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Abstract

Aims/hypothesis We studied dietary factors and their
association with blood glucose control in type 1 diabetic
children and adolescents using intensive insulin treatment.
Materials and methods A total of 550 children and
adolescents with type 1 diabetes mellitus (age 2—19 years)
recorded their diet for 4 days in pre-coded food diaries. Of
the study group, 34% used insulin pumps, 43% used four or
more injections and 16% three injections per day. HbA,.
was related to targets of optimal blood glucose control
defined by the International Society for Pediatric and
Adolescent Diabetes (ISPAD).

Results Adolescents with optimal glucose control (HbA
<7.5%) had a lower intake of added sugar (7.7 vs 9.1% of
energy intake, p=0.004), a higher intake of fibre (19.3 vs
17.0 g/day, p=0.01) and a higher intake of fruits and
vegetables (257 vs 227 g/day, p=0.04) than those with
suboptimal metabolic control (HbA;. >7.5%). Multiple
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regression analysis in adolescents showed that fibre and
meal pattern were significantly associated with blood
glucose control (effect fibre intake=—0.02, p=0.04, effect
having breakfast regularly=—0.89, p=0.009). In children
meal pattern was associated with blood glucose control
(effect having dinner regularly=-0.66, p=0.02, effect
having supper regularly=—0.78, p=0.03).
Conclusions/interpretation In diabetic adolescents both
intake of fibre and having a regular meal pattern are
associated with blood glucose control. Lower intake of
added sugar and sugar-sweetened soft drinks and higher
intake of fruits and vegetables are observed among those
with optimal compared with those with suboptimal blood
glucose control. Dietary guidance should be intensified
during adolescence to improve dietary intake and blood
glucose control.

Keywords Added sugar- Adolescents - Blood glucose
control - Child - Diet - Fibre - HbA . - Intensive insulin
treatment - Meal pattern - Type 1 diabetes

Abbreviation
NCDQ The Norwegian Childhood Diabetes and Quality
project

Introduction

Poor blood glucose control is frequently reported in
diabetic children and adolescents [1-5]. Several studies
have explored predictors of blood glucose control [2, 6-9],
and several factors have been identified, e.g. age [2], insulin
dosage [7, 8], diabetes duration [7] and number of clinical
visits [8, 9]. However, few studies have looked in detail at
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dietary intake and its effects on blood glucose control in
children and adolescents [1, 4, 10, 11]; moreover, those that
have done so had small sample sizes [1, 4, 11].

A more flexible meal pattern is possible in parallel with the
introduction of more intensified insulin regimens. At the
same time, dietary recommendations for children and
adolescents have changed considerably since the 1980s.
Recommendations now favour the intake of more carbohy-
drate and less protein and fat [12]. The intake of carbohy-
drate is recommended to consist of whole grain foods, fruits
and vegetables, with no more than 10% of energy intake
from added sugar [12]. Furthermore diabetic patients are
recommended to eat a high fibre diet to facilitate control of
blood glucose [12]. Several studies have demonstrated that
intensive insulin treatment both delays the onset and slows
the progression of microvascular [13—16] and macrovascular
complications [16, 17]. Thus, addressing and outlining risk
factors for poor blood glucose control might have a large
impact on diabetes-related complications. Our hypothesis
was that a high intake of fibre, low intake of added sugar
and a regular meal pattern would all help improve HbA . in
children and adolescents with type 1 diabetes.

Materials and methods

Participants The participants were recruited from partic-
ipants in the Norwegian Childhood Diabetes and Quality
project (NCDQ) [18]. This is a prospective population-
based study for research and quality improvement by means
of benchmarking, and includes all children and adolescents
with type 1 diabetes mellitus in Norway, taken from 24 of
25 Norwegian Paediatric Departments. The classification of
type 1 diabetes mellitus is made by measurements of auto-
antibodies (insulin, GAD, protein tyrosine phosphatase) and
C-peptide at diagnosis. Children with type 2 diabetes
mellitus were not included.

