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ABSTRACT We report dietary fat intake data in groups of
infants and children in Germany. A group of 148 healthy infants
was followed prospeciively from birth through the first year of
life After birth, 78 9% of infants were breast-fed; 50% were
breast-fed at 3 mo and 9 8% were breast-fed at 12 mo. Infant
formula was given to 22% of infants aftes birth, 53% at 3 mo,
and 58% at 12 mo. Complementary foods were consumed by
[6% of infants at 3 mo, 97% at 6 mo, and 98-100% at 7-12 mo
In non-breast-fed infants, mean dietary fat intakes were 44 8%,
42 9%, 37 4%, and 35 7% of energy intake at the ages of 1, 4,
6, and 12 mo, respectively Calculated energy and nutrient
intakes were within recommended ranges and weight gain was
normal. Therefore, we see no compelling reason to actively
modify total fat intakes at this age In 158 primary scheol chil-
dren aged 611 y, 7-d checklist protocols showed 41% of encrgy
intake as fat with =50% as saturated fat. Because German chil-
dren of this age are experiencing increasing rates of obesity and

high serum cholesterol concentrations, a stepwise reduction of

total fat and saturated fat intakes in primary school children
appears desirable to improve long-term health Am T Clin
Nuty 2000;72(suppl): 13925-88
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INTROBUCTION

The desirable ranges of the amounts and the composition of
dietary lipid intake during childhood are the subject of ongoing
discussions, and recent recommendations on these questions
vary (1-7) (Iable 1} The dietary lipid supply is of importance
for early growth because lipids are the predominant dietary
energy source for infants and young children Lipids provide
==40-55% of energy in human milk and in modern infant for-
mulas (8). The provision of dietary lipids.in amounts at least
meeting the needs for tissue storage and obligate fat oxidation is
considered advantageous because de novo synthesis of lipids
from other substrates, eg, carbohydrates, appears to be fimited
(9) In contrast to proteins and carbohydrates, lipids can store
energy in the body in almost unlimited amounts with a much
higher energy deposition per gram of tissue than can be achieved
with glycogen or protein. Lipid depots in the body provide
energy reserves for periods of reduced dietary intakes that may
occur during diseases, eg infections and diarrhes, or under poor
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living conditions during times of food shortages. Lipids greatly
influence the palatability of foods and modulate their texture,
flavor, and aroma Hence, the quantity and quality of fats-in
foods may have a dirsct impact on food consumption.

In children and adolescents, high habitual intakes of dictary fat
are associated with a higher prevalence of obesity (10, $1). High
dietary intakes of saturated and of trans unsaturated fatty acids
increase plasma total and LDI-cholesterol concentrations and,
even at a young age, may enhance vascular lipid deposition and
the occuirence of early vascular lesions (12-14). Therefore, low
dietary intakes of saturated and trans fatty acids are recommended
for healthy children and adolescents to reduce the long-tetrm risk
of heart disease (6). Some have also advocated lowering dietary fat
intakes in infancy (15, 16). Any considerations on modulating
dietary fat and nutiient intakes of childhood populations need to
relate to current intakes of foods and nutrients. Here we report
data on dietary fat intakes in infants and children in Germany

SUBJECTS AND METHODS

Data on dietary intakes in infancy were obtained in infants
enrolled at birth and followed prospectively through the first year
of life in the city of Ingolstadt, Bavaria, Germany All patents of
apparently healthy infants boin between November and Decem-
ber 1995 at the Department of Obstetrics, Klinikum Ingolstadt,
were invited to participate in the study. Mothers and if available,
fathers, were visited in the maternity hospital in the first days
after birth by one coauthor. The nature of the study was explained
orally and with a written information sheet, and informed verbal
consent for participation was obtained Infants with apparent con-
genital malformation or disease, including those who required
intravenous feeding or medical treatment as inpatients after birth.
were excluded from participation. Because the study population
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FIGURE 1. Prevalence of feeding human milk, formula, and Beikost (complementary solid and liquid foods other than breast milk or infant for-
mula) in 148 German infants followed prospectively from birth to age 12 mo

{Figure 1) Evolution of body weights and natrient intakes cal-
culated from dietary protocols of the subsample of infants not
receiving human milk is shown in Table 2.

