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Digital health coaching is an intervention for type 2 diabetes mellitus (T2DM) that has potential to improve the quality of care for patients. Previous research has established the efficacy of digital interventions for behavior change. This pilot study addresses a research gap in finding effective and accessible behavioral interventions for under-resourced individuals with T2DM. We examined the impact of Healthy at Home, a 12-week phone and SMS-based (short message service) digital health coaching program, on insulin resistance which is an upstream marker for T2DM progression. We compared this intervention to usual diabetic care in a family medicine residency clinic in a randomized controlled trial. Digital health coaching significantly improved participants' calculated Homeostatic Model Assessment for Insulin Resistance (HOMA2-IR) by −0.9 ± 0.4 compared with the control group (p = 0.029). This significance remained after controlling for years diagnosed with T2DM, enrollment in Medicaid, access to food, baseline stage of change, and race (p = 0.027). Increasing access to digital health coaching may lead to more effective control of diabetes for under-resourced patients. This study demonstrates the potential to implement a personalized, scalable, and effective digital health intervention to treat and manage T2DM through a lifestyle and behavioral approach to improve clinical outcomes (http://clinicaltrials.gov, NCT04872647).
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) is the seventh-leading cause of death in the United States and accounts for 1 in every 4 dollars spent on healthcare (1, 2). “Diabesity" (T2DM and obesity) is anticipated to be the largest epidemic in history (3). This increases the importance of finding scalable and accessible interventions to decrease or reverse insulin resistance (4), hypothesized to be underlying T2DM (5, 6).

Diabetes is typically managed with pharmacologic interventions, although it is difficult to find clinically significant strategies to improve mortality or macrovascular complications of T2DM with tight glucose control (7–11). This becomes more difficult the longer a patient is diagnosed with diabetes (12–14). Addressing insulin resistance is a promising strategy to reduce cardiovascular complications of T2DM (15–17). Certain medications which influence insulin resistance, including metformin, sodium-glucose cotransporter 2 (SGLT2) inhibitors and glucagon-like peptide 1 (GLP1) receptor agonists, have modest cardiovascular benefits although the exact mechanism is not known (18, 19). Effective lifestyle change programs demonstrate remission or improvement of T2DM with fasting blood glucose and hepatic steatosis within days and decreased pancreatic fat within weeks, leading to improved insulin sensitivity (20–22). Targeting insulin resistance may decrease both micro- and macrovascular complications of T2DM (15, 23), thus addressing the rising cost and burden of this disease.

The prevalence, morbidity, and mortality of T2DM is more pronounced among under-resourced populations (24, 25). Social determinants of health (SDOH) are conditions in the environments in which people live, learn, and work, such as food access, transportation, and health literacy, that affect a wide range of health, functioning, and quality-of-life outcomes and risks (26). Recent studies call for interventions specifically designed for patients with T2DM who face challenges with SDOH (27–29). However, there are no known effective, fully deployed interventions (30).

Digital health coaching interventions may offer an effective, scalable, and affordable option (31–34) and have shown promise in treating under-resourced populations with T2DM (35). Kangovi et al. have shown a community intervention addressing SDOH to generate a return of $2.47 for every dollar invested (36). Telehealth coaching programs for diabetes in primary care are cost-effective in the short-term (37) although more long-term research is needed. Typically, behavioral or community health interventions for T2DM require substantial investments of time, finances, and/or labor from both participants and staff, which has led to these programs reaching <1% of their target populations (38). Opportunities to combine phone and SMS-based coaching with device-free remote participant monitoring and real-time feedback may not only overcome some of these difficulties but further increase participant self-efficacy and engagement (39).

Personalization also overcomes some of the barriers to diabetes care (40, 41). Health coaching does this with motivational interviewing to create specific, measurable, achievable, relevant, and time-based (SMART) goals that are patient-driven and personalized based on social factors and life context. Health coaching in diabetes has been explored with variable levels of improvement with respect to clinical outcomes (42–54). Under-resourced individuals are disproportionately affected by T2DM and may benefit the most from the personalization of an intervention addressing SDOH (35, 55, 56).