Participants were recruited in 2004 and 2005. The number
of NCDQ project participants in 2004 and 2005 was 1,417
and 1,655 respectively. The total number of participants over
these 2 years was 1935. Of these, 658 children and
adolescents recorded their diet for 4 days, 457 in 2004 and
201 in 2005. This gives a participation rate of 34%. Three
participants were excluded because they participated both
years (2005 data excluded). For 550 of the 655 participants,
data were available on centralised measurement of HbA;,
from the NCDQ project for the year they recorded their
diet. This was therefore the number included in the present
analyses.

The dietary data collection was carried out from January to
April 2004 and 2005 and is described in detail elsewhere [19].
Written information and food diaries were sent to the
participants and they were told to record their diet for three

specific weekdays and one specific weekend day. All
participants were either asked to start recording on the next
Sunday or Wednesday. On the second day of recording they
were phoned by a nutritionist to encourage them to finish the
study. The time for the dietary study was chosen to coincide
as closely as possible with the time of yearly visit for NCDQ
project. The median time difference from the clinical visit to
the time when recording started was 2 weeks. Ninety per cent
of the participants recorded their diet within 2 weeks before
or 2 weeks after the clinical visit and HbA;, measurement.

The study protocols were approved by the National
Committee for Research Ethics in Norway and the
Norwegian Social Science Data Services. Informed consent
was obtained from the parents and from the participants
who were older than 12 years of age.

Questionnaires Participants filled in a questionnaire, which
included questions on meal frequency (missing values=5%)
and parents’ education (missing values=14%) (for further
details see [20]). The meal frequency variable was recoded,
and having breakfast, dinner and supper regularly was defined
as having the meal more than five times a week. Information
on BMI (missing=1%), insulin dose per kg body weight
(missing values=30%), diabetes duration (missing values=
12%), insulin regimen (missing values=6%) was obtained
from the case record forms used in the NCDQ project. To
estimate the prevalence of overweight, the international cut-
off points for BMI (kg/m?) for overweight were used [21].
Intensive insulin treatment was defined as using an insulin
pump or needing three or more injections per day, but some
patients may have used one to two injections per day during
the early phase of the disease (remission period).

HbA ;. We determined HbA . by an HPLC method (Variant;
BioRad, Richmond, CA, USA) standardised in line with The
Diabetes Control and Complication Trial recommendations
[22]. All samples were sent to the same central laboratory at
Aker University Hospital, Oslo. Normal reference was 4.1%
to 6.4% (2 SD) and intra-assay CV was <3%. Optimal blood
glucose control was defined as having HbA ;. <7.5% and
suboptimal control as having HbA,. >7.5%. These targets
of optimal blood glucose control have been defined by the
International Society for Pediatric and Adolescent Diabetes
(ISPAD) [23] to reduce the risk of cardiovascular disease
and microvascular complications.

Food diary The participants recorded their food intake for
four consecutive days, in food diaries. The diary has lists of
277 drinks, food items and dishes grouped together
according to a typical Norwegian diet. Food amounts are
presented in predefined household units or as portions
estimated from pictures in a photographic booklet [24] (for
further details see [19]). The food diary and the photo-
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graphic booklet have been validated [24-26]. Validation of
the food diary among 9-year-olds showed that there were
no significant differences in energy intakes on different
recording days. However, when comparing under-reporters
and actual reporters, under-reporters had a significantly
lower energy intake for the last 2 days of the recording
period than did actual reporters [26].

Calculations of dietary intake The data entry was made by
scanning, using Teleform program 6.0 and 8.1 (Datascan,
Oslo, Norway). Daily intake of foods, energy and nutrients
were computed using a food database and software system
developed at the Department of Nutrition, University of Oslo
(for further details see [19]). When the term added sugar is
used it refers to refined or industrially produced sugar (not
including naturally occurring mono- and disaccharides) used
as an ingredient in processed or prepared food. Furthermore,
day-to-day variation in nutrient intake is presented and
expressed as the CV (CV=SDx100/mean) [27].

