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ABSTRACT

American Indian and Alaska Natives (Al/ANs) are disproportionately impacted by gestational diabetes mellitus (GDM), subsequent type 2 diabe-
tes, and food insecurity. It is prudent to decrease risk of GDM prior to pregnancy to decrease the intergenerational cycle of diabetes in Al/AN
communities. The purpose of this project is to describe and examine food insecurity, healthy eating self-efficacy, and healthy eating behaviors
among Al/AN females (12-24 years old) as related to GDM risk reduction. Methods included: secondary analysis of healthy eating self-efficacy
and behaviors, and household-level food insecurity measures from an randomized controlled trial that tested the effect of engagement in a
GDM risk reduction educational intervention on knowledge, behavior, and self-efficacy for GDM risk reduction from baseline to 3-month fol-
low-up. Participants were Al/AN daughters (12-24 years old) and their mothers (N = 149 dyads). Researchers found that more than one-third
(38.1%) reported food insecurity. At baseline food insecurity was associated with higher levels of eating vegetables and fruit for the full sample
(p = .045) and cohabitating dyads (p = .002). By 3 months healthy eating self-efficacy (p = .048) and limiting snacking between meals (p = .031)
improved more in the control group than the intervention group only for cohabitating dyads. For the full sample, the intervention group had
increases in times eating vegetables (p = .022) and fruit (p = .015), whereas the control group had declines. In the full sample, food insecurity
did not moderate the group by time interaction for self-efficacy for healthy eating (p > .05) but did moderate the group by time interaction
for times drinking soda (p = .004) and days eating breakfast (p = .013). For cohabitating dyads, food insecurity did moderate self-efficacy for
eating 3 meals a day (p = .024) and days eating breakfast (p = .012). These results suggest food insecurity is an important factor regarding the
efficacy of interventions designed to reduce GDM risk and offer unique insight on “upstream causes” of GDM health disparities among Al/
AN communities.

Lay summary

American Indian and Alaska Native (Al/AN) women are disproportionately impacted by gestational diabetes mellitus (GDM). GDM can cause
severe perinatal complications for both mother and baby. Weight management through healthy diet and physical activity are key factors in
decreasing risk for GDM. However, there are barriers to healthful eating in many AlI/AN communities. Food insecurity, defined as the lack of
consistent access to enough food for an active, healthy life, is a risk factor for unwanted weight gain. Living in a food insecure household during
preconception and pregnancy may increase risk of greater weight gain. In this paper, we examined the relationship between food insecurity
with healthy eating self-efficacy and behaviors among Al/AN adolescents and young adults (AYAs) (n = 149) through secondary analysis of an
existing randomized controlled trial dataset. This study offers unique insight regarding “upstream causes” of GDM health disparities among
Al/AN communities. Food security had some moderating effects on individual eating behaviors. Additionally, both healthy eating behavior and
self-efficacy for healthy eating improved more among the AYA who experienced food insecurity at baseline. Given the intergenerational impli-
cations of GDM, it is prudent that the healthcare sector works with AI/AN communities to support healthful eating behaviors and environments
to decrease GDM disparities.
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Implications

Given the intergenerational implications of gestational diabetes (GDM), it is prudent that public health and healthcare organizations work with
American Indian and Alaska Native (Al/AN) communities to support healthful eating environments and practices among female Al/AN ado-
lescent and young adults (AYAs). This effort includes cross-sector collaborations—which can differ in urban and rural (including reservation)
Al/AN communities, and both types of communities need policy and increased awareness in the general community that support healthy
eating environments, recognize tribal food sovereignty, and enforce rights to reclaim traditional food systems and tribally owned food retail
outlets. Both rural and urban-dwelling Al/ANs need improved access to healthful food, safe places to engage in physical activity, affordable,
safe housing, and improved economic opportunities to sustain these healthful practices.

INTRODUCTION

Gestational diabetes mellitus (GDM) is the most common
complication of pregnancy in the USA, affecting 2%-10%
of pregnancies annually [1]. GDM increases the risk of pre-
eclampsia, preterm birth, cesarean section, and stillbirth
[1-3]. GDM is also a significant risk factor for developing
type 2 diabetes (T2D). American Indian and Alaska Native
(AI/AN) women are twice as likely to have GDM and sub-
sequent diagnosis of T2D than non-Hispanic White females
[4, 5]. AI/ANs already have the highest prevalence of T2D
among all racial and ethnic groups in the USA [6]. In addi-
tion to causing severe complications for both the mother and
baby, GDM and obesity represent significant risk factors for
both to develop T2D [7], perpetuating a vicious intergener-
ational cycle of diabetes in AI/AN communities [2]. AI/AN
adolescents and young adults (AYAs) are disproportionately
affected by adolescent pregnancy and GDM; both with nearly
twice the overall U.S. prevalence [3, 8, 9]. Reducing the risk
of GDM in AI/AN women is imperative to reducing diabetes
health disparities among AI/AN communities and breaking
this intergenerational cycle.

