
ISSN 1758-1907Diabetes Manag (2017) 7(5), 383–391 383

RESEARCH ARTICLE Diabetes Management

1Department of Rehabilitation Exercise, and Nutritional Sciences, University of Cincinnati, USA 
2Division of Endocrinology, Cincinnati Children’s Hospital Medical Center, USA
3Clinical Translational Research Center, Cincinnati Children’s Hospital Medical Center (CCHMC), USA
*Author for correspondence: peairsal@ucmail.uc.edu

Effects of the dietary approaches to stop 
hypertension (DASH) diet on glucose 
variability in youth with Type 1 diabetes

Abigail D. Peairs*1, Amy S. Shah2, Suzanne Summer3, Melody Hess1 & Sarah C. Couch1

ABSTRACT

Objective: Glucose variability (GV) independently increases risk for vascular events in 
patients with diabetes. The Dietary Approaches to Stop Hypertension (DASH) dietary pattern 
emphasizes fruits, vegetables, whole grains, lean meats, and low fat dairy and has the potential 
to reduce postprandial blood glucose (BG) excursions, however, its effect on GV is not known. 
The purpose of this work was to assess feasibility and collect preliminary data on the efficacy 
of the DASH diet on GV in adolescents with type 1 diabetes (T1D). Methods: Twenty one 
adolescents recruited from the Diabetes Center of Cincinnati Children’s Hospital Medical 
Center with T1D (11-17y) participated in one of two phases of a controlled feeding study. The 
first phase tested the acceptability and blood glucose response to a traditional DASH diet 
(DASH) and the second phase tested a DASH diet specifically modified for diabetes (DASH-D) 
to improve glucose response to meals. For each phase, participants consumed first their usual 
diet, and then a controlled DASH diet while wearing continuous glucose monitoring (CGM) 
systems for 3 days of each diet. All foods were provided to the patients during the DASH dietary 
periods and 24 h dietary recalls were conducted during the usual diet periods to assess daily 
intake. Results: Sixteen participants (14.1 +/- 2.2y) were included in final analyses (DASH n=7, 
DASH-D n=9). Both DASH diets were significantly higher in fruits, vegetables, fiber, vitamin A, 
and % energy from protein than usual intakes. DASH was higher in carbohydrate (CHO) (60 vs. 
50%) and lower in fat (21 vs. 36%) than usual intake, resulting in higher GV (Standard Deviation 
and Lability Index) and more low BG excursions (3 ± 2.8 vs. 7.1 ± 3.3, p=0.024). DASH-D was 
modified to better match CHO and fat content of patients’ usual intakes in phase 1 (50/30/20 
for CHO/fat/pro respectively, which resulted in no difference in GV between DASH-D and 
usual intake. There were also trends for lower average BG (144.1 vs. 168.9, p=0.072) and less 
percentage of time spent in the hyperglycemic range (39.3 ± 25.5 vs. 54.1 ± 19.4, p=0.07) on 
DASH-D compared to usual intake. Conclusion: The DASH dietary pattern tended to result in 
less hyperglycemia and an overall lower BG compared to usual care. Modifying a traditional 
DASH diet by increasing heart healthy fats improves glycemic response to DASH and may be 
beneficial for long term cardiovascular benefits in youth with T1D.

Introduction

Adolescents with type 1 diabetes (T1D) 
frequently have suboptimal glycemic control, 
which deteriorates with increasing duration of 
the disease [1]. Large-scale epidemiologic and 
clinical data show average hemoglobin A1c 
(HbA1c) values between 8.5 and 9.0% [1-
3] while the American Diabetes Association’s 

practice guidelines recommend an A1c target 
of 7.5% or lower for adolescents with T1D [4]. 
While the HbA1c value is the primary indicator 
of diabetes control, glycemic variability (GV), 
or the degree and extent of postprandial surges 
and between meal drops in BG, also imparts 
risk. Notably, GV is associated with diabetic 
complications, such as coronary artery disease, 
retinopathy, and nephropathy [5,6]. It has even 
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been suggested that the root of macro and micro-
vascular complications in diabetes is oxidative 
stress induced by glucose variability [7]. In 
addition, poor glycemic control in T1D may 
lead to adverse cardiovascular consequences by 
chronic low grade inflammation associated with 
recurrent hyperglycemia [8].