Statistical analysis Demographic and clinical data and
nutrient intakes are presented as means with SDs for those

Table 1 Characteristics of participants

with optimal and suboptimal blood glucose control (Table 1).
The data for all analyses are separated into two age
groups: children (2-10 years old) and adolescents (11—
19 years old). This grouping was chosen to separate the
pubertal from the pre-pubertal participants. Ninety-three
per cent of the children were at stage 1 in Tanner’s
puberty score, while eight children were at stage 2 and
one at stage 3. Intake of foods and drinks is presented as
medians with first and third quartile (Q1, Q3). When
comparing continuous variables Student’s ¢ test was used
for normally distributed data and Mann—Whitney U test for
not normally distributed data. The y” test was used to
compare different HbA,. groups regarding overweight,
insulin regimen, parents’ education and meal frequencies.
Simple and multiple linear regression analyses were used to
study possible factors associated with HbA,.. All macro-
nutrients, relevant clinical variables and puberty, and
diabetes duration were tested in the unadjusted analysis,
while only variables with p<0.1 were presented and
included in the multivariate analysis. Sex and mothers’
education were included even when p>0.1, only for
adjustment in the multivariate analysis. Data on insulin

All patients

2- to 10-year-olds according

11- to 19-year-olds according

(n=550) to HbA to HbA

<7.5% >7.5% p value  <7.5% >7.5% p value

(n=105) (n=98) (n=121) (n=226)
Age (years)* 11.3 (3.4) 7.7 (2.0) 7.6 (2.2) 0.92 133(1.9) 13.6(1.9) 0.15
Male sex (%)° 48.2 448 439 0.90 57.0 46.9 0.07
Diabetes duration (years)” 3.8 (3.1) 2.5 (2.0) 2.4 (1.9) 0.87 34 (3.5 523.2) <0.001
Puberty stage (Tanner)” 2.5 (1.6) 1.1 (0.5) 1.1 (0.3) 0.43 3.1(1.5) 33(1.4) 0.38
HbA,. (%)* 7.9 (1.1) 7.0 (0.5) 8.3 (0.6) <0.001 6.8 (0.6) 8.7 (1.0) <0.001
Hypoglycaemic incidents in previous month, 7 (%)®¢ 51 (9) 10 (10) 13 (14) 0.45 16 (14) 12 (6) 0.01
Clinical visits per year (n)* 4.0 (1.8) 4.1 (1.6) 4.0 (1.4) 0.59 3.9 (1.5) 4.1 (2.1) 0.22
Insulin dose (U/kg body weight) * 0.9 (0.3) 0.8 (0.4) 0.8 (0.3) 0.60 0.8 (0.3) 1.0 (0.3) <0.001
Insulin regimen®
One to two injections per day, n (%) 40 (7) 11 (11) 44 7 (6) 4(2)
Three injections per day, n (%) 84 (16) 20 (20) 27 (30) 16 (14) 21 (10)
Four or more injections per day, n (%) 230 (43) 34 (34) 33 (36) 60 (53) 103 (49)
Insulin pump, 7 (%) 184 (34) 36 (36) 27 (30) 0.16 30 (27) 84 (40) 0.03
BMI (kg/m?)* 19.8 (3.8) 17.8 (2.3) 18.0(3.6) 0.52 20.6 3.7) 21.2(3.8) 0.21
Overweight, n (%)° 158 (29) 30 (29) 29 (30) 0.80 32 (27) 67 (30) 0.53
Mother’s education, n (%)b
Low (<12 years) 280 (51) 53 (53) 42 (49) 0.63 56 (53) 129 (65) 0.06
High (>12 years) 210 (38) 47 (47) 43 (51) 49 (47) 71 (36)
Father’s education, n (%)"
Low (<12 years) 284 (52) 54 (57) 52 (62) 0.49 58 (56) 120 (63) 0.25
High (>12 years) 188 (34) 41 (43) 32 (38) 45 (44) 70 37)

Values are mean (SD) or proportions 7 (%)

# Two-sample ¢ test

°\? test

“Hypoglycaemia needing help from other persons
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dose and body weight insulin per kg were missing for 30%
of the participants and insulin per kg body weight was not
included in the regression analysis.

All p values are two-sided; a 5% level of significance
was used. All statistical analyses were performed with
SPSS 14.0 (SPSS, Chicago, IL, USA).

Results

Characteristics of the participants are described in Table 1.
Results are presented for those with optimal blood glucose
control (HbA;. <7.5%) and those with suboptimal blood
glucose control (HbA;. >7.5%) in the two selected age
groups (Table 1). The groups with low and high HbA,.
were in general comparable regarding age, pubertal
development, weight, BMI, overweight, insulin regimens
and parent’s education. However, adolescents with poor
glycaemic control had slightly longer diabetes duration,
higher insulin dose, less hypoglycaemia and more pump-
users.

