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Cow’s milk is consumed by most North American children, yet the relationships between the volume and fat
content of cow’s milk consumed and childhood fracture risk are unclear. Our primary objectives in this study
were to evaluate whether the volume or fat content of cow’s milk consumed at 1–3 years of age was associated
with the risk of fracture between 3 and 10 years of age. This was a prospective cohort study of 2,466 children
enrolled in Toronto, Ontario, Canada, between 2008 and 2016. The primary exposure was volume of cow’s milk
consumed between the ages of 1 and 3 years, and the secondary exposure was average percentage of milk fat
consumed by each child during the same period. The primary outcome was a parental report of child fracture
at ages 3–10 years. In the primary and secondary adjusted analyses, no association between milk volume and
fracture risk (adjusted relative risk = 1.04, 95% confidence interval: 0.87, 1.26) or between milk-fat content and
fracture risk (adjusted relative risk = 1.05, 95% confidence interval: 0.84, 1.31) was observed. In this study, we did
not identify a protective association of early childhood cow’s milk volume or fat consumption with fracture risk in
later childhood. Future prospective research is needed to understand whether cow’s milk is beneficial for fracture
prevention through the life course.

childhood; cow’s milk; fracture; fracture risk; nutrition; prepubescence; prospective studies

Abbreviations: BMI, body mass index; CI, confidence interval; SD, standard deviation; TARGet Kids!, The Applied Research Group
for Kids.

One third of children fracture a bone by the end of child-
hood (1, 2). During the last 2 decades, the frequency of
childhood fractures has increased by one third, causing
significant hardship and pain (3, 4). Childhood fracture has
been associated with an increased risk of adolescent and
adulthood fractures, as well as osteoporosis later in life (1,
3, 5, 6).

Several risk factors for childhood fracture have been iden-
tified, including older age, male sex, high and low levels of
physical activity, greater adiposity, and nutritional factors
such as sugar-sweetened beverage consumption and milk
avoidance (2, 5–12). Observational studies have identified
an increased risk of fractures among children who do not
consume cow’s milk (7, 13, 14). However, children who
do not consume cow’s milk may do so for various reasons,
including food allergy, personal preference, or underlying

illness, which may themselves cause increased fracture risk
(15–17).

Researchers who have evaluated the association between
volume of cow’s milk consumed and fracture risk in child-
hood have reported inconsistent findings (7, 18, 19). In a
2015 systematic review and meta-analysis of observational
studies, Händel et al. (7) aimed to identify early-life dietary
patterns which may contribute to fracture risk among healthy
children. They found that the relationship between cow’s
milk consumption and fracture risk in children was unclear
and identified the need for prospective cohort studies to
evaluate the temporal relationship between early childhood
nutritional factors, such as cow’s milk consumption, and
childhood fracture.

The fat content of cow’s milk may also influence fracture
risk. Recent research found that low-fat milk consumption
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was associated with lower vitamin D stores and higher risk
of childhood obesity (20), both of which may increase risk
of childhood fracture (6, 11, 21–23). It has also been hypoth-
esized that vitamin D and calcium may support optimal bone
growth and reduce fracture risk (6, 7, 24) and that absorption
of these substances may be enhanced when consumed with
dietary fat (20, 25, 26).

We hypothesized that a higher volume of cow’s milk
and higher milk-fat content consumed in early childhood
would be protective against fracture in later childhood. To
address this, we designed a prospective cohort study of
milk consumption in early childhood and fracture risk in
later childhood. The primary objective of this study was to
evaluate whether volume of cow’s milk consumed at 1–3
years of age was associated with risk of fracture between 3
and 10 years of age. Secondary objectives included explor-
ing whether milk fat consumed at 1–3 years of age was
associated with risk of fracture between 3 and 10 years of
age and whether milk-fat content modified the relationship
between milk volume and fracture risk.

METHODS

Study design

A prospective cohort study was conducted through a
practice-based research network, The Applied Research
Group for Kids (TARGet Kids!). TARGet Kids! is a collab-
oration between the University of Toronto’s Faculty of
Medicine and clinicians in the University’s departments of
Paediatrics and Family and Community Medicine (27).

For this study, parents of children between 1 and 3 years
of age were recruited by trained research assistants at a
primary health-care visit made between September 2008
and December 2016 at one of 9 primary health-care clinics
in Toronto, Ontario, Canada, and followed prospectively.
Children who had conditions affecting growth (e.g., failure
to thrive, cystic fibrosis), chronic illness (excluding asthma),
or severe developmental delay were excluded.

