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Abstract

AIMS—Examine associations of dietary strategies used to manage diabetes over time with 

hemoglobin A1c in youth-onset type 1 or type 2 diabetes.
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METHODS—The SEARCH for Diabetes in Youth observational study assessed dietary strategies 

used by 1,814 participants with diabetes (n=1,558 type 1, n=256 type 2) at 2–3 research visits over 

5.5 years (range 1.7–12.2). Participants reported often, sometimes, or never using 10 different 

dietary strategies, and use over time was categorized into 5 mutually exclusive groups: often using 

across visits; started using at later visits; sometimes using across visits; stopped using at later 

visits; or never using across visits. General multivariable linear models evaluated most recent A1c 

by use category for each strategy.

RESULTS—In type 1 diabetes, A1c was lower among those who starting tracking calories 

(−0.4%, Tukey p<0.05), often counted carbs (−0.8%, Tukey p<0.001), or sometimes chose low 

glycemic index foods (−0.5%, Tukey p=0.02) versus those with less use, while participants who 

never drank more milk had the lowest A1c (−0.5%, Tukey p=0.04). In type 2 diabetes, A1c was 

lower among those who often limited high fat foods (−2.0%, Tukey p=0.02) or started counting 

carbohydrates (−1.7%, Tukey p=0.07) than those who did so less.

CONCLUSIONS—For several dietary strategies, more frequent use over time was related to 

lower A1c in youth-onset type 1 and type 2 diabetes, suggesting these strategies can likely support 

diabetes management for this population. Investigation into factors predicting receipt of advice for 

specific strategies and corresponding impact on intake might be considered.

INTRODUCTION

Dietary behaviors play a key role in diabetes management (1). To support optimal behaviors 

in youth-onset diabetes, formal medical nutrition therapy delivered by a registered dietitian 

nutritionist is recommended at diagnosis and regularly thereafter, with a particular emphasis 

on monitoring carbohydrate intake in those with type 1 diabetes and adopting healthy eating 

patterns in those with type 2 diabetes (2). Individuals with diabetes may also receive less 

formal nutrition education or nutrition counseling from providers, and are exposed to 

alternative dietary strategies to manage diabetes via the lay press and peers with diabetes (3). 

There is moderate strength evidence to support the dietary strategy of carbohydrate counting, 

for which >97% of individuals with type 1 diabetes receive guidance from providers (4). 

Two clinical trials reported reductions of ~0.6% in pediatric type 1 diabetes patients 

following a carbohydrate counting intervention (5,6), and the SEARCH for Diabetes in 

Youth study previously reported that mean A1c was 1.1% lower among those who reported 

often using this dietary strategy versus those who sometimes/never did (8.3% versus 9.4%) 

(4). However, use of other food-based or nutrient-based dietary strategies by these 

individuals, as well as relationship with glycemic control, is largely unknown. Given the 

consistently high A1c levels in youth-onset type 1 and type 2 diabetes (7,8), further 

approaches to support improved glycemic control are needed. Identification of dietary 

strategies with potential for improving glycemic control when used over time can help guide 

dietary support services for this population.

Thus, the goal of this analysis was to examine associations between self-reported utilization 

of dietary strategies to manage diabetes over ~5 years and A1c levels in individuals with 

youth-onset type 1 or type 2 diabetes. We hypothesized that frequent use of any dietary 

strategy over time would be associated with lower A1c levels compared to less frequent use 

or non-use, for both type 1 and type 2 diabetes, independent of diabetes medication regimen.
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METHODS

Participants

The SEARCH for Diabetes in Youth Study uses a population-based registry network at five 

sites in the United States to identify individuals diagnosed with any type of diabetes before 

twenty years of age (9). The clinical sites include the state of South Carolina; Cincinnati, 

Ohio and surrounding counties; the state of Colorado with southwestern US American 

Indian sites; Seattle, Washington, and surrounding counties; and Kaiser Permanente 