Optimal blood glucose control was associated with
eating a recommended diet and not skipping meals. In
adolescents, unadjusted regression analysis showed that
low intake of added sugar, high intake of fibre, having
breakfast and supper regularly, together with shorter
diabetes duration and less intensive insulin regimen,
significantly improved HbA;. (crude values; Table 2). In
the multiple regression model, high fibre intake, low BMI,
having breakfast regularly, few clinical visits and short
diabetes duration significantly improved HbA . (Table 2).
In the multiple analyses in children, lower HbA,. was
significantly associated with low BMI and having dinner
and supper regularly.

Table 3 shows details on intake of energy and macro-
nutrients in the two age groups. Apart from intake of fat
and fibre, which were higher and lower, respectively, than
recommended, all intakes of macronutrients were adequate
according to current recommendations [12]. Adolescents
with optimal blood glucose control had a significantly
lower intake of added sugar and significantly higher intake
of fibre than adolescents with suboptimal blood glucose
control. They also had a significantly lower intake of
sugar-sweetened soft drinks and a higher total intake of
fruits and vegetables. Among the children, no such
significant differences were observed. Among the adoles-
cents there were significantly more sugar-sweetened soft
drink users among those with suboptimal blood glucose
control than among those with optimal control (38% vs
26%, p=0.03). This difference was not observed among the
children (31% vs 37%, p=0.33). No significant differences
were found in the day-to-day variation (CV) of energy,

carbohydrate, fibre and added sugar in relation to the
HbA,. groups (Table 3).

Discussion

This study shows that an irregular meal pattern is
significantly associated with poor blood glucose control in
Norwegian children and adolescents with type 1 diabetes
mellitus, even though more than 90% were on intensive
insulin treatment. In adolescents a low intake of fibre was
also associated with high HbA,.. When looking at
adolescents with optimal blood glucose control, they have
a lower intake of added sugar and sugar-sweetened soft
drinks, plus a higher intake of fruits and vegetables than
those with suboptimal blood glucose control.

Blood glucose control was associated with having
breakfast, dinner and supper regularly. The introduction of
insulin via pump and multiple insulin injections has made
the timing of meals more flexible for diabetic patients [28],
possibly making some more prone to skipping meals. Frey
et al. [29] found that better blood glucose control was
associated with eating three meals a day among adoles-
cents. Moreover, among Finnish diabetic adolescents a
large number of meals per day was related to good blood
glucose control and reflected a good coordination between
insulin regimen and diet [1]. Our results suggest that
avoiding the skipping of meals would help improve blood
glucose control in children and adolescents.

An association between dietary fibre and HbA;. was
observed among the adolescents. This has previously been
reported in one study among British adolescents from 1986
[11] and more recently among adults in EURODIAB [30],
although not among north-western Europeans. The mech-
anism whereby increased fibre intake beneficially affects
HbA,. presumably relates to reduced postprandial blood
glucose peaks. Thus, increased fibre intake may contribute
to an overall improvement of glycaemic control [30]. The
reason why this observation is only seen among adolescents
could be because there are more adolescents than children
in the present study and that the adolescents had a greater
range of HbA,., making dietary influence easier to detect.
Mean intake of fibre and fruits and vegetables was lower
than recommended (fibre=40 g/day; fruits and vegetables=
500 g/day [12, 31]) for all groups regardless of age and
HbA,. in this study. However, among adolescents with
optimal blood glucose control the intake was higher than in
those with suboptimal blood glucose control.