Evidence-based recommendations from the 
American Diabetes Association (ADA) for youth 
with T1D incorporate specific needs for glycemic 
control and management of lipids, blood 
pressure and weight, along with nutrition needs 
to support healthful growth and development. 
Thus, guidelines on medical nutrition therapy 
(MNT) in T1D advocate a diet that includes 
carbohydrate (CHO) from fruits, vegetables, 
whole grains, legumes and low fat milk and is 
low in saturated fat (SFA) and cholesterol [9]. 
These nutritional guidelines closely align with 
the tenets of the Dietary Approaches to Stop 
Hypertension (DASH) diet which emphasizes 
the same food groups and promotes heart 
health, ideal for any group at increased risk for 
cardiovascular disease. 

The DASH diet is an eating plan that has been 
shown to reduce BP and presence of metabolic 
syndrome in other populations of youth at risk 
for future CVD (hypertensive and metabolic 
syndrome) [10,11]. It is likely that the DASH 
diet would also be beneficial for patients with 
diabetes. In fact, epidemiological data from the 
SEARCH for Diabetes in Youth Study show 
that among adolescents with T1D, those whose 
diets were closer to a DASH dietary pattern 
had lower odds of hypertension, better lipid 
profiles, and better glucose control than those 
diets less similar to DASH [12,13]. Further, a 
longitudinal analysis showed that an increase 
in DASH diet score was related to a decrease 
in HbA1c and blood pressure in youth with 
diabetes [14]. These studies indicate that the 
DASH diet may be beneficial as an approach to 
manage blood sugar as well as preventing longer 
term complications associated with diabetes. 

Reducing GV, which primarily reflects large 
swings in BG in the postprandial (after meal) 
state, has been associated with better glucose 
control overall as measured by HbA1c levels in 
T1D [15]. While many factors can influence GV, 
diet composition plays a key role in postprandial 
glucose surges as some dietary factors increase 
(e.g. sugars) while some reduce (e.g. fiber) the 
rate of glucose release into the bloodstream. 
The DASH diet contains CHO sources rich in 

fiber, fructose, and lactose, which tend to be 
lower “glycemic index” (GI) foods (the ability of 
a food to raise blood sugar levels). The DASH 
diet has the potential to reduce postprandial 
glucose responses and overall GV, and could 
thus prove useful as an eating plan for patients 
with diabetes. While several meta-analyses have 
reported that consuming diets with a lower GI 
may help to reduce postprandial hyperglycemia 
and improve glycemic control in patients with 
diabetes [16-18], the effects of the DASH diet 
on BG excursions in patients with diabetes are 
not known. Since the GV response to the DASH 
diet may influence the adherence and usefulness 
of the diet for youth with T1D, these short term 
controlled feeding studies were conducted to 
determine feasibility and acceptability of the diet 
and to collect preliminary data on the efficacy of 
the DASH diet on GV in adolescents with type 
1 diabetes.

Methods

 � Subjects 

Adolescents (aged 11-17 years) with T1D on 
continuous insulin infusion (CSII) therapy were 
recruited from the Diabetes Center at Cincinnati 
Children’s Hospital Medical Center (CCHMC) 
by direct mailings and follow-up phone calls. 
Patients were included if they were diagnosed 
with T1D for at least one year, on CSII for at 
least 6 months, taking insulin of at least 0.5 units/
kg/d, and had HbA1c level between 7-11%, and 
a body mass index <95th percentile. Patients were 
excluded for lactose intolerance, refusal to eat 
fruits and/or vegetables, extensive food allergies, 
taking medications that could impact appetite or 
BG, or having any other health condition known 
to influence BG levels or that required dietary 
restriction or modification. Based on these 
criteria, ten patients were enrolled in the first 
phase (DASH), and then eleven were enrolled in 
the second (DASH-D) phase. Written parental 
consent and child assent were obtained prior 
to any study procedures. Following consent, 
patients were further screened by checking 
current HbA1c levels and body weight and were 
excluded if HbA1c was >11% or BMI was >95th 
percentile.

