). The majority of par-
ticipants (75.8%) met the target physical activity level of
150 min per week, and all participants increased their
physical activity levels from baseline. No participants
progressed to type 2 diabetes during this study.
Conclusions: The DPP 6 month pilot was effective in this
population with prediabetes in Ecuador. The largest
changes were made in physical activity time. Holding the
program at worksites and providing lunch were key factors
in the very high retention rate in this study.
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Type 2 diabetes mellitus (T2DM) has become a noninfec-
tious pandemic. Rates are presently noted to be especially
high in the United States, China, and India [1]. However,
there are also significant increases in Latin America and
other developing parts of the world. The prevalence of
T2DM is projected to increase to 9.5% in Latin America by
2030 [1, 2]. In 2018, diabetes mellitus (all types combined)
was the second leading cause of mortality for Ecuadorians,
including the second leading cause of death for women
and the fourth leading cause of death for men [3].

Effective treatment and prevention of T2DM are issues
that must be addressed by primary care physicians to
combat the rising prevalence of the disease. The threemost
important risk factors for death and disability among
Ecuadorians are high fasting glucose levels, elevated body
mass index (BMI), and diet-related risks [4]. These diet-
related risks include a high intake of sodium, a low intake
of whole grains, and a low intake of fruits [5].

The increasing risk for and prevalence of T2DM in
Ecuador has been demonstrated in several studies. These
studies have shown increased rates of obesity, metabolic
syndrome, and prediabetes among different populations,
including those in different geographic regions, differing
socioeconomic classes, and among all ages [6–8]. For
example, in 2013, the prevalence of metabolic syndrome in
the urban population of Guayaquil, Ecuador was 45%, the
prevalence of increased abdominal waist circumference
was 69%, and the prevalence of prediabetes was 46% [6].
Further, in the urban population of Quito, Ecuador, 63% of
inhabitants were overweight and 15.6% had metabolic
syndrome [8]. The prevalence of diabetes in Ecuador in the
general population is 2.7%. However, in the age group
between 60 and 64 years, it is 15.2%. In the coastal zone of
Ecuador, the prevalence is higher, and it is higher in
women [9].

Prevalence rates of T2DM are increasing, and these
rates are associated with greater threats of complication
due to generally poor glycemic control in Latin America as
awhole [1, 10–12]. Low rates ofmedication use, low rates of
adherence to treatment regimens, poor diet, and lack of
physical activity are alsomajor contributing factors [11, 12].

Prediabetes (defined by an HbA1c 5.7–6.4%, fasting
glucose 100–125 mg/dL, or random glucose 140–199 mg/
dL) often precedes diabetes and is defined by glucose
readings above normal but below the diagnostic criteria for
diabetes [13]. Interventions targeting diet and physical

activity in people with prediabetes can delay or prevent the
onset of diabetes [14]. The Diabetes Prevention Program
(DPP) is a lifestyle intervention program that decreased the
progression fromprediabetes to diabetes by 58–71% [15]. In
a 10 year follow-up study of the DPP, there was a 49.4%
reduction in the onset of diabetes diagnoses [16]. After 10
years, DPP participants maintained higher levels of phys-
ical activity than controls [17]. In addition, many partici-
pants reverted from prediabetes classification to normal
glucose levels, which substantially reduces cardiovascular
disease risk [16, 17].

Obesity is a strong risk factor for prediabetes and dia-
betes [18]. Therefore, it is important to implement in-
terventions to target obesity because it is a modifiable risk
factor andhasmyriad other health consequences [19]. Prior
studies of lifestyle intervention programs in patients with
impaired glucose tolerance have demonstrated increased
effectiveness in preventing T2DM utilizing weight loss and
physical activity vs. metformin or other medications
[20, 21]. Furthermore, these programs have been shown to
prevent or reduce the complications of diabetes for more
than 10 years after the program ends [16, 22]. Over a period
of 15 years, lifestyle intervention programs demonstrated a
27% decrease in the development of diabetes compared to
an 18% decrease for metformin [22]. An extensive review of
the literature also supports the cost-effectiveness of life-
style intervention programs in preventing diabetes [17, 23,
24]. The DPP from the Centers for Disease Control and
Prevention (CDC) has been a widely implemented lifestyle
intervention program in the United States.