As a group, adolescents with optimal blood glucose
control had a lower intake of added sugar and sugar-
sweetened soft drinks and also fewer sugar-sweetened soft
drink users than the group with suboptimal blood glucose
control. Nutritional management of children with type 1
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Table 2 Crude and adjusted regression coefficients of explanatory variables for HbA,. among the two age groups

2- to 10-year-olds

11- to 19-year-olds

Crude (n=max 203)

Adjusted® (n=149)

Crude (n=max 347) Adjusted® (n=236)

Effect (95% CI) pvalue Effect (95% CI) pvalue Effect (95% CI) p value Effect (95% CI) p value

Sex —0.16 0.18 —0.17 0.20 0.16 0.23 0.11 0.51
(—0.38, 0.07) (—0.43, 0.09) (=0.10, 0.42) (-0.22, 0.44)

Age (years) —0.001 0.97 0.008 0.81 0.07 0.05 0.09 0.09
(=0.06, 0.05) (=0.06, 0.07) (0.001, 0.14) (=0.01, 0.19)

Diabetes duration (years) —0.009 0.76 0.04 0.27 0.08 <0.001  0.06 0.03
(=0.07, 0.05) (=0.03, 0.11) (0.04, 0.12) (0.005, 0.11)

Number of clinical visits ~ 0.008 0.84 0.04 0.39 0.07 0.06 0.08 0.05
(=0.07, 0.08) (=0.05, 0.12) (=0.002, 0.14) (0.001, 0.15)

BMI (kg/m?) 0.034 0.08 0.04 0.04 0.009 0.62 —0.05 0.03
(=0.003, 0.07) (0.003, 0.08) (=0.03, 0.04) (=0.10, —0.005)

Insulin regimen® —0.05 0.37 —-0.07 0.28 0.21 0.02 0.13 0.23
(=0.17, 0.06) (=0.20, 0.06) (0.03, 0.39) (=0.08, 0.34)

Mothers’ education® 0.04 0.77 0.11 0.38 —0.18 0.22 —0.14 0.41
(=0.20, 0.28) (=0.14, 0.37) (=0.47, 0.11) (-0.48, 0.20)

Added sugar (E%) —0.013 0.32 —0.012 0.48 0.04 0.02 0.01 0.54
(=0.04, 0.01) (—0.05, 0.02) (0.006, 0.06) (=0.03, 0.05)

Fibre (g/day) 0.005 0.67 —0.002 0.87 —0.03 <0.001  —0.022 0.04
(=0.02, 0.03) (-0.03, 0.02) (-0.05, —0.02) (=0.04, —0.001)

Breakfast’ 0.40 0.34 —0.008 0.99 -0.93 0.001 —0.89 0.009
(-0.42, 1.22) (=0.92, 0.90) (-1.48, -0.37) (-1.55, -0.22)

Dinner? —0.49 0.08 —0.66 0.02 —0.47 0.20 —-0.30 0.50
(—1.04, 0.06) (-1.23, -0.09) (-1.17, 0.24) (-1.2, 0.60)

Supper? —0.36 0.26 —0.78 0.03 —-0.37 0.05 —0.08 0.72
(-0.98, 0.27) (—1.49, —0.08) (=0.73, 0.00) (—0.54, 0.34)

E% % of energy intake, max maximum
 Adjusted for all variables presented
® Insulin regimen was divided into four: one to two injections per day, three injections per day, four or more injections per day and use of insulin

pump

¢ Mothers’ education was defined by <12 or >12 years of education
9 Breakfast, dinner and supper are divided into those who had the meal six times per week or more and those who had the meal less than six times

a week

diabetes mellitus has traditionally emphasised the exclusion
of refined carbohydrate [32]. In the 1980s and 1990s
several randomised controlled trials demonstrated that small
amounts of sucrose in the diet had no adverse effects on
blood glucose control in adults [33, 34] and children [32,
35], leading to a more liberal approach [12]. According to
current recommendations, it is acceptable for patients with
type 1 diabetes mellitus to have a moderate intake of free
sugars if desired and if blood glucose levels are satisfactory
[12]. From our results it seems that a lower intake of sugar
and a lower consumption of sugar-sweetened soft drinks
can make it easier to achieve optimal blood glucose control.

In our study, HbA . increased with increasing BMI in
children, while the opposite was seen in adolescents, in
whom HbA . decreased with increasing BMI. The latter has
been reported earlier [7]. High BMI may indicate a too high
dose of insulin; it has also been shown that increase in body
weight may reduce insulin action [1, 36], and this could

@ Springer

explain our result among the children. Increased BMI is
reported to be a side effect of intensive insulin treatment,
explained by fear of hypoglycaemia that leads to overeating
[37]. A high number of clinical visits in adolescents was
associated with higher HbA,., as has been described by
others [8, 9]. The result probably reflects the practice of
following patients with poor control more closely. Further-
more, in adolescents HbA;. increased with increasing
diabetes duration, a finding that has been reported earlier
[2, 6]. This could reflect the decline or end of endogenous
insulin production [1, 6] or the fact that HbA,. often
deteriorates with age in adolescents [1, 3].

