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ABSTRACT
Milk contains calcium, phosphorus, and protein and is fortified with vitamin D in the United States. All these ingredients may improve

bone health. However, the potential benefit of milk on hip fracture prevention is not well established. The objective of this study was to

assess the association of milk intake with risk of hip fracture based on a meta-analysis of cohort studies in middle-aged or older men and

women. Data sources for this study were English and non-English publications via Medline (Ovid, PubMed) and EMBASE search up to

June 2010, experts in the field, and reference lists. The idea was to compare prospective cohort studies on the same scale so that we

could calculate the relative risk (RR) of hip fracture per glass of milk intake daily (approximately 300mg calcium per glass of milk). Pooled

analyses were based on random effects models. The data were extracted by two independent observers. The results show that in women

(6 studies, 195,102 women, 3574 hip fractures), there was no overall association between total milk intake and hip fracture risk (pooled RR

per glass of milk per day¼ 0.99; 95% confidence interval [CI] 0.96–1.02; Q-test p¼ .37). In men (3 studies, 75,149 men, 195 hip fractures),

the pooled RR per daily glass of milk was 0.91 (95% CI 0.81–1.01). Our conclusion is that in our meta-analysis of cohort studies, there was

no overall association between milk intake and hip fracture risk in women but that more data are needed in men. � 2011 American

Society for Bone and Mineral Research.
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Introduction

Milk is a major source of calcium and phosphorus and

plausibly may reduce fracture risk through its calcium

content. However, the most recent meta-analysis suggested a

neutral effect of a high dietary calcium intake on hip fracture risk

in men and women based on data from prospective cohort

studies.(1) Furthermore, the same meta-analysis suggested no

significant overall benefit of calcium supplementation on risk of
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nonvertebral fractures based on five double-blind, randomized,

controlled trials (RCTs). Indeed, a possible adverse effect on hip

fracture risk was found [among 6504 individuals and 139 hip

fractures, pooled relative risk (RR)¼ 1.64; 95% confidence

interval (CI) 1.02–2.64].(1)

Milk also may reduce fracture risk through vitamin D

fortification, which is done routinely in the United States (100

IU vitamin D per 8-oz/237-mL glass of milk) and Sweden (45 IU

vitamin D in a 300-mL glass of fat-reduced milk). The effects of
ober 1, 2010. Published online October 14, 2010.

nd Mobility, University of Zurich, Gloriastrasse 25, 8091 Zurich, Switzerland.
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Fig. 1. QUOROM flow diagram of prospective cohort studies (996 articles

found; of these, 922 could be excluded based on abstract).
oral vitamin D supplementation on nonvertebral fractures have

been summarized in a 2009 meta-analyses of 12 double-blind

RCTs (n¼ 42,279).(2) The results show that vitamin D at a received

dose greater than 400 IU per day reduces the risk of any

nonvertebral fracture by 20% and those at the hip by 18%

independent of age, type of dwelling (community-dwelling

versus nursing home), and concomitant calcium supplementa-

tion among seniors aged 65 years and older. This important

dose-dependent benefit of vitamin D in nonvertebral fracture

prevention was smaller in two meta-analyses published in

2007(3,4) and one 2010 patient-based meta-analysis of 7 large

trials(5) using alternative inclusion criteria that permitted open-

design trials,(3–5) use of intramuscular vitamin D,(5) and a less

comprehensive(3,4) or no(5) accounting for adherence to

treatment, which may result in more conservative estimates.

Much of Europe does not add vitamin D to milk, which is

particularly noteworthy in Northern European countries, where

sunshine exposure capable of producing vitamin D in the skin is

limited. However, in the SENECA (Survey in Europe on Nutrition

and the Elderly; A Concerted action) study, the lowest 25-

hydroxyvitamin D concentrations were measured among seniors

living in the Mediterranean, likely owing to sun avoidance by

older individuals.(6) Another possible beneficial effect of milk

intake on fracture risk may be increases in blood concentrations

of insulin-like growth factor 1, which is likely caused in part by

the high protein content of milk and has been positively

associated with bone mass and muscle mass.(7–9)

Since the effect of milk intake on hip fracture risk has not been

examined in an RCT and is not well established from individual

observational studies, we conducted a systematic review and a

meta-analysis of prospective cohort studies addressing the

relationship between milk intake and hip fracture risk. We chose

to focus on prospective cohort studies to minimize any bias in

the assessment of milk intake with respect to hip fracture

incidence.