The United States Department of Agriculture (USDA)
defines food insecurity as the lack of consistent access to
enough food for an active, healthy life [10]. AI/AN peoples
have higher rates of food insecurity when compared with
non-AI/ANs [11-14] and are more likely to live in food des-
erts than any other racial/ethnic group [15-17]. Map the Meal
Gap data from 2014 indicates counties with American Indian
reservations have substantially higher rates of food insecu-
rity than neighboring counties [18, 19]. In 2018, food insecu-
rity among AI/AN communities was more than double that
of general U.S. population (24.0% vs. 11.8%, respectively)
[20]. Food insecurity is typically measured at the household
level, and so the validated USDA’s Household Food Security
Scale [21], the gold standard for measuring food insecurity,
does not capture “severity” of food insecurity for any given
family member within a single household. Food insecurity
and limited access to healthful food can give individuals no
choice but to rely on calorie-dense, carbohydrate-rich, pro-
cessed foods, which negatively impact blood sugar in the
general population [22-24] and AI/AN populations alike
[25-27]. Further, as reflected in the adapted National Insti-
tutes of Minority Health and Health Disparities (NIMHD)
Research Framework [28], food insecurity is exacerbated in
AI/AN communities by contributors to barriers in physical
and built environments, such as water insecurity [29, 30], sto-
len ancestral homelands, forced relocation, and environmen-
tal pollution, all of which have devastated AI/ANs traditional
healthy food practices [10, 31]. Further complicating AI/ANs

disparate access to healthy food, AVAN communities often
experience barriers to acquiring healthy traditional foods
(such as wild game, fish, fresh produce, and nuts) [31], which
further worsen food security [11-14]. Food insecurity is an
independent risk factor for poor blood sugar management
[24, 32-34], negatively impacts a person’s ability to manage
blood sugar [24, 32, 35], and can contribute to unwanted
weight gain in both adults and children [12, 36, 37].

Women deserve special consideration in discussions of food
insecurity and its effects on health, nutrition, and behavior
[38]. Among women of reproductive age, living in a food inse-
cure household may increase risk of greater weight gain and
perinatal complications [39]. Among adolescent females, food
insecurity is associated with elevated body mass index [40],
increased depressive symptoms [41], and smoking [41], and
is a strong predictor of poor pregnancy outcomes including
large for gestational age babies [42]. Further, adult women
and pregnant adolescent females [43] who live in food inse-
cure households experience macro- and micronutrient defi-
ciencies, most notably iron and folate, nutrients especially
important during the preconception period and pregnancy,
with major implications for fetal and infant health and devel-
opment [44]. Finally, AI/AN women with GDM have multiple
maternal risk factors and their birth outcomes demonstrate
the need for further research to improve care in this popula-
tion [45]. Reducing the risk of GDM for AI/AN girls prior to
their first pregnancy may effectively decrease diabetes dispar-
ities among AI/AN communities [2].

To help reduce the risk of GDM in AI/AN communities, our
research team developed a GDM risk reduction intervention
entitled Stopping Gestational Diabetes Mellitus in Daughters
and Motbers (Stopping GDM) [46, 47]. Stopping GDM is
an online theory- and evidence-based GDM risk reduction
and preconception counseling program for AI/AN AYA who
have a family history of diabetes or elevated body weight
prior to pregnancy. The grounding theoretical framework for
Stopping GDM is the Expanded Health Belief Model [48,
49]. Stopping GDM includes an online eBook, educational
video, mother—daughter communication booklet, and online
toolkit [46, 47] and is intended to serve AI/AN AYA at risk
for GDM as well as their adult female family member (e.g.,
mother). The intention of prioritizing both the AI/AN AYA
and their adult female caregiver is because of the sensitive
nature of much of the information in Stopping GDM, spe-
cifically related to reproductive health and addressing ele-
vated body weight and the importance of a positive mother/
daughter relationship in navigating such sensitive informa-
tion [50-52]. The online eBook includes two parts: “GDM
and GDM Prevention” and “Taking Care of Your Body:
Balancing Mind, Body, and Spirit.” The educational video is



trans. behav. med. (2023) 13:645-665

~45 min in length and narrated by a female American Indian
physician. The Stopping GDM team conducted a random-
ized controlled trial (RCT) to evaluate the effect of dyadic
(e.g., mother and daughter) engagement in Stopping GDM
on GDM knowledge, self-efficacy, and GDM risk reduc-
tion behaviors, such as healthy eating and physical activity,
reproductive health choices, and family planning. The team
also recognized the role of multilevel social determinants
of health on risk factors of GDM, including food security
[53]. The team collected data on self-reported food insecurity
using a validated household-level food security survey at sev-
eral time points during the Stopping GDM intervention [21].
While Stopping GDM currently does not specifically address
food insecurity as a content area of focus, it recognizes that
women tend to make the majority of food-related decisions
and are known as the “nutritional gatekeepers” in a house-
hold [54-57].

Given the potential role of food insecurity in shaping future
risk of GDM among AI/AN AYA, the purpose of this study
is to (a) describe food insecurity and healthy eating self-effi-
cacy and behaviors among AI/AN AYA in the Stopping GDM
dataset at baseline; (b) examine the association of food inse-
curity with self-efficacy and healthy eating behaviors at base-
line; and (c) explore the extent to which food insecurity may
moderate the effect of the Stopping GDM intervention on
self-efficacy for healthy eating and healthy eating behaviors
using baseline and 3-month follow-up data. We hypothesized
that A/AN AYA who lived in food secure households would
have greater self-efficacy for healthy eating and more positive
changes in healthy eating behavior after participating in the
Stopping GDM intervention than AI/AN AYA who lived in
food insecure households.