In this study we used a food diary designed to be ideal
for children and adolescents. This method captures much of
the variability in food intake through extensive food lists
and an open-ended approach [25]. The advantage of this
method compared with those such as 24 h recall and dietary
history is that intake is recorded as it is eaten, thus
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Table 3 Intake of energy and macronutrients and selected food items

2- to 10-year-olds according to HbA,, 11- to 19-year-olds according to HbA .

<7.5% (n=105) >7.5% (n=98) p value <7.5% (n=121) >7.5% (n=226) p value
Energy (MJ)* 7.4 (1.7) 7.4 (1.8) 0.86 8.7 (2.2) 8.5 (2.7) 0.51
Protein (E%)* 16.1 (2.6) 15.9 (2.6) 0.59 16.6 (2.3) 16.2 (2.8) 0.20
Carbohydrate (E%)” 48.8 (5.9) 49.1 (5.7) 0.72 48.5 (5.5) 49.1 (5.8) 0.37
Sugar (E%)” 8.1 (4.1) 7.8 (4.5) 0.60 7.7 (4.1) 9.1 (4.7) 0.004
Fat (E%)" 35.1 (5.6) 35.0 (5.0) 0.89 349 (5.2) 34.6 (5.0) 0.60
Fibre (g/day) * 15.3 (4.9) 15.7 (5.4) 0.56 19.3 (9.0) 17.0 (7.1) 0.01
White bread (g/day)® 11 (0, 30) 0 (0, 30) 0.19 11 (0, 38) 19 (0, 53) 0.12
Kneipp (g/day)®* 72 (16, 119) 76 (19, 152) 0.19 62 (13, 118) 69 (19, 113) 0.57
Wholemeal bread (g/day)” 6 (0, 88) 13 (0, 83) 0.82 19 (0, 103) 17 (0, 67) 0.24
Yoghurt (g/day)” 0 (0, 70) 0 (0, 63) 0.79 31 (0, 75) 0 (0, 50) 0.08
Soft drinks (g/day)™¢ 0 (0, 38) 0 (0, 23) 0.53 0 (0, 16) 0 (0, 75) 0.01
Vegetables (g/day)° 45 (21, 90) 43 (17, 77) 0.60 67 (40, 104) 51 (25, 91) 0.01
Potatoes (g/day)® 26 (8, 53) 35 (16, 58) 0.05 53 (18, 93) 43 (18, 79) 0.07
Fruits (g/day)® 65 (19, 129) 82 (26, 130) 0.94 63 (26, 118) 51 (0, 106) 0.10
FVJ (g/day)™® 193 (115, 299) 196 (118, 276) 0.82 257 (174, 400) 227 (139, 353) 0.04
CV (%)
Energy” 21.9 (14.6) 25.6 (13.1) 0.058 27.5 (13.7) 28.3 (13.7) 0.58
Carbohydrate® 24.5 (15.4) 26.4 (15.3) 0.39 26.2 (14.7) 28.5 (13.5) 0.15
Added sugar® 68.7 (41.1) 72.2 (38.0) 0.53 70.4 (36.2) 70.3 (35.6) 0.99
Fibre® 30.8 (16.5) 32.4 (20.3) 0.56 33.9 (19.7) 36.2 (19.0) 0.30

Energy and macronutrients are mean (SD); selected food items median (Q1, Q3).