Methods

Search strategy and data extraction

We conducted a systematic search for relevant English and non-

English publications using Medline (ie, Ovid and PubMed) for the

period January 1960 to June 2010 and EMBASE for January 1991

to June 2010. We also contacted experts in the field and searched

reference lists and abstracts presented at the American Society

for Bone and Mineral Research annual meetings from 1995 to

2009. Medical subject headings (MeSH) terms included ‘‘cohort

studies,’’ ‘‘prospective studies,’’ or ‘‘retrospective studies’’;

‘‘fracture’’ or ‘‘hip fracture’’; ‘‘calcium,’’ ‘‘calcium analogues or

derivates,’’ ‘‘calcium carbonate,’’ ‘‘calcium citrate,’’ ‘‘calcium

gluconate,’’ or ‘‘calcium phosphate’’; and ‘‘milk’’ or ‘‘dairy

products.’’ Eligibility and exclusion criteria were prespecified.

Data extraction was conducted independently by two investi-

gators (HAB-F and JH).

Eligible studies

We included only prospective cohort studies that required milk

intake to be assessed prior to the hip fracture event. Our primary
834 Journal of Bone and Mineral Research
outcome was first incident hip fracture in middle aged or older

men and women (Fig. 1). For the Nurses Health data, we received

an update of the latest published data from 2003(10) extending

the follow-up from 18 to 26 years (Diane Feskanich, personal

communication).

Ineligible studies

We excluded cross-sectional and case-control studies and animal

investigations. We excluded studies that did not provide

separate data for men and women(11) or did not provide

separate data on hip fractures.(12)

Studies identified

A total of seven separate studies were identified: six that

provided data from women separately and three that provided

data from men separately (Table 1).

Statistical methods

Gender-specific analyses were conducted because men and

women differ in fracture risk(13) and total calcium intake.(14)

However, we also performed an analysis that included both men

and women because the relative benefit of milk may be

independent of the underlying difference in fracture risk and

calcium intake. The primary outcome of the pooled analysis was

the RR of hip fracture for an increment of 1 glass (approximately

300mg of calcium(15)) of total milk intake per day.

For the highest and lowest open-endedmilk intake categories,

we chose predefined values for the corresponding medians,

which are 30% lower than the lowest cutoff and 30% higher than

the upper cutoff. RRs adjusted for multiple covariates were used

whenever available.

To compare studies on the same scale in the pooled analysis,

we calculated the RR for a 1 glass per day increment in total milk

intake, assuming a log-linear association of intake with risk. Since
BISCHOFF-FERRARI ET AL.
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the RRs within each cohort study depend on a common

reference group, they are correlated. Thus we used a method

developed by Greenland and colleagues that yields an efficient

point estimator and a consistent variance estimate under these

circumstances(16) to calculate for each study the RR of hip

fracture per 1 glass of total milk intake. Results from all studies

were then pooled using random-effects models.(17)

To assess heterogeneity, we calculated the Q statistic, a

measure of the statistical significance of heterogeneity, and the I2

index, a measure of the extent of heterogeneity.(18) To assess

potential publication bias, we used Begg’s and Egger’s tests and

Begg’s funnel plot(19,20); no evidence of bias was seen. Statistical

analysis was performed by using STATA Version 7.0 (Stata Corp.,

College Station, TX, USA), including assessment of the influence

of a single study on the summary-effect estimate.(21)

