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Evaluating a dietary pattern in
adolescents with type 1 diabetes
mellitus: The dash-d approach
Suzanne S Summer*1, Sarah C Couch 2, Amy S Shah 3, Meghan P McNeill 4, Abigail D Peairs 2
ABSTRACT
Objective: Adolescents with type 1 diabetes (T1DM) must consider multiple factors in diet
planning, including glycemic control and cardiovascular disease prevention, while ensuring
adequate nutrition for growth. We examined diet composition, quality, and compliance for
two dietary patterns - the traditional Dietary Approaches to Stop Hypertension (DASH) and
a modified version of DASH in this population. Methods and Findings: Two feeding studies
were conducted. First, adolescents with T1DM consumed their usual diet for 6 days followed
by traditional DASH for 6 days. Next, DASH menus were adjusted to align with T1DM nutrition
guidelines, and this modified DASH for Diabetes (DASH-D) was tested on a new group of
adolescents with T1DM for 6 days, following 6 days of usual diet. Usual diet was measured via
24-hr dietary recalls. Dietary composition of DASH-D was compared to DASH and usual diet.
Eighteen adolescents (9/group) participated. Compared to usual diet, intake of protein, fiber,
fruit, vegetables, lean meats, and low-fat dairy were higher, while saturated fat and added
sugar were lower, in DASH-D. Percent energy from fat was higher, and from carbohydrate
lower, in DASH-D versus traditional DASH, with food group intake reflecting these patterns.
Participants consumed 87% of foods provided for DASH, and 98% of foods provided for
DASH-D. In both DASH iterations, participants met national guidelines for fat, saturated
fat, fiber, and fruit/vegetable intake, while usual diet fell short of these recommendations.
Conclusions: The novel DASH-D pattern meets guidelines and may be a viable option for
achieving nutrition goals for adolescents with T1DM.
Introduction
Type 1 diabetes mellitus (T1DM) is an
autoimmune disease affecting approximately 1
in every 500 youth under the age of 18 in the
United States [1]. Individuals with T1DM are
dependent on exogenous insulin, and must
coordinate insulin dosing with dietary intake
and physical activity in order to maintain stable
blood glucose levels. Dietary intake including
food type, combination, and distribution can
play a key role in either inducing or preventing
postprandial glucose surges. However, at
present, no specific dietary structure or pattern
has been defined as ideal for T1DM. Evidencebased dietary recommendations from the

American Diabetes Association (ADA) for youth
with T1DM incorporate specific guidelines
for glycemic control, and management of
lipids, blood pressure and weight to support
healthful growth and development and prevent
chronic complications. As such, the ADA
recommendations for nutrition therapy for
diabetes emphasizes predominantly plantbased forms of carbohydrate (CHO) from
fruits, vegetables, whole grains, and legumes
along with low fat milk to minimize saturated
fat (SFA) and added sugar [2]. The abundance
of dietary fiber from many of these foods may
help slow carbohydrate absorption and control
post-prandial glucose surges [3]. However,
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data from the SEARCH for Diabetes in Youth
study showed that dietary intake of youth with
T1DM was suboptimal compared to ADA
nutrition recommendations. Specifically, fewer
than 20% of youth consumed 5 or more fruits
and vegetables per day, diets were devoid of
whole grains, and intake of saturated fat was
well above recommended levels [4]. The ADA
also recommends monitoring CHO intake
throughout the day to maintain optimal glycemic
control [2]. These ADA nutrition guidelines
are well-aligned with those of the Dietary
Approaches to Stop Hypertension (DASH)
dietary pattern. One of the ADA’s nutrition
therapy goals for adults with diabetes is to
support patients in healthy meal planning rather
than focusing on individual macronutrients
[2]. The DASH diet is an eating plan rich in
fruits, vegetables, whole grains, and low fat dairy
products, and low in saturated fat and added
sugars [5]. Among adolescents with T1DM in
the SEARCH study, those whose diets were
closer to a DASH dietary pattern had lower odds
of hypertension than those whose diets were less
similar to DASH [6]. The DASH diet contains
CHO sources rich in fiber and low in added
sugar, both of which help to slow the conversion
of CHO to blood glucose. It has been shown
that adolescents with optimal glucose control
(Hemoglobin A1C ≤ 7.5%) had lower intakes
of added sugar, higher intakes of fiber and fruits
and vegetables, and a more consistent daily meal
pattern (e.g., having breakfast/ supper regularly)
than those whose glucose control was suboptimal
[7]. Thus, following a DASH dietary pattern
may be beneficial as an approach to managing
blood glucose in adolescents with T1DM,
and preventing longer term complications
associated with diabetes. Our research group
recently reported results from a study in which
adolescents with T1DM followed a DASH diet
as compared to their usual diet. While patients
demonstrated good compliance with the DASH
diet, it was observed that following DASH
increased glycemic variability compared to usual
intake, and showed a trend toward hypoglycemia
[8]. These results warranted modification to
the traditional DASH eating plan to optimize
glycemic control in the T1DM population. The
outcome was a modified DASH for Diabetes
(DASH-D), which resulted in glycemic variability
similar to that experienced with usual intake, but
lower average blood glucose and less time spent
in hyperglycemia. The purpose of this report is to
describe the development of the DASH-D diet
wherein key elements of ADA-recommended