Southern California membership in seven counties, resulting in a catchment population of 

over 5.5 million children aged <20 years (10). Annual incidence of youth-onset diabetes in 

this population has been continuously ascertained since 2002 (11). Individuals diagnosed 

with type 1 or type 2 diabetes in 2002–2006 or 2008 were invited to participate in an 

observational cohort research study on the natural history of youth-onset diabetes by 

completing baseline visits shortly after diagnosis (mean 9.6 [SD 6.4] months post-

diagnosis). In 2011–2015 and 2015–2019, two follow-up visits were conducted among those 

with ≥5 years diabetes duration for assessment of health care quality, diabetes-related early 

complications, quality of life, and related characteristics. The study was approved by the 

institutional review boards with jurisdiction in each study location. All participants provided 

consent or assent as age-appropriate, and parents also provided consent for those aged <18 

years.

The first follow-up visit was completed by 2,777 participants at a mean age of 17.9 years 

(SD 4.8) and mean diabetes duration of 8.0 years (SD 2.0). The distribution of demographic, 

metabolic, and socioeconomic characteristics of participants who completed the first follow-

up visit were similar to those of the larger SEARCH registry population (12). The second 

follow-up visit was completed by 2,668 participants at a mean age of 21.5 years (SD 5.1) 

and a mean diabetes duration of 11.2 years (SD 3.3). By design, approximately half of 

participants with type 1 diabetes who were non-Hispanic white were invited to complete in-

person research visits (target n~700), with the rest invited to complete only web-based 

questionnaires, as it was determined a priori that the statistical power gained by conducting 

in-person research visits on all non-Hispanic white type 1 participants was incremental 

relative to the resources required to do so. Thus, participant characteristics for the second 

follow-up visit intentionally differed from that of the larger SEARCH registry population in 

terms of enriched representation of participants with type 1 diabetes who were non-white 

and participants with type 2 diabetes (all races/ethnicities). Additionally, participants who 

declined an in-person research visit were invited to complete web-based questionnaires only. 

Altogether, this resulted in a total of 995 individuals (37% of 2,668) who completed only 

questionnaires at the second follow-up visit.

Data collection

Trained research staff conducted the in-person baseline and follow-up research visits. 

Participants (and/or parents, for younger participants) self-reported date of birth, sex, race, 

ethnicity, highest parental education, annual household income, type of health insurance, and 

diabetes treatment regimen. Date of diagnosis had been obtained previously from medical 

records during case ascertainment, and was used to calculate age of diagnosis and diabetes 
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duration at each research visit. Participants were instructed to fast overnight for ≥8 hours and 

abstain from medications (including short-acting insulin) on the morning of the visit. Blood 

samples were obtained and analyzed for hemoglobin A1c at the central laboratory 

(Northwest Lipid Metabolism and Diabetes Research, Seattle, WA). Questionnaires were 

used to assess ten dietary strategies to manage diabetes: 1) keep track of calories, 2) count 

carbohydrates, 3) choose low glycemic index foods, 4) use dietary exchanges, 5) keep track 

of fat grams, 6) limit sweets, 7) limit high fat foods, 8) drink more milk, 9) eat more fruits 

and vegetables, and 10) eat more fiber and whole grains. For each strategy, participants were 

asked if they had ever received advice on that strategy from a provider (yes, no, don’t know), 

and how often they used each strategy (often, sometimes, never).

Statistical analyses

This analysis included participants with a) a provider diagnosis of type 1 or type 2 diabetes, 

b) data on dietary strategies from ≥2 visits, and c) an A1c result from the most recent visit 

with dietary strategy data. We classified use over time for each of the 10 dietary strategies 

with five categories: often using (often using at every visit, or sometimes using at earlier 

visits with often using at the most recent visit), started using (never using at earlier visits 

with sometimes/often using at later visits), sometimes using (sometimes using at every visit, 

or often using at earlier visits with sometimes using at the most recent visit), stopped using 

(sometimes or often using at earlier visits with never using at later visits), and never using 

(not using at any visit). For most strategies, 5% or fewer participants reported inconsistent/

intermittent use (never using at the first and last visit but sometimes/often using in the 

middle, or vice versa), which did not align with any of the previously described categories, 

and were excluded from the analysis due to the small cell size that would impede 

interpretation.

