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OBJECTIVE — The purpose of this study was to determine whether objectively measured
physical activity and dietary macronutrient intake differentially predict body fat in adolescent
girls with type 1 diabetes and control girls.

RESEARCH DESIGN AND METHODS — This study comprised 23 girls (12-19 years)
with type 1 diabetes and 19 age-matched healthy control girls. At baseline, physical activity and
energy intake were assessed for 7 consecutive days by accelerometry and a structured food diary,
respectively. Body composition was measured by dual-energy X-ray absorptiometry at baseline
and after 1 year.

RESULTS — Fat intake was positively related to a 1-year change in percentage body fat (P =
0.000), after adjustment for total energy intake. No significant interaction was observed (case-
control group X main exposure), indicating that the association between fat intake and gain in
body fat was similar in both groups. Physical activity did not predict gain in body fat; however,
total physical activity was positively associated with a gain in lean body mass (P < 0.01). Girls
treated with six daily dosages of insulin increased their percentage of body fat significantly more
than those treated with four daily injections (P < 0.05).

CONCLUSIONS — In this prospective case-control study, we found that fat intake pre-
dicted gain in percentage of body fat in both adolescent girls with type 1 diabetes and healthy
control girls. The number of daily insulin injections seems to influence the accumulation of body
fat in girls with type 1 diabetes.
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xcessive weight gain has frequently

been reported in adolescent girls

with type 1 diabetes (1-7). It is
mainly explained by increased fat mass
(6). The underlying cause of this excessive
weight gain is unclear, although intensi-
fied insulin therapy may contribute, pos-
sibly reflecting increased energy intake
due to more frequent hypoglycemia
(2,8,9).

We have previously observed a ten-
dency toward lower levels of physical ac-
tivity in adolescent girls with type 1
diabetes compared with healthy control

girls, suggesting that the total amount of
physical activity may contribute to the de-
velopment of overweight (10). To our
knowledge no study has previously ad-
dressed the prospective associations
among physical activity, energy intake,
and changes in body composition in ado-
lescent girls with type 1 diabetes. In this
prospective case-control study we hy-
pothesized that the total amount of phys-
ical activity is inversely associated with
gain in body fatness and that total energy
intake is positively associated with gain in
body fatness in adolescent girls with type
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1 diabetes. We also hypothesized a differ-
ential association between girls with dia-
betes and control girls.

RESEARCH DESIGN AND
METHODS — Twenty-six girls who
had type 1 diabetes for at least 2 years
were recruited in this study. Twenty-
three of these were followed up after 1
year. Among the girls completing the
study, two were using insulin pumps at
baseline and four at follow-up; 17% were
in Tanner stage 2—-3 and 83% were in Tan-
ner stage 4—5 at baseline. Four were being
treated for celiac disease and one for hy-
pothyroidism. The girls who were lost to
follow-up had a mean age of 15.5 years,
mean BMI of 25.4 kg/m”, mean HbA,_
(A1C) of 8.5% and mean daily dosage of
insulin of 1.0 unit - kg~ ' - day ™" at base-
line. The control girls were identified as
the females of the same age and from the
same residential area appearing next to
the diabetic patients in the register of the
county taxation authorities. Twenty-three
control girls were recruited, 19 of whom
agreed to participate in the follow-up. Of
the control girls completing the study,
31% were in Tanner stage 2—3 at baseline.
Control girls who did not participate in
the follow-up measurements had a mean
age of 17.6 years and a mean BMI of 23.9
kg/m?. Clinical characteristics of partici-
pants completing the study are presented
in Table 1. All subjects and their parents
gave informed consent. The study was ap-
proved by the Ethics Committee of Ore-
bro County Council.

Pubertal stage

Pubertal stage assessments were made on
the basis of a self-estimating manual
(“Flickboken”), using schematic drawings
of different Tanner stages (11).