In the study of primary school children, completed and evalu-
ative dietary records were obtained from 158 children (86 boys
and 72 girls) out of the total 170 pupils attending the school
(92 9%). The age tanged from 6 to F} y, with 46 pupils in grade 1
40 pupils in grade 2, 38 pupils in grade 3, and 34 pupils in
grade 4 On average, the children consumed >300 g/d of milk

and dairy products (Table 3). The intake of full-fat milk and
yoguit (containing 3 3% fat) was =3 times higher than the intake
of low-fat milk and yogurt {(containing [ 5% fat). Consumption
of meat and poultry products was =80 g/d and high-fat sausages
were consumed twice as much as low-fat sausages. Egg con-
sumption was not high, with an average 1 3 eggs eaten/wk. One-
third of the average 60 g/d of bread consumed was contributed
by whole-grain products The average intake of butter was 2 times
higher than the consumption of vegetable oil margarine. The

TABLE 2
Body weights and macronutrieat intakes of a subsample of non-breast-fed infants during the first year of life
Age
1 mo {n=16) 4mo (n=28) 6 mo {(n =37} 12 mo {n = 36)
Body weight (g)
Xt SD 4835 £ 625 6763 & 1187 8140+ 12062 9830+ 1051
Median 4900 6700 8000 9560
25th Percentile 4500 5800 7175 9000
75th Percentile 5188 7600 8775 10875

Nutrient intake!

Encrgy
(kb 2224245395 24833 £507.7 23165+ 467.1 203807207
(ki/kg) 460 £ 943 3672858 3092+0689 2086+ 34
Protein
(g) 12235 148+43 177+44 232+7
(z/kg) 25405 22+£053 22x06 24%08
(% of energy) 94+09 102x19 1202 136433
Carbohydrate
(g 605L15.2 686+146 7551153 883 +262
{g/kg) {2525 161+23 9320 90£30
{% of energy) 455+14 469+£26 50250 503+88
Fat
(g) 265163 283+60 250+56 278+82
g/kg) 35%12 42411 31£13 29+£09
(% of energy) 44818 429+£38 374247 357270
Total fluids
(mL) 5418 £342.9 713842516 728 8+ 1482 640 72178
(mL/kg) 1503 £31.8 121.7+281 913+£246 7172243

¥+ 5D
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TABLES

Recommended dietary intakes of the European Society for Pacdiatric
Gastroenterology, Hepatology and Nutrition for children aged >2-3 v
and for adolescents’

Nutrient Recommendation

Total fat
Saturated fatty acids
trans Fatty acids
Polyunsaturated fatty acids
Monounsaturated fatty acids

=:8-12% of energy or less
Low intake

=20-10% of energy

No limitation

Cholestercl =300 mg/d or Jess
Antioxidant vitamins Generous intake
Sodium ELow intake

Complex carbohydrates Generous intake

! The goal of the recommended intakes is to prevent coronary heart dis-
ease Adapted from reference 6

very high mean values for tetal cholesterol of =175 mg/dL
(4 33 mmol/L) (Dokoupil et al, unpublished observations 1999).
These cholesterof values are markedly higher than the mean val-
ues of 160 mg/dL (4 14 mmol/L) found in children of similar age
groups in the United States (28) or in Israel (29)

The major dietary factor modulating serum cholesterol con-
centrations is the dietary intake of saturated fats (8) Serum total
cholesterol values of 7-9-y old boys from 6 countrics were co1-
related with average dietary intakes of saturated fatty acids;
=24% of the intercountry differences in cholesterol values were
considered fo be due to the variation in saturated fatty acid
intake (30, 31). Cholesterol values of Finnish boys with a satu-
rated fatty acid intake of >17% of energy were ==19% higher
than those of Ttalian boys with a low intake of saturated fatty
acids (< 11% of energy intake). In a study of children with pri-
mary genetic hypercholesterolemia, modification of the habitual
dietary intake by repeated counseling aimed primarily at the
reduction of saturated fatty acid intake reduced total and LDL
cholesterol by ==15-20 mg/dL (32). Preventive strategies in
healthy children aimed at the promotion of a healthy diet and
lifestyle, which includes a limited intake of saturated fats,
appears prudent (6, 33). Following this concept, the European
Society for Paediatric Gastroenterology, Hepatology, and Nutri-
tion has recommended that children from the age of 22-3 y and
adolescents should aim at a saturated fatty acid intake of
<8-12% of energy intake (6). Average intake of cis polyunsatu-
rated fatty acids was recommended not to exceed »>0-10% of
encigy, whereas the European Society for Paediatiic Gastroen-
terology Hepatology, and Nutrition saw no reason to advise
strict Hmitations of the intakes of total fat or monounsaturated
fatty acids for physicaliy active children with normal body
weights (Table 5). There is no need to limit the consumption of
«is monounsaturated fatty acids or oils containing predomi-
nantly ¢is monounsaturated fatty acids. eg, olive and rapeseed
oils, in children with normal body weights because monounsat-
utated fatty acids do not raise LDE. cholesterol (4) However,
under the cumrent conditions and dietary habits in central
Europe, one practical strategy to achieve a saturated fatty acid
intake of ~8-12% of energy intake i3 a limitation of total fat
intake to <30-35% of eneigy (0)