Results

Table 1 shows characteristics of the seven prospective cohort

studies that met our inclusion criteria. We identified seven

studies overall—six studies including 195,102 women sustaining

3574 fractures and three studies including 75,149men sustaining

195 hip fractures. The median age at baseline ranged from 47 to

71 years. Mean follow-up varied between 3 and 26 years. Three

studies were from the United States,(10,22,23) two from Scandi-

navia,(24,25) one from Japan,(26) and one multicenter pooled

project from 11 cohorts around the world (Europe, Australia, and

Canada).(27)

Primary analyses

Figure 2A shows the Forest plots for the RR of hip fracture for a 1

glass increment of total daily milk intake among women. The
Fig. 2. (A) Relative risk of hip fracture for an increase of 1 glass of total

milk intake per day in women. Forest plot for odds ratio of hip fracture for

an increase of 1 glass of total milk intake per day. Size of squares is

proportional to the inverse of the variance. Error bars represent the 95%

confidence intervals. The confidence limits for the pooled RR is indicated

by the diamond-shaped figure. There was no significant heterogeneity (Q

test ¼ .37). Among women, the pooled RR per 1 glass of milk per day was

0.99 (95% CI 0.96–1.02). (B) Examining the influence of single studies

among women. The graph shows the influence of individual studies on

the effect estimate. The influence analysis illustrates the pooled estimates

omitting one study at a time. The results show the pooled estimates odds

ratio of hip fracture for an increase of 1 glass of total milk intake per day.

Based on this graph, the results amongwomen are somewhat dominated

by the study by Michaelsson and colleagues, although the test for

heterogeneity did not reach significance including all studies (see panel

A). Excluding the study by Michaellson and colleagues, there was a

marginally significant 5% reduction of hip fracture risk per glass of milk

intake per day (pooled RR¼ 0.95, 95% CI 0.90–1.00, p¼ .049, Q test

p¼ .97). (C) Relative risk of hip fracture for an increase of 1 glass of total

milk intake per day in men. Forest plot for odds ratio of hip fracture for an

increase of 1 glass of total milk intake per day. Size of squares is

proportional to the inverse of the variance. Error bars represent the

95% confidence intervals. The confidence limits for the pooled RR are

indicated by the diamond-shaped figure. There was no significant

heterogeneity (Q test p¼ 0.356). Among men, the pooled RR per 1 glass

of milk per day was 0.91 (95% CI 0.81–1.01).

836 Journal of Bone and Mineral Research
95% confidence interval (CI) for each of the studies included 1.00,

and there was no overall association betweenmilk intake and hip

fracture risk (pooled RR per glass of milk per day¼ 0.99, 95% CI

0.96–1.02).

Despite the absence of significant heterogeneity (Q test

p¼ .37), we explored the influence of individual studies on the

summary effect in Fig. 2B. This analysis suggested that the

findings among women were strongly influenced by the study of

Michaelsson and colleagues(24) among Swedish women. Exclud-

ing this study, there was a marginally significant 5% lower hip

fracture risk per glass of milk daily (pooled RR¼ 0.95, 95% CI

0.90–1.00, p¼ .049, Q test p¼ .97). The I2, the proportion of total

variation in study estimates that was due to heterogeneity, was

25% (low) when including all studies among women and 0%

when excluding the Swedish study by Michaelsson and

colleagues.(24)
BISCHOFF-FERRARI ET AL.



Fig. 3. Pooled analysis for categories of milk intake and hip fracture risk

among women. Relationship between milk intake and hip fracture risk

amongwomen. RRs for categories of total milk intake and hip fracture risk

were pooled across cohorts using the lowest category in each cohort as a

reference. The reference categories in different studies ranged from 0 to

0.7 glass of total milk intake per day. Cohorts contributed only to the

categories for which they had results for the same or similar range of milk

intake (ie, the result for 5 to 7 glasses/week in the Nurses’ Health Study

contributed to the meta-analysis in category 0.5 to 0.9 glasses/day).
In men, as illustrated in Fig. 2C, the 95% CI for each of the

individual studies also includes 1.00, and the pooled RR per daily

glass of milk was 0.91 (95% CI 0.81–1.01), suggesting a borderline

significant benefit in men. In men, the Q test for heterogeneity

was not significant (p¼ .36).

