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ABSTRACT
Introduction We aimed to test the effectiveness of a 
lifestyle intervention (LI) for individuals with food insecurity 
and type 2 diabetes.
Research design and methods Adults with type 2 
diabetes, body mass index ≥25 kg/m2 (or ≥23 kg/m2 if 
Asian), hemoglobin A1c of 6.5%–11.5% (48–97 mmol/mol) 
and who were willing to lose 5%–7% bodyweight were 
enrolled in REAL HEALTH- Diabetes. This practice- based 
randomized clinical trial compared LI (delivered inperson 
or by telephone) with medical nutrition therapy (MNT) on 
weight loss at 6 and 12 months. Two or more affirmative 
responses on the six- item US Department of Agriculture 
Food Security Survey Module indicated food insecurity. 
In this prespecified subgroup analysis, we tested using 
linear mixed effects models whether the intervention effect 
varied by food security status.
Results Of 208 participants, 13% were food insecure. 
Those with food insecurity were more likely to be racial/
ethnic minorities (p<0.001) and have lower education 
(p<0.001). LI, versus MNT, led to greater weight loss at 6 
months (5.1% lost vs 1.1% lost; p<0.0001) and 12 months 
(4.7% lost vs 2.0% lost; p=0.0005). The intervention 
effect was similar regardless of food security status (5.1% 
bodyweight lost vs 1.1% in food secure participants 
and 5.1% bodyweight lost vs 1.3% in food insecure 
participants at 6 months; 4.7% bodyweight lost vs 2.1% 
in food secure participants and 4.5% bodyweight lost vs 
0.9% in food insecure participants at 12 months; p for 
interaction=0.99).
Conclusions The REAL HEALTH- Diabetes lifestyle 
intervention led to meaningful weight loss for individuals 
with food insecurity and type 2 diabetes.
Trial registration number NCT02320253.

The primary goal of type 2 diabetes manage-
ment is to prevent complications of diabetes 
by controlling risk factors.1 However, the 
burden of diabetes and its complications 
does not fall evenly—individuals with lower 
socioeconomic status face increased risk of 
diabetes as well as worse diabetes outcomes.2 
One potentially modifiable contributor to this 

is food insecurity, defined as limited access to 
sufficient food for a healthy, active life.3 Food 
insecurity is strongly associated with greater 
obesity and worse risk factor control in indi-
viduals with diabetes.4–9

Typical food insecurity interventions focus 
on increasing healthy food access by subsi-
dizing or providing healthy food.10 11 While 
important, the clinical impact of these 
approaches is not yet known, and a prior 
randomized trial of a food pantry- based inter-
vention did not result in changes in diabetes 
outcomes.12 Given the complexity of the rela-
tionship between food insecurity and clinical 
outcomes,5 13 additional interventions for 
individuals with food insecurity which could 
either be combined with food access inter-
ventions or serve as stand- alone approaches 

Significance of this study

What is already known about this subject?
 ► Individuals with diabetes and food insecurity face 
worse outcomes.

 ► It is unclear whether lifestyle interventions recom-
mended for diabetes management will be effective 
for those who experience food insecurity.

What are the new findings?
 ► A pragmatic lifestyle intervention program led to 
clinically meaningful weight loss for both food secure 
and food insecure individuals with type 2 diabetes.

 ► Weight loss was almost identical for both food inse-
cure and food secure intervention participants.

How might these results change the focus of 
research or clinical practice?

 ► Clinicians caring for food insecure individuals with 
diabetes can recommend lifestyle intervention for 
weight loss even if they do not have interventions to 
address food insecurity directly.
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are needed. Lifestyle intervention (LI), which combines 
education and skill- building in order to facilitate diabetes 
self- management, could be one way to meet this need. 
In both ‘efficacy’ trials and in more ‘real- world’ appli-
cations, LIs have led to weight loss and improvements 
in diabetes control, risk factors for diabetes complica-
tions, and complications themselves.14–16 Further, among 
food insecure populations, education and skill- building 
approaches that focus on making best use of available 
resources, exemplified by Supplemental Nutrition Assis-
tance Program Education (SNAP- Ed),17 a program that 
helps SNAP recipients and communities use farmers 
markets to address food insecurity, have been shown to 
be successful in improving diet quality.

