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BSTRACT
he full fracture histories of 50 children (30 girls and 20
oys, age range 3 to 13 years) who had avoided drinking
ow’s milk for prolonged periods were compared with
hose in a birth cohort of more than 1,000 children from
he same city. Children who avoided milk did not use
alcium-rich food substitutes appropriately and had low
ietary calcium intakes and low bone mineral density
alues. Many were overweight (22 of 50). Significantly
ore of the children who avoided milk reported fractures

16 observed vs 6 expected, �2�31.0, P�.001, df�5). They
lso experienced more total fractures than the birth co-
ort population (22 observed vs 8 expected, �2�33.6,
�.001, df�5). All of the fractures occurred before pu-
erty, the majority (18 of 22) being associated with only
light trauma. Forearm fractures were especially com-
on (12 fractures). We conclude that young children

voiding milk are prone to fracture.
Am Diet Assoc. 2004;104:250-253.

one fractures are a frequent problem for children
(1,2). Low bone density and high body weight in-
crease fracture risk during growth (3-5). Adequate

bsorption of dietary calcium is important for optimal
one growth (6,7).
In Western countries dairy products are the major di-

tary source of calcium. Sustained milk avoidance during
rowth may therefore jeopardize bone health unless ap-
ropriate substitute calcium-rich foods are consumed (6).
ptimizing bone mass is recommended to reduce the risk
f fracture in children (8). In addition, recent work has
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inked adult osteoporotic fractures to low milk consump-
ion during childhood (9).

Low consumption of dairy foods may also affect body
eight (10). Substitution of high-energy drinks of low
utritional value for milk (11) can promote weight gain
hile low calcium intakes may augment adipogenesis

12-15).
We recently observed that a group of 50 white children
ith a history of avoiding drinking cow’s milk had low
ietary calcium intakes, short stature, poor skeletons,
nd a high prevalence of adiposity (16). Many had already
ad bone fractures, which was worrisome considering the
ecreasing consumption of milk over the past 50 years
11,17). The current study was therefore done to obtain
ore information about their fractures and to compare

heir observed fracture frequencies with those expected
n children of similar age and sex from the general
ommunity.

ETHODS
he Otago Ethics Committee approved the study. In-

ormed consent was obtained from parents and children.
t baseline 30 girls and 20 boys, age range 3 to 10 years,
ith a history of cow’s milk avoidance were recruited

rom advertisements in shops, community centers, and
chools (16). Children’s heights (Harpenden stadiometer,
oltain Ltd, United Kingdom) and weights (electronic

cale, Model 169N; Tanita Corporation, Tokyo, Japan)
ere measured without shoes in light clothing. Body
ass index (BMI) values, defined as weight (kg)/height

m2), were used to identify overweight (BMI �85th per-
entile for age) and obese (BMI � 95th percentile for age)
ubjects (18). Dual energy x-ray scans of the nondomi-
ant forearm, lumbar spine (L2-4), and total body were
aken (Lunar DPX-L scanner; Lunar Corporation, Madi-
on, WI) and volumetric bone mineral density values
g/cm3) expressed as z scores for age as described previ-
usly (16). Current dietary calcium intake was estimated
19), and information concerning reasons for milk avoid-
nce, duration of this, and use of high-calcium substitute
oods was collected. Pubertal status was self-assessed (3,5).

Participants were re-interviewed 2 years later to record
etailed information about any fractures occurring since
irth and trauma severity (20). Simultaneous fractures of
he radius/ulna or tibia/fibula on the same limb were
lassed as a single fracture event (20). Data obtained
rom the Dunedin Multidisciplinary Health and Develop-
ent Study (a birth cohort of more than 1,000 children

orn in 1972/1973) was used to provide comparative in-

ormation concerning fractures in the general community

© 2004 by the American Dietetic Association
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y age and sex (21). Fracture frequencies (observed vs
xpected) were tested using a �2 test.