E% % of energy intake

# Two-sample ¢ test

> Mann—Whitney test

©Kneipp is bread with less than 50% wholemeal flour

9 Total intakes of sugar-sweetened soft drinks and lemonade
°FV1J is total intake of fruits, vegetables, potatoes and fruit juice
TCV in intake of energy, carbohydrate, added sugar and fibre

providing more accurate and more detailed information.
Compared with weighed records it is also less time-
consuming for the participants and the researcher to
conduct [38]. The present study is a population-based study
of dietary intake and measurements of HbA;. among
children and adolescents with type 1 diabetes mellitus.
Few studies have looked in detail at the relationship
between dietary intake and blood glucose control in
children and adolescents [1, 4, 10, 11, 39]. Most of these
studies have smaller sample sizes than the present study.
These previous studies [1, 4, 10, 11] have identified intake
of fat [10, 39], saturated fat [4], fibre [1]) and day-to-day
variations in energy intake [1, 10] to be related to HbA ..
However, fibre is the only factor replicated in this study.
Among dietary factors, glycaemic index has also been
studied, especially among adults [40], but also among
children [41, 42], and was seen to have a rather small effect
on blood glucose control in randomised control trials [40,
43, 44].

Insulin regimen was included in the regression analysis,
but was not a significant factor. Among those who had

poorer glucose control there were more insulin pump users,
possibly reflecting the fact that patients with blood glucose
control are asked to use insulin pumps to help improve their
blood glucose control. There were only minor differences in
dietary intake between the two groups (data not shown) and
the results were therefore not separated according to pump
use. Insulin dose per kg body weight was only a significant
factor in adolescents (B=1.2 [0.75, 1.74], p<0.001), as
reported by others [7, 8]. Insulin dose per kg was higher
among participants with suboptimal blood glucose control
than among those with optimal blood glucose control, a
finding that might reflect both the use of higher insulin
dosage to achieve better control and the lower insulin
sensitivity resulting from high blood glucose.

It could be argued that the clinical relevance of our
results are scarce because of the small, albeit significant
regression coefficients for some variables, However, it has
been recognised that it is impossible to estimate the dietary
intake of individuals without error and that the high random
error associated with estimates of nutrient intake biases the
correlation coefficients and slopes of regression lines
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toward zero [45]. Thus, the effect on HbA,. of dietary
intake is likely to be larger than estimated here.

It is important to notice some limitations of our study,
which include the fact that dietary data were self-reported,
which often results in under-reporting of energy intake [46].
According to Goldberg et al. [47], a ratio between energy
intake and basal metabolic rate of less than 1.06 may
indicate under-reporting. According to this, the total
prevalence of under-reporting in our study was 20%, 28%
among girls and 12% among boys. Many investigators have
found that the most frequent under-estimated food items are
‘unhealthy’ ones such as sweets, desserts and snacks [48].
However, in a validation study of the food diary, the under-
reporters did not under-report unhealthy food to a greater
extent than they did healthy food groups [25]. Another
limitation of our study was the low response rate (34%). A
reason for the low response rate may be the considerable
effort of detailed registration of food intake for 4 days. Of
those who did not participate in the dietary study, HbA . and
BMI were available from the NCDQ for 1009 participants.
Among those who participated in the dietary study, HbA
was significantly lower (HbA;. mean difference=0.24%;
p<0.001) than among non-participants in analysis adjusted
for age and sex, while there was no significant difference in
BMI (BMI mean difference=0.05 kg/m?; p=0.77). This
could mean that our results are skewed in relation to HbA
and that they represent the part of the young diabetic
population with good blood glucose control and diet. The
reduced range in HbA;. and dietary intake makes the
regression analysis less sensitive. Furthermore, for more
than 50% of the participants HbA,. was measured before
the diet was recorded. HbA . is a retrospective measure-
ment for blood glucose control and so diet might not reflect
the HbA . at time of recording. However, NCDQ data show
that mean HbA . was stable over 3 years in this age group
(data not shown) as is supported in the literature [49]. The
median difference was 14 days, and we do not believe that
much change in HbA;. could have occurred during this
time.

Conclusion

Optimal blood glucose control was associated with eating a
recommended diet and not skipping meals. This is still
important even when intensive insulin treatment with
insulin pumps and multiple injections are used. Our results
show that a regular meal pattern and high fibre intake are
factors that improve HbA;. in young diabetic patients.
Among adolescents, moreover, lower intake of added sugar
and sugar-sweetened soft drinks, as well as higher fruits
and vegetables intake were observed among patients with
optimal compared with suboptimal blood glucose control.

@ Springer

Our results support the policy that dietary guidance should
be intensified during adolescence to improve dietary intake,
meal pattern and blood glucose control.
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