Despite the promise of LI, however, few studies have 
examined LI for management of type 2 diabetes in indi-
viduals with food insecurity. Testing the effectiveness 
of LI in those with food insecurity is important, since 
food insecurity, for several reasons, is likely to present a 
barrier to weight loss that may render LI less effective. 
Mechanistically, food insecurity may act to thwart life-
style change by incentivizing the consumption of highly 
processed, calorie- dense foods that are cheaper on a per- 
calorie basis than healthier alternatives.5 18 Further, food 
insecurity may impose competing demands and increase 
stress, which makes enacting behavior change more diffi-
cult.19 20 Finally, the time commitment required for LI 
may be prohibitively high for those with many competing 
demands, such as work and childcare. Alternatively, the 
skills taught during LI may help facilitate more effective 
diabetes self- management even in the face of challenging 
circumstances like food insecurity, if those interventions 
are appropriately adapted to the needs of individuals with 
lower socioeconomic status. For these reasons, we believe 
it is important to determine whether the effectiveness of 
LI varies by food security status.

In this prespecified subgroup analysis of the REAL 
HEALTH- Diabetes pragmatic randomized clinical trial, 
we sought to determine whether an evidence- based LI, 
delivered in English or Spanish, inperson or via tele-
phone, would result in clinically meaningful weight loss 
in individuals with type 2 diabetes both with and without 
food insecurity, and whether the magnitude of weight 
loss would vary by food security status.

RESEARCH DESIGN AND METHODS
Participants and study setting
A description of the REAL HEALTH- Diabetes random-
ized clinical trial design and participants has been previ-
ously published.21 22 In brief, individuals were eligible 
if they were adults (age ≥18 years) with type 2 diabetes, 
body mass index ≥25 kg/m2 (or ≥23 kg/m2 if of self- 
reported Asian ancestry), had hemoglobin A1c (HbA1c) 
of 6.5%–11.5% (48–97 mmol/mol), had blood pressure 
<160/100 mm Hg, and were willing to lose 5%–7% body-
weight. Individuals were drawn from those with a medical 
provider in the Partners HealthCare clinical network. 

Individuals were excluded if they weighed more than 
159 kg, spoke a language other than English or Spanish, 
were pregnant or planning to become pregnant, were 
currently enrolled in a weight loss program or medical 
nutrition therapy (MNT), or had a previous or planned 
bariatric procedure. Further, those who could not partic-
ipate in the intervention owing to a medical condition 
that would interfere with the ability to engage in the LI 
or were taking medications likely to affect weight (eg, 
corticosteroids) were also excluded. Intervention and 
data collection visits were conducted either at one of 
three community health centers or at the Massachusetts 
General Hospital Diabetes Research Center, depending 
on the location of the patient’s residence.

Participants were recruited between January 2015 and 
July 2017, with 1- year outcomes analyzed from December 
2018 to January 2020. All trial participants provided 
written informed consent. Prior to participant enroll-
ment, the trial was registered at  ClinicalTrials. gov.

Intervention
REAL HEALTH- Diabetes randomized individuals in a 
1:1:1 ratio to inperson group LI, telephone conference 
call group LI, or MNT. Randomization was accomplished 
using a computer- generated variable block size random-
ization scheme stratified by gender and clinical site. The LI 
was a complex behavioral weight loss intervention devel-
oped as a curated hybrid of key publicly available Look 
AHEAD14 and Diabetes Prevention Program (DPP)23 
session materials and included the first 19 sessions from 
the original Look AHEAD LI. The LI addressed a variety 
of nutrition, activity, and behavioral topics and focused 
on building skills for self- monitoring, goal setting, stim-
ulus control, stress management, problem solving, and 
relapse prevention. The session materials were culturally 
sensitive and had a Flesch Reading Ease score of 74.0 and 
a Flesch- Kincaid grade level of 5.3. However, the mate-
rials were not specifically adapted to address the needs of 
those with food insecurity or low socioeconomic status. 
Similar to Look AHEAD’s LI, participants were encour-
aged to purchase and use meal replacements in the form 
of shakes, bars or frozen entrees to replace one to two 
meals per day to promote weight loss. Unlike the original 
Look AHEAD LI, which was delivered largely in individual 
sessions supplemented by some group sessions, the REAL 
HEALTH LI sessions were delivered by registered dieti-
tians in groups of 4–12 (stratified by English or Spanish 
delivery of materials) and were delivered at a decreasing 
cadence of 14 weekly sessions followed by 5 biweekly and 
6 monthly sessions, for a total of 25 sessions over 1 year. 
Participants could also elect to take part in up to three 
individual sessions during the year. Inperson and tele-
phone conference call sessions were identical in number, 
duration (approximately 60–90 min) and content—the 
only difference between these sessions was the delivery 
format. Using a 60 min estimate, this means that planned 
contact for LI participants across 25 planned sessions was 
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25 hours. The planned duration of each optional session 
was 45 min or 2.25 hours for three sessions.