We used general linear regression, stratified by diabetes type, to evaluate the relationship 

between categorized use of each dietary strategy and current A1c. We fit separate models for 

each strategy, resulting in 20 models total. When the overall p-value for the dietary strategy 

use variable was <0.05, we examined Tukey-adjusted pairwise comparisons for each pair of 

categories. Models were adjusted for age at diagnosis (years), sex (male, female), race/

ethnicity (non-Hispanic white, all others), baseline parental education (did not graduate high 

school, graduated high school), health insurance status at the most recent visit (private, all 

others), SEARCH study site (California, Colorado, Ohio, South Carolina, Washington), 

diabetes duration at the most recent visit (years), and treatment regimen at the most recent 

visit (type 1: insulin pump, all others; type 2: insulin pump, other insulin, non-insulin, no 

medication), and self-reported receipt of provider guidance for using that strategy (ever, 

never, don’t know). The adjustment for having been advised on the use of a particular 

strategy was excluded if >90% of observations reported receiving the advice. Analyses were 

conducted in SAS v9.4 (Cary, NC) with two-sided alpha for statistical significance set at 

0.05.
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RESULTS

Of the 2,777 participants who completed the first and/or second follow-up visit, we excluded 

24 who did not have a provider diagnosis of type 1 or type 2 diabetes (i.e., had a provider 

diagnosis of other/unknown diabetes), 441 who did not have sufficient dietary strategy data, 

and 498 who did not have A1c data, resulting in an analytic sample of 1,814 participants 

(1,558 type 1 and 256 type 2). Of these, 1,219 (67%) contributed data from two visits and 

595 (33%) contributed data from three visits. Participant characteristics at the baseline and 

most recent follow-up visits are presented in Table 1, stratified by diabetes type. On average, 

the first research visit from which dietary strategy data is available occurred approximately 

5.8 years after diagnosis, and the most recent visit occurred approximately 5.5 years later.

The proportions of participants often, sometimes, or never using each strategy at the first and 

most recent visits are presented in Supplemental Figures 1 (type 1 diabetes) and 2 (type 2 

diabetes). For type 1 diabetes, the proportion of participants often using each strategy 

declined by 3–15% % from the first visit (mean 5.8 years diabetes duration) to the most 

recent visit (mean 11.2 years diabetes duration), reflecting a slight but consistent decrease in 

use of these dietary strategies to manage diabetes over ~5 years in the overall sample. Only 

the strategies of counting carbohydrates and eating more fruits/vegetables were consistently 

used by ≥50% or more of participants at each visit. For type 2 diabetes, the proportion of 

participants often using each strategy at the first visit (mean 6.2 years diabetes duration) 

remained stable (±1%) to the most recent visit (mean 12.1 years diabetes duration) for three 

strategies, increased by 6–9% for five strategies, and decreased by 6% for two strategies, 

reflecting a slight variability in the use of these dietary strategies to manage diabetes over ~5 

years in the overall sample. Only the strategies of limiting sweets and eating more fruits/

vegetables were used by ≥40% or more of participants at each visit.

Examination of use over time within individual participants indicated that the dietary 

strategy used most frequently over time in type 1 diabetes was carbohydrate counting (75% 

often using), while the strategy used least frequently over time was dietary exchanges (56% 

never using) (Figure 1). For participants with type 2 diabetes (Figure 2), the dietary 

strategies used most frequently over time were limiting sweets and eating more fruits and 

vegetables (47% and 45% often using, respectively), while the strategy used least frequently 

over time was dietary exchanges (39% never using).