Community Health
(E.g. Access to traditional foods, safe spaces for
physical activity, access to affordable healthy foods)
" Interpersonal Health
-~ (E.g. Support, social norms, household food security)

Individual Health
(E.g. Age, education, race/ethnicity, income, diet,
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METHODS

Conceptual framework

Most GDM risk reduction efforts focus on reducing the risk
for women who are already pregnant [58, 59] or on risk
reduction of future diagnoses of T2D among women who had
GDM during a prior pregnancy [58, 60]. Unlike other GDM
risk reduction interventions, Stopping GDM focuses on sup-
porting healthy GDM risk reduction behaviors among AI/AN
AYA prior to the first pregnancy, in order to break the inter-
generational cycle of diabetes. The conceptual framework for
this study on GDM risk reduction behaviors (healthy eating)
is contextualized within multilevel domains of influence and
social determinants of health (Fig. 1) [39]. In this study, we
build on Laraia’s conceptual framework (white boxes) [39],
which suggests the direct influence of food insecurity on
GDM weight gain and pregnancy complications. We contex-
tualized Laraia’s associations between food insecurity, indi-
vidual characteristics, mediating behaviors, and pregnancy
complications within multilevel frameworks guided by the
National Institutes of Health Research Framework [28] and
the Social Ecological Model [61, 62]. This adapted conceptual
model helps to understand multidomain barriers and facilita-
tors to healthy eating and weight management.

Study design

This secondary analysis used existing internal, deidentified
data from the parent RCT study, Stopping GDM. The purpose
was to address new research aims to describe food insecurity
and explore food insecurity as a potential moderator of the
effect of the Stopping GDM intervention on healthy eating
behaviors and self-efficacy among AI/AN AYAs. Details of the

~ Societal / Population Health
(E.g. Access to quality health care)

.' / physical activity)
J g ) |
| / ‘ |
/ Individual
Characteristics
|. | Weight Status \ |
T Pregravid Weight
Status "
- Pregnancy
Food Insecurity Complications
Gestational
Weight Gain

Individual Behaviors
(mediators)
(E.g. diet, physical
activity, smoking)

Fig 1 | Conceptual framework embedding Laraia’s conceptual framework of the influence of food security status on gestational weight gain and

pregnancy complications [39] within multilevel influences on health behavior.
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parent study are reported elsewhere [63]. For the parent RCT,
residing in the same household was not an eligibility criterion
as many of the AYA were college students. In addition, the
food insecurity module measures household-level food inse-
curity, but was food security was not the primary focus of
this RCT.

Stopping GDM intervention

Briefly, in October 2019 our team concluded data collec-
tion from a five-site RCT with 3-month follow-up of female
AI/AN AYA (12-24 years old) and their mothers (or other
adult female caregivers) (N = 149 dyads). For clarity, the
adult females in the dyad will be referred to as “mothers”
through this manuscript. Data for the RCT were collected
from March 2018 to October 2019. Residing in the same
household was not an eligibility criterion for study enroll-
ment as many of the AYA were college students. Participants
were recruited across five collaborating AI/AN sites across
the USA through site-based study coordinators efforts,
which included word-of-mouth, use of diabetes registries,
social media, and school-based connections. Both members
of each dyad received between $20 and $40 for each study
visit. The present study uses data collected at baseline and
the 3-month follow-up visit. After completing the baseline
assessment, dyads were randomized to either an immediate
intervention or wait-list control group. Those who were ran-
domized to the immediate intervention group watched the
Stopping GDM video (~45 min) at the first (baseline) visit.
At subsequent study visits, the intervention group dyads
read the first and second half of the Stopping GDM eBook.
At each visit dyad members completed the computer-based
intervention and assessments independently from one
another. Those dyads who were randomized to the wait-list
control group received standard of care materials at base-
line, which included March of Dimes reproductive health
education materials [64]. As with the immediate interven-
tion group, dyad members in the wait-list control group
completed assessments independently at each visit. Data
were collected at the same time points for both immediate
intervention and wait-list control group dyads. This includes
survey-based data for both mother and daughter and clinical
metrics for the daughter. The latter are not included in the
present study and findings are reported elsewhere [63]. This
study was approved by the University of Pittsburgh IRB,
Oklahoma City Area Indian Health Service IRB, Navajo
Nation IRB, as well as two tribal review boards prior to
human subjects research commencing.

Measures

Key study variables were collected at baseline and at 3-month
follow-up, as there was significant loss to follow-up at the
6-month time point. Food insecurity was assessed using a
modified version of the validated USDA Household Food
Security Survey Module: 6-item Short Form [21]. This mea-
sure is based on self-reported household food security. It is
the most commonly used scale for epidemiologic surveillance
and produces almost all national estimates of food insecu-
rity. Households with scores 0-1 are described as food secure.
Households with scores 2—4 (“low food security”) and 5-6
(“very low food security”) together comprise households
considered “food insecure.” In our modified version of this
scale, the measure was dichotomized so that scores 0-1 indi-
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cated food security and scores 2—6 indicated food insecurity
because of an error in the participant-facing version of the
measure. Mothers completed this survey with respect to their
household at baseline and 3-month visits. Daughters com-
pleted the “Self-Efficacy for Healthy Eating” Questionnaire
and for this investigation the 5-item healthy eating subscale
was used with 10-point Likert-type scaling (summation score
range 5-50) whereby higher scores indicate greater self-effi-
cacy to eat healthfully (Cronbach’s o = 0.96 and 0.74 in the
current sample) [65]. Daughters also completed the “Eating
Healthy and Physical Activity” section of the Centers for
Disease Control and Prevention Youth Risk Behavior Surveil-
lance System (YRBSS) [66]. Nine items from YRBSS assess
healthy eating behaviors focusing on the intake of fruits,
vegetables, milk, breakfast, and sugar-sweetened beverages,
over a 7-day period. For this investigation, a 4-item vegeta-
ble subscale and the remaining five individual healthy eating
items from the YRBSS were examined. Individual items range
from 0 to 6 regarding the daily frequency of intake, except
Item 9 regarding number of days per week eating breakfast
ranges from 0 to 7; and the vegetable subscale ranges from 0
to 24; higher values or subscale scores indicate greater weekly
intake. Internal consistency for the vegetable subscale was
0.71 in the current sample. Daughters’ demographic char-
acteristics collected at baseline included age, ethnicity/race,
employment (self), highest education attained, and marital
status. Mothers” demographic characteristics that were col-
lected at baseline included employment status, highest edu-
cation attained, household income, and marital status. These
mothers’ demographic characteristics are known predictors
of food insecurity [67-69].