This non-inferiority randomized controlled trial compares the change in insulin resistance (HOMA-IR) over 12 weeks of a comprehensive, low-tech digital health coaching intervention to usual diabetic care in low-income participants with T2DM at a family medicine residency clinic. Few health coaching studies utilize upstream measures of insulin resistance such as HOMA2-IR (42, 57) and/or upstream barriers to care such as SDOH, which were the goals of this study. Insulin resistance is hypothesized to be a more fitting primary outcome variable as behavioral-based T2DM interventions primarily target upstream physiological markers of T2DM by lowering insulin resistance (20–22). HbA1c, for example, is confounded by medication changes, while comparatively few medications change insulin resistance. Secondary outcomes were changes in HbA1c, Homeostatic Model Assessment for β-Cell Function (HOMA2-%β), weight, BMI, systolic blood pressure, diastolic blood pressure, and exercise vital sign (EVS).



METHODS

Participants were recruited from E. Blair Warner Family Medicine Residency Clinic (South Bend, IN) from December 8, 2020, to January 11, 2021. Follow-up data collection was completed from March 12, 2021, to May 14, 2021. Healthcare staff and participants were notified of the study through flyers and announcements. Patients who met inclusion criteria were called based on chart review to explain the study protocol. When potential participants agreed to a meeting, our team provided written and verbal explanations of the study. Those who agreed to participate signed an informed consent form and we obtained baseline demographics, SDOH, and initial laboratory work. Participants were randomized to the control or intervention group for the duration of the 12 weeks. All participants received usual diabetic care with regular office visits, and the intervention group also received the Healthy at Home digital health coaching intervention. At the end of 12 weeks, participants completed an exit survey and final lab work. All protocols were approved by Beacon Institutional Review Board on 12/8/2020 (registration number: 00003842). This randomized controlled trial was registered retrospectively with ClinicalTrials.gov (NCT04872647). The study was conducted in compliance with the principles of the Declaration of Helsinki (58) and in accordance with Good Clinical Practice guidelines as defined by the International Conference on Harmonization (59).


Study Participants

Inclusion criteria were 18- to 65-year-old participants with T2DM (HbA1c 6.5% or higher in the past 12 months) who were regular patients of E. Blair Warner Clinic with a working mobile phone and a preferred language of English or Spanish. A smartphone was not required to participate. Exclusion criteria included subjects diagnosed with conditions limiting the ability to consent or participate in Healthy at Home (i.e., dementia, cognitive impairment); subjects with conditions known to influence insulin resistance (i.e., pregnancy, hemochromatosis, polytransfused individuals, syndromic obesity, weight loss of 5% or more in the last 3 months); subjects diagnosed with type 1 diabetes mellitus; and subjects recently prescribed medications known to influence insulin resistance (i.e., atypical antipsychotics, steroids, thiazides). However, subjects on chronic and stable doses of these medications were not excluded. Antibody testing was not conducted; therefore, patients with type 1 and Latent Autoimmune Diabetes in Adults (LADA) could not be definitively excluded if they were misdiagnosed as DMII. Due to the complexity of accurately measuring insulin resistance in chronic renal failure, subjects with a glomerular filtration rate (GFR) <45 on most recent blood work were also excluded (60).



Randomization

Participants were randomized to the control or intervention group using a random number generator. Participants were provided with a card with their allocation group and corresponding instructions. Participant and coach blinding was impossible, as participants received weekly phone calls and daily SMS messages from their assigned coach. Primary care physicians were not informed of the treatment group to which their patient was allocated.



Control and Digital Health Coaching Intervention Groups

Both intervention and control groups received care at the family medicine residency clinic which included a physicians' office visit at the beginning and end of the study period (every 12 weeks). Additionally, those in the intervention group were assigned to the Healthy at Home coaching program. All participants were asked to continue their current medications, level of physical activity, and eating habits unless otherwise recommended by their physician and/or coach. Health coaches communicated with primary care physicians via the principal investigator if there were medical concerns or hypoglycemia met notification criteria.