nutrition therapy were incorporated into the
traditional DASH eating plan with the goal of
improving glycemic control. We also present
a comparison of DASH-D to both traditional
DASH and to usual intake of adolescents with
T1DM on nutrient and food group patterns.
Methods
The authors conducted two short-term controlled
feeding studies of DASH-type diets in adolescents
with T1DM. The first iteration used a traditional
DASH diet, and the second involved modifying
the DASH diet to more closely align with ADA
recommendations (DASH-D). The two feeding
studies were performed consecutively, with each
having a unique group of participants (in other
words, we did not have just one group follow
both DASH-type diets).
 Study Participants

Male and female adolescents, age 11-17y, with
antibody positive T1DM and duration of
disease > one year, who were on exogenous daily
insulin of at least 0.5 units/kg for body weight,
were included. In addition, potentially eligible
individuals had to have a body mass index (BMI)
< 95th percentile for their age and a screening
A1C level between 7-11% (53-97 mmol/mol).
Those who had food allergies, intolerances or
other dietary restrictions, and/or other health
conditions or medications known to influence
blood glucose levels were excluded.
 Recruitment

Assent

and Informed Consent/

Letters were sent to potentially eligible
individuals from the Diabetes Center at
Cincinnati Children’s Hospital Medical Center
(CCHMC), and those interested were screened
by phone and invited to the hospital’s Clinical
Translational Research Center (CTRC) to hear
more about the study. Eligible individuals who
agreed to participate completed the informed
consent process, during which study procedures,
benefits, and risks were explained. Written assent
and parental consent were obtained prior to any
study procedures. The study was reviewed and
approved by the Institutional Review Board
(IRB) of CCHMC, IRB number 2011-0338.
 Traditional DASH Feeding Study

After screening and enrollment, participants
returned to the CTRC for a total of five visits.
(FIGURE 1). At the first visit, medical history,
height, weight, heart rate, blood pressure, and a
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Enrollment Visit
Consent/Assent
Confirm eligibility

Usual Diet Phase
(Days 8-11)
Consume usual intake
3 x 24hr diet recalls

Visit 4 (Day 15)
Weight
Pick up study meals
(DASH or DASH-D)

Visit 1 (Day 1)
Height and weight
Finger stick (A1C)
24-hr diet recall

Visit 3 (Day 11)
Weight
Pick up study meals (DASH or
DASH-D)

Study Diet Phase
(Days 15-17)
Consume study foods
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Visit 2 (Day 8)
Weight
Begin Usual Diet Phase

Study Diet Phase
(Days 12-14)
Consume study foods

Visit 5 (Day 18)
Weight
Return uneaten study foods
and checksheets

Figure 1. Flow of participant clinic visits, timeline of participation, and procedures/data collected for both
DASH and DASH-D studies.

finger stick blood sample to measure A1C were
collected. A 24-hour dietary recall interview was
also conducted at this visit. This and subsequent
dietary recall interviews were administered by
trained CTRC nutrition research staff using
the USDA’s Automated Multiple Pass Method
(9) to ensure accurate collection of food items
and amounts consumed. After one week,
participants returned for another visit, where
the 3-day “Usual Diet” phase began. During
this phase, participants ate their usual diet and
completed three more 24-hour dietary recall
interviews via telephone to report their intake on
each day. Food group and nutrient intake data
from all four dietary recalls were analyzed using
Nutrition Data System for Research (NDSR,
Nutrition Coordinating Center, Minneapolis,
MN), and averaged together for an estimate of
usual intake. At the end of the Usual Diet phase,
participants returned to the CTRC and were
given 3 full days of take-home meals and snacks
adhering to the DASH dietary pattern [10] with
energy tailored to the individual to ensure weight
maintenance. After the first 3 days, participants
returned to the clinic to pick up another 3
days of DASH meals and snacks. The majority
of meals and recipes, along with food group
serving counts, were based on the DASH4 Teens
guidelines [11]. This diet provides approximately
8 servings of fruits and vegetables and 3 servings

