19-11-2014

Milk intake and risk of mortality and fractures in women and men: cohort studies | The BMJ

This site uses cookies. More info Close By continuing to browse the site you are agreeing to our use
of cookies. Find out more here Close
CCBYNC Open access

Research

Milk intake and risk of mortality and fractures in
women and men: cohort studies
BMJ 2014; 349 doi: http://dx.doi.org/10.1136/bmj.g6015 (Published 28 October 2014) Cite this as: BMJ
2014;349:g6015
Article
Related content
Metrics
Responses
Peer review

Karl Michaëlsson, professor1, Alicja Wolk, professor2, Sophie Langenskiöld, senior lecturer3,
Samar Basu, professor3, Eva Warensjö Lemming, researcher14, Håkan Melhus, professor5, Liisa
Byberg, associate professor1

Author affiliations
Correspondence to: K Michaëlsson karl.michaelsson@surgsci.uu.se
Accepted 22 September 2014

Abstract
Objective To examine whether high milk consumption is associated with mortality and fractures in
women and men.
Design Cohort studies.
Setting Three counties in central Sweden.
Participants Two large Swedish cohorts, one with 61 433 women (39-74 years at baseline 1987-90)
and one with 45 339 men (45-79 years at baseline 1997), were administered food frequency
questionnaires. The women responded to a second food frequency questionnaire in 1997.
Main outcome measure Multivariable survival models were applied to determine the association
between milk consumption and time to mortality or fracture.
Results During a mean follow-up of 20.1 years, 15 541 women died and 17 252 had a fracture, of
whom 4259 had a hip fracture. In the male cohort with a mean follow-up of 11.2 years, 10 112 men died
and 5066 had a fracture, with 1166 hip fracture cases. In women the adjusted mortality hazard ratio for
three or more glasses of milk a day compared with less than one glass a day was 1.93 (95% confidence
interval 1.80 to 2.06). For every glass of milk, the adjusted hazard ratio of all cause mortality was 1.15
(1.13 to 1.17) in women and 1.03 (1.01 to 1.04) in men. For every glass of milk in women no reduction
was observed in fracture risk with higher milk consumption for any fracture (1.02, 1.00 to 1.04) or for hip
fracture (1.09, 1.05 to 1.13). The corresponding adjusted hazard ratios in men were 1.01 (0.99 to 1.03)
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and 1.03 (0.99 to 1.07). In subsamples of two additional cohorts, one in males and one in females, a
positive association was seen between milk intake and both urine 8-iso-PGF2α (a biomarker of
oxidative stress) and serum interleukin 6 (a main inflammatory biomarker).
Conclusions High milk intake was associated with higher mortality in one cohort of women and in
another cohort of men, and with higher fracture incidence in women. Given the observational study
designs with the inherent possibility of residual confounding and reverse causation phenomena, a
cautious interpretation of the results is recommended.