Statistical analysis

Data were analyzed using IBM SPSS Statistics (version
28, IBM Corp., Armonk, NJ). Data were first screened
for anomalies (e.g., outliers, data missingness) consider-
ing randomized treatment group assignment for the par-
ent study (Stopping GDM vs. wait-list control) and food
security status (food secure vs. food insecure). Missing data
were handled using all available information for univari-
ate, bivariate, and longitudinal analyses. Assuming data
were missing at random, maximum likelthood methods
were used. In particular, for longitudinal, repeated mea-
sures modeling full information maximum likelihood was
employed through the predictive modeling. Descriptive sta-
tistics were calculated for the total sample and by treat-
ment group assignment for the demographic characteristics
of mothers and daughters and the baseline values of the
targeted outcomes for daughters using frequency counts
and percentages for categorical variables and means and
standard deviations for continuous type variables. In par-
ticular, regarding the first aim, for daughter’s healthy eating
self-efficacy (subscale score and the five items that makeup
this subscale) and healthy eating behaviors (4-item vegeta-
ble subscale score and other five items from healthy eating
portion of the YRBSS), the mean and 95% confidence inter-
val were estimated. With existing data from 149 dyads we
anticipated having a margin of error (in terms of the half-
width of the confidence interval) of at most 0.083 when
estimating proportions (or 8.3% for percentages) for a
particular category for food security status (conservatively
assuming 0.50 for a proportion) and 0.1620 (where o is the
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standard deviation of outcome variable in the population)
when estimating a mean based on the interval-scaled sum-
mary or item scores for daughter’s healthy eating self-effi-
cacy and healthy eating behaviors. To compare daughter and
mother characteristics and baseline values of the daughter’s
outcomes between the treatment groups, standard group
comparative analyses were performed, such as two-sample
t-tests (or Wilcoxon rank-sum tests, if non-normality was
encountered) for continuous type variables and chi-square
tests of independence (or Fisher’s exact tests, if sparse cells
occurred) for categorical variables.

To examine the association of food security with the daugh-
ter’s healthy eating self-efficacy and healthy eating behaviors
at baseline (Aim 2), group comparative analyses for contin-
uous type variables were again applied. With existing data
from 149 dyads, we projected having at least 80% power to
detect small to moderate sized correlations as small as r =
.227 or mean differences of d = 0.463 when conducting non-
directional hypothesis testing at a two-tailed significance level
of .0S.

To explore the efficacy of the Stopping GDM intervention
on daughter’s healthy eating self-efficacy and healthy eating
behavior and food security as a possible moderator of the
short-term efficacy of the intervention (i.e., treatment mod-
ification) (Aim 3), we used generalized linear mixed-effect
regression modeling assuming normally distributed model
errors and an identity link. All participants were analyzed
as randomized, per an intention to treat approach. For each
outcome variable, models included the fixed design effects
of treatment group assignment (Stopping GDM intervention
vs. wait-list control), time, and the interaction of treatment
group assignment with time. To explore food insecurity as
a possible moderator of the effect of the intervention, the
main effect of food insecurity and its interactions with the
design effects were added to the model. In addition to F-tests
and p values for the model effects, least square means with
95% confidence intervals for modeling main effects and
interactions and the within-group change were reported to
describe possible treatment efficacy and treatment modifi-
cation by food insecurity. Residual analysis with influence
diagnostics was performed for all fitted models. As the mod-
eling of the efficacy of the Stopping GDM intervention on
daughter’s healthy eating self-efficacy and healthy eating
behavior and food security as a possible moderator of the
short-term efficacy of the intervention (Aim 3) was viewed as
more exploratory, power analysis or the determination of the
minimum detectable effect size for the intervention and its
possible modification by perceived food insecurity was not
performed.

For all analyses, we present results for both the full sample
(N = 149 dyads) and for the subsample (7 = 95 dyads) of
mother—daughter dyads who shared a household. We include
results for the full sample as it reflects the universe of par-
ticipants who received the intervention and because food
security is a dimension of socioeconomic status that may
contribute to healthy eating self-efficacy and behaviors even
outside of a currently common household living situation.
Because household food security was reported by the mother
(i.e., adult female member of the dyad) and dyad members
were not required to live in the same household, all analyses
were also conducted limiting the sample to dyad members
who lived in the same household (1 = 95 dyads).
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RESULTS

Based on descriptive and test statistics reported in Table 1,
the treatment groups were similar in terms of daughters’ and
mothers’ characteristics as well as on daughters’ outcomes of
self-efficacy for healthy eating and their actual healthy eating
behaviors for both the total sample (N = 149) and the subsa-
mple (7 = 95) of dyad members living in the same household
(p = .05). Most daughters were 18 years or younger (78%
in the full sample, 83% in the subsample), with a mean age
of 16.7 years (16.3 years in the subsample). The majority of
daughters reported being American Indian (79% in the full
sample, 76 % in the subsample), nearly all in school (89% in
full sample, 92% in subsample), none were married, and most
were not employed (72% in full sample, 71% in subsample).
Among mothers, the average age across both the full sample
and subsample was 44 years and most had more than a high
school education (83% in full sample, 85% in subsample),
were in union/partnership (58 % in full sample, 62% in subsa-
mple), and were employed (70% in full sample, 79% in sub-
sample). More than one-third of households (38.1%, 95% CI
=[30.2,46.0]) in the full sample (and 34.7%,95% CI =[25.1,
44.3] in the subsample) reported food insecurity. Daughters’
mean scores on self-efficacy for healthy eating subscale and
healthy eating behaviors vegetable subscale were 29.7 (95%
CI =[28.2,31.3]) and 5.5 (95% CI = [5.3, 5.7]), respectively,
in the full sample and 31.1 (95% CI = [29.2, 32.9]) and 5.5
(95% CI = [4.7, 6.3]), respectively, in the subsample. These
baseline scores indicate a moderate level of self-efficacy for
healthy eating yet a low vegetable intake per week.