The Healthy at Home program provided 12 weeks of virtual support from health coaches trained at the University of San Francisco (UCSF) Center for Excellence in Primary Care. Healthy at Home coaches are required to have a health coach certification, prior experience, motivational interviewing skills, and basic health knowledge. The UCSF health coaching training curriculum trains coaches on key skills such as Ask-Tell-Ask, Closing the Loop, Action Planning, and Patient Empowerment (61). Supplemental training and supervision is provided on a regular basis.

Participants received 10- to 15-min weekly phone calls and daily two-way SMS-based monitoring and support. Weekly phone visits included three components: (1) assessing participants' stage of change (2) discussing their weekly fasting blood glucose results in relation to their goal, and (3) using participant-driven goal setting to develop a stage-matched intervention (62, 63). Health coaches used motivational interviewing and confidence-building techniques encouraging participants choose a specific, measurable, attainable, realistic, and time-bound (SMART) goal each week in one of the following categories: (1) what you are eating, (2) how much you are eating, (3) when you are eating, (4) physical activity, or (5) stress management. These interventions (Supplementary Methods) were created in line with position statements by American College of Lifestyle Medicine, Association of British Clinical Diabetologists, and Primary Care Diabetes Society on the remission of T2DM (64, 65) as well as with American Diabetes Association (ADA) Medical Nutrition Recommendations (66). Mobile-first and visual infographics illustrating health goals were designed to be appropriate for low health literacy groups. Health coaches sent an infographic most relevant to the participant's goal after each weekly phone call (Supplemental Figures 1A–D). Each of the three components of the phone call was tracked by Healthy at Home: weekly participant stage of change, daily blood glucose readings, and achievement of the weekly SMART goal.

Healthy at Home uses a low-tech remote patient monitoring system to support health coaching. Remote patient monitoring may increase engagement (39) and self-management (67) in under-resourced individuals. Automated daily prompts requested fasting blood glucose. Instant feedback was automatically provided via SMS text messaging based on the range of glucose measurement with a color-coded stoplight graphic (Supplemental Figure 1D). This feedback helped participants learn how their body responded to changes in diet and exercise. Daily glucose measurements were recorded in Healthy at Home's remote patient monitoring system, which provided participants with weekly SMS-based progress reports (Figure 1). The SMS system also sent regular goal nudges to participants to help keep goals top-of-mind.


[image: Figure 1]
FIGURE 1. Example of weekly SMS-based progress reports.




Clinical Measurements

At the beginning and end of the 12 weeks, biometrics and laboratory assessments were completed for all participants. Participants who did not complete post-intervention measurements were excluded. Venous blood samples were obtained after an 8-h fast. HbA1c and fasting blood glucose were measured using a Roche Cobas 6000 Analyzer. Fasting C-peptide was measured with a Roche Cobas e801 with ElectroChemiLuminescence Immunoassay. Clinical values for HOMA2-IR vary by ethnicity (68). Also, this test does not differentiate between total C-peptide, proinsulin, or its split products. Proinsulin does affect and vary with T2DM severity (69, 70). Therefore, we used the change in HOMA2-IR rather than its absolute value. Fasting C-peptide (mmol/L) and blood glucose (nmol/L) were utilized in the online HOMA2 calculator provided by the University of Oxford Diabetes Trial Unit (71) to estimate HOMA2-%β (pancreatic function) and HOMA2-IR (insulin resistance) (72).