Public health efforts in adult populations often emphasize the
importance of limiting the dietary intake of saturated and total
fats for preventing cardiovascular disease. obesity, type II dia-

KOLEIZKOET AL

betes, and certain forms of cancer Young families are a segment
of the population that appear particularly receptive to such public
health messages Although these messages are usually not aimed
at infants and young children, parents may project the message
into the diets of their infants In an English study in which a
group of 1004 women with infants were interviewed, 87.5% of
the mothers felt that a low dietary fat intake was important or very
important for their infants, and 82 .9% stated they sometimes or
always avoided giving fat and faity foods to their children (34).
Relatively low fat intakes were observed in several populations of
infants, reaching average values as low as 28-30% of energy at
6—12 mo of age (28-31). with =~10% of infants a¢ lipid intakes
that were =~22% of energy intake (35) The question was taised
whether such low fat intakes during infancy are safe (35-37)

Chronic, nonspecific diarrhea (eg, toddlers’ diarthea, pea and
carrot diarthea) was proposed as a potential adverse effect of
low-fat diets in young children Chronic, nonspecific diarthea is
considered a motility disorder and may improve after an increase
in fai intake, which slows gastric emptying and smatl-intestinal
motility {38).

Foods with a low fat content tend to have a low energy density
(19) and concerns were raised that a low fat intake during infancy
with a low energy density may have adverse effects on growth
(35, 39) Indeed, adverse effects of low-fat diets on weight gain
and longitudinal growth in young childten were described in
some reports (40, 41), A ecertain proportion of fat in the diet
appears to be of value for supporting growth because the biolog-
ical energy value of dietary long-chain triacylglycerol (=38 kk/g)
is =2 25-fold higher than that of carbohydrates and protein The
biclogical energy value of lipids for growing infants and young
children, ie, in the capacity to generate ATP and deposit tissue
during growth, may differ even mote from nonlipid energy Dur-
ing the first 6 mo of life of a healthy full-term infant, lipids con-
tribute =~35% to weight gain or ~90% of the energy retained in
newly formed tissue {42). Aithough infants have the metabolic
ability to synthesize lipids for tissue deposition de novo from cai-
bohydrates or proteins, the capacity of this endogenous synthesis
appears to be limited (43); moreover, it would result only in
nonessential fatty acids with an unfavorable tissue composition
Endogenous lipid synthesis requires an increased energy intake
because a substantial amount of the energy from dietary carbohy-
drates and proteins is lost in an energetically futile use of ATP for
the synthesis of molecules for storage as metabolic fuel {eg,
glycogen, protein) or tissue components (44) For example. the
synthesis of fat from glucose requires ~25% of the glucose
energy invested for the cost of syathesis whereas the synthesis of
fat from fat requires only =1-4% of the energy invested (45). The
extent of energy loss in vivo is difficult to determine, but a higher
thermogenic effect of dietary carbohydrates and proteins com-
pared with long-chain lipids is well known (23, 46) Studies sup-
plying isoenergetic diets with different fat contents actually found
a high body weight and fat gain and a low energy expendifure
with the high-fat diets (23, 47 48).

Niinikoski et al and Lagstrom et at (15, 16, 49) evaluated the
ctfects of medifying fat intake {rom the seventh month of life
onward by providing dietary counseling aimed at reducing
dietary saturated fat intake, on the basis of the assumption that
such an early intervention might be beneficial for risk reduc-
tion of later heart disease. A total of 1062 infants were
recruited in Turky, Finland, and randomly assigned to either an
intervention group with intensive diet education or a controf



13988

25

26

27

28.