 � Study design

We conducted two feeding studies sequentially 
in adolescents with T1D. The first (DASH) 
compared the glucose response of a traditional 
DASH diet to patients’ usual diets (TABLE 2). 
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Then, adjustments were made to the DASH 
diet to improve glucose control (DASH-D), 
new patients were recruited, and the same 
procedures were performed as in DASH and 
glucose response to DASH-D was compared 
to usual diets. All procedures took place in the 
Clinical Translational Research Center (CTRC) 
at CCHMC. For each study, patients visited the 
CTRC five times. The first visit was for consent, 
screening, and education on participating in 24 
h food recalls.  Then patients wore continuous 
glucose monitors (CGM) for three days while 
consuming first their usual diet and then for 
three days while consuming a controlled DASH 
diet thereby serving as their own control.  Usual 
dietary intake was based on the patients’ use of 
the typical CHO counting approach to diabetes 
management and assessed by daily 24h dietary 
recalls. During the controlled DASH diet periods, 
all DASH diet foods were provided to patients to 
ensure that the diet was properly followed and 
standardized across patients. Patients followed 
the prescribed diet for 2-3 days prior to having 
the CGM inserted to help familiarize them with 
the foods and the protocol that they were to 
follow while being monitored. The usual dietary 
periods were always monitored first, to prevent 
the controlled diets from influencing patients’ 
self-selected “usual” intake. The DASH diet 
foods were then provided to the patients the 
following week (or later). 

 � Laboratory studies 

A fingerstick was used to obtain a small amount 
of blood during the initial visit for immediate 
laboratory analysis of Hemoglobin A1c for 
screening purposes using a DCA analyzer 
(Siemens Analyzers DCA Vantage).

 � Height/weight 

Weight was determined with light clothing and 
without shoes, at each visit using a Scaletronix 
5002 scale (Welch-Allyn, Skaneateles Falls, 
NY) and height was measured during the first 
visit using a Harpenden wall-mount stadiometer 
(Holtain Ltd, Crymych, UK) in the CTRC by a 
trained member of the CTRC staff. 

 � Usual dietary intake assessment 

Dietary intake during the usual intake periods 
was assessed via dietary recall interviews 
conducted by the CTRC bionutrition staff using 
the USDA multiple-pass method [19,20]. The 
first recall interview was done in-person at the 
time of the initial study visit and the following 
3 dietary recalls were done by telephone during 

the usual diet CGM monitoring period with 
participants using 2-dimensional portion model 
handouts to assist them with estimating portion 
sizes. The 24-hour dietary recall multiple-pass 
interview method of estimating dietary intake 
has been validated in children against doubly-
labeled water [21] and weighed diet diaries 
[22]. Dietary intake data collected during 
telephone-administered dietary recall multiple-
pass interviews have been shown to be similar to 
data collected in-person [23,24]. Dietary recall 
interviews were analyzed using Nutrition Data 
System for Research software (NDSR, Nutrition 
Coordinating Center, Minneapolis, MN).

 � DASH diets and controlled feeding

The traditional DASH meal plans (phase 1) 
were developed based on the American Diabetes 
Association medical nutrition therapy (MNT) 
guidelines [25,26] for diabetes and the DASH 
for Teens Diet Manual [10]. In an attempt to 
improve glucose control, we then developed 
the DASH for Diabetes Diet (DASH-D) for 
the second phase by increasing the percentage 
of energy from fat on the DASH diet from 
20% up to 30% and utilizing a macronutrient 
distribution of 50% of calories from CHO/30% 
of calories from fat/20% of calories from 
protein, which still complies with the American 
Diabetes Association guidelines for diabetic 
meal planning [26,27] but more closely 
matched the macronutrient distribution of 
patients’ usual diets. All DASH and DASH-D 
meals were prepared in the CTRC Metabolic 
Research Kitchen by CTRC bionutrition staff. 
Participant menu preferences and energy (kcal) 
needs (to ensure weight maintenance) were used 
to calculate the appropriate nutrient and food 
group distribution in concordance with DASH 
recommendations. All foods were weighed for 
accurate portion size determination and five to six 
days of meals were provided to each participant 
along with CHO counts for foods/meals to ensure 
consistent insulin dosing. CHO counts were 
determined using ESHA (DASH) and NDSR 
(DASH-D) software programs and provided to 
the participants. For meals containing >5 g of 
fiber, the grams of fiber were removed from the 
total CHO count and patients were provided 
with the “available carbohydrates” for foods on 
which to base their insulin dosing before meals in 
an effort to prevent “over” provision of pre-meal 
insulin. Participants recorded the time in which 
they consumed each food item on the provided 
check-sheets and all food containers with any 
foods not consumed were returned along with 
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the intake check-sheets to assess diet compliance. 
Dietary non-compliance was considered if a 
patient consumed additional foods outside of the 
provided DASH foods, except in the case where 
a reasonable addition was needed to correct a low 
BG reading.