Secondary outcomes were measured as follows: ethnicity, exercise vital sign (EVS), and years diagnosed with T2DM. These were obtained on intake and exit surveys with the latter being confirmed by chart review to increase accuracy. Exercise Vital Sign (minutes of exercise per week) was used as a validated patient measure of physical activity (73). Blood pressure and weight were obtained by medical assistants at regular office visits. Blood pressure was taken by the medical assistant while the participant was seated with a Welch Allyn Connex Spot Monitor. Weight was taken by the medical assistant with the shoes removed by using a bariatric scale (Medline Industries Inc., Northfield, IL). During the 12 weeks, we used chart review to track the number of emergency department (ED) visits, primary care office visits, changes to hypertensive or diabetic medications, and adverse events.

Social determinants of health were assessed several different ways. Medicaid enrollment status was acquired from chart review. Indiana Medicaid eligibility for adults is 133% income of the federal poverty line during the time of study enrollment (74). Food access designation was determined by the participants' location within the Food Access Research Atlas created by the Economic Research Service of the United States Department of Agriculture (USDA). The atlas provided the average distance to the grocery store by USDA-defined census tract designation (75). High food access is a geographic area in which over two-thirds of the population lives < 0.5 miles from a grocery store. Medium food access is a geographic area in which at least one-third of the population lives over 0.5 miles from the nearest grocery store. Low food access is a geographic area in which at least one-third of the population lives over 1.0 miles from the nearest grocery store. Geographic availability and accessibility of food are inconclusive as to whether they are associated with healthier food consumption (76, 77), although they are stronger in low socioeconomic populations (78). Participants completed Health Leads' SDOH screen at intake and exit surveys. This assessed participants' food insecurity, health literacy, housing instability, access to healthcare, and ability to meet monthly expenses. There is currently no validated SDOH survey nor method of delivery, but Health Leads has been used in research based on expert opinion (79).

In the intervention group, we assessed engagement and compliance measures with the number of Healthy at Home visits attended, daily blood glucose reporting compliance, weekly stage of change, and SMART goal compliance. Goal compliance was reported as not met, partially met, or fully met. The stage of change in the control and intervention groups were assessed by the transtheoretical model of change: pre-contemplative, contemplative, preparation, and action stages of change. Health coaches were trained to assess stage of change in a standardized manner and measured participant stage of change during weekly phone calls. The Principal Investigator assessed the stage of change in the control group as part of their intake and outtake interview, survey, and labs.



Statistical Analysis

The sample size for this non-inferiority trial was calculated at 16 a priori by choosing a HOMA2-IR difference of 1.0, a significance of α = 0.05, a standard deviation of 0.9, and a power of 0.80 based on prior research. However, we overenrolled in the event that our standard deviation or effect size was different from that of the prior study at the time (42).

Change in HOMA2-IR (from baseline to 12 weeks) was selected as our primary outcome variable. Utilizing individual change cancels many confounding effects [e.g., effect of race (68), proinsulin secretion rates in different severities of T2DM (69, 70)]. Independent t-tests were conducted to check for differences in baseline demographics between the control and intervention groups. Baseline, 12-week follow-up, and difference in primary and secondary outcomes between the control and intervention groups was examined with non-parametric Mann-Whitney U-Tests. Prior research findings, clinical knowledge and assessment of the univariate linear models created our multivariate linear regression model that controlled for: race, years diagnosed with T2DM, baseline stage of change, food access, and Medicaid enrollment status. Significance level was set at 0.05 for all analyses and data were graphed using RStudio (Version 4.0.3, RStudio Team, 2020). For subgroup analysis of the intervention group, univariate models were completed for the primary outcome and the following: goal compliance, stage of change, coach session attendance, qualitative, and quantitative daily blood glucose.




RESULTS

Of the 2,620 patients assessed for eligibility, 195 qualified for participation in the study (Figure 2). Forty-five individuals consented and were randomized to the control or intervention group. Of the 25 allocated to the intervention group, 24 received the intervention; one individual was unable to be contacted following randomization. Over the course of the study, 2 participants in the intervention group withdrew due to scheduling concerns. At 2 weeks, one participant in the intervention group died. The IRB determined the cause of death to be unrelated to the study. At the end of the study, 5 control and 5 intervention participants did not complete follow-up data collection. One participant was excluded from analysis in the control group due to being a physiologic outlier. The final sample size for analysis was 30 participants (14 control, 16 intervention).
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FIGURE 2. CONSORT flow diagram of the Healthy at Home randomized controlled trial of digital health coaching for type 2 diabetes.