There are similar diabetes prevention programs in
China, Finland, and Spain [25–27]. However, few studies
have attempted to implement this protocol in other coun-
tries, particularly in Latin America.

Ecuador’s rising rates of metabolic syndrome are
similar to those of theUnited States, 31.2 vs. 33% [28, 29]. By
2015, the comparative prevalence of T2DM by age between
Ecuador and the United States was 9.2% vs. 10.8%, and in
2018, T2DM prevalence was 5.5 vs. 10.8% [1]. These rates
have also been linked to a sedentary lifestyle and a diet
high in excess sugars [30, 31]. Given these similarities, this
study examines the feasibility of a modified DPP in a uni-
versity setting in Quito, Ecuador to prevent new-onset
T2DM, to increase participant physical activity, and to alter
dietary habits. Specifically, this pilot was designed to
investigate if a modified DPP program would be able to be
implemented in another language in another country and
modified to be accepted in another culture while providing
similar benefits to its participants.
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Methods

This study was completed at Pontifical Catholic University of Ecuador
(Pontificia Universidad Católica del Ecuador [PUCE]) in the capital
city of Quito and tested the translatability of DPP in a sample of 33
Ecuadorian individuals with prediabetes.

The curriculum was led by Ecuadorian family medicine physi-
cians who completed training to become lifestyle coaches for the
National Diabetes Prevention Program (NDPP). They utilized the 2012
NDPP curriculum in Spanish for their cohort [32]. The full curriculum
can be found at https://www.cdc.gov/diabetes/prevention/resources/
curriculum.html [32]. This curriculum is free and open to the public.
For the United States’ 2012 DPP, the participantsmet approximately 22
times over the course of the year to discuss behavior modification
strategies. The participants logged their food intake over the course of
a year and aimed to lose at least 7% of their body weight and to
increase their physical activity to 150 min/week. These meetings can
occur in person or online. In this study, the participants met face to
face at the participants’ workplaces for a total of 16 meetings over
6 months.

Inclusion and exclusion criteria

All employees of PUCE were invited to participate, and then those
interested were screened for prediabetes by measuring HbA1c.

Characteristics of participants

In this study, the participants included 23 females (70%) and 10males
(30%) with a mean age of 52 years (range, 41–66 years). All
participants were Ecuadorian. No participants reported a history of
gestational diabetes. The sole exclusion criterion was a previous
diagnosis of prediabetes. The mean weight of the participants at the
beginning of the intervention was 71.3 kg (157 lbs), with an average
BMI of 27.5 kg/m2. All participants worked an average of 8 h a day at
the PUCE campus in Quito and had access to the same cafeterias.

Recruitment and enrollment

The CDC prediabetes screening questionnaire was sent electronically
to all employees of the PUCE via email [33]. Employees who vol-
unteered to complete the survey and returned it were considered as
potential participants, and those with a high prediabetes risk score as
determined by the questionnaire were invited to participate in the
program. After completing consent, the interested individuals were
screened for prediabetes by measuring HbA1c values. The inclusion
criteria includedHbA1c values in the prediabetic range (5.7–6.4%) and
a CDC high prediabetes risk score. The exclusion criteriawere having a
previous diagnosis of diabetes, a diagnosis of T2DM based on their
HbA1c levels at the beginning of their intervention, and refusal to sign
the informed consent. Among the 36 interested participants, 33 had
HbA1c values in the prediabetic range (5.7–6.4%). The remaining three
interested participants were diagnosed with T2DM based on their
HbA1c levels. These individuals were started on metformin and
participated in the program, but their data are not included in the

data analysis. This study was approved by the Institutional Review
Boards of PUCE (115-CEI-2015), Ohio University (14E359), and Touro
University California (M-1715). No participants dropped out of the
study. However, two participants were responsible for all missed
sessions.