Adjusted mean A1c levels stratified by use of each dietary strategy are presented in 

Supplemental Table 1 (all results) and Figure 3 (statistically significant results). Four dietary 

strategies were significant associated with A1c in type 1 diabetes: keeping track of calories, 

counting carbohydrates, choosing low glycemic index foods, and drinking more milk. For 

tracking calories, mean A1c was ~0.4% lower among participants who often, started, or 

sometimes tracked calories compared to those who stopped or never tracked calories; 

however, the pairwise comparison was statistically significant only for the started versus 

never groups (9.0% [SE 0.2] versus 9.4% [SE 0.2], Tukey p=0.047). For counting 

carbohydrates, participants who often or started to count carbohydrates had a mean A1c that 

was 0.4–0.8% lower than those who sometimes or stopped counting carbohydrates, with the 

pairwise comparison being statistically significant for the often versus sometimes 
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comparison (9.3% [SE 0.1] versus 10.1% [SE 0.2], Tukey p<0.001). Further, the lowest A1c 

(8.5% [SE 0.5]) was observed among participants who reported never counting 

carbohydrates, but was significantly different only from those who sometimes counted 

carbohydrates (Tukey p=0.01). For choosing low glycemic index foods, mean A1c was 0.3–

0.6% lower among those who often, started, or sometimes used this strategy compared to 

those who stopped or never used it; the pairwise comparison was statistically significant 

only for the sometimes versus stopped groups (9.2% [SE 0.2] versus 9.7% [SE 0.2], Tukey 

p=0.02). Last, for drinking more milk, participants who reported never drinking more milk 

had a mean A1c that was 0.3–0.5% lower than the other groups, with the pairwise 

comparison significantly different only from the started group (9.2% [SE 0.2] versus 9.7% 

[SE 0.2], Tukey p=0.04)

Two dietary strategies were significantly associated with A1c in type 2 diabetes: counting 

carbohydrates and limiting high fat foods. For counting carbohydrates, mean A1c was 0.7–

1.7% lower among those who often or started counting carbohydrates than to those who 

sometimes, stopped, or never counted carbohydrates; however, none of the pairwise 

comparisons reached statistical significance at the Tukey-adjusted level. For limiting high fat 

foods, mean A1c was 0.9–2.2% lower among those who often or started limiting high fat 

foods than those who sometimes, stopped, or never limited high fat foods; however, the 

pairwise comparison was statistically significant only for the often versus stopped 

comparison (7.5% [SE 0.5] versus 9.5% [SE 0.6], Tukey p=0.02) and the often versus never 

comparison (7.5% [SE 0.5] versus 9.7% [SE 0.6], Tukey p=0.01).

DISCUSSION

We found that use of dietary strategies to manage diabetes over time varies widely between 

individuals with youth-onset type 1 or type 2 diabetes. For participants with type 1 diabetes, 

more frequent tracking of calories, counting carbohydrates, or choosing low glycemic index 

foods was associated with lower mean A1c levels, while drinking more milk had the 

opposite pattern. For participants with type 2 diabetes, more frequent counting 

carbohydrates or limiting high fat foods was associated with lower mean A1c. Our study 

indicates that several dietary strategies hold promise for glycemic control in youth-onset 

diabetes independent of medication regimen.

In line with clinical guidelines (2), the dietary strategy used most often to manage type 1 

diabetes over time was counting carbohydrates. We observed high use of carbohydrate 

counting at each visit, and across visits, which was associated with lower mean A1c more 

than 10 years after diagnosis. The reduction in A1c associated with carbohydrate counting 

observed here (−0.8%) is similar to the −0.6% reductions reported by clinical trials of 

carbohydrate counting interventions for pediatric type 1 diabetes patients (5,6). Thus, these 

data affirm this first-line approach to dietary management of type 1 diabetes. Surprisingly, 

the lowest A1c was observed among participants who reported never counting 

carbohydrates. We do note that only 16 participants (1% of our sample) were in this group, 

indicating that very few youth and young adults with type 1 diabetes have never counted 

carbohydrates. It is plausible that these individuals were not counting carbohydrates because 

their glucose levels were already effectively managed with medication or other dietary 
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strategies. However, mean A1c in this group was 8.5%, which is above the recommended 

goal of <7% (2); thus, there remains room for improvement in glycemic control.