Our study population included a substantial proportion of low-income and under-resourced participants. E. Blair Warner Clinic receives an average of 41% of its revenue from Medicaid reimbursements, and it functions as a local safety net clinic. Fifty-four percent of our participants were insured by Medicaid, and 37% lived in a USDA-defined low-food-access census tract. By comparison, the county in which the study was conducted has an average of 15% on Medicaid and 14% living in a USDA-defined low-food-access census tract (75, 80). Forty percent of participants in our study were African American; higher than the rate of 14% African American in St. Joseph County (80). Fifty-seven percent of participants had not completed the number of recommended office visits in the previous 12 months. Average participant HbA1c was 8.3%, which is above the ADA goal of 7%. On average, participants had been diagnosed with T2DM for 8 years, and 50% were on insulin medications, and the majority were in class 2 obesity (81%) and stage 2 hypertension per American College of Cardiology 2017 guidelines (81). Forty-two percent of participants had chronic complications of T2DM (nephropathy, neuropathy, retinopathy, glaucoma, ED, amputation, CAD) based on chart review (KA), vs. roughly 26.9% in the U.S. at large (82). Participants had an average of 6.5 chronic comorbidities based on chart review (KA). Finally, participants fell short of the recommended 150 min/week aerobic exercise recommendations, with an average of 61.8 min per week at baseline (83). Baseline demographic characteristics between the control and the intervention groups were not significantly different (Table 1).


Table 1. Baseline demographic characteristics of control and intervention participants.

[image: Table 1]

The control group had a mean change of +0.9 in HOMA2-IR as compared to the intervention group (Mann-Whitney U-Test: p = 0.019) (Table 2). This difference remained significant after controlling for race, years of T2DM, stage of change, food access, and Medicaid status (Multivariate Regression, p = 0.027) (Figure 3). The small mean improvements within the intervention group in secondary outcomes of HOMA2-%β, HbA1c, weight, systolic blood pressure, diastolic blood pressure, and exercise vital signs (EVS) were not significantly different from the control group. Upon chart review (KA), participants had not been placed on new medications that affected insulin resistance (metformin, SGLT2 antagonists, GLP1 agonists, hydrochlorothiazide, atypical psychiatric medications) within either the control or intervention group.


Table 2. Baseline, 12-week follow-up, and difference in primary and secondary outcomes in the control and intervention groups.
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FIGURE 3. Distribution of the percent change in each primary and secondary outcome variable from adjusted multivariate models. The box marks the median and first and third quartiles of the distribution; the whiskers extend up to 1.5 x IQR. P-values are from the multivariate model controlling for race, years of type 2 diabetes, stage of change, food access, and Medicaid status. HOMA, Homeostatic Model Assessment; IR, Insulin Resistance; Beta, estimate of pancreatic beta cell function; EVS, Exercise Vital Signs (minutes of exercise per week); HbA1c, Glycated Hemoglobin; sBP, Systolic Blood Pressure; dBP, Diastolic Blood Pressure.


In the intervention group, three participation metrics measured engagement with the study protocol: weekly goal compliance, number of daily glucose checks, and number of virtual health coaching sessions completed. On average, 40% of weekly participant goals were related to nutrition, 20% to exercise, 13% to stress reduction, and 4.4% to miscellaneous (medications, blood sugar, etc.). Participants achieved 59% of weekly goals and made progress on 36% of goals. On average, participants tracked blood glucose 74% of the days, and completed 86% of virtual coaching sessions. Change in HOMA2-IR was not significantly affected by goal compliance (β = −0.68, p = 0.13), number of daily blood glucose checks (β = −1.52, p = 0.052), or number of virtual coaching sessions completed (β = −1.37, p = 0.32). Nevertheless, all three engagement metrics correlated with an improvement in insulin resistance, systolic blood pressure, and weight loss. Only the change in systolic blood pressure was statistically significant (β = −26, p = 0.0028) according to the Bonferroni correction for multiple comparison (p = 0.05 ÷ 15 = 0.0033).