Body composition

Dual-energy X-ray absorptiometry (Lu-
nar, Madison, WI) was used to assess
body composition. The coefficients of
variation of body composition measure-
ment, determined by three measurements
on each of three phantoms with a fat con-
tent of 10, 20 and 40 kg, were 10.4, 1.7,
and 0.3%, respectively.
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Body composition in girls with diabetes

Table 1—Clinical characteristics of the girls with type 1 diabetes and control girls

Baseline Follow-up
Type 1 Type 1
diabetes Control diabetes Control
n 23 19 23 19
Age (years) 15721 156 %19 16.8 2.1 16.6 = 1.9
Height (cm) 163.8 £ 7.9 1643 £ 6.9 1650 £ 73 1658 £ 5.7
Weight (kg)* 65.3 (16.0) 57.2 (24.1) 68.2 (16.3) 61.6 (18.6)
BMI (kg/mz)* 23.6 (2.6) 20.5 (8.0) 24.0 3.2) 21.3(6.6)
BMI SDS 0.84 £0.8 0.67 1.2 0.99 £0.8 0.67 = 1.1
Fat mass (kg) 207 £7.6 20.0 £ 10.0 232 *70 21.7£903
Percent body fat 32.6 £83 31.0 %99 35.0 £ 6.5 32.7 £ 84
Fat-free mass (kg) 382 *39 38.1 42 3901 %42 3904 +40
Daily dosage of insulin 1.1*+03 — 1204 —
(units’kg)
A1C (%) 76*14 — 75*15 —
Duration of diabetes 6.0 (7.7) —_ —_
(years)*

Data are means * SD. *Skewed variables are presented as median (interquartile range). The groups were
compared using Mann-Whitney U tests for skewed variables and unpaired ¢ tests for normally distributed
variables. Changes in body composition variables in each group were examined with paired ¢ tests. There
were no significant differences between the groups in body composition variables at baseline or follow-up or

in 1-year change. SDS, standard deviation score.

Physical activity and food intake

The measurement and analysis of physical
activity and food intake have been de-
scribed in detail previously (10). Physical
activity and dietary intake were measured
simultaneously over a 7-day period with a
uniaxial accelerometer (model WAM
6471; Computer Science and Applica-
tions, Schalimar, FL) and a 7-day food
diary (“Menyboken,” Swedish National
Food Administration), respectively.

Laboratory methods

A1C was measured by high-pressure lig-
uid chromatography with the Mono-S
standard (12). The reference level for
healthy persons is 3.5-5.3%.

Statistical analysis

Differences among the groups for clinical
characteristics, body composition, physi-
cal activity, and energy intake were as-
sessed by an unpaired t test or Mann-
Whitney U test. Associations between
changes in body composition variables
(fat mass, percent body fat, and lean body
mass) with energy intake and physical ac-
tivity were assessed by ANCOVA, adjust-
ing for study group. Further adjustments
were made for Tanner stage and body
composition (fat mass or lean body mass)
at baseline. Interactions terms between
study group and Tanner group, with en-
ergy-adjusted fat intake were included in
the models to examine whether case-
control group or Tanner stage modified

the associations between the main expo-
sures with change in body composition.
The results of the ANCOVA are presented
as aregression slope (8 coefficient). In the
diabetic group the associations of daily
dosage of insulin and A1C with change in
body composition (i.e., fat mass or lean
body mass) variables were analyzed by
multiple regression analysis, with change
in body composition as the dependent
variable, adjusting for the body composi-
tion variable of interest at baseline. Stat-
View, version 5.0.1, was used for all
statistical analyses. The level of statistical
significance was set at P < 0.05.

RESULTS

Body composition

Data on body composition are presented
in Table 1. Lean body mass, total fat mass,
and percent body fat increased signifi-
cantly in both groups. There was no sig-
nificant difference between girls with
diabetes and control girls regarding
change in any of the body composition
variables.