Introduction
A diet rich in milk products is promoted to reduce the likelihood of osteoporotic fractures. Milk contains
18 of 22 essential nutrients, including calcium, phosphorus, and vitamin D of especial importance for the
skeleton. Intestinal uptake of these nutrients is enhanced by the enzymatic capacity to digest lactose
into D-glucose and D-galactose by mutation in the lactase gene, a variant common in those with
northern European ancestry.1 2 An intake of dairy foods corresponding to three or four glasses of milk
a day has been suggested to save at least 20% of healthcare costs related to osteoporosis.3
A high intake of milk might, however, have undesirable effects, because milk is the main dietary source
of D-galactose. Experimental evidence in several animal species indicates that chronic exposure to Dgalactose is deleterious to health and the addition of D-galactose by injections or in the diet is an
established animal model of aging.4 5 6 7 Even a low dose of D-galactose induces changes that
resemble natural aging in animals, including shortened life span caused by oxidative stress damage,
chronic inflammation, neurodegeneration, decreased immune response, and gene transcriptional
changes.5 7 A subcutaneous dose of 100 mg/kg D-galactose accelerates senescence in mice.5 This is
equivalent to 6-10 g in humans, corresponding to 1-2 glasses of milk. Based on a concentration of
lactose in cow’s milk of approximately 5%, one glass of milk comprises about 5 g of D-galactose. The
increase of oxidative stress with aging and chronic low grade inflammation is not only a pathogenetic
mechanism of cardiovascular disease and cancer in humans8 9 but also a mechanism of age related
bone loss and sarcopenia.9 10 The high amount of lactose and therefore D-galactose in milk with
theoretical influences on processes such as oxidative stress and inflammation makes the
recommendations to increase milk intake for prevention of fractures a conceivable contradiction.
Because of the high content of lactose in milk, we hypothesised that high consumption of milk may
increase oxidative stress, which in turn affects the risk of mortality and fracture. Meta-analyses of cohort
studies for the association between dairy and milk intake in relation to mortality11 and fractures12 13
have displayed no clear pattern of risk, and evidence from randomised trials are lacking. Separating
milk intake from the consumption of other dairy products may be of importance since a less pronounced
induction of oxidative stress and inflammation in humans is expected with cheese and fermented dairy
products (for example, soured milk and yogurt) because of their lower or non-existent lactose and
galactose content,14 15 possible probiotic antioxidant and anti-inflammatory effects,16 17 18 and
effects on gut microbiota.19 20 21 Indeed, a high intake of fermented milk products has been
associated with a decreased risk of cardiovascular diseases,18 22 23 24 whereas a high milk intake is
related to a tendency of an unfavourable risk profile for the development of diabetes and cardiovascular
disease.18 23 24 We therefore assessed the relation between high milk intake with risk of death and
fractures in women and men. We also studied biological markers of oxidative stress and inflammation in
relation to milk intake in humans.
http://www.bmj.com/content/349/bmj.g6015
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Methods
We used two community based cohorts, the Swedish Mammography Cohort25 26 and the Cohort of
Swedish Men,27 to analyse the association of milk consumption and mortality and fracture rates. Figure
1⇓ shows the study sample. In 1987-90, all 90 303 women aged 39-74 years residing in two Swedish
counties (Uppsala and Västmanland, both in central Sweden) received a postal invitation to a routine
mammography screening. Enclosed with this invitation was a questionnaire covering both diet (food
frequency questionnaire) and lifestyle, which was completed by 74% of the women. In 1997, a
subsequent, expanded questionnaire was sent to those who were still living in the study area (response
rate 70%). In the present study 61 433 women in the Swedish Mammography Cohort with baseline data
from 1987-90 and 38 984 with updated information from 1997 were available for analysis.
The Cohort of Swedish Men was created in the autumn of 1997. All men, aged 45-79 years, residing in
Örebro and Västmanland counties in central Sweden were invited to participate in the study (n=100
303). Enclosed with this invitation was a questionnaire covering both diet (food frequency questionnaire)
and lifestyle, which was completed by 48 850 men. Despite the response rate of 49%, the Cohort of
Swedish Men is considered representative of Swedish men in this age range in terms of age
distribution, educational level, and prevalence of being overweight.27 After exclusions, the final sample
included 45 339 men (fig 1).

Fig 1 Flow chart of study samples

Download figure
Open in new tab
Download powerpoint

Food frequency questionnaires
The participants reported their average frequency of consumption of up to 96 foods and beverages
during the past year,25 27 28—that is, how many servings, a day or a week, they consumed of
common foods, including milk, fermented milk, yogurt, and cheese. Instructions were given that one
serving of milk corresponded to one glass of 200 mL. In the first questionnaire in the Swedish
Mammography Cohort the categories were prespecified, but in the second questionnaire and the one
http://www.bmj.com/content/349/bmj.g6015
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used in the Cohort of Swedish Men, participants could fill in the exact number of servings of the dairy
products (milk, fermented milk, yogurt, and cheese) they consumed a day or a week. Milk intake was
specified according to fat content, and we summed intake into a single measure representing total milk
intake on a continuous scale. We estimated nutrient intakes by multiplying the consumption frequency
of each food item by the nutrient content of age specific portion sizes and reference data obtained from
the Swedish National Food Agency database.29 The residual method was used to adjust all nutrient
intakes for total energy intake.30 According to validation studies of milk intake, the correlation between
the food frequency questionnaire and four, seven day food records every third month, a gold standard
reference, has been approximately 0.7.31 Furthermore, in both sexes we have found a positive
association between reported intake of milk and the fat tissue content of pentadecanoic acid, a
biological marker reflecting average long term intake of milk fat—that is, present in both milk and
fermented milk products.32 33