Table 2 describes diabetes-nutrition-related constructs
at the baseline visit, prior to any intervention delivery, and
their association with food security status as reported by the
mother; results are shown for the full sample and the subsa-
mple of dyad members living together. Overall, similarities
were noted between the food secure and insecure groups
with both groups reporting higher levels of self-efficacy for
healthy eating. Namely, participants perceived self-confidence
(e.g., self-efficacy) in their ability to eat 3 meals a day, limit
snacks between meals, drink water, and avoid junk food and
sugar-sweetened beverages. Item-specific scores tended to be
higher on the ability to eat 3 meals a day, drink water, and
avoid sugar-sweetened beverages than on avoiding junk food
and limiting snacks. Although the overall average scores and
the items that make up this subscale tended to be slightly
higher in the food secure group, there were no significant
differences between food secure and insecure groups on this
construct for both the total sample and subsample of dyad
members living in the same household (p > .05).

Similarities were also noted between treatment groups for
actual healthy eating behavior at baseline (Table 2). However,
the overall average scores tended to be slightly higher in the
food insecure group compared with the food secure group,
with significant differences by food security status for the
times eating vegetables (4.6 among food secure vs. 7.0 among
food insecure, p = .006) and times eating fruit (1.7 among
food secure vs. 2.7 among food insecure, p = .007) but only in
the subsample of dyad members living in the same household.

Table 3 focuses on the effect of the Stopping GDM inter-
vention on AI/AN AYA self-efficacy for healthy eating and
healthy eating behaviors from baseline to the 3-month
follow-up. The full sample had significant increases over
time from baseline to 3-month follow-up for each of the
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Table 1. Continued

Dyad members living together

Full sample

Characteristic

Control

Intervention

Total

Control p

Intervention

Total

(N

38)
Mean = SD or n (%)

(n

57)

(n

95)

(n

70)

(n

(n=79)

=149)

Mean = SD or n (%)

Mean = SD or n (%)

Mean = SD or n (%) Mean + SD or n (%)

Mean = SD or n (%)

. (2023) 13:645-665

442

157

Employment

28 (78.9)
10 (26.3)

47 (82.5)

10 (17.5)

75 (78.9)
20 (21.1)

44 (63.8)
25 (36.2)

59 (74.7)

20 (25.3)

103 (69.6)
45 (30.4)

Working

Not working

.827

1.000

Household food security

38 (66.7) 24 (63.2)

19 (33.3)

62 (65.3)
33 (34.7)

43 (61.4)
27 (38.6)

48 (62.3)

29 (37.7)

91 (61.9)
56 (38.1)

Secure

14 (36.8)

Insecure

Daughter’s outcomes®

311

.878

Self-efficacy for healthy living

32.88£9.13 29.88 = 9.65

31.07 £ 9.34

29.83 £9.78 29.59 = 9.48

29.72 = 9.61

Healthy eating subscale

.830

958

Healthy eating behaviors

5.41=3.74 5.59 +4.49

5.48 = 4.04

5.52£4.20

5.49 = 3.90

5.50 = 1.51

Vegetable subscale

2 Fisher-Freeman-Halton exact test.

>The possible range of response for self-efficacy for health living was 5-50 for the healthy eating subscale score. For healthy eating behaviors, the range of response was 0-24 for the vegetable subscale score.
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self-efficacy for healthy eating items and for its summation
score (p < .05) with no significant differences in these changes
between treatment groups (p > .05). With regard to healthy
eating behaviors, the full sample showed significant group
by time interactions for times eating vegetables (p_ , = .022)
and times eating fruit (p ., = .015), whereby the times eat-
ing vegetables and times eating fruit tended to increase in the
intervention group and decrease in the wait-list control group
from baseline to 3-month follow-up. Additionally, a signifi-
cant group main effect was found for times drinking 100%
fruit juice, such as orange, apple, or grape juice (p,,,, = -004).
On average, the wait-list control group had lower scores at
the 3-month follow-up than the intervention group.

The subsample of dyad members living together had sig-
nificant time main effects and group by time interaction
effects for self-efficacy for both the healthy eating summa-
tion score (p,, =.002 and p_ . =.048, respectively) and lim-
iting snacking in between meals item (p,, = .012 and p_,
= .031, respectively). In both instances, the wait-list control
group had greater improvements in scores from baseline to 3
months. There were no significant group or time main effects
or interactions for the healthy eating vegetable subscale or
individual eating healthy behaviors in the subsample (p >.035).