Individuals randomized to MNT were referred to indi-
vidual inperson sessions with a dietitian at their health 
center or another location of their choice as part of usual 
care (which is the current recommended standard of 
care). MNT proceeded per usual care, with an initial visit 
for evaluation with follow- up sessions as determined by 
the dietitian and the participant. While LI was provided 
without cost sharing, MNT could require visit copayments 
depending on the participant’s insurance coverage, as 
is typical in usual care. For MNT sessions, the planned 
duration was 60 min for the first session and 30 min for 
each additional session. As in usual care, there was no 
planned number of sessions for MNT, as that is deter-
mined in a dialogue between the registered dietitian and 
the participant. As an example, if an MNT participant 
attended one initial session and three follow- up sessions 
over 12 months, that would be 2.5 hours of contact.

Food insecurity
Food insecurity assessment occurred at the baseline study 
visit, prior to randomization. Food insecurity was assessed 
using the six- item US Department of Agriculture Food 
Security Survey Module with 12- month recall period.24 
An example item is: ‘The food that I bought just didn’t 
last, and I didn’t have money to get more. Was that often, 
sometimes, or never true for you in the last 12 months?’24 
In accordance with standard scoring, those with two or 
more affirmative responses were classified as food inse-
cure.24 Based on prior work examining food insecurity 
prevalence in individuals with diabetes, including within 
the clinical network study participants were drawn from, 
we anticipated food insecurity prevalence of approxi-
mately 20%.8 9 25

In addition to categorizing participants by food secu-
rity status, we also categorized individuals by household 
income level, using categories of <$30 000 per year, $30 
000–$50 000 per year, $50 000–$100 000 per year, and 
≥$100 000 per year.

Outcomes
The primary outcome for this study was weight loss, 
defined as per cent change in weight from baseline. A 3% 
decrease in weight from baseline was considered a clin-
ically meaningful change. Weights were obtained using 
a calibrated scale in light clothing following a standard-
ized protocol.21 The trained research assistant measuring 
the weights was masked to study arm. Another secondary 
outcome was HbA1c, which was analyzed at a clinical 
laboratory certified by the NGSP (formerly the ‘National 
Glycohemoglobin Standardization Program’). To reduce 
the risk of hypoglycemia with LI, the REAL HEALTH- 
Diabetes trial protocol reduced glucose- lowering medi-
cation proactively based on self- monitoring of blood 
glucose results, anticipated reduction in caloric intake, 
and use of meal replacements to enhance weight loss.21 
Finally, we examined session attendance.

Covariates and other data collection
Information relating to sociodemographics, anthropo-
metrics, and laboratory values was obtained during the 
baseline visit prior to randomization and at follow- up 
study visits.21

Statistical analyses
All analyses followed the intention- to- treat approach 
for intervention arm classification. Because prior anal-
yses found that the inperson and telephone- delivered 
LI produced similar results,22 we combined these inter-
vention arms for analysis, comparing those who received 
either format of LI with those who received MNT. To 
account for repeated measures within individuals and 
possible clustering within the study arms in which the LI 
was delivered, we used three- level mixed effect models 
with random effects terms for both the individual and 
intervention group. We examined changes at 6 and 12 
months and used interaction terms (food security (or 
income category) by intervention modality) to examine 
whether intervention effect varied by food security status 
or income category. For these analyses, the food insecu-
rity by intervention modality analysis was considered the 
primary analysis, with other analyses considered explor-
atory. Nine (4.3%) participants did not report income 
levels and were excluded from income analyses.