of low-fat dairy foods per day, with the rest of
the diet made up of a balance of whole grains,
low-fat meats and other protein sources, and
a minimum of DASH-unfriendly foods (fats,
sweets, and salty snacks). Menus comprised
Breakfast, Lunch, Dinner, and up to 2 snacks,
depending on energy needs. For each meal
and snack, several options were offered, and
participants were allowed to choose which ones
they wanted for their study meals (FIGURE 2).
All meals were designed by a registered dietitian
and prepared in a research kitchen. To monitor
compliance and assess actual intake, a checksheet was provided for each DASH diet day
that included a detailed list of foods including
carbohydrate amounts so that participants could
program insulin doses accordingly. Check-sheets
captured meal and snack times, and prompted
the participant to record whether each food was
eaten, uneaten, or partially eaten. Check-sheets
for most participants also listed the total and
available carbohydrate (total carbohydrate minus
dietary fiber) per meal so that the participant
could dose his/her insulin accordingly. Uneaten
study foods were weighed and subtracted from
the initial amount provided. While participants
were encouraged to consume only those foods
provided during the DASH diet phase, use of
outside foods was permitted when needed to correct
a low blood glucose reading. Participants were
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Breakfast Menu Choices

Lunch Menu Choices

Dinner Menu Choices

Snack Choices

Breakfast 1
Cheerios with Milk
Fresh fruit choice
(Choose from apple, banana,
grapes, or orange)

Lunch 1
BBQ Shredded Chicken
on Whole Wheat Bun
Cheddar Cheese stick
Baby Carrots
Fruit cup selection*

Dinner 1
Tuna Mac and Cheese
Tossed Salad Ranch Dressing
Milk
Bread and Butter

Snack 1
Celery with Peanut Butter
Fresh fruit choice
(Choose from apple, banana,
grapes, or orange)

Snack 2
Trail Mix
Breakfast 2
Yogurt, Strawberry,
and Granola Parfait

Breakfast 3
Waffles with Syrup
Blueberries
Milk

Lunch 2
Turkey & Provolone on Wheat
Broccoli and Carrots with Ranch
Dip
Milk
Fruit cup selection*

Dinner 2
Meatloaf
Green Beans
Dinner Roll
Milk

Lunch 3
Walnut Chicken Salad
Pita Pockets
Baked Doritos
Fruit cup selection*

Dinner 3
Spaghetti with Meat Sauce
Tossed Salad Ranch Dressing
Milk

Snack 3
Fresh fruit choice
(Choose from apple, banana,
grapes, or orange)
Snack 4
Apples with Peanut Butter

*Choice of 100% fruit juice (apple,
grape, orange) or fruit snack cup
(applesauce, peaches, pears)

Snack 5
String Cheese
Saltine Crackers
Fresh fruit choice
(Choose from apple, banana,
grapes, orange)
Snack 6
Cheddar Cheese Sticks and
Fig Newtons

Figure 2. In the traditional DASH study, participants were given this menu and circled their meal and snack
selections for each of the six feeding study days. Meals in this study were combined ahead of time, so their
choice of side items were restricted to what was offered.

instructed to record any outside foods or drinks
consumed on their check-sheets. To determine
actual intake during the DASH diet phase, outside
foods were added to, and returned study foods were
subtracted from, what was originally provided.
 Modified DASH for Diabetes (DASH-D)

