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ABSTRACT

Background: Healthy lifestyle interventions offered at points of care, including support groups, may improve chronic

disease management, especially in low-resource populations. We assessed the effectiveness of an educational

intervention in type 2 diabetes (T2D) support groups to reduce cardiovascular disease (CVD) risk.

mailto:tnuno@arizona.edu


Methods: We recruited 518 participants to a parallel, two-arm, cluster-randomized behavioral clinical trial across 22

clinics in Sonora, Mexico between August 2016-October 2018. We delivered a 13-week secondary prevention

intervention, Meta Salud Diabetes (MSD) within the structure of a support group (GAM-Grupo de Ayuda Mutua) in

government-run (Community) Health Centers (Centros de Salud). The primary study outcomes were difference in

Framingham CVD risk scores and hypertension between intervention (GAM+MSD) and control (GAM usual care)

arms at 3 and 12 months.

 Results: CVD risk was 3.17 percentage-points lower in the MSD arm versus control at 3 months (95% CI: -5.60,

-0.75, p=0.013); at 12 months the difference was 2.13 percentage-points (95% CI: -4.60, 0.34, p=0.088). There was no

evidence of a difference in hypertension rates between arms. Diabetes distress was also lower at 3 and 12 months in the

MSD arm. Post-hoc analyses showed greater CVD risk reduction among men than women and among participants with

HbA1c<8.

Conclusions: MSD contributed to a positive trend in reducing CVD risk in a low-resource setting. This study

introduced an evidence-based curriculum that provides T2D self-management strategies for those with controlled T2D

(i.e., HbA1c<8.0) and may improve quality of life.
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KEY MESSAGES

Meta Salud Diabetes contributed to a reduced cardiovascular disease risk among those in the intervention

arm versus control, although the results were not sustained over the one year follow-up.

 We found some evidence that greater risk reduction occurred among male participants than female.

Our findings add to existing evidence that support group strategies for type 2 diabetes management are

effective and feasible in Latin American populations, even where resources are limited, while also

highlighting the structural capacity of the Mexican public health system to implement tertiary prevention

interventions in primary care settings.

Meta Salud Diabetes may confer a positive benefit for reducing cardiovascular disease risk and improving

quality of life outcomes among Mexicans receiving ongoing support for type 2 diabetes management
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INTRODUCTION

As global health systems improve resources for the management of chronic diseases, the role of support group

strategies is increasing. The World Health Organization (WHO) endorses peer support interventions for diabetes

management1, an approach which promotes management of modifiable risk factors for both type 2 diabetes (T2D) and

comorbid conditions including cardiovascular disease (CVD). Sustained group support in  T2D  and CVD control is an

impactful approach for health systems with limited medical resources and high prevalence of chronic conditions2

  including obesity, high blood pressure, high cholesterol, and tobacco use, all of which increase likelihood of CVD

mortality among type 2 diabetics.3 Clinically-integrated lifestyle interventions that promote primary and secondary T2D

control via self-help groups have been established as a priority for both the Mexican government and the WHO.1,4

Nonetheless, evidence for the feasibility, impact, and sustainability of such programs is not yet well established.

Primary care services for Mexican patients with T2D under the Ministry of Health includes self-help groups

—Grupos de Ayuda Mutua (GAM)—as a general approach to address the growing burden of T2D. The GAM

guidelines provide for weekly self-management care by providing a supportive group environment, glucose self-

monitoring, and health information via monthly meetings.4 Health Centers formally register their GAMs with the state

Ministry of Health based on standard guidelines for participation and content.  

However, there is no standardized approach across sites for patient education and patient support. We developed

and evaluated the integration of a secondary prevention curriculum, Meta Salud Diabetes (MSD), within the structure

of the GAM using a cluster-randomized trial. We hypothesized that GAM participants who participated in the MSD

curriculum (GAM +MSD) would have lower CVD risk at each follow-up time point relative to individuals receiving

standard GAM treatment at clinical sites where MSD was not offered.

The two aims for this research study were: (1) testing the effectiveness of a CVD    prevention intervention

among patients with T2D attending a self-management support group (MSD+GAM) as compared to control (GAM

usual care); and (2) assessing the implementation of the MSD educational intervention to identify the strengths and

limitations faced by each study affiliated clinical site. This paper reports the results of the primary outcomes and



selected secondary outcomes for aim 1. 