 � Blood Glucose (BG) monitoring 

Continuous glucose monitoring (CGM) systems: 
iPro and iPro2 systems (Medtronic) were used 
in these studies. The transmitter in these FDA-
approved devices continuously records readings 
from an interstitial sensor every 10 seconds and 
averages these values into 5 minute intervals. 
Patients wore CGMs while consuming 3 days of 
each diet. On the first day, the sensor was inserted 
by a trained nurse and patients were instructed 
to perform at least 4 self-BG checks each day 
before meals in order to retroactively calibrate 
the CGM. Also, as glucose readings were not 
visible on the CGM, participants continued 
their prescribed method of monitoring and 
treating BG during the studies. 

 � Measures of glycemic variability and 
postprandial glucose excursions 

Daily glucose variation values used in these 
studies include the standard deviation (SD), 
mean amplitude of glucose excursions (MAGE), 
percentage of time spent within, above (>140) 
and below (<70) the normal glucose range, and 
mean of daily differences (MODD), which are all 
well recognized measures of glycemic variability 
[28]. As this was an exploratory analysis, the 
lability index (LI; an average of how much BG 
values vary over a given time period) was also 
included. To standardize the time frame in which 
patients were analyzed for the glycemic variables 
calculated over more than one day, the 48 hours 
in the middle of the 3 day monitoring period was 
used for all patients. The period included was 6 
a.m. to 6 a.m., 48 hours later. Blood glucose 
excursions (hyper- or hypoglycemic episodes) 
were assessed across the entire monitoring period 
(approximately 72 h). Additional measures of 
glycemic control included BG levels at specific 
time points postprandial (every 30 minutes up 

to 4 h), the peak postprandial BG achieved, 
and time to reach peak BG. These postprandial 
assessments were averaged for each participant 
for each dietary period. 

 � Statistics

Differences between diets (DASH vs. usual 
care) within each phase were calculated using 
paired t-tests, with significance set at p<0.05. 
The characteristics of participants in DASH vs. 
DASH-D studies were compared by independent 
t-test. Data were analyzed using SPSS v20. 

Results

From the original 21 patients that participated 
in these studies, data from three patients were 
excluded from DASH and two from DASH-D 
due to CGM issues, (non-recording of data 
(n=1)), insulin pump malfunction (n=1), illness 
(fever, stomach virus, n=2), and dietary non-
compliance (n=1).

Characteristics of the participants included 
were similar for each study, except that BMI 
was slightly lower in the DASH1 vs. DASH-D 
study (TABLE 1). Overall, participants were 
highly compliant and the DASH diets were 
well tolerated. For example, in DASH-D, 
participants’ energy intake was within 5% of 
the prescribed diet and for those patients who 
needed to consume extraneous foods/beverages 
while on the DASH-D diet for treatment of 
low blood sugar (n=7), the average was only 77 
kcals/day. Overall, patients consumed the vast 
majority (87-98%) of food provided to them on 
DASH and DASH-D respectively (data reported 
elsewhere).

The plant based DASH diets both resulted in 
higher fruit and vegetable intake, and therefore 
higher fiber, vitamin A, and vitamin E and 
lower saturated fat intake than usual diets 
(TABLE 2). Of note, while both DASH diets 
were slightly higher in percentage of protein, 
DASH also had a higher percentage of energy 
from CHO than participants’ usual intake and 
was lower in fat (TABLE 2). As this difference 

Table 1. Demographics of participants in the two phases. SD = standard deviation, HbA1c = 
hemoglobin A1C, BMI = body mass index percentile, DASH phase = traditional DASH diet, DASH-D 
phase = DASH modified for Diabetes phase.

  Age
Mean ± SD

Gender 
(M,F) Height (cm) Weight (kg) BMI % HbA1c

Combined 14.1 ± 2.2 6,10 165.0 ±  8.5 59.5 ± 13.4 64.8 ± 26.7 8.8 ± 0.8

DASH phase 14.0 ± 2.4 3, 4 162.1 ± 7.9 52.74 ± 13.4 8.0 ± 24.4 9.0 ± 1.0

DASH-D phase 14.2 ± 2.1 3, 6 167.2 ± 8.0 64.8 ± 11.5 76.0 ± 22.9 8.7 ± 0.6
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in macronutrient distribution may influence 
GV, it was corrected in DASH-D to achieve a 
macronutrient composition more in line with 
usual intake by significantly increasing levels of 
unsaturated fats including nuts/seeds in the diet. 
Patients consuming DASH-D also had higher 
magnesium, potassium, and vitamin C and lower 
sodium intake compared to their usual diets. 