Approximately a year after completing the
DASH feeding study and examining results,
we set out to create and test the modified
“DASH-D” plan. Modifications were designed
to enhance acceptability and prevent episodes
of hypoglycemia by aligning it with ADA’s
recommended diet principles for adolescents with
T1DM [2]. The DASH-D plan incorporated the
high fruit and vegetable/low-fat dairy/lean meat
guidelines from DASH along with the following
modifications for T1DM: • Each full day had a
target macronutrient distribution of energy as
50% carbohydrate, 30% fat, and 20% protein,
with the goal of maintaining this distribution
across each meal/snack. This was different from
traditional DASH, where the daily food group
serving guidelines were applied with no special
attention to macronutrient composition for the
full day, or distribution within meals. Having
consistent macronutrient composition at each
meal may allow for easier insulin dosing and
help stabilize glycemia. •Fiber was distributed
across meals and snacks throughout the day,
with the goal of balancing and increasing fiber
intake. While the DASH diet provides adequate
fiber, it is not necessarily balanced across all
meals. Fiber content in a meal helps control
post-prandial glucose. •Total daily fat goal was
31

higher than in the traditional DASH diet and
focused on increasing monounsaturated and
polyunsaturated fats (MUFA and PUFA), while
keeping saturated fats low. Higher unsaturated
fat intake may lower fasting glucose in diabetes
[12-14], while a high intake of saturated fat is
associated with poor glycemic control [15].
•Rather than provide options for complete meals
(as was done in DASH), the study dietitian
offered 2-3 selections for each meal’s “main
dish” and then a variety of options for side dishes
(fruits, vegetables, and grains) (FIGURE 3).
This change was implemented in DASH-D to
improve the acceptability of the diet and increase
adherence.
We recruited a second group of adolescents
for the DASH-D feeding study. Participants
underwent the same enrollment and baseline
procedures, and the Usual Diet phase, as
outlined in Figure 1. Briefly, following the
Usual Diet phase, subjects began the DASH-D
phase and were given 6 days of meals (3 days at
a time) adhering to this modified DASH diet.
Check-sheets for the DASH-D phase included
total as well as available carbohydrate per meal,
so that participants could set the insulin dose by
the available carbohydrate, lowering the risk of
hypoglycemia. Information on uneaten study
foods and outside foods consumed was collected
and used to determine actual intake.
 Data Methods

Statistical Analysis Software (SAS) version 9.4
(SAS Institute Inc., Cary, NC) was used for all
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Feeding Study Dates: __________________________

Please circle all foods that you would eat.
FRUIT
Apple
Grapes
Orange
Raspberries
Strawberries
Blueberries
Applesauce
Grapes

Peach Cup
Pear Cup
100% Apple Juice
100% Grape Juice
100% Orange Juice
Raisins
Craisins

VEGETABLES
Baby Carrots
Broccoli
Corn
Green Beans
Tomatoes
Celery
Tossed Salad
Cucumbers

BREAKFAST

LUNCH

DINNER

Breakfast Burrito

Pulled BBQ Chicken
Sandwich

Tuna Mac & Cheese
with Peas

Bagel Thin
with Peanut Butter

Turkey Soft Tacos

Spiral Pasta
with Meat Sauce

Turkey & Provolone
Sandwich
Mayonnaise ______
Mustard______

Turkey Meatloaf
Ketchup______

Oatmeal
with Dried Fruit and Almonds

Yogurt Parfait
with Granola and Fruit

SNACKS
AND OTHER FOODS
Whole Grain Roll
Graham Crackers
Saltine Crackers
Baked Doritos
Baked Lays Original
Granola
Pretzels
Pita Chips
Fig Newtons
Peanut Butter
Almonds
Mixed Nuts
Hummus
Ranch Dressing
Italian Dressing
Trail Mix
Apple with Peanut Butter
Celery with Peanut Butter
Chips and Salsa

DAIRY
1% Milk
Low-Fat Provolone
Low-Fat Vanilla Yogurt
Low-Fat Mozzarella Stick Low-Fat
Cheddar Stick

Figure 3. Menu Choices handout for DASH-D.

data analyses. Means and standard deviations
were calculated for baseline age, A1C, and BMI,
as well as nutrients and food groups consumed
as part of usual intake and in the two study diets
(DASH and DASH-D). To indicate acceptability
of the study diets by participants, percent of study
food eaten (of total gram weight) was used as a
proxy. Uneaten food portions were weighed and
subtracted from the original amount provided.
A one-sample paired t-test was used to compare
nutrients by day and by meal, and food group
servings by day, between participants’ usual
intake and DASH-D intake. A two-sample t-test
was used to compare nutrient and food group
composition of the DASH-D study diet to the
traditional DASH diet provided in the earlier
phase. These 2 feeding studies were performed
about 1 year apart in different participant groups,
so comparison of the diet within individuals via
paired t-tests was not possible. When variances
were equal, the p-value generated by the Pooled
method was used, and when variances were
unequal, the p-value from the Satterthwaite
method was used. Results of analyses were
considered significant if the p-value was less than
0.05.
Results
 Participants