METHODS

Trial Design

We designed a parallel, two-arm, cluster-randomized trial to evaluate the effectiveness of MSD+GAM for CVD

prevention as compared to GAM usual care, where the unit of randomization was the health center. We used a cluster

trial because the intervention was administered at the health center (cluster) level to reduce the risk of contamination in

an individually randomized trial.

Participants

The inclusion criteria for health centers included: located in Sonora, Mexico; had a registered and active GAM;

had the largest patient populations inhree geographic regions (North, Central and South) of interest. Once the health

centers were randomly assigned into the intervention or control sites, all GAM patients who met the inclusion criteria

for our study were recruited to participate in the study. Study inclusion criteria for individual participants were: 18

years of age or older; a medical provider diagnosis of T2D; an established patient (i.e., receiving primary care) at the

participating clinical site. Members of registered GAMs at each selected clinical site were individually screened for

eligibility. The study protocol and consent process was approved by the University of Arizona Human Subjects

Institutional Review Board under Protocol Number: 1508040144R003. The protocol was also approved by the

Research Bioethics Committee at the University of Sonora.

Study Arms

Intervention Group. The MSD intervention consists of two-hour participatory workshop-style sessions

delivered at the GAM level over thirteen consecutive weeks and is described in detail in a previous publication.5

Participants received educational information and took part in empowerment-building discussions and interactive

workshop activities to promote long-term behavior change related to disease complications, diet, and increased physical

activity. Sessions maintained a basic structure throughout the 13 intervention weeks: blood pressure and glucose

monitoring; readings, discussions and games related to each week’s topic; execution of a custom-designed physical

activity routine; and follow-up exercise to meet a nutrition or physical activity goal. One or more health professionals

(e.g., nurses, community health workers, doctors, or clinic staff including interns) delivered each session during a

regularly scheduled, face-to-face GAM meeting. Intervention fidelity was monitored at each clinic site throughout the

trial by research staff.

Control Group. The actions in the control group were the usual care activities, and these varied by GAM and



by session. It was up to each control site to conduct their usual care activities, which included variations on the

following: measuring patients' blood pressure and fasting blood glucose, providing general health information via

invited speakers, or assisting patients in making appointments with health center staff to discuss their health issues 

 Randomization

The study biostatistician, masked to the identity of the clinics and with no contact with study participants,

randomly allocated the clinics into intervention and control. We used the randomization module “ralloc” of the

statistical software Stata (College Station, TX), stratified by clinic location in the state of Sonora (North, Central,

South), with permuted blocks to maintain balance between arms.

Measures

The primary outcomes were the Framingham CVD risk score (FRS) and hypertension, measured at baseline

(T0), three months (T3) (post-intervention) and 12 months (T12). The FRS is the estimated probability of a

cardiovascular event in 10 years and was calculated separately for men and women using the coefficients from models

reported in D’Agostino et al. for age, total cholesterol, high-density lipoprotein (HDL) cholesterol, non-treated systolic

blood pressure (SBP), treated SBP, smoker (yes/no), T2D (yes/no) (Supplementary Table S1).6 Hypertension was

defined as SBP over 130 or DBP greater than 80 mmHg. A small number of the lipid values were above or below

detection limits (three cholesterol values, four HDL values, and seven triglyceride values). The assessment schedule of

three and 12 months was based on literature that shows that behavior takes at least two months to become habitual7; we

assessed at 12 months to investigate sustained effects.

Socio-economic status (SES) was measured by summing six items regarding possessions, resulting in an SES

score with a possible range of 0-6, with higher scores indicating higher SES. Diabetes distress was measured using a

modified version of the 20-item Problem Areas in Diabetes scale (PAID).8 We modified the response options from 0-4

to 0-3, as early participants had difficulties in discriminating between three (somewhat serious problem) and four

(serious problem), as has sometimes been noted in low-literacy populations.9 Items were summed and multiplied by 4/3

(instead of 5/4) in order to get a possible range of 0-100, as in the original instrument, with higher values indicating

greater problems.

Power and Sample Size

We calculated that a sample size of 10 clusters per arm with an average of 16 participants per cluster would

yield 80% power to detect a standardized effect size of 0.4 for the FRS between the intervention and control arms at

three months. We used an intra-cluster correlation (ICC) of 0.03 based on reviews of several studies with clustering

10,11



where the median ICCs were found to be 0.01-0.02.  To account for dropout we increased the number of clusters to

12 per arm and increased the number of participants per cluster by 25% to 20. Two clusters in the control arm were

eventually dropped due to security concerns for the safety of research staff, leaving 12 and 10 in the intervention and

control arms, respectively. This sample size also gives more than 80% power to detect a difference of 20% in

hypertension rates between the groups, assuming rates of 60% and 40%.