The participants formed three groups, and each groupwas led by
a family physician trained in leading the DPP. The three groups were
created to accommodate various work schedules. The curriculum
followed the guidelines and class schedule of the DPP core sessions.
The first 16 sessions were held weekly except for Christmas and the
New Year’s holiday, but all 16 sessions were completed within
6 months. Each session was held at noon on a weekday within the
participants’ workplace and lasted 90 min. Lunch was offered free of
charge to facilitate attendance. Participants’ HbA1c and lipid panels
were analyzed before and after DPP intervention.

Tools

Height/weight: To measure weight and height, the authors utilized
scales calibrated and compared with standardized equipment at the
medical center of PUCE. Ultrasonic wave was utilized to measure
height precisely (InLab S50; Korean); for weight, we utilized Camry
scale- 9111; ISO9001.

HbA1c:An ISO-certified campus and clinical laboratory was utilized to
measure HbA1c. DISERLAB is governed by the ISO 17025 standard
to perform tests (operate competently and have the ability to
generate valid results). It utilized automatized high-performance
liquid chromatography in the measurement of HbA1c. The sample
collection follows the international standards.

Statistical analysis

For the descriptive analysis of the data, the absolute frequencies
(number of cases) and relative frequencies (percentages) of partici-
pants meeting goals were determined. The percentage of weight lost
was calculated for each person. Microsoft Excel 2016 was utilized for
the calculations.

Results

The program was well attended with low rates of attrition.
Attendance ranged from 94–100%, with two participants
being responsible for all missed sessions. The mean
attendance over the 6 month period was 97.8%.

Changes in HbA1c

The initial HbA1c range of participantswas 5.7–6.4%with a
mean of 6.15%. The final mean was 5.31%. No participant
progressed to T2DM during the study.
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Changes in weight

The mean weight of the DPP participants at the beginning
was 71.28 kg (156.81 pounds) (CI, 66.95–75.62 kg), and at
the end of the 6 month intervention, it was 67.9 kg (CI,
63.52–72.33 kg), with a mean loss of 3.4 kg per participant
(range, 1.5 kg weight gain to 8.3 kg weight loss). Men
achieved a mean reduction of 4.07 kg and women a mean
reduction of 3.3 kg (Figure 1).

Participants also exhibited a decrease in average BMI
over the course of 6 months, with an average initial BMI of
27.6 kg/m2 and an average BMI at 6 months of 26.9 kg/m2.

Changes in physical activity

The physical activity goal was defined as achieving at least
150 min per week. At the start of the intervention, 75.8% of
participants stated that they performed 0 min of physical
activity per week. At 6 months, 78.8% of the patients
reached the goal of 150 min of physical activity per week,
and all participants exhibited an increase in physical ac-
tivity over baseline.

Discussion

This pilot study of the NDPP program yielded results that
support its feasibility when applied to an Ecuadorian
population, and the results are similar to what has been
seen in the United States. The participants in this program
had a mean loss of 3.6% of their original weight in the first
6 months and substantially changed their physical activity
regimen. The program was well attended. In fact, holding
this program at a worksite and providing a portion-
controlled lunch were factors that may have increased
participation. This may provide valuable lessons for future
DPP programs both in Ecuador and in the United States.
The practical implications of showing portion size in a real-
life example is important because many people underes-
timate what they eat. Further, programs at worksites often
include people that the participants already know and
provide an opportunity for camaraderie and ongoing sup-
port as they are “in it together.”

Although the weight loss in this pilot study did not
achieve the 7% weight loss goal in the DPP program, most
people were able to lose some weight. Studies have shown
that even small amounts ofweight reduction are important.

Figure 1: Weight loss (in kg) by patients
participating in the DPP over 6 months.
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With weight loss, the risk of diabetes is reduced [34], and
this weight loss will also reduce risk factors for other
diseases [16, 35]. This may provide more global car-
diometabolic benefits for the participants.