Outcomes
We considered outcomes registered between study entry (date of mammography screening in 1987-90
for the Swedish Mammography Cohort and 1 January 1998 for the Cohort of Swedish Men) and 31
December 2010. Follow-up until death was through the Swedish cause of death registry. Complete
linkage with the register is possible by the personal identity number provided to all Swedish residents.
We used the underlying cause of death from the Swedish cause of death registry to define mortality
from all causes, cardiovascular diseases (international classification of diseases, 10th revision; ICD-10
codes I00–I99), and cancer (ICD-10 C-codes). For 1987 to 1996, we used corresponding ICD-9 codes.
Accuracy of classification of causes of death in the Swedish registry is high.34
We collated fracture events through linkage with the Swedish national patient registry. We defined any
fracture event as a hospital admission or an outpatient visit with ICD-10 codes S12-S92. Hip fracture
cases were defined by the codes S720-S722. Using a previously validated and accurate method, we
separated admissions for incident fracture from readmissions for a previous fracture event.25 35 In
analyses we used only the first fracture event. We retained cases of fractures due to suspected high
impact trauma in the analysis since there are indications of comparable increases in the risks of low
impact and high impact trauma fractures in association with decreasing bone density in elderly people
(≥60 years).36 37 Pathologic fractures as a consequence of a tumour were not included as an
outcome.

Comorbidity and other additional information
From the questionnaires we obtained information on lifestyle, weight, and height. For the Swedish
Mammography Cohort the questionnaires also covered information on use of postmenopausal
oestrogen therapy, menopausal status, and parity. In the 1997 questionnaires for both cohorts,
information was collected on smoking status, ever use of cortisone, and leisure time physical activity
during the past year, with five predefined categories ranging from one hour a week to more than five
hours a week. This physical activity assessment is valid compared with activity records and
accelerometer data.38 We divided educational level into four categories: <9 years, 10-12 years, >12
years, and other (such as vocational). Living alone was categorised based on marital status (yes:
unmarried, divorced, widow/widower; no: married, cohabiting). To calculate Charlson’s comorbidity
index we collated diagnosis codes from the national patient registry.39 40

Biomarkers
D-galactose supplementation in animals has been shown to increase oxidative stress and
inflammation.4 5 6 7 To assess the association between milk intake and biological markers of oxidative
http://www.bmj.com/content/349/bmj.g6015
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stress and inflammation (fig 1), we additionally analysed a clinical subcohort of the Swedish
Mammography Cohort25 and the previously described Uppsala Longitudinal Study of Adult Men
cohort.41 We assessed food intake by a third food frequency questionnaire in the Swedish
Mammography Cohort Clinical (n=5022; mean age 70 years) and by recording diet for one week at age
71 years in the Uppsala Longitudinal Study of Adult Men (n=1138). In 892 women (mean age 70 years)
and 633 men (urine collected at age 77) we analysed the urine oxidative stress marker 8-iso-PGF2α, a
dominant F -isoprostane and an ideal standard biomarker of oxidative stress in vivo.42 We used serum
2

from the same age group in the Uppsala Longitudinal Study of Adult Men to analyse interleukin 6 (a
main inflammatory biomarker, n=700).