ESULTS
s reported previously (16), the study children had low
ietary calcium intakes, reduced z scores for bone min-
ral content, and low volumetric bone density values.
owever, the baseline characteristics and risk factors for

racture of children with and without fractures did not
iffer (Table 1).
Forty-six subjects attended the follow-up interview.
aseline data concerning fractures were used for the
ther four children, who had left Dunedin. Table 2 shows
hat more study children than community subjects had a
ositive fracture history (16 observed vs six expected,
2 � 31.0, P �.001, df�5). Twenty-two fractures were
onfirmed (12 radius/ulna, three fingers, two tibia/fibula,
ne clavicle, one femur, one ankle, one nose, one meta-
arsal), 17 from radiological records and five from the
linical history (time in plaster). All of these fractures
ccurred before puberty, 18 of 22 being associated with
nly slight trauma (minor trips or falls incurred during
ormal play). Twelve children broke one bone; four chil-
ren broke multiple bones (on different occasions). Frac-
ure subjects came from 12 different families, and frac-
ure-free children from 24 different families. No child had
nown skeletal abnormalities and no fractures were at-
ributed to abuse. Interestingly, seven of the nine chil-
ren breaking their forearms were overweight.

ISCUSSION
thers have shown that children who habitually avoid

Table 1. Baseline characteristics and prevalence of relevant risk
factors in children with and without fractures who avoid milka

History of fracture
Nil
(n�34)

Positive
(n�16)

Baseline characteristics 4™™™™ mean (SD b) ™™™™3
Age (y) 5.8 (2.0) 6.7 (2.1)
Height (cm) 112.6 (14.3) 121.4 (16.2)
Weight (kg) 22.4 (8.7) 27.5 (10.2)
BMIc (kg/m2) 17.0 (2.4) 18.1 (3.0)
Age commenced milk

avoidance (y) 1.0 (1.9) 0.7 (1.2)
Duration of milk avoidance

(% lifespan) 77 (33) 81 (30)
Calcium intake (mg/d) 449 (250) 438 (189)

Prevalence of risk factors 4™™™™™™ n (%) ™™™™™™™3
Symptoms to cow milk 16 (47%) 9 (56%)
Family members avoiding milk 26 (77%) 13 (81%)
Calcium intake below 300 mg/d 9 (27%) 5 (31%)
Overweightd 13 (38%) 9 (56%)
Low z score at 33% radiuse 16 (47%) 6 (38%)
Low z score at lumbar spinee 11 (32%) 9 (56%)

aGroups with and without fractures did not differ statistically for any variable (P�.05).
bSD�standard deviation.
cBMI�body mass index.
dOverweight�BMI above 85th percentile for age.
eLow z score�volumetric bone density (g/cm3) below �1 SD.
ilk have low calcium intakes and poor skeletons (22-26), m
ut this study is the first to demonstrate that young
hildren who avoid milk sustain more fractures than
ommunity controls of similar age and sex. One in three
tudy children had fractures, and 18 of their 22 fractures
82%) occurred before 7 years of age. This high fracture
ccurrence is a concern because milk consumption is gen-
rally decreasing today (17,27). Lower milk consumption
ay trigger an increase in fracture rates in the young,

nd health professionals need to advise parents and fam-
lies about ways to prevent this. Although 2% to 7.5% of
nfants avoid cow’s milk because of symptoms (allergy,

ucous production, rhinitis, dermal, or gastrointestinal
roblems) (28), only half of the study children reported
ymptoms. Half avoided milk because they disliked the
aste, for cost reasons, or because their families choose
ot to supply this food regularly (16). The present find-

ngs suggest that 4% to 15% of young children may con-
ume very little cow’s milk for long periods at a time of life
hen their bone needs for calcium are high. Without
ppropriate dietary substitutions, such youngsters may
e more prone to fractures.
Both osteopenia (16) and overweight (data not shown)
ere more prevalent in the study population than in the

ommunity. The low bone densities and high body
eights of children avoiding milk probably contributed to

he large number of fractures they sustained because
oth increase new fracture risk during growth (4). Many
tudy subjects had sufficiently poor calcium intakes to
mpair bone mineralization, and their volumetric bone
ensity z scores were low (16). While severe calcium de-
rivation among the children avoiding milk probably con-
ributed to their impaired bone mineralization, other nu-
rients in milk may also be important for optimal bone
evelopment. Dairy products are an important source of
rotein, vitamins, other minerals, and growth factors an-
bolic to bone, such as osteoprotegerin (29) and milk basic
rotein (30). Milk consumption also increases blood levels
f insulin-like growth factor 1, a powerful stimulant of
one formation (31).
Parental behavior influences milk consumption (32)

nd this probably reinforced low milk consumption. Many
articipants had family members who avoid milk. Impor-
antly, the children were not making appropriate dietary
ubstitutions for their low milk consumption (16). Chil-
ren who avoid milk but who consume appropriate sub-
titute high-calcium and high-protein foods instead of