We conducted both unadjusted analyses and analyses 
that adjusted for possible confounders of the relationship 
between food insecurity (or income) and the outcomes. 
For the food insecurity models, the adjustment variables 
were age, gender, race/ethnicity, education, income, 
primary language, and health insurance. For the income 
models, we used the same set of adjustment variables 
minus income. Missing data were not imputed because 
missingness was less than 5% for any variable. All analyses 
were conducted in SAS V.9.4. A two- sided p value of ≤0.05 
was considered statistically significant.

RESULTS
As previously described, 211 individuals enrolled in the 
trial and 3 (1.4%) withdrew, leaving 208 participants 
(98.6%) who were included in the intention- to- treat anal-
yses.22 The mean age of participants was 61.7 (SD: 10.2) 
years, 55.3% were women, 76.9% were of non- Hispanic 
white race/ethnicity, and 8.2% spoke Spanish as their 
primary language (table 1). Thirteen per cent of partici-
pants reported food insecurity, with a similar proportion 
in the two study arms, as expected in a randomized trial. 
Overall, those who reported food insecurity were more 
likely to be women and of racial/ethnic minorities, and 
to have less education, lower income, and public health 
insurance.

Compared with those receiving MNT, those receiving 
LI lost a greater percentage of bodyweight at 6 months 
(5.1% lost vs 1.1% lost; p<0.0001) and 12 months (4.7% 
lost vs 2.0% lost; p=0.0005).22 The intervention effect in 
the LI arm was similar regardless of food security status 
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Table 1 Participant characteristics by food security status

All Food secure Food insecure P value*

n 208 180 28

Study arm, n (%) 1.00

  Lifestyle intervention 142 (68.3) 123 (68.3) 19 (67.9)

  Medical nutrition therapy 66 (31.7) 57 (31.7) 9 (32.1)

Age, mean (SD) 61.7 (10.2) 62.3 (9.9) 58.0 (11.5) 0.072

Female, n (%) 115 (55.3) 93 (51.7) 22 (78.6) 0.008

Race/ethnicity, n (%) <0.0001

  Non- Hispanic white 160 (76.9) 148 (82.2) 12 (42.9)

  Non- Hispanic black 9 (4.3) 9 (5.0) 0 (0.0)

  Hispanic/Latino 28 (13.5) 14 (7.8) 14 (50.0)

  Non- Hispanic Asian 7 (3.4) 5 (2.8) 2 (7.1)

  Other 4 (1.9) 4 (2.2) 0 (0.0)

Education, n (%) 0.0001

  Less than high school diploma 17 (8.2) 10 (5.6) 7 (25.0)

  High school diploma or GED 43 (20.7) 39 (21.7) 4 (14.3)

  1–3 years of college 60 (28.8) 47 (26.1) 13 (46.4)

  4 or more years of college or graduate school 88 (42.3) 84 (46.7) 4 (14.3)

Annual income, n (%) <0.0001

  <$30 000 48 (23.1) 30 (16.7) 18 (64.3)

  $30 000–$50 000 21 (10.1) 19 (10.6) 2 (7.1)

  $50 000–$100 000 68 (32.7) 65 (36.1) 3 (10.7)

  ≥$100 000 62 (29.8) 60 (33.3) 2 (7.1)

  Did not report 9 (4.3) 6 (3.3) 3 (10.7)

Insurance, n (%) 0.001

  Commercial 88 (42.3) 80 (44.4) 8 (28.6)

  Medicaid 29 (13.9) 25 (13.9) 4 (14.3)

  Medicare 59 (28.4) 55 (30.6) 4 (14.3)

  Medicare and Medicaid (‘dual eligible’) 26 (12.5) 16 (8.9) 10 (35.7)

  Self- pay 6 (2.9) 4 (2.2) 2 (7.1)

Spanish language, n (%) 17 (8.2) 9 (5.0) 8 (28.6) 0.0004

Baseline hemoglobin A1c
NGSP %, mean (SD)