Physical activity and energy intake

Physical activity did not differ signifi-
cantly between the groups (type 1 diabe-
tes 463 = 128 cpm, control girls 541 *
153 cpm; P = 0.10). Neither did we ob-
serve any significant difference between
the groups in total daily energy intake
(type 1 diabetes 8.4 = 1.8 MJ/day, control

girls 9.6 = 2.8 MJ/day). Energy-adjusted
carbohydrate intake was significantly
lower in diabetic girls (50 = 6 vs. 53 *
5%; P < 0.05), whereas energy-adjusted
protein intake was significantly higher
(16 £2vs. 13 £2%; P<0.0001) than in
the healthy control girls. No significant
difference was observed between groups
for energy-adjusted fat (34 * 6 vs. 33 =
5%) and fiber intake (20 = 7 vs. 17 = 6
g/day).

Associations among physical
activity, energy intake, and change
of body composition
Changes in percent body fat and body fat
mass were positively associated with en-
ergy-adjusted fat intake (P < 0.01 and
P < 0.05, respectively) and inversely as-
sociated with energy-adjusted carbohy-
drate intake (P < 0.01 and P < 0.01,
respectively) (Fig. 1). Total physical activ-
ity (counts per minute) and total energy
intake were not associated with changes
in percent body fat or in body fat mass.
Changes in lean body mass were not
associated with energy-adjusted carbohy-
drate or fat intake but were positively as-
sociated with the total amount of physical
activity (B = 0.006 [kilograms per counts
per minute], P < 0.01). No significant
interactions were observed for any of the
analyses.

Associations among insulin therapy,
AlC, and change in body
composition

There were no significant associations be-
tween daily dosage of insulin or A1C and
changes in percent body fat or in lean
body mass in multivariate models. How-
ever, a significant difference was found
between the 1-year increase in percent
body fat between those treated with four
daily dosages of insulin (n = 9) compared
with those treated with six doses (n = 6)
(0.8 £2.6and 3.6 = 2.1%-units body fat,
respectively, P < 0.05).

CONCLUSIONS — We found that
high dietary fat intake adjusted for total
energy intake significantly predicted gain
in body fat in adolescent girls with type 1
diabetes and in healthy control girls. The
total amount of physical activity was not
associated with changes in body fat mass,
but high levels of physical activity signif-
icantly predicted gain in lean body mass.
No significant interactions were ob-
served, indicating that these associations
did not differ between type 1 diabetic and
healthy adolescent girls.
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Change in percentage body fat (%-units)

Energy-adjusted fat intake (E%)

Figure 1— Association between energy-adjusted fat intake (E%) and 1-year change in percent
body fat in adolescent girls with type 1 diabetes (M) and healthy control girls ((J). Change in
percent body fat = —9 + 0.33 E%; R* = 0.33; P < 0.0001.

The role of dietary fat intake in the
development of obesity in childhood is
controversial (13-17). However, it is pos-
sible that higher intakes of dietary fat con-
tribute to an increase in total energy
intake because dietary fat has a weaker
effect on satiation compared with carbo-
hydrates (18,19) and is more energy
dense. The fact that we did not observe
any association between total energy in-
take and change in percentage body fat
may be explained by under-reporting of
total dietary intake, which is common in
adolescents (20). It is also plausible that
dietary fat has a specific role in the accu-
mulation of body fat, because excess en-
ergy from dietary fat intake is more easily
stored as body fat than is excess energy
derived from carbohydrates (21).

Insulin is a potent inhibitor of lipoly-
sis (22) and stimulates lipogenesis (23),
which could result in greater fat accumu-
lation in girls with diabetes due to the ef-
fect of subcutaneous insulin therapy,
resulting in peripheral hyperinsulinemia
(24). This may then contribute to the de-
velopment of overweight often observed
in diabetic girls, and it could be hypothe-
sized that the association between fat in-
take and percent body fat would be
steeper in girls with diabetes compared
with control girls (interaction). However,
our results indicated that higher dietary
fat intake predicted a similar increase in

percentage body fat in both diabetic girls
and control girls.

Our small sample size and relatively
short follow-up time may be limiting fac-
tors to detect a differential association be-
tween fat intake and change in body fat.
However, our precise measure of body
composition at baseline and follow-up
and the detailed characterization of activ-
ity patterns and dietary intake suggest
that our results are not due to chance or
measurement error.