Table 2. Number of fractures observed in the study population
compared with total fractures expected from community dataa

Age
(y)

Time
exposed
(y)

Observed
fractures
(n)

Expected
fractures
(n)

Fracture rate per
1,000 person years
in community

0-2.9 150 9 1.97 13.1
3-4.9 96.1 5 2.08 21.7
5-6.9 83.4 4 1.99 23.8
7-8.9 44 4 1.15 26.0
9-10.9 16.2 0 0.80 49.3
11-13 6.3 0 0.45 72.4
0-13 396.0 22 8.44

aGoodness of fit �2�33.57, P�.001, degrees of freedom�5.
ilk or who use supplements may not have the same high
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isks of osteopenia and fracture as children who avoid
ilk but make no appropriate dietary adjustments. This

ossibility warrants further study.
Although the prevalence of osteopenia and overweight
ere similar in children with and without fractures, it

eems likely that all children with these characteristics
ere at increased fracture risk. Fracture events are to

ome degree a matter of chance because bones rarely
reak spontaneously and some degree of trauma is re-
uired to precipitate fracture. Children who take fre-
uent risks and fall often or heavily may be more likely to
racture a bone than are children who are nimble and less
dventurous. However, in this study most fractures re-
ulted from only slight trauma, suggesting that weakness
f the skeleton or imbalance of body weight to skeletal
trength, rather than excessive risk-taking behavior, ex-
lained most bone breakage.
Low physical activity levels may have contributed to

he adiposity and the poor skeletal growth of the study
hildren because overweight children are frequently in-
ctive children. Because weight-bearing activity stimu-
ates osteogenesis and helps burn excess calories (33-36),
ll children should be encouraged to participate in regu-
ar physical activity to optimize bone development and

aintain a healthful body weight. Calcium intake and
eight-bearing activity also influence the microarchitec-

ure of bone (37,38). Finally, children should spend suffi-
ient time outdoors to boost their vitamin D levels to
nsure good alimentary absorption of calcium (39,40).
A limitation of the current study is its relatively small

ample size. The birth cohort population used for norma-
ive fracture information was also born earlier than the
tudy children. Although fracture rates could have in-
reased over time in the whole community, not just in
hildren avoiding milk, this seems unlikely. We acknowl-
dge that we did not evaluate anthropometry, bone den-
ity, or nutrition close to the actual dates of fracture.
hus, past fracture events cannot be definitively attrib-
ted to low dietary calcium intakes, osteopenia, or exces-
ively high body weight documented at measurement.
owever, milk avoidance was chronic and few subjects
sed substitute high-calcium drinks and foods to compen-
ate for milk avoidance. Because low bone density (41,42)
nd high adiposity (43) track, study children who were
steopenic and heavy for their bone development at scan-
ing were also probably osteopenic and overheavy at time
f fracture.

ONCLUSIONS
ietitians should be aware that young children who ha-
itually avoid drinking cow’s milk without using calcium
ubstitutes are prone to fractures and overweight. Non-
airy calcium-rich foods or drinks or mineral supple-
ents, regular exercise, and outdoor activity should be

ecommended and healthful body weight maintained.
hildren need good nutrition, adequate vitamin D, and
eight-bearing physical activity during development to
uild strong skeletons and achieve their genetic potential
eak bone mass. This should reduce their risk of osteo-
orotic fractures later in life.

he authors thank all of the participants and their fam-
lies for their enthusiastic participation in this study,
hich was supported by the HRC of New Zealand and by
ew Zealand Milk.
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