Statistical Methods

Summary statistics were used to describe the clusters and participants at baseline. T-tests and chi-square tests

were used to assess baseline balance between the arms on participant level variables, as randomization occurred at the

cluster level only. Raw means and standard deviations or absolute frequency and percentages for each of the outcomes

were computed.

Differences between the intervention and control arms at three (T3) and 12 months (T12) were estimated from

linear mixed models. We used the repeated measures for mixed models, which uses an unstructured time and

covariance matrix.12 Unadjusted models included fixed effects of strata (North, Central, South), the outcome at baseline

(also known as Analysis of Covariance), time, treatment, and time x treatment. A random effect for cluster was

included and the Kenward-Roger adjustment to the denominator degrees of freedom was used. 13,14 These models

account for the correlation due to repeated measures on participants nested within clusters; allow for testing at specific

time points as well as the difference in pattern of change over time between arms; and give valid results when data are

missing completely at random and at random, if the models are specified correctly and include covariates associated

with missingness.15 Binary outcomes were tested wth generalized linear mixed models using the logit link and binomial

distribution.16 To account for potential selection bias and/or imbalance of key covariates in individual participants

within clinics, adjusted models were also fit, and included the baseline variables of age, gender, SES score, any CVD

medication use (blood pressure, heart or stroke medication), smoking status, time in the GAM (just joined, <1 year, >1

year). These models were based on our background knowledge, literature, and baseline tests of imbalance between

arms. Secondary outcomes included hemoglobin A1c (HbA1c), glucose, cholesterol, triglycerides, SBP, BMI and

diabetes distress (PAID scale), and were analyzed similarly. Furthermore, to understand our CVD risk results, we

performed two post-hoc subgroup analyses to investigate effect modification by sex and uncontrolled T2D (as

measured by baseline HbA1c≥8) using interaction terms.  No corrections for multiple comparisons were made, so care

must be used in interpretation.

Cronbach’s alpha was used to assess internal consistency at each time point for the PAID. Cronbach’s alpha for

the PAID scale was 0.88, 0.86, and 0.90 at T0, T3 and T12, respectively, indicating high internal consistency.



Sensitivity Analyses

We performed two sensitivity analyses. We first replaced the lipid levels that were beyond the limit of detection

with missing values. The second sensitivity analysis used multiple imputation to fill in missing data in the primary

analyses. Variables associated with missingness, the outcome, or both were included in the imputation model, as well

as all variables from the analysis model, including center. Multiple imputation with chained equations using 100

imputations was used and the imputation was performed separately by arm. 17   

All analyses used SAS version 9.4 (Cary, North Carolina).

RESULTS

Table 1 gives baseline characteristics of the clinics (n=22) and participants (n=518). Clinics were located

primarily in the Central region of Sonora (58.3% in MSD, 50.0% in control), and were mostly urban (83.3% in MSD,

80.0% in control). The median cluster size was 24 and 23 in the intervention and control arm, respectively. Participants

were mostly female (85%); had a mean age of 57.8 years in the MSD arm and 62.4 years in the control arm; were

mostly married or partnered (65.5%, 58.8%); with a median monthly income of $4000 pesos ($222.00 US dollars) and

$3700 pesos ($205.00 US dollars) in the MSD and control arms, respectively. There were some differences between the

arms at the participant level: MSD participants were slightly younger, had more years of education (7.3 versus 6.5), had

spent less time in the GAM (34% just joined versus 9.4%), had higher rates of smoking (11% versus 6%) and

hypertension (55.1% versus 42.2%). Insurance, SES score, medication use and alcohol use were similar.

Figure 1 shows the participant flow. At T3, 47 (16%) of the 293 MSD participants had missing primary

outcome data, as compared to 33 (15%) of the control participants (p=0.67). At T12, the rates were higher in the MSD

arm, 61 (21%) versus 24 (11%), p=0.002.

Primary Outcomes

Unadjusted and adjusted models gave similar results, as shown in Table 2; we report the unadjusted estimates.

CVD risk was 3.17 percentage points lower in the MSD arm than the control arm at T3, (95% CI: -5.60, -0.75,

p=0.013); however, at 12 months the difference was -2.13 percentage points (95% CI: -4.60, 0.34, p=0.088). There was

no evidence of difference in hypertension at either time point. The unadjusted odds ratio (OR) was 1.16 (95% CI: 0.60,

2.07) at 3 months and 1.29 at 12 months (95% CI: 0.70, 2.40).