Exposures and outcomes

Cow’s milk volume and fat content were measured at the
first TARGet Kids! visit between 1 and 3 years of age, which
was defined as the exposure window. This window was cho-
sen to be consistent with a 2015 systematic review and meta-
analysis (7) and with recommendations from the American
Academy of Pediatrics (28) and the National Institutes of
Health (29), which recommend consumption of whole cow’s
milk starting at 1 year of age. Bone fracture was measured at
the last TARGet Kids! visit made between 3 and 10 years of
age, which defined the outcome window. This window was
chosen because childhood fracture may be more sensitive to
nutritional factors than adolescent fracture (7) and is known
to be predictive of later fracture (4, 8). Informed consent was
obtained from parents of participating children, and ethical
approval was obtained from the Research Ethics Board of
The Hospital for Sick Children and St. Michael’s Hospital.

Trained research assistants collected data from parents
at each participating medical practice using a standardized

data collection instrument adapted from the Canadian Com-
munity Health Survey (30). Anthropometric measurements
were taken using standardized techniques.

The primary exposure variable was volume of cow’s milk
consumed by each child during the exposure window. Milk
volume was determined by asking a parent the question,
“How many 250-mL cups of milk does your child currently
have in a typical day?”. Children who did not consume cow’s
milk were included in the analysis as consuming 0 cups
per day. For children who consumed more than one type of
milk fat, the average milk-fat content of all types of milk
consumed was calculated.

The secondary exposure variable was the type of milk
fat consumed by each child during the exposure window.
This variable was measured by asking a parent the question,
“Please specify your child’s diet for the past 3 days: skim,
1%, 2%, or whole milk.” For subjects who consumed more
than one type of milk fat, the mean value was calculated by
averaging the fat content of each type of milk consumed (20).

The primary outcome was 1 or more fractures experienced
during the outcome window. It was measured by asking
the question, “Has your child ever broken a bone?”. The
response was categorized as yes or no (31).

Other variables

Covariates which might confound the relationship
between cow’s milk consumption and fracture risk in
childhood were determined a priori by means of a literature
review (see Figure 1). These variables were measured during
the exposure window using questions adapted from the
Canadian Community Health Survey (30) and included
maternal ethnicity (12, 32), household income (33, 34),
child age, child sex (1, 2, 6), child body mass index
(BMI) z score (6, 35, 36), child sugar-sweetened beverage
consumption (37, 38), and child multivitamin and vitamin
D supplementation (11, 39).

Each child’s weight was measured with a Seca precision
digital scale (±0.025%; Seca GmbH & Co. AG, Hamburg,
Germany), and height was obtained using a Seca stadiome-
ter. BMI was calculated as weight (kg) divided by the square
of height (m2) (40). BMI z score was derived using the
World Health Organization growth standards, which are age-
and sex-standardized and are believed to represent children’s
optimal growth (41, 42). Sugar-sweetened beverage con-
sumption was quantified by asking a parent the question,
“How many 250-mL cups of sugar-sweetened beverages
does your child currently have in a typical day?”. Multi-
vitamin and vitamin D supplementation were determined
by asking the question, “Does your child take any vitamins
or supplements regularly (vitamin D, multivitamin, etc.)?”.
Annual household family income was reported by the parent.
Maternal ethnicity was geographically categorized (43) to be
consistent with the work of Wren et al. (12), who prospec-
tively examined the influence of ethnicity on childhood
fracture.

Demographic and nutritional factors, including sugar-
sweetened beverage consumption, multivitamin supplemen-
tation, and vitamin D supplementation, were measured dur-
ing the exposure window. Other covariates which may be
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Figure 1. Directed acyclic graphs (DAGs) of relationships between variables in a study of early-childhood cow’s milk consumption and fracture
risk, Toronto, Ontario, Canada, 2008–2016. A) DAG for the primary exposure with an effect modifier; B) DAG for the secondary exposure variable.
zBMI score, body mass index z score.

associated with fracture risk, including age, BMI z score,
outdoor free play time, and household family income, were
measured during the outcome window.

Statistical analysis

Population characteristics were determined using mean
values and proportions for the exposure variables, the out-
come variable, and covariates. A modified Poisson regres-
sion model was used to evaluate the relationship between
milk consumption during the exposure window and parental
report of a fracture during the outcome window. Poisson
regression was modified using a sandwich estimator, as
recommended by McNutt et al. (44) and Zou et al. (45),
to avoid overestimated relative risk estimates, which can
occur when Poisson regression is applied to binomial data.
Results were exponentiated to derive relative risks and 95%
confidence intervals.