Statistical analysis
For each participant we calculated time at risk until date of each outcome, date of emigration, or the
end of the study period (31 December 2010), whichever occurred first. We used Cox proportional
hazards regression for estimation of age adjusted and multivariable adjusted hazard ratios and their
95% confidence intervals for prespecified categories of milk intake (<200, 200-399, 400-599, and ≥600
g/d) and for continuous milk intake for each 200 g/d, corresponding to one glass of milk. Because other
dairy products may have different health effects from that of milk,18 23 we additionally studied intake of
fermented milk and cheese as exposures. The proportional hazard assumptions were confirmed
graphically by log-log plots. We assessed non-linear trends of risk using restricted cubic-spline Cox
regression with three knots placed at centiles 10, 50, and 90 of the milk product intake.43
We used the directed acyclic graph approach44 to select suitable covariates for the multivariable model
(see supplementary appendix figure A). The model included age, total energy intake, body mass index,
height (all continuous), educational level (≤9, 10-12, >12 years, other), living alone (yes/no), calcium
supplementation (yes/no), vitamin D supplementation (yes/no), ever use of cortisone (yes/no), a healthy
dietary pattern, as previously described45 (continuous), physical activity (five categories), smoking
status (never, former, current), and the Charlson comorbidity index (continuous, 1-16). We included
other potential covariates such as menopausal status; hormone replacement therapy; intakes of
calcium, vitamin D, total fat, saturated fat, retinol, alcohol, potassium, phosphorus, and protein; parity;
and previous fracture of any type (the last when analysing hip fracture as an outcome, in a second
multivariable model to assess whether these covariates confounded or mediated potential
associations). In the Swedish Mammography Cohort, of which we had access to information from
repeat questionnaires, we time updated exposures and covariates, theoretically yielding stronger
outcome associations.46 The analysis in the Cohort of Swedish Men was based on a single exposure
assessment. Using the Markov chain Monte Carlo multiple imputation methods, we imputed covariates
not assessed in the baseline questionnaire of the Swedish Mammography Cohort in 1987-90 but
assessed in the second questionnaire in 1997 (for example, smoking status and physical activity). We
performed sensitivity analysis limiting the analysis to baseline data at 1987-90 and 1997 using ordinary
Cox’s regression without time updated information. In an additional sensitivity analysis, we adjusted our
estimates for milk intake by fermented milk and cheese intakes, and vice versa. We also adjusted our
second multivariable model for additional nutrients (except lactose) known to be constituents of milk.
Accordingly, we therefore evaluated the change of our hazard ratios after adjustment for intakes of
riboflavin, thiamine, niacin, vitamin B6, vitamin B12, folate, β carotene, iron, magnesium, sodium,
selenium, and zinc.
To assess the influence of competing events, we compared cumulative incidence curves for hip
fracture, treating death from all causes as competing event, with the Kaplan-Meier curves for hip
http://www.bmj.com/content/349/bmj.g6015
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fracture by categories of milk intake.47 Even though competing risk analysis is not considered
appropriate for causal analysis, which was the purpose of our study, it can provide additional valuable
information for risk prediction.48 We undertook a further sensitivity analysis with any type of vehicle
related non-fracture incident as an outcome (identified by ICD-10 codes V01-99 excluding simultaneous
fracture), which should theoretically be unrelated to consumption of milk. We evaluated whether a
history of fracture was associated with milk consumption in the Uppsala Longitudinal Study of Adult Men
cohort and whether experiencing a fracture or comorbidity between the first and second food frequency
questionnaires was associated with changed milk consumption in the Swedish Mammography Cohort.
Finally, we used cubic-spline regression analysis to assess the relation between intake of milk,
fermented milk, or yogurt, cheese, the urine oxidative stress marker 8-iso-PGF2α, and serum
interleukin 6. Before analysis we log transformed both biomarkers because of their skewed distributions.
We adjusted the estimates for age, body mass index, energy intake, education (four categories),
smoking status (never, former, current), and physical activity (four categories). The statistical analyses
were performed with STATA 11.2 (StataCorp, College Station, TX) and SAS, version 9.3 (SAS Institute,
Cary, NC).

Results
Table 1⇓ lists the characteristics of the study participants by categories of milk intake. Mean intake of
milk at baseline in the Swedish Mammography Cohort was 240 g a day and in the Cohort of Swedish
Men was 290 g a day. With increasing categories of milk intake the reported intake for most other
nutrients, including energy intake, also increased, although alcohol intake tended to decrease. There
were generally small differences between categories of milk intake in body stature, nutritional
supplement use, marital status, comorbidity, educational level, smoking status, and physical activity
level.
Table 1
Baseline characteristics of women in Swedish Mammography Cohort (1987-90)
and men in Cohort of Swedish Men (1997) by categories of milk intake. Values
are numbers (percentages) unless stated otherwise

