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OBJECTIVE — To investigate the association between dietary adherence and glycemic con-
trol among youth with type 1 diabetes.

RESEARCH DESIGN AND METHODS — We conducted a cross-sectional analysis of
119 youth aged 9–14 years (mean � SD 12.1 � 1.6 years) with diabetes duration �1 year (5.4 �
3.1 years). Dietary adherence was assessed using the Diabetes Self-Management Profile diet
domain. Higher score defined greater dietary adherence. Glycemic control was determined by
A1C.

RESULTS — Dietary adherence score was inversely correlated with A1C (r � �0.36, P �
0.0001). In a multivariate model (R2 � 0.34, P � 0.0001), dietary adherence (P � 0.004), pump
use (P � 0.03), and caregiver education (P � 0.01) were associated with A1C. A1C of youth in
the lowest (9.0%) tertile of diet score was higher than A1C of youth in the middle (8.1%, P �
0.004) and upper (8.4%, P � 0.06) tertiles. Dietary adherence uniquely explained 8% of the
variance in A1C in the model.

CONCLUSIONS — Greater dietary adherence was associated with lower A1C among youth
with type 1 diabetes.
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D ata for youth with type 1 diabetes
demonstrate a gap between attained
glycemic control and age-specific

goals (1–3). With intensive insulin ther-
apy, dietary behaviors become central to
optimizing glycemic control. Studies have
shown that greater dietary adherence im-
proves glycemic control among adults
with type 1 diabetes (4,5). In this study,
we investigated the relationship between
dietary adherence and glycemic control in
youth with type 1 diabetes.

RESEARCH DESIGN AND
METHODS — Families (n � 119)
with type 1 diabetes participating in the
Family Management of Childhood Diabe-
tes pilot study provided data on dietary

adherence. The ethics committees of the
participating centers approved the proto-
col, and participants provided written in-
formed consent.

Eligible youth were aged 9–14 years
with type 1 diabetes for �1 year, daily
insulin dose �0.5 units/kg, and A1C
�13%. Demographic and diabetes-
specific data included child age, sex,
height, weight, blood glucose monitoring
(BGM) frequency, and insulin regimen.
A1C was measured centrally (reference
range 4–6%).

Participants completed the Diabetes
Self-Management Profile (DSMP), a 25-
item structured interview that assesses
adherence to diabetes self-management
(6,7). Parents (n � 119) and youth �11

years old (n � 81) completed the DSMP.
Adherence to diabetes-specific dietary be-
haviors was assessed with the six-item
DSMP diet subscale. Diet scores could
range from 0 to 17 points, with higher
scores reflecting greater dietary adher-
ence. A previous study demonstrated a
significant inverse relationship between
diet score and A1C (6).

Parametric and nonparametric analy-
ses were performed with SAS version 8.2
(SAS Institute, Cary, NC) using � � 0.05
to determine significance.

RESULTS — Mean � SD A1C was
8.4 � 1.3%; 37% of youth had A1C
�8%. Mean parent diet score was 10.8 �
3.5 (range 2–17). Parent diet score was
correlated with A1C (r � �0.36, P �
0.0001). Youth were grouped into tertiles
by parent diet score; youth characteristics
by tertile are shown in Table 1. Mean A1C
of youth in the lowest tertile was 0.9%
higher than that of youth in the upper two
tertiles (P � 0.0001). BGM frequency was
lowest among youth in the lowest tertile
of dietary adherence (P � 0.004).

Mean youth diet score was 11.3 � 3.3
(range 4–17), and youth diet score corre-
lated positively with parent diet score
(r � 0.41, P � 0.0001). Youth diet score
was not correlated with A1C. However,
we identified seven outliers with A1C
�10% reporting high dietary adherence
whose parents reported low adherence.
These youth had high daily insulin doses
(1.2 � 0.4 units/kg) on injection therapy.
Excluding these youth, parent (n � 112)
and child (n � 74) diet scores were sig-
nificantly correlated (r � 0.44, P �
0.0001), and both parent (r � �0.24,
P � 0.04) and child (r � �0.36, P �
0.002) diet scores were associated with
youth A1C.

In addition to dietary adherence,
more frequent BGM (P � 0.002), insulin
pump use (P � 0.0006), younger age
(P � 0.03), and higher parent education
(P � 0.005) were associated with lower
A1C. To determine the unique contribu-
tion of dietary adherence to glycemic con-
trol, we performed a multivariate analysis
adjusting for age, sex, BGM frequency,
daily insulin dose, pump use, and parent
education. In a significant model (R2 �
0.34, P � 0.0001), higher parent diet
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score (P � 0.004), insulin pump use (P �
0.03), and higher parent education (P �
0.01) were significantly associated with
lower A1C. Youth in the lowest tertile of
parent diet score had higher adjusted
mean A1C (9.0%) than youth in the mid-
dle (8.1%, P � 0.004) and upper (8.4%,
P � 0.06) tertiles. Dietary adherence
uniquely explained 8% of the variance in
A1C in this model.