To minimize the possibility of biased R2 values, which
can occur through data-generated model-building (46), we
included all covariates listed above in the adjusted model,
regardless of statistical significance. We used the same meth-
ods for the secondary analysis to evaluate the relationship
between milk-fat consumption during the exposure win-
dow and parental report of a fracture during the outcome
window (45).

To explore possible effect modification by milk-fat con-
sumption, an interaction term for interaction between milk
volume and milk fat was added to the primary model. The
interaction was tested at an α = 0.05 significance level using
a likelihood ratio test.

Multicollinearity was evaluated using the variance infla-
tion factor, which was less than 5 for all covariates (47).
We tested for nonlinearity in both the primary and sec-
ondary models by using restricted cubic splines (47). Miss-
ing data appeared to be missing at random and were handled
using multiple imputation (48). Multiple imputation was
conducted using all covariates and exposure and outcome
data. All variables had less than 10% missing data (3.1% and
0.6% missing data for the primary and secondary exposures,
respectively). All analyses were run on 50 imputed data sets,
and results were then pooled for interpretation. R, version
3.31 (R Foundation for Statistical Computing, Vienna, Aus-
tria), and RStudio, version 0.99.903 (R Foundation for Sta-
tistical Computing), were the software packages used (49).

RESULTS

Exposure data were available on 4,461 TARGet Kids!
participants at 1–3 years of age, and outcome data were
available at ages 3–10 years for the 2,466 children who
were included in the analysis. At the time of analysis, 1,738
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Figure 2. Selection of TARGet Kids! cohort participants for a study of early-childhood cow’s milk consumption and fracture risk, Toronto,
Ontario, Canada, 2008–2016. At exposure measurement (ages 1–3 years), 76 (3.1%) children were missing data on volume of cow’s milk
consumed and 14 (0.6%) children were missing data on milk-fat content, and therefore data were imputed for analysis. At outcome measurement
(ages 3–10 years), 10 (0.4%) children were missing data on fracture, and those data were also imputed for analysis. TARGet Kids!, The Applied
Research Group for Kids.

children were younger than 3 years of age and 257 were
older than 10 years of age (Figure 2). The mean age of
participants during the exposure window was 1.6 (standard
deviation (SD), 0.6) years, and 1,137 (46%) were female.
Participants consumed a mean of 1.9 (SD, 1.2) 250-mL cups
of cow’s milk per day during the exposure window, and
the milk they consumed had a mean fat content of 2.4%
(SD, 0.9) (Table 1). The mean age of the participants during
the outcome window was 5.4 (SD, 1.8) years, with a mean
duration of follow-up of 3.8 years. By the end of follow-up,
153 (6.2%) children had experienced at least 1 bone fracture,
and 20 (13.1%) of those children had experienced 2 or more
bone fractures.

For the primary analysis, in both unadjusted and adjusted
models, there was no statistically significant association
between the volume of cow’s milk consumed at 1–3 years
of age and the risk of 1 or more parent-reported child
fractures between 3 and 10 years of age (per daily 250-
mL cup of cow’s milk, the unadjusted relative risk was 1.05
(95% confidence interval (CI): 0.91, 1.18) and the adjusted
relative risk was 1.04 (95% CI: 0.87, 1.26)) (Table 2). For the
secondary analysis, neither unadjusted nor adjusted models
identified a statistically significant association between the
fat content of cow’s milk consumed at 1–3 years of age
and fracture risk between 3 and 10 years of age (per 1%
increment of milk fat, the unadjusted relative risk was 0.98
(95% CI: 0.79, 1.17) and the adjusted relative risk was 1.05
(95% CI: 0.84, 1.31)) (Table 2). There was no evidence of
nonlinear relationships between cow’s milk volume or cow’s
milk fat and risk of 1 or more fractures (Figures 3 and 4).

Cow’s milk-fat consumption did not modify the relationship
between milk volume and risk of fracture (P = 0.24).

DISCUSSION

In this study, we used prospectively collected data from
a large cohort of healthy urban children to evaluate the
relationship of cow’s milk volume and fat content con-
sumed in early childhood with fracture risk in later child-
hood. Neither milk volume nor the fat content of milk
consumed in early childhood was associated with lower
fracture risk in later childhood. Given that cow’s milk is
consumed by over 80% of North American children on a
daily basis (50) and that childhood fracture is a risk factor
for subsequent fractures, as well as osteoporosis later in life
(1, 3, 5, 6), the relationship between cow’s milk consump-
tion and fracture risk is of both clinical and public health
importance. To our knowledge, no other prospective cohort
studies have examined the relationship between volume of
cow’s milk consumed or milk-fat content and fracture risk
in children.