7.7 (1.2) 7.7 (1.2) 8.0 (1.2) 0.25

  mmol/mol, mean (SD) 61.1 (12.8) 60.6 (12.7) 63.7 (13.2)

Baseline body mass index, kg/m2, mean (SD) 35.0 (5.4) 35.0 (5.5) 35.3 (4.7) 0.75

Baseline weight, kg, mean (SD) 98.1 (18.9) 98.9 (19.2) 93.4 (16.1) 0.11

Baseline use of any glucose- lowering medication 191 (91.8) 163 (90.6) 28 (100) 0.14

Baseline use of metformin 166 (79.8) 141 (78.3) 25 (89.3) 0.21

Baseline use of insulin 69 (33.2) 53 (29.4) 16 (57.1) 0.005

Baseline use of GLP-1 RA 14 (6.7) 13 (7.2) 1 (3.6) 0.70

Baseline use of sulfonylurea 65 (31.3) 58 (32.2) 7 (25.0) 0.52

Baseline use of thiazolidinedione 2 (1.0) 2 (1.1) 0 (0.0) 1.00

Baseline use of DPP-4 9 (4.3) 8 (4.4) 1 (3.6) 1.00

Baseline use of SGLT2 6 (2.9) 4 (2.2) 2 (7.1) 0.19

*P value from two- sample t- tests for continuous variables and Fisher’s exact tests for categorical variables.
DPP-4, dipeptidyl peptidase-4 inhibitor; GED, General Education Development certificate; GLP-1 RA, glucagon- like peptide 1 receptor 
agonist; NGSP, National Glycohemoglobin Standardization Program; SGLT2, sodium/glucose cotransporter 2 inhibitor.
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(5.1% bodyweight lost vs 1.1% in food secure participants 
and 5.1% bodyweight lost vs 1.3% in food insecure partic-
ipants at 6 months; 4.7% bodyweight lost vs 2.1% in food 
secure participants and 4.5% bodyweight lost vs 0.9% 
in food insecure participants at 12 months) (table 2, 

figure 1). Interaction terms testing these differences in 
intervention effect were not statistically significant in 
either unadjusted (p=0.87) or adjusted (p=0.99) models.

Change in HbA1c did not differ between the LI and 
MNT groups. HbA1c was 0.5% (5.7 mmol/mol) lower 

Table 2 Per cent change in weight and hemoglobin A1c from baseline at 6 and 12 months

Change in weight Change in hemoglobin A1c, NGSP % (mmol/mol)

6 months 12 months 6 months 12 months

n Mean SD n Mean SD n Mean SD n Mean SD

Food security*

Secure MNT 57 −1.1 3.7 55 −2.1 4.1 56 −0.2 (2.5) 1.0 (11.3) 54 −0.4 (3.9) 1.3 (13.7)

LI 122 −5.1 5.3 122 −4.7 6.1 120 −0.6 (6.0) 1.0 (11.5) 122 −0.3 (3.8) 1.1 (12.4)

Insecure MNT 9 −1.3 3.3 9 −0.9 3.8 9 −0.5 (5.8) 1.7 (18.6) 8 −0.5 (5.9) 1.2 (13.4)

LI 19 −5.1 5.8 18 −4.5 6.0 19 −0.3 (3.6) 0.8 (9.3) 18 −0.1 (1.5) 0.7 (8.1)

Income†   

<$30 000 MNT 17 −1.0 3.5 16 −1.1 3.6 17 −0.2 (2.6) 1.3 (14.3) 16 −0.3 (3.4) 1.0 (11.1)

LI 31 −3.3 4.9 30 −3.2 6.6 31 −0.4 (4.4) 0.7 (7.9) 30 −0.3 (2.8) 0.8 (9.0)

$30 000–$50 000 MNT 3 −1.8 1.4 3 −1.6 1.3 3 −0.1 (0.7) 0.6 (6.4) 3 0.0 (0.4) 0.7 (7.4)

LI 18 −5.4 4.2 18 −4.3 5.7 18 −0.6 (6.5) 1.0 (11.2) 18 0.0 (0.1) 1.2 (13.5)