DISCUSSION

This pilot randomized controlled trial identified a significant difference in insulin sensitivity over 12 weeks between under-resourced patients with T2DM receiving usual care vs. those who additionally received phone and SMS-based health coaching utilizing lifestyle prescriptions (Healthy at Home). Within this study, there was a 25% reduction in HOMA2-IR as compared to the control group (p = 0.027) with other clinical markers non-significantly improved. This significance remained when controlling for key SDOH (race, Medicaid status, food access, years diagnosed with T2DM, baseline stage of change) in a patient population where these SDOH were prevalent. To the best of our knowledge, measuring and targeting insulin resistance and SDOH as upstream factors of T2DM are new additions to the health coaching literature for under-resourced patients.

Studies have advocated for solutions that bridge the digital divide and address health disparities (84–87). This single-site pilot provided a representative patient population in a real-world setting to study such solutions: 54% Medicaid and 37% living within a low food access census tract. Higher morbidity and decreased access, as noted in prior research for this patient population (30) was also noted (42% with diabetic complications and average of 6.5 chronic comorbidities, 57% of participants lacked recommended office visits). In answer to the call to address SDOH in patients with diabetes (27–29) this Healthy at Home intervention is specifically tailored to under-resourced patients by mobile-first low literacy education and coach training that builds trust and encourages self-efficacy (88). As in prior research, interventions that do not require smartphones or the Internet maximizes accessibility (89). Our study combines this low-tech approach with a low-literacy, high-touch, personalized delivery method.

We aimed to combine the digital health coaching delivery model with lifestyle “prescriptions" or action items. Prior studies achieving T2DM reversal or improvement are often performed in controlled environments and typically focus on aggressive nutrition changes and weight loss (20, 90, 91). Prior studies of health coaching in under-resourced patients have shown efficacy as well (35, 55, 56). These were combined: Patient-driven goals drove the personalization of lifestyle prescriptions that were matched to participants' stage of change with health coaching techniques. The majority of participants' goals were related to nutrition, while others focused on access to care, compliance with medication, reducing stress, or social connectedness. Participants' behavioral changes were not as large as in above cited reversal studies or the longer Diabetes Prevention Program. Nevertheless, we saw a significant change in HOMA2-IR in a shorter 12-week study period. This suggests that patients who do not have access to more aggressive diabetes reversal programs or are not motivated to make intensive changes can still make lifestyle modifications with significant clinical improvements. Small, attainable goals personalized to a patients' environment, stage of change, health literacy, and resources can make a difference. This may be an especially important intervention for under-resourced patients who face barriers to change and SDOH.

Behavioral-based research may have a bias in enrolling more motivated patients. In our study, the average participant stage of change at baseline was “contemplative;" the second stage of the four-stage transtheoretical model of change. Our participants captured the full spectrum of motivation to change health habits related to T2DM. Despite this, patients were overall engaged, which is important for scalable implementation in similar populations. While baseline SDOH and demographics did not affect improved insulin resistance, it remains inconclusive whether engagement was a mediating factor of success in this study.

Healthy at Home compares favorably to the cost of the Diabetes Prevention Program (DPP) for pre-diabetes ($500) and a more intensive in-person Community Health Worker program ($1,400) targeting a similar population (36, 92). In addition to usual care, the 3 month digital health coaching intervention cost $400 per participant. This cost covered weekly phone calls, daily blood glucose tracking, and the remote participant monitoring platform, including hypo/hyperglycemia protocols and referrals. Approximately half of the $400 program cost was allocated toward health coaching, 25% toward remote participant monitoring, and 25% toward overhead operations, which were higher due to the small cohort size. Since the digital nature of Healthy at Home makes scalability feasible, projections suggest that the cost could be driven to as low as $270 per patient. Federal and state insurance plans that cover low-income populations may consider reimbursing for competently trained health coaches as more research may demonstrate decreased health care costs.

