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ARTICLE INFO ABSTRACT
Keywords: In the United States (U.S.), consumption of fresh vegetables and fruits is below recommended
Continuous glucose monitoring levels. Enhancing access to nutritious food through food prescriptions has been recognized as a

Hispanic/Latino adults
Food as medicine
Type 2 diabetes

promising approach to combat diet-related illnesses. However, the effectiveness of this strategy at
a large scale remains untested, particularly in marginalized communities where food insecurity
rates and the prevalence of health conditions such as type 2 diabetes (T2D) are higher compared
to the background population. This study evaluated the impact of a produce prescription program
for predominantly Hispanic/Latino adults living with or at risk of T2D. A total of 303 participants
enrolled in a 3-month observational cohort received 21 medically prescribed portions/week of
fresh produce. A subgroup of 189 participants used continuous glucose monitoring (CGM) to
assess the relationship between CGM profile changes and HbA; level changes.

For 247 participants completing the study (76% female, 84% Hispanic/Latino, 32% with T2D,
age 56-6 + 11.9 years), there was a reduction in weight (—1-1 [-1-6 to —0-6] lbs., p < 0.001),
waist circumference (—0-4 [-1-0 to 0-6] cm, p = 0-007) and systolic blood pressure (SBP) for
participants with baseline SBP >120 mmHg (—4-2 [-6-8 to —1-8] mmHg, p = 0-001). For par-
ticipants with an HbA;. > 7-0% at baseline, HbA;. fell significantly (—0-5 [-0-9 to —0-1] %, p =
0-01). There were also improvements in food security (p < 0-0001), self-reported ratings of sleep,
mood, pain (all p < 0-001), and measures of depression (p < 0-0001), anxiety (p = 0-045), and
stress (p = 0-002) (DASS-21). There was significant correlation (r = 0-8, p = 0-001) between
HbA;. change and the change in average glucose for participants with worsening HbA;, but not
for participants with an improvement in HbA;..

In conclusion, medical prescription of fresh produce is associated with significant improve-
ments in cardio-metabolic and psycho-social risk factors for Hispanic/Latino adults with or at risk
of T2D.
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Research in context

Evidence before this study: Minimal evidence exists on the effect of vegetable and fruit prescriptions for racial/ethnic minorities
living with or at risk of developing type 2 diabetes (T2D). Moreover, longitudinal continuous glucose monitoring (CGM) data among
minority populations is scarce.

Added value of this study: This study evaluated the effect of medical prescriptions of fresh produce without additional education in
an underserved community of predominantly Hispanic/Latino adults with non-insulin-treated T2D or at risk of developing it. Over
three months, we observed improvements in cardio-metabolic, psychological, and behavioral outcomes (including food security) as
well as validated depression, anxiety, and stress measures. Comparing baseline and conclusion CGM profiles, we did not find sig-
nificant differences in summary metrics. However, stratifying participants according to HbA;. change, there was a significant asso-
ciation between HbA; rise and CGM-derived average glucose for those with worsening HbA;.

Implications of all the available evidence: Our findings suggest medical produce prescription programs for underserved Hispanic/
Latino populations with or at risk of T2D may have bio-behavioral and psychological benefits. Additionally, the use of CGM in this
population is feasible and acceptable with the potential to provide novel insights into the progression of dysglycemia.

1. Introduction

In the United States (U.S.), suboptimal dietary habits have been associated with poor cardiometabolic health outcomes [1]. A
common problem in the U.S. diet is the lack of consumption of fresh vegetables and fruits, with an estimated 10% of the adult pop-
ulation meeting the daily recommended dosage [2]. As a corollary, food insecurity (not having access to sufficient or adequate food to
cover basic needs) has also been linked to adverse health outcomes, including type 2 diabetes (T2D), cardiovascular disease, cancer,
and mental health problems [3]. Food insecurity in U.S. households is usually a recurrent experience rather than a persistent situation
[4]. These cycles of frequent food insecurity can produce compensatory behaviors where episodes of having insufficient meals later
result in binge eating episodes of energy-dense foods when available [5]. The intake of high-energy, cheap foods with low nutrient
value is a significant risk factor for the progression of T2D [6].