In summary, our results suggest that
high dietary fat intake predicts gain in
percent body fat similarly in adolescent
girls with diabetes and in healthy control
girls. Furthermore, physical activity is as-
sociated with a gain in lean body mass in
adolescent girls. Our findings emphasize
the need for dietary advice to decrease fat
intake and increase levels of physical ac-
tivity in adolescent girls with and without
type 1 diabetes to avoid unhealthy gains
in fat mass.

Acknowledgments— The study was sup-
ported financially by the Research Committee
of Orebro County Council and the Swedish
Child Diabetes Foundation (Barndiabetes
fonden).

The authors thank Linda Sjolander and In-
gegerd Karlsson for contributing to the data
collection and Lolita Mork for analyzing the
food records.

Sérnblad, Ekelund, and Aman

Part of this article were presented in abstract
form at the annual meeting of the International
Society for Pediatric and Adolescent Diabetes,
St. Malo, France, 3—6 September 2003.

References

1. Gregory JW, Wilson AC, Greene SA: Body
fat and overweight among children and
adolescents with diabetes mellitus. Diabet
Med 9:344-348, 1992

2. Danne T, Kordonouri O, Enders I, Weber
B: Factors influencing height and weight
development in children with diabetes:
results of the Berlin Retinopathy Study.
Diabetes Care 20:281-285, 1997

3. Holl RW, Grabert M, Sorgo W, Heinze E,
Debatin KM: Contributions of age, gender
and insulin administration to weight gain
in subjects with IDDM. Diabetologia 41:
542-547, 1998

4. Mortensen HB, Robertson K], Aanstoot
HJ, Danne T, Holl RW, Hougaard P,
Atchison JA, Chiarelli F, Daneman D,
Dinesen B, Dorchy H, Garandeau P,
Greene S, Hoey H, Kaprio EA, Kocova M,
Martul P, Matsuura N, Schoenle EJ, Sovik
O, Swift PG, Tsou RM, Vanelli M, Aman J:
Insulin management and metabolic con-
trol of type 1 diabetes mellitus in child-
hood and adolescence in 18 countries:
Hvidore Study Group on Childhood Dia-
betes. Diabet Med 15:752-759, 1998

5. Ahmed ML, Ong KK, Watts AP, Morrell
DJ, Preece MA, Dunger DB: Elevated lep-
tin levels are associated with excess gains
in fat mass in girls, but not boys, with type
1 diabetes: longitudinal study during
adolescence. ] Clin Endocrinol Metab 86:
1188-1193, 2001

6. Ingberg CM, Sarnblad S, Palmer M,
Schvarcz E, Berne C, Aman J: Body com-
position in adolescent girls with type 1
diabetes. Diabet Med 20:1005-1011,
2003

7. Domargiard A, Sarnblad S, Kroon M,
Karlsson 1, Skeppner G, Aman J: In-
creased prevalence of overweight in ado-
lescent girls with type 1 diabetes mellitus.
Acta Paediatr 88:1223-1228, 1999

8. Diabetes Control and Complications Trial
Research Group: Effect of intensive diabe-
tes treatment on the development and
progression of long-term complications in
adolescents with insulin-dependent dia-
betes mellitus: Diabetes Control and
Complications Trial. J Pediatr 125:177—
188, 1994

9. Holl RW, Swift PG, Mortensen HB, Lyng-
gaard H, Hougaard P, Aanstoot HJ,
Chiarelli F, Daneman D, Danne T, Dorchy
H, Garandeau P, Greene S, Hoey HM,
Kaprio EA, Kocova M, Martul P, Matsuura
N, Robertson KJ, Schoenle EJ, Sovik O,
Tsou RM, Vanelli M, Aman J: Insulin in-
jection regimens and metabolic control in
an international survey of adolescents
with type 1 diabetes over 3 years: results

DiaBETES CARE, VOLUME 29, NUMBER 6, JUNE 2006

1229

#20¢ Idy 01 uo 3senb Aq 4pd°22Z100909009PZ/€81E6S/LTZ L/9/6Z/HPd-BI0IHE/DIED/OD JIBYDISA|IS EPE//:d]Y WOL PapEOjUMOQ



|
Body composition in girls with diabetes

10.