We also observed lower A1c levels among participants with type 1 diabetes who reported 

keeping track of calories or choosing low glycemic index foods over time. The magnitude of 

the benefit for A1c with these strategies was approximately half of the benefit we observed 

for carbohydrate counting (~0.4% versus 0.8%). However, the consistent association of 

lower A1c with any intensity of continued use over time suggests that they do have potential 

for supporting glycemic control, even if participants are able to apply these strategies only 

occasionally. Few participants used them often at any visit (~10%) or across visits (~5%), 

and approximately 50% reported never or no longer using them, indicating these potentially 

beneficial strategies are being underutilized, and may need more endorsement in clinical 

management of type 1 diabetes. In contrast, approximately 4 of 5 participants reported using 

the dietary strategy of drinking more milk at some point during the study, but this was 

associated with higher mean A1c. This strategy was included because of the noted 

association between vitamin D and insulin resistance nationally (14), which has SEARCH 

confirmed in cross-sectional analyses of type 1 diabetes (15). However, the present data 

indicate that drinking more milk is not a dietary strategy to encourage for type 1 diabetes 

patients; given the high reported use of this strategy, patient education to discourage use may 

be warranted.

For type 2 diabetes, counting carbohydrates appears to benefit glycemic control as it does 

for type 1 diabetes. Indeed, the difference between those who often or started counting carbs 

and those who sometimes, stopped, or never did was greater in type 2 diabetes (mean 

−1.2%) than in type 1 diabetes (mean −0.8%). None of the pairwise comparisons were 

statistically significant in type 2 diabetes at the Tukey-adjusted level, which could have been 

influenced by small cell sizes (n<60 for each of the 5 use categories). Yet, the overall pattern 

suggests that counting carbohydrates may have benefit for adolescents and young adults 

with type 2 diabetes. This strategy is being notably underutilized, with only one-third 

reporting often using it at any time in the first decade post-diagnosis. Our data suggest that 

this strategy should be promoted more for dietary management of youth-onset type 2 

diabetes, in which providers may be able to extend their successful clinical approaches for 

promoting carbohydrate counting in type 1 diabetes to patients with youth-onset type 2 

diabetes.

The dietary strategy of limiting high fat foods was also associated with better glycemic 

control in type 2 diabetes, with those often using it over time exhibiting an A1c more than 

2.0% lower than those who never used it. This finding aligns with dietary results from the 

Treatment Options for type 2 Diabetes in Adolescents and Youth (TODAY) study, which 

showed that females with stable or reduced intake of saturated fat over 24 months had lower 

A1c than females with increased saturated fat intake (16). This result also aligns with dietary 

recommendations for type 2 diabetes that emphasize eating a healthy diet (more nutrient-

dense foods and fewer calorie-dense/nutrient-poor foods) (2), affirming this first-line 

approach to dietary management in this population. However, uptake among patients is 

notably low, with only 1 in 5 of our participants often using this strategy and 1 in 4 never or 

no longer using this strategy in the first decade post-diagnosis. As above, these data 
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highlight an opportunity for increased attention to supporting the dietary strategy of limiting 

high fat food intake in youth-onset type 2 diabetes.

At the cohort level, we observed remarkable consistency in the overall proportion of 

participants using each strategy often, sometimes, or never over ~5 years diabetes duration. 

This suggests that the dietary strategies being used by participants over time are relatively 

static. However, by examining use over time at an individual level, we determined that 

approximately 50% of participants changed their use of dietary strategies during that period. 

This could reflect a necessary adaptation of dietary strategies in response to changing life 

circumstances, a clinical approach recommended by diabetes care organizations (2). Or, this 

could reflect the challenge of maintaining use of these dietary strategies over time. 

Regardless, our results emphasize the need to tailor dietary support to individual 

circumstances, including the consideration of dietary strategies not frequently associated 

with a specific diabetes type but may yet be beneficial.