Post-hoc analyses showed that the effect of MSD was modified by gender, with larger effects for CVD risk

amongst men than women (Supplementary Table S2). The difference between arms at T3 was -10.05 (95% CI: -15.01,

-5.10, p<0.0001) for men as compared to -1.79 (95% CI: -4.12, 0.53, p=0.13) for women. At T12 the difference was



-10.35 (95% CI: -15.60, -5.10, p<0.0001) for men as compared to 0.07 (95% CI: -2.39, 2.53, p=0.96) for women. The

p-values for the sex by time and the treatment by sex interaction terms were 0.04 and <0.0001 respectively, but these

resuts warrant cautious interpretation given the small sample size of men.

We also found evidence of effect modification by baseline HbA1c (p for interaction = 0.0006), with larger

effects for CVD risk amongst participants whose T2D was controlled (baseline HbA1c < 8). The difference between

arms for this subgroup at T3 was -4.59 (95% CI: -7.22, -1.96, p=0.001); at T12 the difference was -3.30 (95% CI: -6.02,

-0.59, p=0.019). There was no evidence of a difference in CVD risk between arms for participants with HbA1c ≥ 8.

Diabetes distress was lower at T3, with a difference of -4.36 (95% CI: -6.55, -2.18, p<0.0001). There was no

evidence of difference between arms for any of the other secondary outcomes (Table 3). The empirical ICC for CVD

risk was 0.03. ICCs for each of the other outcomes are shown in Supplementary Table S4 and ranged from 0.001 to

0.06.

Sensitivity Analyses

In the first sensitivity analysis, where limit-of-detection outcome values were replaced with missing values,

results changed insignificantly from the primary analyses. The second sensitivity analysis results, where multiple

imputation was used, gave CVD risk estimates that were similar to the primary analysis. CVD risk was 3.12 percentage

points lower in the MSD arm than the control arm at T3, (95% CI: -5.67, -0.57, p=0.013); at 12 months the difference

was -2.40 percentages points (95% CI: - 5.00, 0.17, p=0.068). See Supplementary Material for more detail.

We found that in comparison to participants who had complete data, participants who dropped out were more

likely to have just joined the GAM. All other variables were similar, except for center, where dropout rates ranged from

8 to 50%. See Supplementary Table S3.

DISCUSSION

Relative to the primary outcome of changes in CVD risk measured by the FRS, members of the intervention

arm demonstrated a positive trend toward improvement in CVD risk compared to the control arm. Though the absolute

risk difference is small, it is important to recognize that there was a movement in a positive direction from high risk to

moderate risk as a result of the MSD intervention, despite the challenges of conducting this study in Mexico. However,

we did not see evidence of a difference in hypertension at either time point between the intervention armnd the usual

care arm. 

These findings demonstrate results similar to prior studies of community-based behavioral interventions. 18

MSD, which is incorporated into existing clinic-based social support mechanisms within the Mexican health system,

can moderately reduce CVD risk among individuals with T2D. In a study of mostly Hispanic participants, Ma et al.



(2009) found that educational interventions led by health professionals targeting multifactor risk reduction can lead to

modest improvements in CVD risk factors among high-risk patients in low-income, ethnic minority populations.19

 Notably, the MSD intervention was provided by existing health professionals working within the health centers, and

thus, with adequate support, the program could be expanded across the health system at relatively low cost. We also

note that our study found larger improvements for CVD risk amongst participants whose baseline HbA1c was less than

8 as compared to participants with HbA1c ≥ 8 (i.e., uncontrolled T2D), although this was a post-hoc analysis. This is

consistent with prior studies, which have found that individuals with HbA1c under 7 are consistently most likely to

show benefit for CVD risk reduction. 20 These findings further support increasing accessibility of health promotion

interventions within primary care settings to encourage people with T2D to maintain control of their disease. Subgroup

analyses revealed that MSD was very effective for men but less so, for women; this finding is particularly interesting

given challenges recruiting men to participate in this study). Both of the subgroup analyses were unplanned, and care

should be exercised in interpreting these results.