View this table:
View popup
View inline

During a median of 22 years of follow-up and 1 231 818 person years at
risk in the Swedish Mammography Cohort, 15 541 women died. The
underlying cause of death was cardiovascular disease in 5278 women
and cancer in 3283 women. We ascertained that 17 252 women had any
type of fracture, of whom 4259 had had a hip fracture. During a median

of 13 years of follow-up and 534 094 person years at risk within the Cohort of Swedish Men, 10 112
men died (4568 from cardiovascular causes and 2881 from cancer) and 5379 had any type of fracture;
of these, 1166 men had a hip fracture.
Among women in the Swedish Mammography Cohort, with analysis based on repeated exposure
measurements, we observed a positive association between milk intake and total mortality as well as
fracture, especially hip fracture (table 2⇓ and adjusted spline curves in fig 2⇓). In women, higher rates
were observed for death from all causes (adjusted hazard ratio 1.15, 95% confidence interval 1.13 to
1.17, for each glass of milk), cardiovascular disease (1.15, 1.12 to 1.19, for each glass of milk), and
cancer (1.07, 1.02 to 1.11, for each glass of milk) (table 2 and fig 3⇓). Milk consumption corresponding
http://www.bmj.com/content/349/bmj.g6015
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to three or more glasses of milk a day (mean 680 g a day) compared with less than one glass a day
(mean 60 g a day), was associated with a hazard ratio of total mortality of 1.93 (1.80 to 2.06) in women,
with approximately similar estimates for cardiovascular mortality and somewhat lower for cancer
mortality (1.44, 1.23 to 1.69). For women who consumed three or more glasses of milk a day the
hazard ratio for any fracture was 1.16 (1.08 to 1.25) and for hip fracture was 1.60 (1.39 to 1.84).

Fig 2 Sex specific multivariable adjusted spline curves of relation between milk intake
with time to death from all causes, hip fracture, and any type of fracture. Covariates
were age, total energy intake, body mass index, height, educational level, living
alone, calcium supplementation, vitamin D supplementation, ever use of cortisone,
healthy dietary pattern, physical activity, smoking status, and Charlson’s comorbidity
index. The spike plot represents the distribution of milk intake. One glass of milk
corresponds to 200 g

Download figure
Open in new tab
Download powerpoint
Table 2
Milk consumption and time to death and fracture in Swedish Mammography
Cohort* and Cohort of Swedish Men

View this table:
View popup
View inline
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Fig 3 Sex specific multivariable adjusted spline curves of relation between milk intake
with time to death from all cancer and cardiovascular disease (CVD). Covariates were
age, total energy intake, body mass index, height, educational level, living alone,
calcium supplementation, vitamin D supplementation, ever use of cortisone, healthy
dietary pattern, physical activity, smoking status, and Charlson’s comorbidity index.
The spike plot represents the distribution of milk intake. One glass of milk
corresponds to 200 g

Download figure
Open in new tab
Download powerpoint
In an analysis based on a single exposure assessment, men in the Cohort of Swedish Men also had a
higher rate of death with higher milk consumption (table 2, fig 2). However, the excess risk was less
pronounced than in women, with an adjusted hazard ratio of 1.10 (95% confidence interval 1.03 to 1.17)
for three or more glasses of milk a day (mean 830 g a day) compared with less than one glass a day
(mean 50 g a day) and was mainly associated with an increased rate of cardiovascular death (table 2
and fig 3). No reduction in all fractures or hip fracture rates with increasing milk intake was observed in
men (fig 2).

Other dairy products
Tables A and B in the supplementary appendix show the baseline characteristics of the participants by
categories of cheese and fermented milk products (yogurt and other soured milk products). The
distribution of the covariates displayed a similar pattern to that of milk intake categories. In a sensitivity
analysis, the risk estimates of the outcomes associated with consumption of cheese or fermented milk
products were in the opposite direction of estimates associated with milk consumption. Thus women
with a high intake of cheese or fermented milk products compared with women with low intakes had
lower mortality and fracture rates (see supplementary tables C and D). For each serving the rate of
mortality and hip fractures was reduced by 10-15% (P<0.001). Risk reductions in men, based on a
single exposure assessment, were more modest or were non-existent (see supplementary tables C and
D).