A remaining question is how well self-reported use of these dietary strategies for either 

diabetes type translates to measurable differences in actual dietary intake, which is the 

ostensible mediator between self-reported use of dietary strategies and A1c. For example, 

participants who report often using dietary exchanges may not be very proficient in doing so, 

which would minimize between-group differences in A1c. We speculate that, at an 

individual level, participants who are reporting use of a particularly strategy, regardless of 

proficiency, likely have better A1c control than they would if they were not attempting to 

manage their diabetes in that way. If baseline dietary intake is quite poor, as has been 

reported in youth-onset diabetes (19), then incremental changes in intake that are captured 

here by self-reported use of dietary strategies may not be enough to impact A1c. This could 

explain why only 4 and 2 of 10 strategies for type 1 and type 2 diabetes, respectively, were 

significantly related to A1c. Investigation of how use of these dietary strategies over time 

matches with dietary intake over time can identify those individuals who are successfully 

using these strategies, and further clarify how much of a potential benefit specific strategies 

may have in management of youth-onset diabetes. Understanding the individual- and 

provider-level factors that predict who receives specific dietary recommendations can also 

highlight subgroups most at risk of not getting sufficient dietary support and thereby missing 

out on any potential benefits for disease management. Overall, we note that A1c is higher 

than recommended in all participants (2), regardless of self-reported use of any particular 

dietary strategy. This highlights the need for additional glycemic control strategies in this 

population, such as intensification of therapy, or addressing social determinants of health 

like barriers to health care access (20,21) and food insecurity (22) that are associated with 

higher A1c.

Our study has strengths and limitations. Our large sample had geographic and racial/ethnic 

diversity, and included adolescents and young adults with either type 1 or type 2 youth-onset 

diabetes. The longitudinal design allowed us to examine how use of dietary strategies 

changes over time and is related to current A1c, which is more informative than cross-

sectional analyses alone. However, this longitudinal design increased the number of use 

categories, which resulted in small cell sizes for some strategies and may have resulted in 

limited power for pairwise comparisons. We examined A1c for each dietary strategy 
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individually without adjusting for use of other strategies, and thus cannot comment on the 

potential benefit of specific combinations of strategies, or potential confounding between 

strategies. Further, we did not include multiple measures of A1c over time, and thus cannot 

draw conclusions about the impact of A1c on sustained versus variable use of dietary 

strategies over time. The number of statistical tests we performed could have contributed to 

type 1 error; however, all comparisons were specified a priori and we interpreted pairwise 

tests at a conservative Tukey-adjusted p-value. By adjusting for sociodemographic and 

clinical factors known to be related to glycemic control, we provide robust evidence that 

dietary strategies may support diabetes management via A1c reductions of 0.4%−2.2%, 

which is similar to the differences in A1c we previously reported between SEARCH 

participants who transitioned to more versus less intensive insulin regimens over 24 months 

(23).

In conclusion, we found that for several dietary strategies, adolescents and young adults with 

youth-onset type 1 or type 2 diabetes with more frequent use over time have improved 

glycemic control. These results suggest that specific strategies likely can support diabetes 

management, above and beyond pharmacological treatment. However, the promising dietary 

strategies identified herein were often used by few participants consistently over time, 

indicating an opportunity to increase clinical support to promote these behaviors. Further 

investigation into the factors predicting who receives such recommendations and how that 

translates to true improvements in dietary intake is needed.
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Figure 1. 
Participant-reported use of dietary strategies over time to manage Type 1 diabetes
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Figure 2. 
Participant-reported use of dietary strategies over time to manage Type 2 diabetes
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Figure 3. 
Adjusted mean A1c by dietary strategy use over time to manage diabetes

*Tukey p<0.05 for pairwise comparison. Models are adjusted for: age at diagnosis, gender, 

race/ethnicity, baseline parental education, current insurance status, duration of diabetes, 

diabetes medication (type 1: Pump Y/N, type 2: Pump, other insulin, non-insulin only, 

none), and received provider advice to use the relevant dietary strategy ever/never/DK 

(excluded if >90% recommendation rate: carbohydrates, limit sweets, fruits for both type 1 

and type 2, fat foods and fiber for type 2), as well as clinical site.
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