$50 000–$100 000 MNT 17 −1.2 3.5 17 −2.2 3.5 16 0.1 (1.2) 1.0 (11.0) 16 −0.1 (1.4) 1.1 (11.6)

LI 50 −5.4 5.8 51 −5.0 5.7 48 −0.6 (6.8) 1.3 (13.7) 51 −0.6 (6.0) 1.2 (12.8)

≥$100 000 MNT 26 −0.9 4.3 25 −1.9 4.6 26 −0.4 (4.6) 1.1 (12.3) 25 −0.5 (5.2) 1.5 (16.1)

LI 36 −6.1 4.9 35 −5.5 5.4 36 −0.5 (5.3) 1.0 (11.0) 35 −0.3 (2.8) 1.1 (12.2)

*P value for food security by intervention interaction was 0.99 for weight change and 0.27 for HbA1c change in the model adjusted for age, 
gender, race/ethnicity, education, primary language, income, and health insurance.
†Participants (4.3%) who did not report income are excluded from these analyses; p value for income category by intervention interaction 
was 0.69 for weight change and 0.29 for HbA1c change in the model adjusted for age, gender, race/ethnicity, education, primary language, 
and health insurance.
HbA1c, hemoglobin A1c; LI, lifestyle intervention; MNT, medical nutrition therapy; NGSP, National Glycohemoglobin Standardization 
Program.

Figure 1 Percentage weight loss at 6 and 12 months by intervention arm (LI, lifestyle intervention; MNT, medically nutrition 
therapy) among those who are food insecure (FI) and food secure (FS). P value for interaction term testing whether the 
intervention effect varies among subgroups was 0.87 in unadjusted models and 0.99 in models adjusted for age, gender, race/
ethnicity, education, primary language, income, and health insurance.
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than baseline in the lifestyle group at 6 months vs 0.3% 
(3.0 mmol/mol) lower in the MNT group (p=0.20). 
HbA1c was 0.3% (3.5 mmol/mol) lower with LI vs 0.4% 
(4.1 mmol/mol) lower with MNT at 12 months (p=0.63). 
In the LI group, change in HbA1c did not vary by food 
security status. HbA1c was 0.6% (6.0 mmol/mol) lower 
than baseline in food secure vs 0.3% (3.6 mmol/mol) 
lower in food insecure participants at 6 months. HbA1c 
was 0.3% (3.8 mmol/mol) lower in food secure vs 0.1% 
(1.5 mmol/mol) lower than food insecure at 12 months. 
The p values for the difference between food secure 
and food insecure participants were 0.26 in unadjusted 
models and 0.28 in adjusted models.

Those with lower income were more likely to be women 
and of racial/ethnic minorities, to have less education, 
and to be food insecure (online supplemental eTable 
1). The intervention effect on the percentage of body-
weight lost was also similar regardless of income category 
(table 2, figure 2). The intervention effect was nominally 
smaller in the lowest income category (3.3% lost for LI 
vs 1.0% lost for MNT in those with income <$30 000 a 
year, compared with the overall average of 5.6% lost vs 
1.1% loss). However, these interactions were not statisti-
cally significant in either unadjusted (p=0.72) or adjusted 
(p=0.68) models. The intervention effect on HbA1c also 
did not significantly differ by income category (table 2).

Examining differences in attendance in LI sessions 
(online supplemental eTable 2), those who were food 
insecure attended approximately three fewer interven-
tion sessions at both 6 and 12 months compared with 
food secure individuals, but this difference was not statis-
tically significant at 6 (p=0.06) or 12 (p=0.17) months. 