11.

12.

13.

14.

from the Hvidore study group. Eur J Pedi-
atr 162:22-29, 2003

Sarnblad S, Ekelund U, Aman J: Physical
activity and energy intake in adolescent
girls with type 1 diabetes. Diabet Med 22:
893-899, 2005

Tanner JM: Growth at Adolescence. 2nd ed.
Oxford, U.K., Blackwell Scientific Publi-
cations, 1962

JeppssonJO, Jerntorp P, Sundkvist G, En-
glund H, Nylund V: Measurement of
hemoglobin Alc by a new liquid-chro-
matographic assay: methodology, clinical
utility, and relation to glucose tolerance
evaluated. Clin Chem 32:1867-1872,
1986

Gazzaniga JM, Burns TL: Relationship be-
tween diet composition and body fatness,
with adjustment for resting energy expen-
diture and physical activity, in preadoles-
cent children. Am J Clin Nutr 58:21-28,
1993

Nguyen VT, Larson DE, Johnson RK,
Goran MI: Fat intake and adiposity in
children of lean and obese parents. Am |
Clin Nutr 63:507-513, 1996

15.

16.

17.

18.

19.

Berkey CS, Rockett HR, Field AE, Gillman
MW, Frazier AL, Camargo CA, Jr, Colditz
GA: Activity, dietary intake, and weight
changes in a longitudinal study of pread-
olescent and adolescent boys and girls.
Pediatrics 105: E56, 2000

Magarey AM, Daniels LA, Boulton TJ,
Cockington RA: Does fat intake predict
adiposity in healthy children and adoles-
cents aged 2-15 y? A longitudinal analy-
sis. Eur J Clin Nutr 55:471-481, 2001
Gillis LJ, Kennedy LC, Gillis AM, Bar-Or
O: Relationship between juvenile obesity,
dietary energy and fat intake and physical
activity. Int ] Obes Relat Metab Disord 26:
458-463, 2002

Blundell JE, Burley V], Cotton JR, Lawton
CL: Dietary fat and the control of energy
intake: evaluating the effects of fat on
meal size and postmeal satiety. Am J Clin
Nutr 57:7725-777S; discussion 777S5—
778S,1993

Rolls BJ, Kim-Harris S, Fischman MW,
Foltin RW, Moran TH, Stoner SA: Satiety
after preloads with different amounts of
fat and carbohydrate: implications for

20.

21.

22.

23.

24.

obesity. Am J Clin Nutr 60:476-487,
1994

Bandini LG, Must A, Cyr H, Anderson SE,
Spadano JL, Dietz WH: Longitudinal
changes in the accuracy of reported en-
ergy intake in girls 10-15 y of age. Am J
Clin Nutr 78:480-484, 2003

Hill JO, Peters JC, Reed GW, Schlundt
DG, Sharp T, Greene HL: Nutrient bal-
ance in humans: effects of diet composi-
tion. Am J Clin Nutr 54:10-17, 1991
Robinson C, Tamborlane WV, Maggs DG,
Enoksson S, Sherwin RS, Silver D, Shul-
man GI, Caprio S: Effect of insulin on
glycerol production in obese adolescents.
Am ] Physiol 274:E737-E743, 1998
Elimam A, Kamel A, Marcus C: In vitro
effects of leptin on human adipocyte me-
tabolism. Horm Res 58:88-93, 2002
Halldin M, Hagends L, Tuvemo T,
Gustafsson J: Profound changes in the
GH-IGF-I system in adolescent girls with
IDDM: can IGFBP-1 be used to reflect
overall glucose regulation? Pediatr Diabe-
tes 1:121-130, 2000

1230

DiaBETES CARE, VOLUME 29, NUMBER 6, JUNE 2006

#20¢ Idy 01 uo 3senb Aq 4pd°22Z100909009PZ/€81E6S/LTZ L/9/6Z/HPd-BI0IHE/DIED/OD JIBYDISA|IS EPE//:d]Y WOL PapEOjUMOQ