 � Glycemic variability measures

Since there is no gold standard for reporting 
glycemic variability, and this was a preliminary 
analysis, we included several measures of GV 
to explore which would be most responsive 
to dietary change. Two measures of glycemic 
variability (Standard Deviation, SD and lability 
index, LI) were significantly higher on DASH 
compared to when participants consumed 
their usual diet (TABLE 3). This was due to 
participants having more low glucose excursions 
(p=0.024) and tending to spend more time with 
BG <70 mg/dL (p=0.065) while on DASH 
compared to their usual diets (FIGURES 1 & 
2). Although there was also 20% less time spent 
in the hyperglycemic range on DASH compared 
to usual diet, this difference was not statistically 
significant (p=0.136).

While there was a trend (p=0.072) for participants 
to have a lower overall BG level (23% lower) 
when consuming DASH-D compared to their 

usual diets, the measures of glycemic variability 
did not differ (TABLE 3). Again, participants 
tended to spend less time in the hyperglycemic 
range (30%) while on DASH-D (p=0.07) 
compared to usual diet (FIGURE 2). There was 
no difference in average peak BG achieved during 
the 4 hour postprandial period between DASH 
and usual diet, and the only time point that was 
different during this period was at 180 minutes 
postprandial where patients had lower BG on 
DASH than their usual diet. Likewise, in phase 2 
when patients consumed DASH-D, the average 
postprandial BG and peak BG were similar to 
the usual diet except at 120 minutes postprandial 
where they had lower BG on DASH-D than the 
usual diet. 

Discussion

Hyperglycemia and increased glycemic 
variability have been determined to be risk 
factors of adverse cardiovascular events in TID 
[29]. The present study is the first to directly 
evaluate the effect of a DASH dietary pattern on 
blood glucose control and glycemic variability in 
adolescents with T1D. In this controlled feeding 
study, we showed that adherence to a traditional 
DASH diet tended to lower blood glucose levels 
more than usual intake in adolescents with T1D. 
With the addition of healthy fats at the expense 
of CHO, we showed that glycemic variability 

Table 2. Nutrient intake comparisons for each phase of the study. Each DASH diet was compared to 
the corresponding usual dietary intake for patients during each phase.  DASH= traditional DASH diet, 
DASH-D= DASH for Diabetes Diet, Usual = patients’ self-selected dietary intake. Data were analyzed by 
paired t-tests. *p<0.05 considered significant difference between the DASH (or DASH-D) diet and the 
usual diet in the same phase.

Usual DASH p-value Usual DASH-D p-value
Energy (kcals) 2273 1956 0.118 2142 1973 0.579

Carbohydrate  grams 283 297 0.558 276 255 0.531
Carbohydrate  as % of energy 50 60 0.003* 52 52 0.998

Fat grams 91 46 0.003* 87 68 0.235
Fat as % of energy 36 21 0.000* 36 31 0.08

Protein grams 87 100 0.115 77 104 0.064
Protein as % of energy 15 21 0.001* 15 21 <0.001*

Monounsaturated fat grams 31.8 13.3 0.001* 28.7 28.9 0.85
Polyunsaturated fat grams 19.5 7.5 0.024* 19.6 15.1 0.269

Saturated fat grams 39.7 25.1 0.01* 39.6 24.1 0.03*
Fiber grams 20.3 29.1 0.035* 15.4 29.8 0.002*

Micronutrients (mg/1000kcals)
Total Calcium (mg) 537.0 651.3 0.051 558.6 672.9 0.213

Total Potassium (mg) 1105.4 1186.4 0.442 1091.3 1622.5 0.002*
Total Sodium (mg) 1606.5 1668.6 0.586 1558.0 1311.7 0.008*

Total Magnesium (mg) 130.9 114.7 0.207 131.9 214.4 <0.001*
Total Vitamin A (IU) 3212.6 8430.5 0.001* 2973.6 6990.9 0.003*

Total Vitamin C (mg) 48.7 47.8 0.96 25.5 45.9 0.02*
Total Vitamin E (mg) 4.1 2.4 0.034* 3.8 7.1 0.003*
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Table 3.  Glycemic variability measures obtained by continuous glucose monitoring. SD=the 
standard deviation, MAGE=mean amplitude of glucose excursions, MODD=mean of daily differences, 
LI=lability index. *p<0.05 considered significant. To standardize the time frame in which patients were 
analyzed for the glycemic variables calculated over more than one day, the 48 hours in the middle of 
the 3 day monitoring period was used for all patients.  The period included was 6 a.m. to 6 a.m., 48 
hours later. Glucose variability was higher on DASH than usual diet in phase 1 according to SD and LI 
measures. The average BG tended to be lower (p=0.072) on DASH-D than usual diet during phase 2.