Compounding the issue in the U.S. are documented disparities in the prevalence of T2D among low-income and racial/ethnic
minority populations compared to others [7]. For example, T2D is more common among Hispanic/Latino adults compared to the
non-Hispanic White population [8]. Moreover, food insecurity is also more common among Hispanic/Latinos than non-Hispanic
Whites [4]. Because of this, a higher percentage of Hispanic/Latino households participate in federal-aid programs such as the Sup-
plemental Nutrition Assistance Program (SNAP) [9]. Implementing government programs that aid with purchasing nutritious food can
be cost-effective and generate health gains [10]. In earlier research, we found clinically significant improvements in cardio-metabolic
risk factors among Hispanic/Latino adults by providing access to fresh vegetables using a produce prescription program [11].

The aim of this study was to test the hypothesis that, for a cohort of predominantly Hispanic/Latino adults, the provision of medical
prescriptions for fresh vegetables can improve cardiometabolic outcomes, including changes in glucose profiles over time measured
using continuous glucose monitoring (CGM). The study also examined the association between changes in CGM metrics and HbA;
levels.

2. Methods

The Farming for Life (NCT03940300) study was conducted in Santa Barbara, California, from 2019 to 2022 with approval by an
Independent Review Board before the start of any participation (Advarra IRB Study 2018-01793, Protocol 00036476). Details of the
protocol have been published previously [11]. Participants were enrolled through bilingual (English and Spanish) outreach materials,
advertisements on social media, or existing programs and organizations focusing on the Hispanic/Latino community. Eligible par-
ticipants had to be 18 years old or older at the first visit and self-report as diagnosed with T2D or as a high risk for developing T2D using
the American Diabetes Association diabetes risk assessment tool [12]. Participants with prior use of insulin, pregnancy, or other severe
conditions were excluded. Detailed protocol information can be found in the supplementary material (Table A).

Eligible and consented participants were asked to complete 12 visits over three months. Data collection by trained research staff
was repeated in the baseline and conclusion visits. The primary objective was to assess changes in blood pressure (BP), weight, waist
circumference (WC), glycemic control, and HbA;. levels (a measure of long-term blood glucose control) throughout the trial. Addi-
tional questionnaires (available in Spanish and English) were collected to assess the impact of vegetable prescriptions on food security,
mood, sleep, and pain, as well as vegetable, tortilla, and soda consumption.

We obtained fresh vegetables from local farms (located within 70 miles of each distribution center) within 72 h of distribution from
the fields and chose them according to seasonal availability. During visit 1, upon screening and enrollment, baseline clinical mea-
surements and questionnaires were completed. Visits 2-11 consisted of the collection of prescribed produce. At each study visit, each
participant received the recommended 21 servings for the week [13]. Participants collected the weekly prescriptions, signed by a
medically qualified practitioner from Sansum Diabetes Research Institute. During visit 12, the same clinical measurements and
questionnaires that were collected at baseline were repeated.

2.1. Continuous glucose monitoring (CGM)

In addition to the clinical measurements and questionnaires collected, a subset of participants agreed to wear CGMs. This subgroup



Table 1
Baseline age for participants with paired (pre- and post-intervention) clinical measurements.
Paired HbA;. (n = 247) Paired weight and waist circumference (n = 234) Paired average systolic blood pressure (n = 235) Paired CGM with >10 days of data (n = 105)
Age (years) mean + SD mean + SD mean + SD mean + SD
All participants 54-2 + 119 543 +11-8 543 +11-8 54-4 + 11-8
Female 539 £ 11-6 54.1 £ 115 541 £11-6 55-1 £ 111
Male 55-1 +£12-8 55.0 £ 129 55-1 £12-8 52.6 £ 13-6

Note: n = number of participants, SD = standard deviation.
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used FreeStyle Libre Pro CGM sensors (Abbott Diabetes Care) for two weeks pre-intervention and during the final two weeks of the
intervention period. Of the initial group, 150 participants completed the baseline and conclusion CGM. Overall, 105 of those had
sufficient data (>10 days of CGM data over the 14 days monitoring period) to provide a reliable estimate of glucose metrics for three
months [14,15] as well as HbA; levels. We computed common summary metrics: average glucose; standard deviation (SD); coefficient
of variation (CV); time in range (TIR) from 70 to 140 mg/dL, 70-180 mg/dL, and 140-180 mg/dL; time above range (TAR) for time
surpassing 140 mg/dL and 180 mg/dL; time below range (TBR) for time spent in the range of 54-69 mg/dL or below 54 mg/dL.