Table 4 summarizes the extent to which food security mod-
erated the effect of Stopping GDM intervention on AI/AN
AYA’s self-efficacy for healthy eating and actual healthy eat-
ing behaviors from baseline to the 3-month follow-up. In the
full sample, food security did not moderate the group by time
interaction for self-efficacy for healthy eating (p > .05) but
did moderate the interaction of group by time for two indi-
vidual healthy eating behaviors: frequency of drinking soda
or pop (P, c.r = -004) and days eating breakfast (p .. =
.013). For those reporting food security at baseline, the inter-
vention group showed small, yet nonsignificant decrease in
their times drinking soda or pop, while the wait-list control
group showed little change from the baseline to the 3-month
follow-up. In contrast, for those reporting food insecurity at
baseline, the intervention group tended to increase their times
drinking soda or pop from baseline to the 3-month follow-up,
whereas the wait-list control group significantly decreased
their frequency of soda/pop consumption (mean change =
-0.7, 95% CI = [-1.1, -0.3], p < .05). For those reporting
food security at baseline, the intervention group significantly
increased the mean number of days eating breakfast from
baseline to 3 months (mean change = 0.8, 95% CI = [0.0,
1.5], p < .05), while the wait-list control group demonstrated
a small, but nonsignificant decrease. For those reporting food
insecurity at baseline, the intervention group had a significant
decrease in the mean days eating breakfast from baseline to 3
months (mean change = -1.1, 95% CI = [-2.0, -0.2], p < .05)
and the wait-list control group had a small, nonsignificant
decrease.

For the subsample of dyad members living together, food
security moderated the group by time interaction for self-effi-
cacy for eating 3 meals daily (p, ., = -024) and the healthy
eating behavior of days eating breakfast (p, . . =.012). For
those reporting food security at baseline, participants in the
intervention group had a slight mean decline in their self-effi-
cacy in eating 3 meals daily yet wait-list control participants
tended to increase over the 3-month follow-up. For those
reporting food insecurity at baseline, participants randomized
to the intervention group had a significant mean increase in
self-efficacy for eating 3 meals a day (mean change=2.3,95%
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Table 2 | Association of household food security with diabetes-nutrition-related constructs at baseline

Outcome?

Full sample (N = 148)

Dyad members living together (7 = 95)

Food security

D Food security p

Secure

Insecure
Mean £ SD Mean + SD Mean = SD

Total Secure Insecure Total

Mean £ SD Mean + SD  Mean = SD

Self-efficacy for healthy living

Healthy eating subscale (sum of Items 1, 2, 3, 30.3+10.0 29.0+8.8 29.8+9.6 436 31.8+9.5 29.7+9.1 31.1+9.3 .307
4, and 8)

Eat 3 meals a day (Item 1) 7132 6.7+2.8 6.9+3.0 476 7.4=+3.1 6.6 2.9 71+3.0 .175

Limit snacking in between meals (Item 2) 5429 52+2.8 53«28 741 59+3.0 5229 5.6+29 316

Drink water most of the time (Item 3) 7.3 2.8 74 +2.6 7327 883 73=x2.7 7.8 2.5 7.5+2.6 .369

Avoid junk food and fast food (Item 4) 45=26 43=+2.1 44=+24 580 5.1%28 44+23 48+26 262

Avoid drinking sugar-sweetened beverages such 6.0 = 2.9 5424 5827 239 6.0=x2.7 5.7+2.6 5.9=+2.7 617
as soda, juice, and energy drinks (Item 8)

Healthy eating behaviors

Times eating vegetables subscale (sum of Items 5.0 = 3.9 6.3 =41 55«40 057 46=x3.6 7.0 4.4 5540 .006
3-6)

Times drinking 100% fruit juice such as 1.4 =15 1.6 1.5 1415 449 16=1.6 1.7+1.6 1.6+1.6 .662
orange, apple, or grape juice (Item 1)

Times eating fruit (Item 2) 1.8+1.4 24«18 20«16 .077 1.7+1.2 2.7+1.8 20«15 .007

Times drinking a can, bottle, or glass of soda 1.5+1.3 1.6 1.4 15«14 704 1.5+13 1.5+1.5 1.5«1.4 .872
or pop (Item 7)

Glasses of milk drank (Item 8) 1.2+1.4 1314 1.2+14 701 13=1.5 1.3=1.4 1.3=+1.5 .892

Days eating breakfast (Item 9) 4.1=24 3921 40«23 757 39=x24 3722 39+23 .627

*The possible range of response for self-efficacy for health living was 5 to 50 for the healthy eating subscale score, while for the individual items the
possible range of response for was 1 to 10. For healthy eating behaviors, the range of response was 0 to 24 for the times eating vegetables subscale score,
while for the individual items the possible range of response was 0 to 6 regarding the daily frequency of intake, except Item 9 regarding number of days per

week eating breakfast which ranges from 0 to 7.

CI=10.3,4.2], p < .05), whereas those in the wait-list control
group showed a modest improvement. The moderation effect
of food security on the group by time interaction for days eat-
ing breakfast was similar in the subsample of dyad members
living together as seen in the full sample. Specifically, among
those reporting food security at baseline, participants in the
intervention group increased their mean days eating breakfast
over the 3-month period (mean change = 0.9, 95% CI = [0.0,
1.8], p < .05); however, among those reporting food insecu-
rity at baseline, the intervention group showed a significant
decrease (mean change = -0.9, 95% CI = [-1.7, -0.1], p <
.05). The wait-list control participants with food insecurity
showed no change, while wait-list control participants with
food security had a slight decrease.

In addition, significant time effects were seen in both the
full sample and subsample for self-efficacy for healthy eating,
and the following self-efficacy items: “eating 3 meals a day,”
“limit snacking in between meals,” and “drink water most of
the time”; and in the full sample only for “avoid junk food
and fast food” and “avoid drinking sugar-sweetened bever-
ages such as soda, juice and energy drinks.” No significant
time effects were noted for healthy eating behaviors.