Ten participants (5 females) were enrolled in
the initial DASH feeding study. One participant
was not included in the diet analysis because

he/she failed to consume the study food as
instructed, missing at least one entire day of the
6-day feeding study. Therefore, nine participants
(5 female) were included in the final analysis
for DASH. The following year, 11 (7 female)
participants were enrolled in the study of the
DASH-D plan. One participant was unable to
complete the study due to acute illness during
participation, and another was withdrawn
due to non-compliance in the DASH-D
feeding phase of the study. Nine participants
(6 female) completed the DASH-D study and
were included in the analysis. There were no
differences between the two study samples in age
(p = 0.54) or baseline A1C (p = 0.65). However,
weight, BMI, and BMI percentile were higher
(p<0.05) in the DASH-D group (TABLE 1).
 Traditional

DASH-D

DASH Diet compared to

Total energy and grams of protein, carbohydrate,
and fiber were similar between the two DASHtype diets; total fat was significantly higher in the
DASH-D versus traditional DASH (73.3 vs 46.9
grams, p=0.0055). With regard to macronutrient
distribution there was a tradeoff between the
standard and modified versions of DASH, with
percent of energy from protein holding steady
between the two diets, while percent of energy
from fat was higher in the DASH-D diet (30.0 vs
22.3 percent, p<0.0001) and percent of energy
from carbohydrate was higher in the traditional
DASH diet (59.4 vs 49.0 percent, p<0.0001).
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Table 1. Baseline Characteristics by Study Group.
Baseline Characteristics

DASH

DASH-D

p-value

n

9

9

Age (years), mean (SD)
Sex, Female, n (%)
Height (cm), mean (SD)
Weight (kg), mean (SD)
BMI (kg/m2), mean (SD)
BMI percentile, mean (SD)
Hemoglobin A1C (%), mean
(SD)

13.56 (2.35)
5 (56)
160.0 (9.01)
51.19 (14.26)
19.66 (3.64)
43.56 (32.82)

14.22 (2.11)
6 (67)
167.2 (8.69)
64.76 (11.48)
23.10 (3.12)
76.00 (22.87)

0.54
0.65
0.1
0.04
0.047
0.03

8.87 (0.90)

8.70 (0.60)

0.65

BMI: Body Mass Index.

Food group serving intakes reflected these
nutrient patterns. There were no differences
between the two diets in fruit, vegetable, and
grain servings, but fat servings were higher in the
DASH-D diet (3.1 vs 2.1 servings, p=0.0179)
while sweets were higher in the traditional DASH
diet (1.0 vs 0.5 servings, p=0.0463). There were
also significant differences in food group servings
of protein-source foods. Lean meat servings were
significantly higher in the DASH diet than in
DASH-D (5.5 vs 4.2 servings, p=0.0243) while
other protein (non-meat sources such as eggs,
nuts, and beans) and low-fat dairy servings were
higher in DASH-D versus DASH [4.0 vs 2.0
servings (p=0.0082), and 3.2 vs 2.6 servings,
(p=0.0045), respectively]. Two sample t-tests
were used for all comparisons between traditional
DASH and DASH-D diet components.
 DASH-D Compared to usual intake

At the daily intake level, there were no differences
between the DASH-D phase and participants’
usual intake in total energy, fat, carbohydrate,
and percent of energy from carbohydrate.
However, intake of total protein, fiber, saturated
fat and added sugar, as well as percent of energy
from protein and saturated fat, were significantly
different, with higher protein and fiber in the
DASH-D diet and higher saturated fat and added
sugar in participants’ usual intake. As would be
expected for a DASH eating pattern, intake of
certain food groups also differed between the
two diets. Servings of fruit, vegetables, lean
meats, other proteins, and low-fat dairy were
significantly higher in the DASH-D phase as
compared to usual intake. However, there were
no differences between the two diet patterns in
servings of grains, fats, or sweets (TABLE 2).
Nutrient intake at individual meals differed
depending on the meal (TABLE 3). Across
most meals, total and saturated fat (both in
absolute terms and percent of energy) and added
33

sugar were lower, while protein (absolute and
percent of energy) and fiber were higher, in the
DASH-D phase compared to usual intake. Total
carbohydrates did not differ at any meal, yet
for breakfast and dinner, the percent of energy
from carbohydrates was significantly lower for
the DASH-D diet compared to usual intake.
Importantly, the pattern of carbohydrate, fat,
protein, and fiber balanced throughout meals
and snacks was more consistent in the DASH-D
diet versus usual intake (FIGURE 4).
 Acceptability of the Study Diets