Diabetes distress was lower for participants of the intervention arm at the three-month follow-up. While not

associated with increased metabolic control, these findings do underscore the importance of addressing mental health

and quality of life among people with T2D. 21    It is also possible, ongoing support, greater knowledge of the

mechanisms of T2D on health status, and increased confidence in one’s ability to practice self-management may result

in greater control over time.  22 Social support is a known protective factor against diabetes distress, 23 especially in

Mexican Hispanics.  24 We also found that individuals who had recently joined a GAM were more likely to drop out of

the intervention than those who had been members of a GAM for a longer period. Among previous educational

interventions targeting individuals with T2D, predictors of dropout include lower self-efficacy, 25 lack of interaction

with a community health worker, 26 and low socioeconomic status, 27 any of which may be associated with motivation

to remain in the GAM and thus in our study. The population studied in this trial was predominantly older, low-income

adults with limited mobility. Reasons given for dropout reflected these conditions: we were unable to contact enrollees,

participants cited illness or lack of physical mobility, or were out of town/moved away (Figure 1).

Strengths and Limitations

Strengths of this study include that it was designed with the Secretaría de Salud (Health Ministry) and other

health promotion experts, as well as adapted from previous evidence-based interventions such as Meta Salud and Pasos

Adelante.   28 Additionally, the academic-health system partnership approach we utilized promotes trust and respect

among partners, which facilitates the research process, 29 as well as the likelihood that positive results will lead to



sustained integration of the interventon into the health care system. Ongoing support from the health system and health

centers, including logistical support and intervention facilitation, lent itself to both the sustainability and acceptability

of the project for future implementation. An additional strength is that the MSD intervention was well received by the

participants We estimated a high attendance from participants that were not lost to follow-up at the conclusion of the

intervention at T3 (n=246), with attendance by participant on average 10 out of 13 sessions.  

There were also weaknesses in the study design. The FRS has been demonstrated to overestimate CVD risk in

U.S. Hispanic populations 30-32; however, no alternative or more accurate measures of CVD risk among Hispanics, and

more specifically among Mexicans, have been identified. Furthermore, overestimates of CVD risk are likely to be

similar between the arms, yielding an unbiased estimate of the difference. Our participant sample may have suffered

from selection bias in both arms (e.g., most participants were low-income women who traditionally participate more

than men in the GAMs). Another limitation is that the FRS is both a surrogate and a composite outcome.  33,34 Future

research should consider actual CVD outcomes rather than risk scores. As pointed out by Freemantle et al, composite

outcomes give increased statistical precision, but can make interpretation more difficult.34 While we tested the time-

varying components of the FRS, none were the apparent drivers of the effect.

Another limitation in our study was the missing primary outcome data for the intervention arm at T12. Though

this did constitute 21% of the intervention sample, our statistical analyses methods did adjust for missing data. We did

not adjust for multiple comparisons, so it is possible that significant results are due to type I errors. Lastly, we did not

conduct a health economic analysis to show the cost-effectiveness of our intervention. However, since our study was

focused on establishing the effectiveness of the intervention, we felt that the cost-effectiveness analysis would be more

appropriate for the scale-up phase.

Public Health Implications

This study introduced an evidence-based curriculum that provides strategies for T2D self-management among

those with controlled T2D (i.e., those with an HbA1c<8.0) and which may improve quality of life for individuals with

chronic T2D, hypertension, and CVD risk. These findings demonstrate that existing health care staff can successfully

deliver a health education curriculum within a clinical setting. Future studies focusing on the implementation of health

promotion interventions acrossa variety of primary care settings are needed to improve dissemination and scale up of

evidence-based curricula. To support these efforts, development of risk prediction models that better estimate risk for

Mexican populations are needed. In addition, new strategies are needed to improve involvement of participants in the



support groups. Targeted recruitment of hard-to-reach subgroups including men may be warranted given known

difficulties recruiting and retaining men in T2D self-management interventions. Differing gender perspectives on both

perceived intervention benefit and disease management self-efficacy35 should be considered among intersectional

determinants of health including age, border-related stressors, and comorbid health conditions. MSD is a theory-driven

approach to improved diabetes control and increased emphasis on personal and collective empowerment strategies that

consider community and family support in diabetes stress management among Mexican men and women with T2D

should be explored. These considerations, along with national improvements in tertiary public health services, should

improve sustainability of MSD and similar programs across GAMs.

CONCLUSIONS

Mexicans with T2D, particularly those facing day-to-day conditions of vulnerability need quality care including

effective health promotion strategies for chronic disease management. The T2D epidemic, declared a national

emergency by the Mexican government in 2016 36 requires the health system to shift focus on several fronts: from

infectious disease prevention to chronic disease care, and from disease prevention to health promotion. Addressing the

epidemic entails utilizing multiple approaches to create an integral strategy working on many structural levels. Health

promotion programs such as MSD may contribute to strengthening the ability of the health system to take these

actions. 
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