2.2. Statistical analysis

All statistical tests were performed using Matlab 2021b (https://www.mathworks.com/). The Kolmogorov-Smirnov test was used
to test for normality. We used a two-tailed Student’s t-test to compare normally distributed paired data. For non-normally distributed
paired measurements, we conducted a permutation test with 10% resamples [16]. Confidence intervals were computed using boot-
strapping with 2 x 10* samples. Statistical significance was expressed at the 5% level. Participants were stratified by baseline HbA;.
into three categories: at risk (HbA;. < 5:7%), pre-T2D (HbA;. 5-7%-6-4%), and T2D (HbA;. > 6-4%) [17]. To analyze the correlation
between CGM summary metrics and HbA; ., we stratified the participants-based magnitude of change in HbA; levels where AHbA;. =
Conclusion HbA;. — Baseline HbA;.. A threshold of 0-4% change was considered clinically significant, with AHbA;. < —0-4%
considered an improvement, and AHbA;. > 0-4% considered as a worsening of glycemia. Simple and multiple linear regression an-
alyses were performed with Matlab’s ‘fitlm’ to model the relationship between clinical measurements and CGM summary metrics with
changes in HbA;..

3. Results
3.1. Description of the dataset and participant demographics

Overall, 303 participants (age 55-3 &+ 12-6 years [mean =+ SD], 71-3% female, 82-2% self-reporting as Hispanic/Latino, 36% with a
known diagnosis of T2D) were enrolled. For participants with T2D, the average time from diagnosis to enrollment was 9-6 + 8-1 years.
Of the 303 participants, 247 completed the 12 visits (Tables 1 and 2, Fig. 1). Participants not completing reported different reasons,
with the majority related to concerns about COVID-19. Detailed demographic information can be found in Tables 1 and 2 for paired (i.
e., with both pre-and post-intervention data) clinical health measurements and CGM data.

Most participants were not born in the U.S. (77-5%), the majority (>90%) of whom reported Mexico as their country of origin. The
median score for acculturation was 1.5 (IQR: 1-25 to 3-75), indicating a low level of acculturation [19]. Only 195 (64-4%) participants
had health insurance.

3.2. Clinical measurements

A comparison of baseline vs. conclusion health measurements for participants with paired data is shown in Table 3. Mean weight
difference decreased by —1-1 ([95% CI: 1-6, —0-6] lbs., p < 0-001). This was significant in women (p < 0-001), but not men. Similarly,
waist circumference was reduced by —0-4 ([95% CI: 1-2, —0-2] cm, p = 0-01), with significance for females (p = 0-03). Systolic blood
pressure for participants with baseline systolic BP > 120 mmHg decreased by —4-2 ([95% CI: 6-8, —1-8] mmHg, p < 0-001). Changes in
HbA;. levels overall with a mean decrease of —0-1 ([95% CI: 0-2 to —0-0]%, p = 0-03) were significant. Changes were significant

Table 2
Demographic measurements for participants with paired (pre- and post-intervention) clinical measurements.
Paired HbA;. Paired weight and waist Paired average systolic blood Paired CGM with >10 days of
circumference pressure data
n n (Percentage) n (Percentage) n (Percentage)
(Percentage)
Total 247 234 235 105
Gender
Female 187 (75-7%) 179 (76-5%) 179 (76-2%) 77 (73-3%)
Male 60 (24-3%) 55 (23-5%) 56 (23-8) 28 (26-7%)
Race/Ethnicity
Hispanic/Latino 208 (84-2%) 200 (85-5%) 201 (85-5%) 96 (91-4%)
Non-Hispanic White 33 (13-4%) 28 (11-9%) 28 (11-9%) 9 (8:6%)
Non-Hispanic Black 3 (1-2%) 3 (1:3%) 3 (1-:3%) 0
Asian 3 (1-2%) 3(1-3%) 3 (1-3%) 0
Diabetes status based on baseline HbA; .
At risk (HbA;. < 5:7%) 79 (31-9%) 73 (31-2%) 75 (31-9%) 38 (36-2%)
Pre-T2D (5-7% < HbA;. < 90 (36-4%) 87 (37-2%) 88 (37-4%) 35 (33:3%)
6-4%)
T2D (HbA;. > 6-4%) 78 (31-6%) 74 (31-6%) 72 (30-6%) 32 (30-5%)

Note: n = number of participants.
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Fig. 1. Study design. Where n is the number of participants at each stage. For the conclusion health measurements, n* is the number of participants
with paired data, which differs for each variable (Table 3).