29

30

31

32

33

34

35

36

37

Iremblay A, Plourde G, Despres JP, Bouchard C. Impact of dietary
fat content and fat oxidation on energy intake in humans Am ¥ Clin
Nutr 1989;49:799-805

Astrup A Buemann B Christensen NF Toubro S Failure to
increase lipid oxidation in response to increasing dietary fat content
in formerly obese women. Am J Physiol 1994;266:592-9

Koletzko B, Childhood diet and prevention of heart disease Eur T
Clin Nutr 1991;45(suppl):73-5

The Lipid Research Clinics Coronary Prevention Trial results: II
The relationship of reduction in incidence of coronary heart disease
to cholesterol lowering. JAMA 1984;251;365-74

Zahavi T, Goldbourt J Cohen-Mandelzweig L. et al Distributioas
of total cholesterol triglycerides and high-density lipeproiein cho-
lesterol in Israeli Jewish children of different geographic-ethnic ori-
gins, ages 9-17 years. Prev Med 1987;16:33-31

Knuiman JT, Hermus RJ, Hautvast JG ' Serum total and high density
lipoprotein (HDL) cholesterol concentrations in rural and urban
boys from 16 countries Atherosclerosis 1980;36:529-37

Knuiman JT. Westenbrink § van der Heyden L. et al. Determinants
of total and high density lipoprotein cholesterol in boys from Fin-
land The Netherlands, Italy the Philippines and Ghana with speciaf
reference to diet. Hum Nutr Clin Nutr 1983:37:237-54

Koletzko B, Kupke [ Wendel U Treatment of hypercholesterolemia
in children and adolescents Acta Paediatr 1992;81:682-5

National Cholesterol Education Program (NCEP). Highlights of the
report of the Expert Panel On Biood Cholesterol Levels In Children
And Adolescents. Pediatrics 1992;89(suppl):495-301. )
Morgan JB, Kimber AC Redfern AM Stordy BJ. Healthy eating for
infants—mothers™ attitudes Acta Paediatr 1995;84:512-5.
Koletzko B Response to and range of acceptable fut intakes in
infants and children. Eur J Clin Nutr 1999;53(suppi):$78-83

Bier DM Brosnan JT Flatt JP et al. Report of the IDECG Working
Group on lower and vpper limits of carbohydrate and fat intake
International Dietary Energy Consultative Group. Eur J Clin Nuu
1999;53(suppl):8177-8. .
Michaelsern KF, Hernell O Restriction of fat in the diet of infants
Lancet 1995,345:1117 (letter)

38,

39

40.

4]

42,

43

44

46

47

48

49

50

KOLEIZKO ET AL

Cohen SA Hendricks KM Eastham EJ. Mathis RK Walker WA.
Chronic nonspecific diarrhea A complication of dietary fat restric-
tion. Am J Dis Child 1979;133:490-2

Michaelsen KF Nuotrition and growth during infancy The Copen-
hagen Cohort Study. Acta Paediatr Suppl 1997:420:1-36

Lifshitz F Moses N Growth failure A complication of dietary treat-
ment of hypercholesterclemza. Am J Dis Child 1989;143:537-42
Hansen D. Michaelsen KF Skovby F Growth during treatment of
familial hypercholesterclemia Acta Paediat 1992;81:1023-5
Fomon SJ, Haschke F. Zicgler EE. Nelson SE Body composition of
refereace children from birth to age 10 years. Am J Clin Nutr 1982;
35(suppl):11698-758

Flait JP The difference in the storage capacities for carbohydrate
and for fat, and its implications in the reguiation of body weight
Ann N'Y Acad Sci 1987,499:104-23 )
Newsholme EA. Substrate cycles: their metabolic, energetic and ther-
mic conseguences in man Biochern Soc Symp 1978;43:183-203
Flatt J#, Ravussin E, Acheson KJ. Jéquiet E Effects of dietary fat
on postprandial substrate oxidation and cn carbohydrate and fat bal-
ances J Clin Invest 1985:76:1019-24.

Cinti D Cook L Nagi MN Sunegja SK The fatty acid clongation
systemw of mammalian endoplasmatic reticulum Prog Lipid Res
1992;31:1-51.

Wood JD. Reid IT. The influence of dietary fat on fat metabolism
and body fat deposition in meal-feeding and nibbling rats Br J Nutz
1975;34:15-24

Van Aerde JE Sauver PI, Pencharz PB, Smith JM, Heim T. Swyer
PR Metabolic consequences of increasing energy intake by adding
lipid to parenteral nutrition in full-term infants Am J Clin Nubr
1994;59:659-62.

Lagstrom H Jokinen E, Seppanen R, et al Nutrient intakes by
young children in a prospective randomized trial of a low-saturated
fat low-chelesterol diet The STRIP Baby Project. Special Turku
Coronary Risk Factor [ntervention Project for Babies Arch Pediatr
Adolesc Med 1997;151:181-8

Barker DJP Fetal and infant origins of adult disease London: BMJ
Publishing Group 1992