Adolescents who participated in the traditional
DASH feeding study consumed 87% of foods
provided, whereas those in the DASH-D study
consumed a higher proportion (98%) of the
foods provided. The average macronutrient
composition and food group servings per meal
actually consumed on DASH-D reflected the
planned DASH-D goals, further indicating that
participants were compliant with the diet. Some
comments from participants and their parents
about the traditional DASH diet include: “liked
the diet”; “I could eat like that”; foods offered
were “. . . far better than I expected”; and
“Successful recipes. Daughter tried new foods!”
Kids also commented that they were hungry at
times on this diet, but they liked having snacks
between meals which helped their hunger.
Comments from parents and participants in
both studies indicated that they enjoyed the
DASH-D meal plans overall, and some requested
DASH-D recipes.
Discussion
In this report, the authors described the
administration of a traditional DASH eating
plan to adolescents with T1DM, followed by the
creation of a modified DASH plan – DASH-D
– designed to better meet the unique dietary
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Table 2. Nutrients and Food Group Servings, daily intake mean (SD), DASH-D versus Usual
Intake. One-sample paired t-tests were used for comparisons.
Nutrients
DASH-D
Usual Intake
p-value
Energy, kcals
2097.8 (524.3)
2072.6 (430.6)
0.9097
Total Fat, g
73.3 (21.2)
83.7 (23.6)
0.3832
Total Carbohydrate, g
267.1 (72.2)
262.1 (62.3)
0.8525
Total Protein, g
111.4 (23.1)
74.4 (13.7)
0.0042
Total Saturated Fat, g
19.4 (4.3)
31.7 (9.8)
0.0164
Dietary Fiber, g
31.5 (7.3)
15.3 (4.6)
0.0002
Added sugars, g
20.7 (1.1)
71.1 (30.5)
0.0011
% Energy from Fat
30.0 (2.9)
34.8 (5.8)
0.0527
% Energy from
49.0 (2.8)
50.2 (5.2)
0.5356
Carbohydrate
% Energy from Protein
21.5 (1.5)
15.0 (2.7)
0.0001
% Energy from Saturated
8.2 (1.0)
13.3 (2.7)
0.0009
Fat
Food Group Serving
Counts
Fruit
3.49 (0.46)
1.04 (0.88)
<0.0001
Vegetables
4.04 (1.42)
1.44 (1.26)
0.0021
Grains
5.87 (1.10)
6.11 (1.67)
0.7096
Lean meats, poultry, and
4.22 (1.18)
2.05 (1.38)
0.019
fish a
4.01 (1.75)
0.54 (0.75)
0.0008
Other protein a,b
Low-Fat or Fat Free Dairy
3.17 (0.30)
1.84 (1.56)
0.0273
Fats & Oils
3.06 (0.81)
2.17 (1.64)
0.2068
Sweets
0.46 (0.64)
1.48 (0.71)
0.1745
a
Servings for lean meats and other protein are expressed in ounce-equivalents, where 1 serving is equal to 1 ounce
of meat, 1 tablespoon nut butter, 1 egg, or ½ ounce of nuts.b Other protein” includes nuts, seeds, eggs, and meat
substitutes.

Table 3. Nutrients by Meal, mean (SD), DASH-D versus Usual Intake. One-sample t-tests were
used for comparisons.
Breakfast