Table 3
Comparison of variables collected at the first visit (baseline) vs the last visit (conclusion) for participants with paired clinical measurements.
Baseline Conclusion Mean change (95% CI) P-Value
Median (IQR) Median (IQR)
HbA;. (%) (n = 247) 59 (56, 6:7) 5:9 (5-5, 6:6) —0-1 (—0-2 to —0-0) 0-03
Female (n = 187) 5-9 (56, 6-5) 5.9 (5-5, 6:5) 0-0 (—0-1to 0-1) 0-89
Male (n = 60) 6 (55, 7-7) 59 (55,7) —0-4 (—0-8 to —0-0) < 0-001
Atrisk (n = 79) 5:5(5-3, 5:6) 5-4 (53, 5:6) 0-03 (—0-0to 0-1) 0-17
Pre-T2D (n = 90) 59 (58, 6:1) 59 (58, 6:2) —0-02 (—0-1 to 0-0) 0-45
T2D (n = 78) 7-5(6-8, 8:7) 7-3(6:7,8:2) —0-3 (—0-6 to —0-1) 0-01
Baseline HbA;c > 7% (n = 55) 8:1(7-5, 9-0) 76 (7-1, 8:8) —0-45 (—0-9 to —0-1) 0-01
Weight (1bs) (n = 234) 169-8 (148-8, 198-4) 164-2 (148, 196-4) —-1-1(-1-6 to —0-6) < 0-001
Female (n = 179) 167 (145-5, 190-5) 164-8 (144-6, 191-3) —-1.2(-1-8to —0-6) < 0-001
Male (n = 55) 180-4 (163-1, 214-5) 180 (161-8, 211-5) —0-8(-1-9t0 0-3) 0-16
Waist circumference (cm) (n = 233)" 100 (92, 107-6) 98 (91,108) —0-4 (—1-2to —0-2) 0-01
Female (n = 179) 100 (91-6, 107-5) 98 (91,107-4) —0-7 (-1-3to —0-1) 0-03
Male (n = 54) 98-3 (93,110) 97-8 (91,109) —09 (-1-2to 0-0) 0-08
Systolic BP (mmHg) Baseline > 120 (n = 127)" 1335 (124-1, 140) 129-5 (1205, 139-5) —4-2 (—6-8to —1-8) < 0-001
Female (n = 95) 135 (126, 142-4) 130-1 (119-8, 140-3) —4-5(-7-7 to —1-4) < 0-01
Male (n = 32) 130-5 (122:6, 135-5) 125-3 (120-8, 132:3) —34(-7-8t0 0-1) 0-12

Note: n = number of participants, IQR = interquartile range, CI = confidence interval.

@ One participant was removed from WC measurements due to outlier data.
b Threshold for elevated blood pressure [18].

specifically for males (p < 0-001) and for participants with T2D (p = 0-01). We also analyzed participants with baseline HbA;. > 7%.
This subgroup had a higher AHbA;. (—0-5 [95% CI: 0-9 to —0-1]) than the T2D subgroup (—0-3 [95% CI: 0-6 to —0-1]).

3.3. Questionnaires

For the participants enrolled at baseline, participants with low or very low food security (score >3 on the U.S. Adult Food Security
Scale [20]) accounted for 31% of the sample. Upon conclusion, this fell to 15-4%. During the exit interview, participants were asked to
rank their vegetable consumption before and after the intervention on a scale of 1-4, where 1 was defined as “more than once a day”, 2
was defined as “4-6 times/week”, 3 as “1-3 times/week”, and 4 as “not at all”. We obtained 231 responses with a median score before
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the intervention of 3 (IQR: 2 to 3) that decreased to 1 (IQR: 1 to 2). The percentage of food discarded was also reported on a scale from 1
to 4, with 1 being from 0% to 25%, 2 from 26% to 50%, etc. The median percentage discarded was 1 (IQR: 1 to 1) indicating that
participants discarded food on limited occasions (0-25% of the produce was discarded).

Sleep (Fig. 2a), mood (Fig. 2b), and pain (Fig. 2c¢), scores all significantly improved from baseline to conclusion.