Sensitivity analysis
We performed an extended multivariable model to evaluate whether nutrients known to be associated
with osteoporosis or fracture risk (calcium, vitamin D, phosphorus, fat, protein, and retinol) influenced
http://www.bmj.com/content/349/bmj.g6015
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our estimates. Adjustment for these nutrients further strengthened the association between milk intake
and outcomes (see supplementary table E). The associations remained robust after performing further
sensitivity analysis. Accordingly, our estimates for milk intake were independent of consumption by
fermented milk and cheese (see supplementary tables F and G). The estimates of fermented milk and
cheese were attenuated when adjusted for milk intake and each other (see supplementary tables F and
G). We further extended our second multivariable model to evaluate the influence on our estimates by
adjustment for additional nutrients known to be constituents of milk, but the hazard ratios were only
changed by 4% or less.
To investigate possible bias in the Swedish Mammography Cohort introduced by using time updated
information in the models we conducted additional sensitivity analyses. Firstly, we included only
baseline data, without updating with information from the second questionnaire (see supplementary
table H). Secondly, we used the second questionnaire as baseline (see supplementary table I). These
analyses indicated a higher risk of death and fracture with high milk intakes, although with attenuated
estimates compared with time updated intakes (table 2).
The reporting of milk consumption did not seem to be influenced by comorbid conditions (see
supplementary table J). Thus women in the Swedish Mammography Cohort who had experienced one
comorbidity or two comorbidities or more in the follow-up time between the first and the second food
frequency questionnaire had a change in milk consumption similar to those who did not experience
comorbidities during the period. Similarly, women who had a fracture before the second food frequency
questionnaire did not increase their milk consumption. The reporting of fermented milk products was not
affected by comorbidity status (see supplementary table J). No difference (P=0.31) in milk consumption
was noted between the 13% of Uppsala Longitudinal Study of Adult Men who reported that at least one
parent had had a hip fracture (1.2 glasses of milk/d, 95% confidence interval 1.0 to 1.3) and those who
did not have a family history of hip fracture (1.3 glass of milk/d, 1.2 to 1.3). We did not find an impact of
competing events from mortality for the association between milk intake and hip fracture (see
supplementary figure B). The incidence of vehicle related non-fracture incidents as a consequence
(n=1161 women) was not higher among those with a high milk consumption (hazard ratio 0.96, 95%
confidence interval 0.90 to 1.03 for each glass of milk). Finally, the excess rate of mortality associated
with higher milk consumption was also evident in both sexes without a fracture during follow-up (data
not shown).

Milk intake, oxidative stress, and inflammation
We further investigated whether milk intake was associated with oxidative stress and inflammation. Milk
intake was positively associated with 8-iso-PGF2α in both sexes, and with interleukin 6 in men (fig 4⇓).
Consumption of fermented milk products (soured milk and yogurt) indicated a negative relation with
both the oxidative stress and the inflammatory markers (see supplementary figure C, panel A). No such
association was observed with cheese intake (see supplementary figure C, panel B).

http://www.bmj.com/content/349/bmj.g6015
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Fig 4 Adjusted predictions of urine log(8-iso-PGF2α), a marker of oxidative stress, in
892 women (based on cross sectional data, mean age 70 years) and 700 men, and
serum log(interleukin 6), a marker of inflammation, in 633 men after cubic-spline
regression with milk consumption. Data for men are based on milk consumption
assessed at age 71 years and measurement of inflammatory markers at age 77 years.
Covariates were age, body mass index, energy intake, education, smoking status,
and physical activity. One glass of milk corresponds to 200 g

Download figure
Open in new tab
Download powerpoint

Discussion
We observed a dose dependent higher rate of both mortality and fracture in women and a higher rate of
mortality in men with milk intake, a pattern not discerned with other dairy products. Milk intake was not
associated with fracture rate in men. There were positive associations between milk intake and
concentrations of markers for oxidative stress and inflammation.