To examine the relationship between milk intake and hip

fracture risk in more detail, we pooled RRs for categories of total

milk intake and hip fracture risk among women from each cohort

study (Fig. 3) using the lowest category as a reference and

corresponding RRs for higher intake categories. Figure 3 confirms

the findings suggested by the analysis in Fig. 2A, with no

apparent association between higher milk intake and hip

fracture risk, even with intakes as high as 3 or 4 glasses per day.

The limited data for men did not allow useful categorical dose-

response analyses.

If cohorts of both women andmenwere analyzed jointly, there

was a weak and nonsignificant overall inverse association

between milk intake and hip fracture risk (pooled RR per glass of

milk per day¼ 0.97, 95% CI 0.93–1.01, Q test p ¼.26).

Variation in milk intake

All studies but the Nurses’ Health Study used only a single milk

intake assessment despite long follow-ups in some of the

studies. In the updated follow-up over 26 years in the Nurses’

Health Study, milk intake was assessed from 1980, 1984, 1986,

1990, 1994, 1998, and 2002 using a cumulative average over

time. The investigators of the Nurses’ Health Study provided

correlation coefficients of milk intake across time based on their

data as well as the contribution of milk to total dietary calcium

intake (Diane Feskanich, personal communication). Using log-

transformed data for total milk intake, milk intake at baseline

correlated moderately with future intake of milk within the

Nurses’ Health Study: Correlation of milk intake in 1986 and

1990¼ 0.63; correlation in 1986 and 1994¼ 0.58; and correlation
MILK INTAKE AND HIP FRACTURE RISK
in 1986 and 1998¼ 0.52. In 1986 and in 2002, milk, cheese, and

yoghurt contributed 54% of dietary calcium intake in the Nurses’

Health Study, whereas milk alone accounted for 30% to 36% of

dietary calcium or 54% of dairy calcium intake.

Discussion

Based on ameta-analysis of prospective cohort studies, we found

no overall association betweenmilk intake and hip fracture risk in

women, even at high milk intakes. Only if one influential study

from Sweden was excluded was a higher milk intake associated

with a 5% reduced risk of hip fracture per daily glass of milk.

Among men, with limited data available, a possible benefit of a

higher milk intake could not be excluded.

In prospective cohort studies, a lack of overall association

between total milk intake and hip fracture risk in women has

several possible explanations. Milk intake was imperfectly

measured in the cohort studies, with little uniformity of intake

measurement and an update of intake only assessed in one

study (26-year follow-up date of the Nurses’ Health Study).

Another possible explanation is that patients with recognized

osteoporosis generally are advised to increase their calcium

intake. This confounding by indication may mask an inverse

association between milk intake and hip fracture risk in women

in particular because they are more likely to receive advice to

increase their calcium intake.(28) However, this issue most likely

relates to the use of calcium supplements and less to an

increased milk intake. Consistent with this idea, in the Nurses’

Health Study, the exclusion of women with a history of

diagnosed osteoporosis did not appreciably affect the associa-

tion between milk intake and fracture risk.(29) Further, in data

provided by Feskanich and colleagues for the Nurses’ Health

Study, milk accounted for 54% of dairy calcium intake, although

this may be lower in some European countries where cheese is a

stronger contributor to dairy calcium intake.(30–32) However, a

lower dairy intake from milk in Europe would not have affected

the results of this meta-analysis provided that milk intake is a

relevant predictor of hip fracture risk overall.

If the active ingredient of milk is primarily calcium, our overall

findings confirm an earlier meta-analysis with most of the same

studies showing a neutral association of calcium intake and hip

fracture risk in both men and women.(1) Notably, the same meta-

analysis also summarized data from double-blind RCTs of

calcium supplementation without vitamin D and did not find a

benefit on fracture risk compared with placebo at doses of 800 to

1600mg of calcium per day. Based on five studies of 5666

primarily postmenopausal women plus 1074 men with 814

nonvertebral fractures, the pooled RR for nonvertebral fractures

comparing calcium supplementation with placebo was 0.92

(95% CI 0.81–1.05). Based on four studies with separate results for

hip fracture including 6504 individuals with 139 hip fractures, the

pooled RR comparing calcium with placebo was 1.64 (95% CI

1.02–2.64). Thus calcium alone may not prevent nonvertebral

fractures and hip fractures.