Depression (Fig. 3a), anxiety (Fig. 3b), and stress (Fig. 3c) scores, evaluated with the DASS-21 questionnaire [21], all showed
significant improvements (i.e. reductions) from baseline to conclusion. The median depression raw score improved from 3 (IQR: 1 to 9)
to 1 (IQR: O to 4-3). Anxiety raw score improved from 3 (IQR: 1 to 7-5) to 2 (IQR: 0 to 5). Stress raw scores improved from 6.5 (IQR: 3,
11) to 3 (IQR: 1,9). For clinical interpretation, we adjusted the scoring using a scale from zero to four according to the DASS-21
guidelines, where 0 corresponds to normal, 1 to mild, 2 to moderate, 3 to severe, and 4 to extremely severe (Figure A, supplemen-
tary materials). There was a decrease in the mean of the adjusted scores of —0-4 (95% CI: 0-7 to —0-2) for depression, —0-4 (95% CI: 0-7
to —0-1) for anxiety, and —0-3 (95% CI: 0-5 to —0-1) for stress.

3.4. Continuous glucose monitoring data

Baseline and conclusion comparisons of CGM from participants with available HbA; levels (n = 105) with over ten days of data
were made. We used permutation testing for changes in the mean of baseline vs conclusion measurements and reported p-values in
Table 4. To assess if CGM summary metrics changed in correspondence with changes in HbA;. levels, we stratified the cohort into
“Improved”, “No Change”, and “Worsened,” considering AHbA;. > 0.4% a significant change. Overall, there was no significant change
in CGM summary metrics for all participants except for time in range (TIR) from 140 to 180 mg/dL (Table 4, Supplementary Figure B).
Improvement in HbA; levels was not reflected in the CGM metrics. In comparison, for participants with worsening HbA;, there was a
significant change in average glucose, SD, TIR (70-140 and 70-180 mmHg), and TAR (140 and 180 mmHg).

Correspondence between changes in HbA;. and changes in average glucose levels can be seen in Fig. 4. Two participants showed
worsening HbA; . levels with improved average glucose (quadrant IV, Fig. 4), while nine participants improved in HbA;. but worsened
in average glucose (quadrant II, Fig. 4). There was no correlation between AHbA;. and AAverage Glucose for participants with
improving HbA;. (r = 0-2, p = 0-34), but there was a positive correlation for participants with worsening HbA;. (r = 0-8, p = 0-001)
(Supplementary Figure C).

To investigate the relationship between changes in HbAlc and alterations in other variables, a multiple linear regression analysis
focusing only on participants with a clinically significant shiftinHbA;. (i.e., |AHbA;. | > 0-4% n = 30) was examined. The relationship
between AHDbA, clinical measurements (Aweight, Ablood pressure, Awaist circumference, age, gender, baseline HbA;.), and changes
in CGM summary metrics was performed (Supplementary table D). There was no association between alterations in CGM-derived
metrics of ATBR, ACV, and ASD and AHbA;. (r < 0-4). In contrast, ATIR and ATAR were correlated to AHbA;. (ATIR 70-140 mg/
dl [r = —0-45, p = 0-01]; ATIR 70-180 mg/dl [r = —0-5, p < 0-01]; ATAR 140 [r = 0-46, p < 0-01]; ATAR 180 [r = 0-51, p < 0-01]), as
well as the change in average glucose (AAverage glucose). Only AAverage glucose was included in the model to minimize multi-
collinearity issues since it had the highest correlation with AHbA;. (r = 0-59, p < 0-001). Weight, age, baseline HbA;, and waist
circumference were not correlated to AHbA; . they were excluded as well (r < 0-4). Gender was also included since it appeared to be
associated with the changes in HbA;. (Supplementary figure D). The final multiple linear regression model included changes in systolic
blood pressure, gender (0 — male, 1 — female), and AAverage glucose as covariates. The model was used to determine the association
between changes in HbA1lc and changes in the covariates. Using this model, the adjusted R-squared value was significant (R"2 = 0-62,
p < 0-0001). This model performs better than the single regression using only changes in average glucose (R"2 = 0-35, p < 0-001).