It has been argued that nutritional factors may play a larger
role in childhood fracture than adolescent or adulthood
fracture (7). In adolescence, when peak height velocity is
reached, bone length supersedes bone mineralization while
strenuous physical activity increases, creating a scenario
where bones may be more susceptible to fracture (4, 51).
Children’s bones are less dense, not as rigid, and not exposed
to the same forces as adolescent bones (51). Therefore,
in childhood, fractures may be more likely to result from
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Table 1. Characteristics of Participants with Follow-up Data in a Study of Early-Childhood Cow’s Milk Consumption and Fracture Risk, Toronto,
Ontario, Canada, 2008–2016

Measure

All Children
(n = 2,466)

Category of Cow’s Milk Consumption, 250-mL cups/day

0 (None)
(n = 220)

<2
(n = 636)

2
(n = 893)

>2
(n = 641)

No. % No. % No. % No. % No. %

Age, monthsa 64.69 (22.66) 25.25 (8.34) 28.11 (7.30) 28.47 (6.93) 27.13 (7.22)

Female sex 1,137 46 106 48 293 46 426 48 283 44

Cow’s milk consumption, 250-mL
cups/daya

1.88 (1.15) 0.00 (0.00) 0.86 (0.23) 2.00 (0.00) 3.37 (0.63)

Cow’s milk-fat content, %a 2.40 (0.86) 0.00 (0.00) 2.36 (0.92) 2.40 (0.86) 2.49 (0.82)

Consumption of sugar-sweetened
beverages, 250-mL cups/daya

0.04 (0.26) 0.02 (0.22) 0.03 (0.23) 0.03 (0.20) 0.03 (0.23)

Self-reported household family income,
Can$/year

<30,000 75 3 10 5 12 2 21 3 25 4

30,000–79,999 294 13 34 17 79 14 97 12 73 12

80,000–149,999 651 29 55 27 176 30 234 28 171 29

≥150,000 1,253 55 102 51 311 54 480 58 327 55

Child multivitamin supplementation (yes) 649 27 59 28 177 29 226 27 169 27

Child vitamin D supplementation (yes) 1,250 53 118 55 345 56 458 54 300 48

Maternal ethnicity

European 1,659 72 138 69 449 76 618 73 413 70

East Asian, South Asian, or Southeast
Asian

344 15 33 16 83 14 119 14 91 15

Arab, African-American, or Latin
American

181 8 16 8 32 5 68 8 57 10

Other 105 5 14 7 26 4 36 4 27 5

Bone fractureb 153 6 17 8 31 5 59 7 41 6

a Values are expressed as mean (standard deviation).
b Bone fracture was measured during the outcome window at 3–10 years of age.

underlying causes such as nutritional factors or high-impact
mechanisms (4).

In a 2008 systematic review of randomized controlled
trials which focused on dietary calcium intake and bone

mineralization among children aged 4–17 years, Huncharek
et al. (24) found that increasing dietary calcium from dairy
products resulted in increased total body and lumbar spine
bone mineral density at 12–48 months of follow–up. How-

Table 2. Risk of Fracture During Follow-up (Ages 3–10 Years) According to Volume of Cow’s Milk Consumed and Milk-Fat Concentration at
Baseline (Ages 1–3 Years) in an Adjusted Poisson Regression Model, Toronto, Ontario, Canada, 2008–2016

Measure
Unadjusted Results Adjusted Resultsa

RR 95% CI P Value RR 95% CI P Value

Cow’s milk volume (per 250-mL cup/day) 1.05 0.91, 1.18 0.52 1.04 0.87, 1.26 0.65

Cow’s milk-fat content (per 1% increase in milk fat) 0.98 0.79, 1.17 0.87 1.05 0.84, 1.31 0.66

Abbreviations: CI, confidence interval; RR, relative risk.
a Results were adjusted for child sex, child age (months), household family income (Can$/year), maternal ethnicity (see Table 1), child body

mass index z score, multivitamin supplementation, vitamin D supplementation, and sugar-sweetened beverage consumption.
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Figure 3. Relationship between cow’s milk intake and fracture risk among children from the TARGet Kids! cohort, Toronto, Ontario, Canada,
2008–2016. Results were adjusted for child sex, child age (in months), household family income, maternal ethnicity, child body mass index z
score, multivitamin supplementation, vitamin D supplementation, and sugar-sweetened beverage consumption. The probability of fracture was
determined during the outcome window at 3–10 years of age. Volume of cow’s milk consumed was measured during the exposure window at
1–3 years of age. The gray shaded area represents the 95% confidence intervals. TARGet Kids!, The Applied Research Group for Kids.