However, milk also contains phosphorus and protein and is

fortified with vitamin D in the United States, so milk may be

superior to calcium supplementation for the prevention of hip
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fractures in older individuals who often have nutritional

deficiencies, such as in vitamin D and phosphate intake, owing

to low protein intake.(33) A balanced calcium/phosphate ratio is

needed for bone mineralization, and phosphate deficiency

(defined as an intake below 70% of the adult Recommended

Daily Allowance [RDA]; 700mg/day) is found in 10% of US

women over 60 years of age and in 15% of US women over

80 years of age (National Health and Nutrition Examination

Survey [NHANES] III(34)). While calcium supplements may

decrease phosphate absorption,(35) which may augment bone

resorption,(35,36,37) milk provides both calcium and phosphate.

For protein, a recent meta-analysis found a small positive effect

of protein supplementation on lumbar spine bone mineral

density (BMD) in randomized, placebo-controlled trials but no

benefit of a higher protein intake on hip fracture risk from cohort

studies,(3) although recent data from the Framingham cohort

study suggested a protective effect of a higher protein intake on

hip fracture risk.(39)

Vitamin D fortification of milk as practiced in the United States

(100 IU per glass) or greater exposure to vitamin D by residence

at lower latitudes may modulate the benefit of milk on hip

fracture prevention. Vitamin D deficiency is common in older

individuals at risk of hip fracture,(40) and vitamin D supplementa-

tion appears to reduce the risk of hip fracture(2) and the risk of

falling.(41) Further, in two recent population-based studies in

Iceland(42) and the United States,(43) 25-hydroxyvitamin D status

appeared to be the stronger predictor of both parathyroid

hormone suppression(42) and higher hip bone density(43) than

calcium intake. Unfortunately, a useful subgroup analysis by

vitamin D exposure relative to milk intake was not possible

because of the limited data available. Given the northern latitude

and small amount of vitamin D fortification in only fat-reduced

milk in Sweden, however, decreased vitamin D exposure may

explain in part the influence of the Swedish study toward a

neutral association between milk intake and hip fracture risk.

In men, the overall relation between milk intake and hip

fracture risk was inverse and of borderline significance. If, in

reference to the preceding paragraph, an adequate vitamin D

exposure is required for a benefit of milk on hip fracture

prevention, the possibly stronger benefit of higher milk intake in

men may be explained, in part, by their generally higher 25-

hydroxyvitamin D levels.(43,44)

The strengths of this meta-analysis of prospective cohort

studies are the large number of cases and long follow-ups

provided, up to 26 years in the update of the Nurses’ Health Study.

Furthermore, prospective cohort studies have the least potential

for selection and information bias compared with

other observational study designs because exposure data

(milk intake) is assessed prior to the event (hip fracture). In the

absence of RCT data, these cohort studies provide the strongest

level of evidence. A limitation of our study is that milk intake was

assessed only once inmost of the studies and in theNurses’ Health

Study was only moderately correlated and stable over long

periods of follow-up. Our study also was limited by the absence of

baseline 25-hydroxyvitamin D levels (exposure data on vitamin D)

and information on physical activity. Both factors potentially could

modify the associations between milk intake and fracture

risk.(33,45,46) Finally, all the component studies of this meta-
838 Journal of Bone and Mineral Research
analysis were observational and thus subject to uncontrolled

confounding and other potential biases.

In summary, our results do not support an overall benefit of a

higher milk intake in reducing the risk of hip fractures in adult

women. Thus future studies of hip fracture prevention in women

may consider milk intake plus vitamin D supplementation.

Among men, our results could not exclude a possible overall

benefit of a higher milk intake in reducing the risk of hip

fractures, and more data are needed.
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