(a) Sleep score (b) Mood score (c) Pain score
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Fig. 2. Self-reported sleep, mood, and pain scores (n = 237) pre vs post intervention. Using 100 mm visual analog scales ranging from 0 (for
worst sleep/mood/pain) to 100 (for best sleep/mood or no pain).
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Fig. 3. Depression, anxiety, and stress scores using DASS-21 (n = 117) pre vs post intervention. Scale differs for each disorder [21]. For
depression (a): Normal (0-4), Mild (5-6), Moderate (7-10), Severe (11-13), and Extremely severe (>14). For anxiety (b): Normal (0-3), Mild (4-5),
Moderate (6-7), Severe (8-9), and Extremely severe (>10). For stress (c): Normal (0-7), Mild (8-9), Moderate (10-12), Severe (13-16), and

Extremely severe (>17). Note: "+" indicates outliers.

Table 4

CGM summary metrics p-values for paired permutation test of mean difference (conclusion-baseline) where |AHbA;.|>0-4% is considered a sig-

nificant change.

All (n = 105) HbA; ¢ Improved (n = 18) No change HbA;¢c (n = 75) HbA;c Worsened (n = 12)

HbA;. 0-34 - - -

Average Glucose 0-57 0-53 0-98 0-01
SD 0-42 0-76 1.00 0-01
CV% 0-51 0-41 0-99 0-98
TIR 70,140 mg/dL 0-83 0-19 0-61 0-02
TIR 70-180 mg/dL 0-22 0-78 0-42 0-05
TIR 140-180 mg/dL 0-04 0-05 043 0-89
TAR 140 mg/dL 0-76 017 0-68 0-01
TAR 180 mg/dL 0-33 0-66 0-13 0-01
TBR 54-69 mg/dL 0-59 0-27 0-99 0-94
TBR 54 mg/dL 0-53 0-27 0-60 0-75

Note: n = number of participants, SD = standard deviation, CV = coefficient of variation, TIR = time in range, TAR = time above range, TBR = time

below range.

4. Discussion

Delta Average Glucose [mg/dL]

200

-
(&)
o

-
o
o

(4]
o

2 1 0 1
Delta HbA1c [%]

Category
M At-risk

Pre-T2D
W T2D

Fig. 4. AHDbA;. vs AAverage glucose for participants with |[AHbA;. | > 0-4% (n = 30).

In the U.S., lack of access to foods known to be beneficial to health is an important contributor to the disproportionate burden of
T2D and other serious non-communicable diseases faced by Hispanic/Latino families [22,23]. To overcome this, food prescription
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interventions are gaining popularity [24]. The Farming for Life program aimed to evaluate the impact of improving access to fresh
vegetable produce for predominantly Hispanic/Latino adults with or at risk of T2D and low levels of acculturation. After three months
of participation in the produce prescription program, there were modest improvements in cardio-metabolic risk factors, including
weight, waist circumference, and systolic blood pressure for participants with above-target baseline values. Similarly, for participants
with established T2D, HbA; levels also fell by an average of 0-4%, most notably among male participants. In addition to improving
biological outcomes, participation in Farming for Life was also associated with benefits in mood, sleep, self-reported pain scores, as
well as reduced depression, stress, and anxiety. There was also a reduction in the number of participants with low or very low food
security. Comparably, previous studies have found significant improvement in HbA; . levels when providing access to fresh vegetables,
but in these studies, improved access to fresh produce was accompanied by education on nutrition [24,25].

This observational cohort study suggests that improving access to fresh vegetables without supplementary education can still
positively impact glycemic control, cardiometabolic health, and quality of life. The level of nutrition knowledge was not assessed. It is
known that lower nutritional knowledge is associated with a lower intake of vegetables and fruits [26] and that individuals may be
unaware that their vegetable consumption is below recommended levels [27]. For adults with established T2D, promoting healthy
eating habits without improving access can be challenging as dietary recommendations often require individuals to alter deeply
entrenched perceptions about food [28]. There are also several established barriers to accessing fresh produce including time burden,
taste preferences, inadequate cooking skills, and motivation [29]. Prior research has also shown that ethnicity is a factor in food
preferences resulting in consumption differences [30]. Participants in this program were predominantly of Mexican-American heri-
tage, and there is evidence that Hispanics/Latinos’ abilities to consume food known to be beneficial to health, compared with other
racial/ethnic groups, are impacted negatively by barriers related to access, food insecurity, and low socioeconomic status. Accul-
turation among Hispanic/Latinos may also be linked to poor dietary choices such as a lack of sufficient intake of fruits and vegetables
[31]. For Hispanic/Latino immigrants to the U.S., the less acculturated consume more fruit, vegetables, rice, and beans, and fewer
foods harmful to health including less sugar and sugar-sweetened beverages [31].