Diet Mean Stdev Conga LI MODD MAGE

Usual 180.1 73.0 173.0 55.5 87.1 124.2

DASH 173.7 86.2 170.5 73.3 106.8 143.7

p-value 0.598 0.039* 0.831 0.044* 0.113 0.574

Diet Mean Stdev Conga LI MODD MAGE

Usual 168.86 70.158 162.78 58.7 75.22 -1885

DASH-D 144.11 61.354 140.11 41.5 67.394 -1925.5

p-value 0.072 0.454 0.125 0.302 0.525 0.990

Figure 1. Average number of low (<70 mg/dL) and high (>140 mg/dL) blood glucose excursions on 
each diet.  There were significantly  more low glucose excursions on DASH (3.0 ± 2.8) compared to usual 
diet (7.1 ± 3.3) in phase 1 (p=0.024).

Figure 2. Percentage of time spent in high (>140 mg/dl) vs. Low (<70 mg/dl) blood glucose (BG) 
ranges over the entire 72 h continuous glucose monitoring period of each dietary phase and 
period. There were trends for more time spent in the low BG range on DASH compared to usual diet (4.4 
± 4.8% vs 11.6 ± 8.9%, p= 0.065), and for less time spent in the high BG range on DASH-D compared to 
usual diet2 (39.3 ± 25.5% vs 54.1 ± 19.4%, p = 0.07).
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was also lowered compared to the traditional 
DASH diet. As cardiovascular events are more 
common and occur earlier in patients with 
T1D [30,31] and atherosclerosis and vascular 
dysfunction begin in childhood, it is imperative 
to find strategies to reduce CV risk factors before 
complications develop. Based on findings from 
the present investigation, a DASH dietary pattern 
may improve glycemic control and thereby lower 
CVD risk in an at risk population. 

The first DASH diet we tested was directly in 
line with the food serving recommendations of 
the traditional DASH diet e.g., high in fruits, 
vegetables and low fat dairy foods, moderate in 
protein, and relatively low in fat. This resulted 
in a macronutrient distribution that was much 
different than patients’ usual intake and the 
metabolic response to this diet in youth with T1D 
was an increase in SD, which is considered one of 
the most useful measures of GV [32]. Given that 
oscillations in blood glucose correlate strongly 
with oxidative stress and endothelial dysfunction 
[33] and the SD over a period of time reflects this 
occurrence, an increase in SD was not considered 
a favorable response. Therefore, the traditional 
DASH diet was reformulated to create the 
DASH for Diabetes Diet (DASH-D). DASH-D 
was closer in macronutrient distribution to 
patients’ usual diets yet still compliant with the 
ADA guidelines for diabetic meal planning. The 
amounts of mono- and polyunsaturated fats 
were increased, and not saturated fats, in order to 
maintain the heart-healthy characteristics of the 
DASH diet. DASH-D was acceptable to patients 
(even greater compliance) and no difference was 
found in measures of GV between DASH-D 
and usual care. Further, when compared across 
trials, DASH-D resulted in significantly less GV 
than the traditional DASH diet suggesting that 
DASH-D may be cardioprotective in adolescents 
with T1D.

The DASH diets were very different in 
composition than the usual dietary intake 
of adolescents in our study, which was not 
surprising. While medical nutrition therapy 
for T1D advocates a diet that includes CHO 
from fruits, vegetables, whole grains, legumes 
and low fat milk and is low in saturated 
fat and cholesterol [25] dietary intake data 
from the large epidemiological SEARCH for 
Diabetes in Youth Study paints a very different 
picture. In this study, it was shown that fewer 
than 20% of youth with diabetes met ADA 
recommendations for fruit, vegetable and whole 
grain consumption. In addition, over 90% were 

above recommended saturated fat goals and less 
than 10% met the fiber recommended levels 
[34,35] Since high saturated fat is associated 
with suboptimal HbA1c and therefore CVD risk 
[29-36], the identification of dietary patterns 
that acutely improve BG responses and have 
long term favorable effects on cardiovascular 
health in youth with T1D is clearly warranted. 
While originally intended and now well accepted 
for reducing HTN and CVD risk [37] the 
DASH diet may also be beneficial as an approach 
to help adolescents increase compliance with 
ADA nutrition recommendations, improve 
glucose control, and prevent longer term CV 
complications associated with T1D.