The average attendance in LI in the food secure group 
was 14.8 out of 19 sessions in the first 6 months (14.8 
hours of contact received relative to 19 hours planned) 
and 18.6 sessions out of 25 planned (18.6 hours received 
relative to 25 hours planned) at 12 months. For food 
insecure LI participants, the average attendance was 
11.8 out of 19 sessions (11.8 hours received relative to 
19 hours planned) in the first 6 months and 15.9 out of 
25 sessions at 12 months (15.9 hours received relative 
to 25 hours planned). Optional sessions attended are 
described in online supplemental eTable 3. In the MNT 
arm, those with food insecurity attended 1.6 fewer visits 
(p=0.009) at 6 months and 2.9 fewer visits (p=0.0002) 
at 12 months than food secure participants. For food 
secure MNT participants, the mean attendance was 
2.5 sessions (1.75 hours received) at 6 months and 4.0 
sessions (2.5 hours received) at 12 months. For food inse-
cure MNT participants, visit attendance was 0.9 sessions 
(0.9 hours received) at 6 months and 1.1 sessions (1.05 
hours received) at 12 months. Visit attendance did not 
vary significantly by income in either arm (online supple-
mental eTable 2).

DISCUSSION
In this preplanned subgroup analysis of a pragmatic 
randomized trial, we found that the LI led to clinically 
meaningful weight loss in food insecure individuals. 
Further, although there were small variations in per cent 
weight lost by income category, the differences across 
groups were neither statistically significant nor clinically 
meaningful. There was no evidence that factors that 

Figure 2 Percentage weight loss at 6 and 12 months by intervention arm (LI, lifestyle intervention; MNT, medical nutrition 
therapy) by category of annual income (k indicates thousands of dollars). P value for interaction term testing whether the 
intervention effect varies among subgroups was 0.72 in unadjusted models and 0.69 in models adjusted for age, gender, race/
ethnicity, education, primary language, income, and health insurance.
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may confound the relationship between food insecurity 
(or low income) and weight loss (eg, race/ethnicity or 
education) affected the results observed.

The major contribution of this study is to examine 
whether the effect of an LI for weight loss varied by food 
security status in individuals with type 2 diabetes. To our 
knowledge, whether an LI is similarly effective in those 
with, versus without, food insecurity has not previously 
been tested. However, there have been several prior 
studies addressing weight loss among low- income indi-
viduals with type 2 diabetes. A randomized controlled 
trial (RCT) that combined lifestyle and psychosocial 
intervention strategies in a low- income sample with 
diabetes found only modest weight loss (1.2 kg differ-
ence compared with usual care).26 A community- based 
diabetes self- management intervention for low- income 
African–American participants did not find changes in 
weight.27 This study did report improvements in HbA1c 
at 6 months, but these were not sustained at 12 or 18 
months. A community health worker- led intervention for 
African–American women, primarily with lower income, 
found a modest difference in weight lost (1.35 kg lost 
vs 0.39 kg, respectively; p=0.046), using an educational 
mailings comparison group.28 A pilot RCT for African–
American individuals with diabetes that used dietitian- led 
counseling sessions with weekly peer- support telephone 
calls, in a sample where 72% had an annual household 
income <$20 000, did not find a significant effect on 
weight loss.29 None of the studies mentioned examined 
whether intervention effect varied by food security status. 
Further, studies that are restricted to individuals with 
lower income are unable to determine whether interven-
tion effects vary in lower, compared with higher, income 
groups.

Two other studies that did not focus on weight loss but 
did examine food insecurity are worth a discussion. A 
previous study of a diabetes self- management interven-
tion, which included dietary advice but was not focused 
on weight loss, did find that food insecure participants 
showed similar (or larger) improvements in diabetes 
management self- efficacy and HbA1c, compared with 
food secure participants.30 A previous randomized trial of 
a food pantry- based intervention providing healthy food 
and diabetes management support for food insecure 
individuals found improvements in fruit and vegetable 
intake, but no change in HbA1c or weight.12

In the REAL HEALTH trial, because of anticipated 
weight loss which could lead to hypoglycemia if glucose- 
lowering medications were not adjusted, trial protocols 
emphasized reduction of glucose- lowering medications 
when appropriate.21 Thus the lack of difference in 
glycemic control between MNT and LI was anticipated. 
For the purpose of this subgroup analysis, the key finding 
is that similar HbA1c reductions were observed regard-
less of food security status (or income category).