ever, bone mineralization is a proxy measure for fracture,
and the authors concluded that further research is needed
to determine whether dairy-food consumption in childhood
translates beyond bone mineralization to decreased child-
hood fracture risk (24). Händel et al.’s 2015 systematic
review and meta-analysis of observational studies (7), which
aimed to evaluate nutritional factors that were associated
with childhood fractures, included 18 observational studies,
of which 2 were case-control studies that evaluated volume
of cow’s milk consumed and fracture risk in healthy children
aged 2–13 years (37, 39). The authors concluded that insuf-
ficient evidence was available to evaluate the association of
cow’s milk consumption with childhood fracture risk (7).
Lanou et al. (18) reviewed the literature on the effects of
dietary calcium, dairy products, and bone health in chil-
dren. The authors reported a positive relationship between
consumption of dairy products and measures of bone health
among children in 3 of 11 studies. One of those studies
was cross-sectional and 2 were randomized controlled trials,
neither of which measured the functional outcome of bone
fracture. The authors concluded that “scant evidence sup-
ports nutrition guidelines focused specifically on increasing
milk or other dairy product intake for promoting child and
adolescent bone mineralization” (18, p. 736).

A relationship between cow’s milk-fat consumption and
fracture risk has been hypothesized but little studied (52).

It has been argued that calcium and vitamin D absorption,
which are believed to support bone health and reduce frac-
ture risk (6, 7, 24), may be enhanced if calcium and vitamin
D are consumed with dietary fat (20, 25, 26). Further,
consumption of cow’s milk fat has been associated with
lower adiposity, which is believed to be protective against
fractures (6, 20, 22, 23). However, in a case-control study,
Chan et al. (53) examined fat consumption and fracture risk
in children and did not find an association between fat intake
and fracture. Similarly, in the present study, we did not
identify a relationship between milk-fat consumption and
childhood fracture risk.

This study had a number of strengths, including the
prospective design involving a large, culturally diverse
cohort of healthy urban children. Since cow’s milk
consumption was measured in early childhood and bone
fractures were measured up to 10 years of age, directionality
in the hypothesized relationships was accounted for. Further,
detailed questionnaire and anthropometric data allowed for
adjustment for numerous potential risk factors which may
have confounded a relationship between milk consumption
and fracture risk.

This study also had several limitations, including the
use of parent-reported measures, which may be suscepti-
ble to recall, social desirability, or misclassification bias.
Social desirability bias may change the directionality of
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Figure 4. Relationship between cow’s milk-fat content and fracture risk among children from the TARGet Kids! cohort, Toronto, Ontario,
Canada, 2008–2016. Results were adjusted for child sex, child age (in months), household family income, maternal ethnicity, child body mass
index z score, multivitamin supplementation, vitamin D supplementation, and sugar-sweetened beverage consumption. The probability of fracture
was determined during the outcome window at 3–10 years of age. Cow’s milk-fat content was measured during the exposure window at 1–3
years of age. The gray shaded area represents the 95% confidence intervals. TARGet Kids!, The Applied Research Group for Kids.

the relationship between cow’s milk and fracture if par-
ents overreport cow’s milk consumption to more closely
reflect current milk fat and volume guidelines. Misclassifi-
cation bias and recall bias may affect the reliability of the
responses and could affect the relationships in either direc-
tion. While numerous potential confounders were included
in the statistical models, residual confounding is a possi-
bility. Although cow’s milk is the main dietary source of
calcium and vitamin D for most North American children,
we were unable to account for other dietary sources of cal-
cium because of data limitations (50). We were also unable
to determine the mechanism of fracture, since some types of
fractures may be more sensitive to nutritional factors (i.e.,
low-impact mechanisms). Another potential limitation is the
risk of cointerventions. For example, children with multiple
fractures may have received nutritional counseling which
altered subsequent fracture risk. Although our study sample
was relatively large, many children in our cohort were not
yet 3 years of age at the time of analysis, limiting our ability
to detect a small effect. Lastly, although the TARGet Kids!
population is ethnically diverse, it may not be representative
of all urban children.

In the present study, neither the volume nor the fat content
of cow’s milk consumed in early childhood was associated
with fracture in later childhood. These findings support a

growing body of literature which suggests that efforts aimed
at increasing cow’s milk consumption in childhood may not
result in childhood fracture prevention (18, 52, 54). Future
research in young children is needed to understand whether
cow’s milk consumption in childhood offers benefits for
fracture prevention through the life course.
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