Strengths and weaknesses of this study
Our study strengths include the population based prospective designs in both sexes in a setting with a
large range of milk intake. Using repeat measurements of dietary intake in the Swedish Mammography
Cohort increased the accuracy and precision of measurements on dietary intake. We traced outcomes
through national healthcare registers and deterministic record linkage, permitting complete
ascertainment. Also, we adjusted for several important covariates, although residual confounding
cannot be excluded—for example, even though the results were adjusted for some aspects of
http://www.bmj.com/content/349/bmj.g6015
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socioeconomic status (education and marital status), additional nuances may not have been adequately
captured by our observational study design. The findings were independent of non-lactose nutrients in
milk. However, we did not consider the non-nutritional contents of dairy products such as persistent
organic pollutants49 and heavy metals,50 but these contaminants should be concentrated not only in
milk but also in fermented milk products, which we found to be associated with reduced rates of
mortality and fracture.
Our results might not apply to people of other ethnic origins, such as those with a high prevalence of
lactose intolerance, or to children and adolescents. Nutrient concentrations in milk and other dairy
products are variable and depend on factors such as food fortification, biosynthesis, the animal’s diet,
and physicochemical conditions,51 which might affect the generalisability of our results. Theoretically,
the findings on fractures might be explained by a reverse causation phenomenon, where people with a
higher predisposition for osteoporosis may have deliberately increased their milk intake. We
investigated time to first fracture, which reduces the likelihood of biased estimates. Furthermore, high
milk consumption was also related to higher mortality among those without a fracture during follow-up.
In the analyses we did not consider fractures caused by metastatic cancer, but cases of fractures due to
suspected high impact trauma were, as recommended,36 37 retained in the analysis since these
fractures are—as ordinary fragility fractures—also more common in those with low bone mineral
density. The possibility of a reverse causation theory is also contradicted by the fact that fermented
dairy products were related to a reduced risk of fracture and that a personal or a family history of hip
fracture was not associated with a higher milk intake. Additionally, the change in average reported
consumption of milk in the Swedish Mammography Cohort during a long follow-up was not affected by
change in comorbidity status. Furthermore, prospective designs are more likely to generate nondifferential misclassification and thus attenuate the evaluated association. None the less, we cannot rule
out the possibility that our design or analysis failed to capture a reverse causation phenomenon.

Comparison with other studies
A high intake of milk is accompanied by a higher energy intake, as indicated by the baseline
characteristics of our participants. However, results from both cohort studies52 53 and randomised
controlled trials54 55 show that a high intake of dairy products is not associated with an increase in
weight or body mass index despite a higher intake of energy. These results are in line with the present
study where those who reported a high milk intake also had higher energy intake but a similar body
mass index compared with women and men with a lower milk intake.
Ecological studies suggest higher mortality rates from fracture and ischaemic heart disease in countries
with high milk consumption.56 57 Higher milk consumption has also been suggested to affect the risk of
certain cancers and cardiovascular disease.11 58 59 Meta-analyses of cohort studies on the
association between milk intake and mortality11 and fractures12 13 have shown significant
heterogeneity between studies. In the higher milk consumption category, for example, some show lower
mortality rates and some show higher. Comparisons between studies are hampered by differences in
exposure range, the pooling of different milk products as exposure, the method used for dietary
assessment, the general dietary pattern, the prevalence of lactose intolerance, outcome assessment,
and study size. To consider the totality of evidence concerning the role of milk consumption in death
and fractures, we recommend that these differences between study designs are considered in future
metaregression analyses of observational studies. Our present investigation should not be evaluated in
isolation and its merits should be judged in light of other study findings. The fact that no randomised trial
has examined the effect of milk intake on incidence of mortality and fractures, long term experimental
http://www.bmj.com/content/349/bmj.g6015
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evidence is needed to confirm a causal association between higher milk intake and higher mortality.
Another possible analytical approach might be the use of genetic variation in lactase persistence using
a Mendelian randomisation study design, but these specific genetic variants are probably weak as an
instrumental variable.60 In addition, the dose-response relation with milk intake is not readily observed
with such a design and neither is the consideration of type of dairy product consumed. Previous studies
also conclude that gene-environmental interaction seems to be of importance for this specific gene
expression, and pleiotropic effects cannot be excluded.61 62
Our present study of two cohorts included a larger number of outcomes than the total number of events
included in the meta-analyses of previous studies.11 13 To counteract the random misclassification
occurring in cohort studies and leading to conservatively biased risk estimates, studies with a large
number of outcomes are needed and also preferentially repeat dietary assessments to reduce
misclassification of the exposure. Indeed, we found a stronger association with milk intake and both
mortality and fractures in women than in men. This inequality might be explained by real sex differences
but also by the larger size of the female cohort study and by the repeat food frequency questionnaire
surveys and time updated analysis. It should be emphasised that when a single exposure assessment
was applied in the sensitivity analysis of the Swedish Mammography Cohort, by use of either the first or
the second food frequency questionnaire, the hazard ratios were attenuated compared with the time
dependent exposure analysis and were also similar to the estimates obtained in the male cohort.
Therefore, improved validity and precision of the exposure is a likely explanation for the higher risk
observed in women.