An important observation in this study is the lower than 
anticipated prevalence of food insecurity in the included 
sample. Prior estimates of the patient population from 

which the study sample was drawn, including a study in 
the same clinical network, indicate a food insecurity prev-
alence of greater than 20%,8 9 25 while only 13% of REAL 
HEALTH- Diabetes participants were food insecure. This 
suggests that there may be barriers to enrollment in LI 
among groups who experience food insecurity, including 
the length of the program and other competing demands, 
along with food insecurity itself. Food insecure individ-
uals also attended approximately three fewer LI sessions, 
although this difference was not statistically significant, 
and attended significantly fewer MNT sessions. The bene-
fits seen in this study, in which participants did not incur 
out- of- pocket costs for LI, suggest that if LI is more widely 
implemented it should be offered without cost- sharing 
requirements, as these are likely only to reduce partici-
pation, further increase the financial burden of diabetes, 
and lead to cost- related non- adherence and deteriora-
tion of glycemic control.31 Future work may address this 
barrier by combining interventions. For example, an 
intervention might combine directly addressing food 
insecurity (via food or medically tailored meal provision) 
with LI. By providing nutrition support, such a combined 
intervention may make the benefits of LI available to 
individuals who may otherwise not feel able to commit 
to lifestyle change. At the same time, the skills learned 
during LI could help sustain dietary modification as indi-
viduals transition off of food support interventions.

The findings of this study have important implications 
for diabetes management among vulnerable patients. 
Because this LI was effective regardless of food security 
status or income category, it may be offered in clinics, 
such as health centers, that serve populations with low 
income and/or high food insecurity prevalence. Because 
LI is an effective alternative to MNT (which is often a 
benefit covered by health insurance), state Medicaid 
programs and private health insurers should consider 
adding LIs as covered benefits—much as Medicare has 
recently done in allowing coverage for DPP- derived 
services in certain contexts.32 Given the ease of adminis-
tration of the telephonic intervention, such an approach 
may be a particularly attractive strategy among individuals 
with transportation barriers or schedules that preclude 
inperson sessions.

The results of this study should be interpreted in light 
of several limitations. Although this was a prespecified 
subgroup analysis, the study did not randomize on the 
basis of food insecurity or income. Nevertheless, since 
treatment assignment was made without regard to food 
security status, food security status cannot confound the 
comparisons made between the LI and MNT group, 
within levels of food security status. Further, adjustment 
for known confounders did not change the finding of 
no effect modification.33 Next, the LI was offered to 
participants without cost sharing, whereas MNT was not 
covered as part of the study, and therefore copays and 
deductibles could have precluded some food insecure 
participants from receiving the recommended efficacious 
dose of MNT.34 However, this is unlikely to have affected 
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the study results as food secure individuals, who should 
face fewer financial barriers to MNT, saw weight loss in 
the MNT arm that was similar to that seen in food inse-
cure participants. Next, as noted above, the prevalence 
of food insecurity was lower in the study sample than 
would be expected in the background population. Given 
the effect estimates were not greater than a prespecified 
clinically meaningful threshold across the subgroups, the 
observation of similar effects regardless of food insecurity 
status (or income level) is not likely to be affected by low 
power, but this type of selection into the trial may reduce 
the generalizability of the results. Specifically, those who, 
owing to food insecurity, felt incapable of committing to 
an LI and thus did not enroll may have experienced less 
intervention benefit if they had enrolled. Next, we do 
not present information on possible mediators of inter-
vention effect, such as gain of knowledge or changes in 
attitudes or behaviors. That will be an important direc-
tion for future work. Another limitation is that, owing to 
the small sample of food insecure individuals, we did not 
have sufficient power to stratify analyses by LI modality 
(telephone vs inperson). Finally, this study was conducted 
in a single clinical network in eastern Massachusetts; 
thus, results may not be generalizable throughout the 
USA. The limitations are balanced by several strengths. 
This was a pragmatic but rigorous randomized trial of an 
LI adapted for group implementation in primary care 
and community health centers. The intervention was 
conducted in English and Spanish, and the subgroup 
analyses reported here were prespecified.

We found that an LI was effective for weight loss in 
individuals with type 2 diabetes and food insecurity and/
or low income who enrolled in the program. However, 
barriers to enrolling in LI remain a concern. New 
research that combines the ability to support those expe-
riencing food insecurity in making lifestyle changes that 
modify their disease trajectory is an important next step 
that may help us to reduce socioeconomic disparities in 
diabetes.
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