Lunch

Nutrient
DASH-D
Usual
DASH-D
Usual
529.3 (95.1)
577.7 (169.9)
Energy (kcal)
450.2 (86.0)
335.4 (104.0)a
13.9 (4.0)
23.9 (9.9)b
Fat (g)
17.1 (2.2)
10.6 (8.0)a
Carbohydrate (g)
60.7 (15.1)
49.3 (12.0)
67.3 (11.9)
67.5 (19.1)
37.6 (6.0)
23.8 (8.7)b
Protein (g)
19.3 (4.4)
12.1 (5.3)a
Saturated Fat (g)
4.3 (0.8)
4.9 (3.7)
4.3 (1.1)
8.3 (3.0)b
c
Fiber (g)
7.7 (1.5)
3.0 (1.8)
9.3 (2.3)
4.2 (1.4)d
Added Sugar (g)
7.9 (7.5)
13.6 (5.5)
6.7 (2.8)
13.5 (8.1)a
% Energy, Fat
32.8 (4.5)
22.9 (12.4)
22.8 (4.4)
34.1 (8.7)b
a
% Energy, Carbohydrate
50.8 (3.6)
63.8 (14.0)
48.7 (2.6)
49.6 (10.2)
% Energy, Protein
16.5 (2.3)
13.5 (4.6)
29.4 (1.7)
16.3 (3.4)d
% Energy, Saturated Fat
8.3 (1.9)
10.6 (6.3)
7.2 (1.3)
11.8 (3.3)b
a
p<0.05; b p<0.01; c p<0.001; d p<0.0001, significant difference between DASH-D and Usual Intake

needs of this population. Previously published
results from our research team showed that
these modifications were associated with some
improvement in glycemic variability versus
traditional DASH, while helping participants
maintain a lower mean blood glucose and less
risk of hyperglycemia as compared to their
usual diet [8]. Modifications employed to create
DASH-D included increasing total fat, while
balancing macronutrient and fiber distribution

throughout all meals and snacks. Dietary fiber
is beneficial in diabetes because it helps control
post-prandial blood glucose, likely by slowing the
rate of gastric emptying. Other health benefits
of dietary fiber include weight management,
prevention of cardiovascular disease, and
digestive health [16]. Despite recommendations
from the latest Dietary Guidelines for Americans
to consume 22 to 31 grams of fiber daily [17],
children and adolescents in the US consume
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DASH-D Intake

Breakfast

Dinner

Lunch

25%

29%

16%

14%
31%

33%

26%

23%
9.3 g Fiber

7.7 g Fiber

51%

Snack

7.5 g Fiber

2.1 g Fiber

55%

49%

48%

Usual Intake

13%

23%

16%

9%

20%

29%

34%

3.0 g Fiber

4.2 g Fiber

64%

50%

 % Energy, Carbohydrate

Snack

Dinner

Lunch

Breakfast

39%
1.2 g Fiber

5.5 g Fiber

62%

41%

 % Energy, Protein

 % Energy, Fat

Figure 4. Macronutrient composition of meals, DASH-D versus Usual Intake. Carbohydrates and fiber were wellbalanced across meals and snacks in the DASH-D plan.

just 13.2 grams of fiber per day on average [18].
Assessment of their usual diet indicated that our
participants consumed about 15 g fiber daily.
However, in our feeding studies, they consumed
27.9 (DASH) and 31.5 (DASH-D) grams of
fiber per day, indicating that they were meeting
recommended amounts while following the
eating pattern. The traditional DASH diet tends
to be relatively low in fat [10]. In our study,
participants consumed 22.3% of energy from
fat while on the traditional DASH diet, falling
below the national recommendation of 25-35%
[17]. Low-fat diets had long been recommended
for heart health, but more recently it has been
recognized that the type of fat consumed may
be more important than the amount, spurring
the ADA, AHA and others to recommend a
moderate total fat intake while reducing saturated
fat to less than 10% of energy and replacing
it with MUFA and PUFA [2,17,19]. Recent
studies show a benefit of dietary fat for diabetes
as well, with consistent findings that a higher
fat diet emphasizing unsaturated fats results in
decreased fasting plasma glucose over time in
those with type 2 diabetes [12-14]. The effects
of higher fat on postprandial glucose, however,
are less clear. A low fat intake has been shown to
extend postprandial glucose excursion, whereas
higher fat may attenuate the glycemic response
35