In this study, in addition to HbA; . levels, continuous glucose monitoring (CGM) was used to examine changes in glycemia over time
for a subgroup of participants in Farming for Life. It is established that CGM has demonstrable benefits for people living with diabetes
using insulin. However, only a few studies have examined CGM in non-insulin-treated T2D or for individuals without diabetes. In
addition, most published studies have not differentiated between individuals with normal glucose tolerance and those with pre-
diabetes. In recent cross-sectional analyses of baseline CGM profiles in a smaller number of participants in the Farming for Life
program, there appeared to be a progression of dysglycemia comparing Hispanic/Latino adults at risk of T2D or with pre-T2D with
those with non-insulin-treated T2D [32]. The metrics used in the comparison included standard measures (average glucose, glucose
variability, and time in range of 70-180 mg/dL) as well as newer metrics including time spent between 140 and 180 mg/dL during the
day. In that study, the time between 70 and 140 mg/dL during the day was also significantly correlated with HbA;. levels after
adjusting for age, sex, BMI, and waist circumference. There is also evidence that using real-world post-breakfast glucose excursions
might also provide novel insights into differences in glycemia when comparing these same groups (i.e., at risk, pre-T2D, and T2D) [33].

Previous studies have examined correlations between HbA;. and CGM metrics [32,33]. In this analysis, comparing baseline with
conclusion CGM profiles, there were no significant differences (except for a change in the time in range between 140 and 180 mg/dL,
which improved over time). We did find, however, that when stratifying the participants by HbA;. changes over three months, in the
group with worsening levels (i.e., an increase in HbA;. by at least 0-4%), there was a significant deterioration in average glucose,
standard deviation of glucose, time in range between 70 and 140 and 70 and 180 mg/dL, and time above 140 and 180 mg/dL.
However, there was no substantial change in glycemic variability or time spent in the hypoglycemic range. This was not seen in the
sub-groups with unchanged or improved HbA; levels. Only 36% of the participants with a significant change in HbA; levels showed
corresponding changes in CGM summary metrics. Moreover, we found that gender potentially has an influence, as the relationship
between changes in HbA;. and CGM was only seen in predominantly female Hispanic/Latino adults. The relationship between CGM
data and HbA; levels is complex [34]. In addition to factors influencing the number and life span of red blood cells, variations in the
rate of glycation can also affect achieved HbA; levels [34]. For example, inter-individual variability may result due to variations in the
apparent glycation ratio (AGR) [35]. At present, it is unclear whether AGR changes over time or whether there is differential sensitivity
of the AGR to the magnitude and direction of glucose fluctuations.

This study has some important limitations. A major limitation of the study is the absence of a control group. Participants were
recruited by using outreach materials in English and Spanish with help from bilingual community health workers and therefore were
not a random sample. Females formed nearly 80% of the cohort, so generalizability to males needs to be investigated. Further, this
study did not collect data related to food choices and physical activity levels. Previous studies have demonstrated links between the
timing of food intake and insulin sensitivity [36]. Similarly, the timing of physical activity appears to influence achieved HbA; levels
in Hispanic/Latino adults with or at risk of T2D [37]. We also have no specific data on participant storage, preparation, or consumption
of the vegetables. We cannot know if nutrition education could have altered our findings. The use of self-reported data without
methods to prove its validity (for example, whether the information was entered incorrectly or misremembered) is also a limitation.
Finally, participants did not have access to their real-time glucose levels, so we could not compare the results to analyze if unblinded
CGM was beneficial in modifying behavior and food choices. Previous literature suggests that 14 days of CGM data (when used at least
70% or ~10 days) correlate with three months of CGM of data [14]. However, summary CGM metrics might not correlate with
clinically significant improvement of HbA; levels. Our data suggests that more guidelines for the interpretation of CGM metrics and
correlation with HbA;. levels are needed for patients at risk or with T2D.

In conclusion, prescriptions of fresh produce to Hispanic/Latino adults with or at risk of developing T2D were associated with
improvements in health measurements relevant to cardiometabolic risk factors. The findings from this study provide evidence of the
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potential value of produce prescription programs as an intervention to reduce food insecurity and improve the quality of food choices
to impact the disproportionate burden of T2D faced by the population experiencing health disparities.
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