Comparing milk with other dairy products
Particularly noteworthy is that intake of fermented milk products such as yogurt and soured milk and
cheese were associated with lower rates of fracture and mortality. Furthermore, we observed a positive
association only between milk intake and markers of oxidative stress (urine 8-iso-PGF2α) and
inflammation (serum interleukin 6). Previously, we found a negative relation between bone mineral
density and 8-iso-PGF2α.42 63 Interleukin 6 seems to be causally related to cardiovascular disease64
and may influence bone loss and osteoporosis.65 Importantly, those who consume high amounts of
non-fermented milk have a more non-favourable cardiovascular risk factor profile, with higher blood
pressure, lower high density lipoprotein cholesterol levels, and higher insulin resistance.18 In contrast,
intake of cheese and fermented milk products is related to higher high density lipoprotein cholesterol
levels, less insulin resistance, and a lower risk of myocardial infarction.18 22 23 24 In addition, a recent
small randomised cross over study indicated that the intake of a fermented dairy diet seemed to provide
a more favourable biomarker profile than that of a non-fermented dairy diet.66

Potential mechanism
One potential candidate for the discrepant results for different types of dairy products is D-galactose
content. The intake of D-galactose from non-fermented milk is considerably higher than that from other
food sources, including cheese and fermented milk products. Non-dairy sources of D-galactose are
mainly cereals, vegetables, and fruits,67 but the concentration of galactose and the amount ingested
from these sources accounts for a small proportion of the total intake of galactose. Put into perspective,
the amount of lactose in one glass of milk corresponds to approximately 5 g of galactose, whereas the
amount in 100 g of fruits or vegetables67 is measured in milligrams or tens of milligrams. D-galactose
given to laboratory animals (mice, rats, and drosophila flies) is an established experimental model for
premature aging, including shortened life span caused by oxidative stress and chronic inflammation,4 5
6 7 but whether this mechanism can be generalised to humans needs further scientific support.
http://www.bmj.com/content/349/bmj.g6015
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However, galactosaemia is a genetic disorder that results from loss of galactose-1P-uridylyltransferase,
with accumulation of galactose in blood and other tissues as a consequence.68 69 Affected infants
experience a rapid escalation of potentially lethal acute symptoms after exposure to milk, and
experimental models display oxidative stress as a mechanism for the development of disease.68 Even
with dietary restrictions of galactose intake these patients have higher circulating levels of galactose and
an increased risk for chronic diseases in adulthood,69 including osteoporosis.70

Conclusion
A higher consumption of milk in women and men is not accompanied by a lower risk of fracture and
instead may be associated with a higher rate of death. Consequently, there may be a link between the
lactose and galactose content of milk and risk as suggested in our hypothesis, although causality needs
be tested using experimental study designs. Our results may question the validity of recommendations
to consume high amounts of milk to prevent fragility fractures.3 71 72 The results should, however, be
interpreted cautiously given the observational design of our study. The findings merit independent
replication before they can be used for dietary recommendations.

What is already known on this topic
A high milk intake is recommended for the prevention of osteoporotic fractures
Milk is the major dietary source of galactose intake
The addition of galactose by injection or in the diet is an established animal model of aging by
induction of oxidative stress and inflammation
Results of previous research on the importance of milk intake for the prevention of fractures and
the influence on mortality rates are conflicting

What this study adds
A high milk intake in both sexes is associated with higher mortality and fracture rates and with
higher levels of oxidative stress and inflammatory biomarkers
Such a pattern was not observed with high intake of fermented milk products
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