by slowing the rate of gastric emptying following
a meal [20-22]. A 2015 systematic review
reported that higher fat-containing meals can
suppress glucose levels in the early postprandial
period (2-3 hours), but may increase it again in
the later period (~5 hours post-meal) [23]. Our
DASH-D diet provided an average of 30% of
energy from fat per day, lowering saturated fat to
just 8.2% of energy (compared to 13.3% in the
participants’ usual diet), while the remainder of
fat intake consisted of MUFA and PUFA, mostly
from nuts and oils. While a traditional DASH
eating pattern focuses on achieving a daily intake
goal of certain food groups (fruit, vegetables,
grains, etc.), ensuring an even distribution of
macronutrients and fiber from meal to meal
is important for glycemic control in T1DM.
The DASH-D plan aimed to achieve the daily
DASH goals while distributing carbohydrate,
protein, fat, and fiber across the day in meals
and snacks. Figure 2 demonstrates that although
it was not feasible to make each meal identical
in composition, the meals and snacks were
more balanced in macronutrients as compared
to participants’ usual intake. As with any diet
recommendation, a person’s ability to comply
is a key consideration. Our results indicate that
adolescents with T1DM are able to comply
with DASH in both its traditional and modified
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versions. A review of DASH intervention studies
found overall poor compliance with the diet
[24], but few studies have monitored dietary
compliance with DASH in adolescents [11,25].
Saneei et al. studied metabolic syndrome factors
and monitored dietary compliance in a group of
adolescents following either a usual diet or a selfselected DASH diet for six weeks, in a crossover
design. The adolescents had good compliance
while following the DASH diet, as measured by
consumption of DASH-appropriate nutrients
and food groups as well as changes in serum
vitamin C levels between the two diets [25].
Another study conducting a 3-month DASH diet
intervention for hypertensive adolescents found
that participants were compliant with some
aspects of the DASH diet (fruit and vegetable
intake) but not with other aspects (participants
still maintained higher intake of fat and sweets
despite recommendations to minimize these)
[11]. In our study, the DASH foods were
provided to participants, and they were allowed
to choose their preferences amongst a variety
of meal and snack options. Also, the DASH-D
was similar to their usual diet in energy, fat, and
carbohydrate. All of these factors likely helped
promote compliance and should be considered
when designing a dietary pattern intervention
for adolescents. A recent meta-analysis identified
DASH as one of three dietary patterns that may be
effective in preventing type 2 diabetes [26]. The
American Heart Association (AHA) recommends
DASH as a healthy eating pattern to prevent
cardiovascular disease (CVD) [19]. The ADA
recommends individuals with diabetes practice
healthy meal planning and focus on overall eating
patterns rather than individual macronutrients,
yet it doesn’t specifically recommend the DASH
diet. Given the AHA’s recommendation and the
increased CVD risk for those with diabetes, it is
prudent to consider DASH as a viable meal pattern
for T1DM. Here, our research group suggests
modifications to further adapt DASH to a T1DMfriendly diet, like DASH-D. The daily macronutrient
and fiber distribution in DASH-D was consistent
with established nutrition standards and was well
tolerated. The DASH-D also achieved a moderate
fat intake (~30% of energy) by reducing saturated
fat and increasing fats from unsaturated sources, and
minimized added sugar intake.
Limitations
Our traditional DASH feeding study was planned
using ESHA Food Processor software, while the
DASH-D was developed using the Nutrition
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Data System for Research (NDSR). Nutrient
comparisons may have been affected due to
differences in database values and completeness.
For example, the version of ESHA used did
not provide “added sugar” values, so it was not
possible to compare this nutrient between the
two diets. Comparing food group servings was
even more problematic because the two nutrient
programs define each food group differently,
so the comparison provided here between
traditional DASH and DASH-D should be
interpreted with caution. The use of two databases
in the traditional DASH study also precluded
us from comparing usual intake (assessed with
NDSR) to DASH feeding study intake (assessed
with ESHA) in that trial. Another notable
limitation is the use of two distinct participant
groups in each study. If we had used the same
participants across both studies, this would have
strengthened our ability to draw conclusions
about feasibility and acceptability between the
two diets. Furthermore, the differences seen in
weight and BMI when comparing the two groups
are likely due to recruitment being sequential (i.e.
assignment to groups was non-random), and the
relatively small sample size in each. Both groups
fell within normal weight and BMI percentiles,
therefore we don’t expect that these differences
affected results. Finally, our recruitment pool
comprised adolescents being treated for T1DM at a
diabetes center of a large children’s hospital; results
may not be generalizable to other populations
including adults, or those with T2DM.
Conclusions
DASH is well-established as a healthy way to eat,
with known benefits for heart health. The DASH
eating pattern meets criteria recommended for
those with diabetes, and DASH-friendly foods
have been shown to be beneficial for controlling
blood glucose. Our study has further demonstrated
that the DASH diet can be modified to meet the
needs of the adolescent T1DM population. DASH
and DASH-D are prescriptive in nature, and this
simple approach can be recommended by dietitians
and taught to adolescents and others with T1DM.
Since health behaviors of children and adolescents
tend to follow them into adulthood, it is important
establish good eating habits especially for those who
will live with T1DM.
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