In addition, this program showed exceptional partici-
pation and retention, with a minimum of 94% of partici-
pants attending each meeting and 100% retention over the
6 month period. This is much higher than the participation
and retention seen in the programs in the United States.
The authors believe that the worksite implementation and
the inclusion of lunchwere key aspects of this success. This
supports that a workplace intervention can be highly
effective in engaging participants and is a possible aspect
of this program to implement and study in the future.

T2DM has become a serious health concern in
Ecuador. Early diagnosis and prevention need to be
addressed to prevent an escalation of the burden of
morbidity and mortality of T2DM. Diabetes was listed as
a health priority of the Ecuadorian Ministry of Health
10-Year Health Plan (2015–2025) [36]. Poor nutrition,
obesity, and lack of physical activity are listed as primary
concerns in the 10-Year Health Plan. Because the NDPP
addresses these issues directly, it could serve as a potential
intervention for the population at risk. Part of the 10-Year
Health Plan is to engage 40% of the population in healthy
lifestyle coaching programs at municipal health centers
[36]. Key to this success will be the timely and accurate
identification of those at greatest risk.

A recent review found that the translation of diabetes
prevention and treatment programs is challenging [37, 38].
Key elements for success included the focus on sustain-
ability that ensured sustainability of the site, diffusion in
the wider community, and consistent replication of the
intervention in the wider community [39]. This research
team will utilize these principles as this program grows. A
recent study showed that predictors of success in DPP at
6 months included regular attendance, self-weighing, and
self-monitoring behaviors (logging) [39]. This study sup-
ports the important role of regular attendance and the
importance of choosing a site that makes it easy for par-
ticipants to attend, such as the workplace.

There is growing evidence that these programs provide
long-term diabetes prevention and cost effectiveness
[20–22, 40–43]. This provides further evidence that these
programs should be widely implemented.

This study has a number of limitations. First, it has a
small sample size and was completed in a single city and
at a single site. We were able to show that this program
was feasible, but our ability to generalize it to 1 year and
other settings is limited. This study was conducted
among employees of PUCE in Quito, Ecuador. As such,

the level of education attained by participants is higher
than those of the general population and could reflect
sociocultural beliefs and practices of an urban popula-
tion with easy access to healthy food alternatives. The
authors are unable to confirm that the same findings
would be evidenced in other areas of the country or in
other countries. Further, this study employed only the
first half of the NDPP, which is a yearlong program.
Therefore, these results reflect the first 6 months of the
intensive core program. The results may or may not have
held up if the program continued for another 6 months.
Many DPP programs in the United States strive for 5%
weight loss in the first 6 months, with maintenance or
slight additional weight loss in the second 6 months of
the program. The tool utilized to measure HbA1c at the
clinical lab was an ISO-certified clinical laboratory, but
we were unable to determine whether this specific assay
met NGSP certification. Nevertheless, a recent study of
HbA1c assay testing found that most tests fell well within
the acceptable 5% correlation of variance (CV) and that
most since 2018 were less than 3% CV [44]. Despite these
limitations, the authors demonstrated that these results
are useful and compelling to explore options to address
prediabetes in Latin America.

Conclusions

The United States–based NDPP was feasible in Ecuadorian
individuals with prediabetes in Quito, Ecuador. The pro-
gram was well received by the coaches, institution, and
participants. The program demonstrated relevancy in
another country and culture, and while weight loss was a
bit less than desired by the CDC program goals, both the
attendance and the increase in physical activity was
seemingly more than what was seen in U.S.-based pro-
grams. This provides additional opportunities to learn
across programs. Future areas for intervention and study
include program activities that address the participants’
environment and support networks. The authors believe
that slight modifications of the program to be more
culturally specific, includingmodifications to the language
of health and illnesses specific to the culture as well as
further refinement of the program examples and demon-
strations, will increase the likelihood for success and
improve outcomes in this program.
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