CONCLUSIONS — The DSMP diet
domain assesses dietary adherence
among youth with type 1 diabetes. Parent
report of dietary adherence may be more
valid for youth with high A1C. In our
sample of youth aged 9–14 years, the
A1C of youth in the lowest tertile of par-

ent-reported dietary adherence was 0.6–
0.9% higher than the A1C of youth in the
upper two tertiles. This suggests that
lower A1C values may be achieved in
youth with type 1 diabetes whose families
attain a threshold of dietary adherence.
Indeed, dietary adherence uniquely ex-
plained 8% of the variance in A1C in our
sample.

Youth in the highest tertile of dietary
adherence were twice as likely to use
pump therapy than youth in the lower
two tertiles. In addition, these youth also
monitored blood glucose more fre-
quently. This may relate to the focus on
nutrition and BGM during the pump im-
plementation process or the selection of
patients for pump therapy who demon-

strate adequate adherence (8,9). Alterna-
tively, youth using pumps may be more
attentive to dietary and BGM behaviors
because they need to administer insulin
throughout the day.

We also explored the relationship be-
tween injection therapy and dietary ad-
herence. For youth treated with three or
fewer injections daily (n � 55), dietary
adherence was significantly associated
with A1C (P � 0.0002). In this group,
youth in the lowest tertile of dietary ad-
herence had a mean A1C of 9.6% com-
pared with 8.1% for youth in the middle
(P � 0.0009) and 8.0% for youth in the
upper tertile (P � 0.002) of dietary adher-
ence. This finding suggests that dietary
adherence may be particularly important

Table 1—Characteristics of youth with type 1 diabetes by level of dietary adherence

Lowest Middle Highest Overall

n 41 (34) 39 (33) 39 (33) 119
Age (years) 12.2 � 1.6 12.4 � 1.7 11.8 � 1.5 12.1 � 1.6
Female sex 24 (59) 14 (36) 21 (54) 59 (50)
BMI (Z score) 0.5 � 0.6 0.8 � 0.7 0.8 � 1.0 0.7 � 0.8
Family structure

Two-parent household 30 (75) 33 (85) 36 (92) 99 (83)
One-parent household 10 (25) 6 (15) 3 (8) 19 (17)

Race/ethnicity
White 25 (63) 29 (74) 31 (80) 85 (72)
Black 9 (22) 3 (8) 2 (5) 14 (12)
Hispanic 4 (10) 4 (10) 2 (5) 10 (9)
Other 2 (5) 3 (8) 4 (10) 9 (7)

Annual income
�$100,000 12 (31) 13 (35) 16 (44) 41 (37)
$50,000 to $100,000 15 (38) 16 (43) 15 (42) 46 (41)
$30,000 to $50,000 3 (8) 3 (8) 5 (14) 11 (10)
�$30,000 9 (23) 5 (14) 0 (0) 14 (12)

Caregiver educational level
Graduate school 6 (15) 4 (10) 6 (16) 16 (13)
College or associate degree 15 (39) 16 (41) 21 (55) 52 (45)
High school or GED 16 (41) 18 (46) 11 (29) 45 (39)
Less than high school 2 (5) 1 (3) 0 (0) 3 (3)

Insulin dose (units � kg�1 � day�1) 1.0 � 0.3 1.0 � 0.3 1.0 � 0.3 1.0 � 0.3
Insulin delivery

Insulin pump 11 (27) 9 (24) 18 (46) 38 (32)
�4 injections/day 6 (14) 11 (29) 9 (23) 26 (22)
3 injections/day 11 (27) 14 (37) 7 (18) 32 (27)
�2 injections/day 13 (32) 4 (10) 5 (13) 22 (19)

BGM frequency*
�5/day 6 (15) 12 (31) 18 (46) 36 (30)
3–5/day 25 (61) 24 (61) 19 (49) 68 (57)
�3/day 10 (24) 3 (8) 2 (5) 15 (13)

A1C level (%)*
Unadjusted 9.1 � 1.4†‡ 8.2 � 1.1† 8.0 � 1.1‡ 8.4 � 1.3
Adjusted§ 9.0 � 2.0§¶ 8.1 � 2.0§ 8.4 � 2.1¶ —

Data are means � SD or n (%). §Adjusted for age, sex, BGM frequency, daily insulin dose, pump use, parent education. *P � 0.05 based on �2 (categorical) or ANOVA
(continuous), comparing differences across three levels of dietary adherence. †P � 0.003; ‡P � 0.0001; §P � 0.004; ¶P � 0.06. GED, General Education
Development.
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for youth on fixed insulin regimens, who
have less opportunity for insulin adjust-
ment, to manage postprandial glucose
excursions.

One limitation to this analysis is its
cross-sectional design, which limits our
ability to establish causal relationships be-
tween dietary adherence and A1C. The
study is strengthened by the ethnic and
racial diversity of the study sample. Addi-
tional studies are needed to replicate the
unique contribution of dietary adherence
to glycemic control in other pediatric
populations. These studies may include
broader age ranges, as dietary patterns
and family involvement change from
childhood to older adolescence.

Dietary adherence may represent an
important modifiable factor in the treat-
ment of youth with type 1 diabetes. In this
era of intensive management, future inter-
ventions aimed at increasing diabetes-
specific dietary adherence may improve
glycemic control in this population.
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