DISCUSSION

Multilevel social determinants influence the ability to access
and consume nutritious food for weight management [70]
and a healthy pregnancy [71, 72]. Food insecurity has been
shown to increase risk for GDM [39]. This study found that

one third of the overall AI/AN sample reported food insecu-
rity. Food insecurity status was associated with higher levels
of self-efficacy for healthy eating, and with some more fre-
quent individual healthy eating behaviors, such as, eating
fruits and vegetables. In this study, we hypothesized that food
insecurity may moderate the effect of a GDM risk reduction
intervention (i.e., Stopping GDM) on self-efficacy for healthy
eating and individual healthy eating behaviors. One finding
of note, was that food security had a moderating effect on
frequency of eating breakfast. Those who reported food secu-
rity in the treatment group ate breakfast more frequently than
those with food insecurity. Breakfast eating is associated with
healthy body weight among adolescents [73]. Though find-
ings from this secondary analysis are mixed as to whether or
not they supported the original moderating effect hypotheses,
these unanticipated findings are contextualized by existing
literature and our theoretical framework. Food insecurity is
known to alter adolescent’s eating behavior, though the bulk
of extant literature focuses on binge eating disorder among
adolescents who live in food insecure environments [74-76].
Our findings suggest that food security status had some mod-
erating effect over time in individual healthy eating behaviors
for both the intervention and wait-list control groups. The
Hawthorne effect may contribute to the improvement for the
wait-list control group [77]; however, research also suggests
healthy eating behaviors are linked to healthy eating knowl-
edge among adolescents [78, 79], and the AYA participants
in the wait-list control arm of this study may have learned
about nutrition after taking the “pre” comprehensive survey
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assessments alone. As supported by the Stopping GDM’s
theoretical framework, the Expanded Health Belief Model,
significant time effects were seen in both the full sample and
subsample for self-efficacy for healthy eating—and self-ef-
ficacy is a key construct to predict health-related behavior
change [48, 49].

These findings also indicate that both individual healthy
eating behaviors and self-efficacy for healthy eating improved
more among the AYA who experienced food insecurity at base-
line, which is contrary to our hypothesis that AYA who lived
in food secure environments would have greater improve-
ments in both. One possible reason for this unexpected find-
ing is that our study design required the adult female in the
dyad to complete the USDA food security module, while the
AYA in the dyad responded to healthy eating behavior and
self-efficacy measures. In other words, asking the AYA partic-
ipant herself about her experience of food security may have
yielded different results. Literature on adolescent food insecu-
rity suggests there are discrepancies in adults’ versus adoles-
cents’ assessment of food insecurity and adolescents should
be included in the conversation [41, 80]. One published litera-
ture review recommended that adolescents should be directly
involved in food security research since they are often willing
and reliable participants who can speak accurately about their
own experiences [41]. Additionally, adults in a household are
known to take on the brunt of the implications of living in a
food insecure environment, and siphon resources (e.g., food)
to their children [81, 82]. Therefore, even if the adult in the
dyad indicated her household experienced food insecurity,
it may be that the effects of this food insecure environment
were shielded by the adults, and had less effect on the AYA
and children in the household. As research on food insecu-
rity grows, there may be additional opportunities to engage
AYA themselves on this topic as to recognize the perspective
of their experience with food insecurity.

Specific to AI/AN communities, there are mixed reports on
the relationship between food insecurity and healthy eating
behaviors. One recent literature review aimed to synthesize
the research on food insecurity among AI/AN communities,
and concluded that standardized measures for food insecurity
and healthy eating behaviors may not be culturally relevant
nor might they capture the nuances in food security among
AI/AN households [83]. For example, households who rely on
hunting, fishing, and gathering may not respond to questions
specific to “having enough money to buy food” as phrased in
the USDA food security module, and may be more impacted
by subsistence lifestyles, sharing of food within families, and
seasonality of traditional food acquisition habits [37]. Fur-
ther and of particular importance, in the present study, our
measures did not include systematic collection of food aid
resources utilized by each household, such as the USDA Sup-
plemental Nutrition Assistance Program (e.g., SNAP) [84] or
the Food Distribution Program on Indian Reservations (e.g.,
FDPIR or “commodity foods”) [85].

Another research team aimed to evaluate whether AI/AN
households who experienced food insecurity differed in nutri-
tional quality or dietary diversity according to 24-hr dietary
recalls and were unable to identify any significant differences.
The authors of this paper worked closely with a commu-
nity advisory board to understand these findings and were
informed that even for households who were determined
“food secure”—accessing healthy food was challenging due
to a myriad of factors, not limited to transportation and
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distance to travel to healthy food retailers [86]. Future iter-
ations of Stopping GDM can address food security and other
multilevel (e.g., community) barriers to healthful GDM risk
reduction behaviors by including resources within the Stop-
ping GDM education materials that are tailored to any given
community (e.g., the location in any given community regard-
ing FDPIR or SNAP registration) and include information on
strengths-based resources such as traditional food acquisition
resources, and tribally or Native-run food systems resources
(31, 87, 88].