Several issues affect adoption of comprehensive digital health coaching in primary care settings. Many providers are not familiar with health coaching, and previous research has advocated for provider education on the potential impact on their practice (93). Clinics or electronic medical records do not typically have a workflow, referral process or policies in place to refer patients to health coaching. Payers, including commercial, Medicaid, or Medicare, do not reimburse directly for health coaching. Nevertheless, longitudinal cost-effectiveness analyses may increase the likelihood of provider reimbursement. Some sites may be able to pursue diabetes education certification and utilize health coaches as paraprofessionals (94) which may increase adoption.

This study took place at a single-site family medicine residency program with independent support of health coaches from the primary care team. Integrated health team coaching models have been found to improve qualitative outcomes such as patient satisfaction and provider burnout (95, 96). This communication may create buy-in, addressing known barriers that physicians can have to e-health interventions (97). Future studies could include this multidisciplinary collaborative team approach between health coaches and primary care providers.

There were limitations with measuring insulin resistance due to the variable renal threshold for glucosuria (98) potentially causing a falsely low fasting glucose measurement. Even with a blood glucose level above up to 230 mg/dL, glucosuria may not occur in some individuals but may in others (99). We attempted to minimize this effect using the change in HOMA2-IR rather than absolute insulin resistance. Participants well-above 230 mg/dL surpassed the limits of the HOMA2-IR calculator based on extending the asymptote. These subjects were excluded. Future research on surrogate measures of insulin resistance in uncontrolled T2DM would be a valuable addition to verify this assumption.

Despite normalizing the SDOH Health Leads screen questionnaire (79) and offering resources at the time of the survey, it is hypothesized that a social desirability bias inhibited accurate reporting of patient needs (100). Only 16.3% of participants admitted food security, 4.6% “housing insecurity, and 4.6% poor healthcare literacy. Whereas, St. Joseph County Medicaid patients filling out the same survey had 59.75% food insecurity, 33.16% housing insecurity, and 36.36% poor health literacy (unpublished data from St. Joseph County Department of Health). Data from the SDOH Health Leads screen was not used in the final analysis given concerns for confounding with a sociability desire bias. Medicaid enrollment and USDA-defined food access and Medicaid status were retained in the analysis. Future research could compare methods of survey delivery for screening a sensitive topic such as SDOH.

This unblinded pilot had a limited sample size and 3-month duration. Since health coaching cannot be blinded, nocebo effects (negative effect and expectation from not receiving the intervention) possibly contributed to the worsening insulin resistance in the control group (101). Revaluating this intervention on a larger scale would provide a more substantial justification of its effectiveness for improving insulin resistance and reducing total cost of patient care. Given previous studies showing improvement in insulin resistance in other populations (20–22), we hypothesize that a longer intervention would see a greater improvement in T2DM progression.



CONCLUSION

Our results suggest that Healthy at Home digital health coaching slowed the natural progression of insulin resistance in T2DM. The control group saw a median increase of 21.8% progression of insulin resistance as compared to a median decrease of 3.7% in the intervention (over a 25% difference between groups). Although progression of insulin resistance in T2DM is not established, this is faster than previously described (102). SDOH is thought to be a mediating factor in the speed of progression (103). Addressing the interplay of upstream SDOH and lifestyle behavior factors is imperative to slow the pandemic of T2DM in the most vulnerable of U.S. populations. This intervention may indicate that comprehensive digital health coaching has the ability to address SDOH and stage-match the intervention to the patients' level of motivation and literacy in order to overcome the barriers traditionally faced by the under-resourced. Future research can improve the long-term clinical efficacy, accessibility, scalability, and cost-effectiveness of comprehensive digital health coaching.
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