Based on the frequency of hypoglycemic 
episodes when consuming the DASH diet, 
small adjustments in insulin may be necessary 
in youth with T1D when following this diet. 
Diets high in complex CHO with fiber from 
fruits, vegetables, and whole grains appear to 
lower BG, likely because only half (at most) 
of dietary fiber is metabolized to glucose [38]. 
Thus, high fiber meals raise BG to a lower 
extent and may therefore require less insulin 
to promote clearance. Similar to our results, a 
previous study in youth with T1D consuming 
low glycemic meals (higher in fiber and similar 
in composition to the DASH diet) reported 
a greater frequency of mild hypoglycemia 
[39]. Further, a short term continuous 
glucose monitoring study of adolescents with 
T1D recently showed that out of all dietary 
components, soluble fiber and protein were 
positively associated with hypoglycemic 
events [40]. This could be problematic for 
dietary adherence in this population as fear of 
hypoglycemia is prevalent and reports indicate 
that many patients with T1D would sacrifice 
optimal glucose control in order to avoid 
feeling the negative effects of low blood sugar 
[41,42]. Thus, although current CHO counting 
guidelines for adolescents with T1D are without 
regard to the “type” of CHO consumed and do 
not recommend any adjustment for fiber, it 
appears prudent for practitioners to monitor 
BG in patients making dietary changes that 
involve including more fruits, vegetables, and 
whole grains as adjustments to their insulin 
dosing regimen may be necessary. The addition 
of unsaturated dietary fat in exchange for 
carbohydrate in DASH-D remediated the 
frequency of mild hypoglycemic episodes to 
some extent, although there may be further 
room for improvement.
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Our data support the fact that DASH diets 
can be effective in lowering blood glucose in 
adolescents with T1D, although our studies 
also indicate that BG monitoring is advised and 
individualized adjustments to insulin dosing may 
be necessary in order to prevent episodes of mild 
hypoglycemia. While important, the DASH diet 
has other advantages for cardiovascular health in 
diabetes in addition to its effects on blood glucose. 
It is prescriptive in nature and straightforward to 
implement with daily food group goals. Clinic-
based approaches to educating adolescents with 
T1D to follow DASH-D on their own and best 
strategies for insulin dosing adjustments when 
consuming a diet naturally rich in fiber and low 
in added sugars are warranted.

 � Strengths

We utilized a controlled feeding study design 
and by providing all of the DASH foods for 
patients, we were able to optimize compliance to 
the diet in a free living situation. Also, using the 
continuous glucose monitoring systems allowed 
us to obtain a broader view of the BG responses 
to the diets. We were able to gather both short 
term and long term (over the 72 h) postprandial 
data, which enabled us to observe the carryover 
effects of the diet on BG during the overnight 
fasting hours. 

 � Limitations

These were small pilot studies with relatively few 
subjects that were not powered to detect small 
differences between treatments or differences by 
age and sex. We acknowledge that having a small 
sample size may have resulted in a wider than 
usual variability in responses to the diet. We also 
did not interfere with the patients’ usual methods 
of treating low BG events. Perhaps, we could have 
required only “DASH” appropriate foods/drinks 
for treatment of hypoglycemia, however, this was 

not feasible with this population in the at home 
setting. As patients were free living, we were unable 
to monitor or completely control their intake. 
However, overall, patients were very compliant 
and reported enjoying the experience of having 
foods provided to them and learning new ways to 
incorporate fruits and vegetables into the diet. 

Conclusions

The modified DASH diet was well received by 
adolescents with T1D and appears to lower 
overall BG and minimize high BG excursions, 
which may have long term cardiovascular 
benefits. These preliminary results are promising 
and provide valuable information regarding the 
usefulness of DASH for adolescents with T1D. 
However, further research is needed to investigate 
the impact of specific dietary components on 
blood glucose in order to reduce the potential 
for low glucose excursions.
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