Of note, the COVID-19 pandemic exacerbated most social
determinants of health for already under-resourced commu-
nities. This includes increases in food insecurity for AI/AN
communities across the USA [89]. Though data for this anal-
ysis were collected prior to the COVID-19 pandemic, it would
be remiss not to remind readers that more research is needed
regarding the implications of the COVID-19 emergency
food aid packages such as free school meals for all public
school children, expanded summer meals programs for chil-
dren, and the USDA’s The Emergency Food Assistance Pro-
gram (TEFAP). As these emergency response programs to the
COVID-19 pandemic expire, it will be crucial to document
effects on household food security and downstream implica-
tions of diet quality. Further, given the vast implications of
colonization, racist policies, and systematic oppression that
AI/AN peoples experience, it is noteworthy that individu-
al-level education (e.g., GDM risk reduction education) alone
will not suffice to decrease GDM health disparities. Tradi-
tional AI/AN foodways have been devastated by colonization
and racist policies [31, 90, 91]. In AI/AN communities, food
insecurity is intimately tied to decimation of traditional and
cultural practices due to attempted genocide—in addition to
disparate rates of poverty, transportation issues, and lack of
retail stores selling fresh food [12, 13, 15, 16, 81, 92]. In these
communities food insecurity is exacerbated by water insecu-
rity [29, 30], stolen Native land, forced relocation, and envi-
ronmental pollution, which have devastated their traditional
healthy food practices [10, 31].

A key strength of the parent study is the female-based,
dyadic nature of engagement in Stopping GDM. In this sec-
ondary analysis, we recognize that women are well known
to be the gatekeepers of nutrition and food [93, 94] and
healthcare “managers” for the household [95]. As supported
by our theoretical framework (Fig. 1), interpersonal health is
a key level of influence that can support and improve indi-
vidual health in any given household. The benefits of adult
women supporting and influencing younger women in the
home, especially around reproductive and women’s health,
have positive implications for reducing intergenerational
trauma related to food insecurity [96, 97] and mitigating con-
sequences of food insecurity on risk for GDM and subsequent
T2D. Another strength of this study is the focus on multi-
level, upstream causes for GDM health disparities among
AT/AN adolescents. Multilevel, multisector diabetes preven-
tion programs among AI/AN communities are a promising
approach to addressing diabetes health disparities—provided
these programs are wanted by and developed in partnership
with the priority audience [98, 99]. By focusing on AYA and
their adult female caregivers (e.g., mother), and prioritizing
education, empowerment, and intervention prior to concep-
tion, Stopping GDM is unique in acknowledging both the
context in which healthful eating occurs and that there is crit-
ical window during which health behaviors can be shaped
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that will have effects beyond the AYA herself, into her own
progeny and future generations. Traditionally, Native peoples
value responsibility for seven future generations, and Native
women value that practicing self-care and healthful lifestyles
will pass health to their daughters and future female gener-
ations [100-102]. Given the outsized burden of diabetes in
many AI/AN communities, prioritizing primary prevention
for AYA is critical in breaking the intergenerational cycle of
diabetes in AI/AN communities [2].

Limitations

Limitations to this study were severalfold and will inform
our subsequent studies around food insecurity and GDM
risk reduction for AI/AN AYA females. First, because of an
error in the language of question 6 on the USDA food insecu-
rity module on the participant-facing survey portal, we con-
servatively decided to omit that question but were still able
to generate a valid dichotomy of “food secure” or “food inse-
cure” for analyses involving food security. This adaptation
caused us to lose information as to “level” or severity of food
insecurity and how that may have impacted the findings. Sec-
ond, we had no systematic way to know if the daughters and
mothers in the full sample lived together, as in some cases,
the dyad may have participated together but the daughter
lived with her father or grandparents for part of the week.
This has implications for the validity of the food security
measure, which is based on USDA household-level food inse-
curity. Therefore, we conducted all analyses with both the
full sample and the subsample, the latter of which includes
dyads that we were confident lived together because of the
way both members of the dyad responded to baseline survey
question “With whom do you live?” Third, none of the mea-
sures were specifically validated for AI/AN audiences, which
is a persistent and challenging issue in research focused on
AT/AN populations. For example, questions in the dietary
screener related to milk may not be relevant in measuring
nutrition as many AI/ANs are lactose intolerant [103]. There
is also debate as to whether the USDA food insecurity mod-
ule measures culturally diverse communities’ food insecurity
accurately, as there may be concerns of stigma, use of non-
traditional food acquisition (e.g., hunting, gathering, fishing),
and “household” can be difficult to assess for large extended
families who experience flux in their living arrangements
[83]. A limitation of the YRBSS Healthy Eating Behaviors
measure indicator is that it is a frequency tool and known
to overestimate actual intakes [104]; however this indicator
is able to rank behaviors/intakes by providing the number
of times certain foods are consumed/day versus servings or
grams/day [105]. Fourth, because of challenges with recruit-
ment in the parent study, recruitment continued until the last
day of RCT data collection, which means some dyads “timed
out” of the study. Because of this, and the large decrease in
participants completing the 6-month follow-up, we opted to
only examine baseline to 3-month data in this study. Longer
measures of the impact of living in food insecure environ-
ments are warranted.

Public health implications

Despite these limitations, we believe the study offers unique
insight on the “upstream causes” of GDM health disparities
among AI/AN communities. Given the intergenerational impli-
cations of GDM, it is prudent that public health and health-
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care organizations work with AI/AN communities to support
healthful eating environments and practices among AI/AN
AYAs. This effort includes cross-sector collaborations—which
can differ in urban and rural (including reservation) AI/AN
communities. Rural and urban Indian communities need pol-
icy and increased awareness in the general community that
support healthy eating environments, recognize tribal food
sovereignty, and enforce rights to reclaim traditional food
systems and tribally owned food retail outlets. Both rural and
urban-dwelling AI/ANs, as with other underserved communi-
ties who are impacted by systemic racism and impacts of past
and modern-day colonization [88, 106-108], need improved
access to healthful food, safe places to engage in physical
activity, affordable, safe housing and improved economic
opportunities to sustain these healthful practices.
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