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Abstract Meta-analyses have suggested no association

between milk intake and mortality. Since only few studies

have been conducted, we investigated the association

between the lactase persistent genetic variant LCT-13910

C/T (rs4988235), a proxy for long-term low and high intake

of milk, and mortality. We used two Danish population-

based studies with self-reported intake of milk and geno-

typing for LCT-13910 C/T. We obtained information on

all-cause and cause-specific mortality (cardiovascular and

cancer) from the national Danish registries. We used

multivariable adjusted Cox regression to assess the asso-

ciation between milk intake and mortality in 74,241 indi-

viduals, and both logistic and Cox-regression to assess the

association between genetic lactase persistence and mor-

tality in 82,964 individuals using a Mendelian

randomization design. We applied per T-allele, co-domi-

nant and dominant models. During a mean follow-up of

7 years, 9759 individuals died, 2166 from cardiovascular

disease, and 2822 from cancer. Observationally, there was

no association between intake of skimmed milk and all-

cause or cardiovascular mortality, and we did not find any

associations between intake of semi-skimmed or whole

milk with all-cause or cause-specific mortality. Intake of

skimmed milk was associated with lower cancer mortality

with a hazard ratio of 0.97 (95% CI 0.96–1.00) per dou-

bling in milk intake. Per T-allele, milk intake increased

with 0.58 (0.50–0.68) glasses/week. Genetically, we found

no associations between the lactase persistent LCT-13910

C/T genotype and all-cause or cause-specific mortality; per

T-allele OR (95% CI) for all-cause mortality was 1.02

(0.97–1.06). Our study did not provide strong evidence of

observational or genetic associations between milk intake

and all-cause or cause-specific mortality.
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Introduction

Genetic lactase persistence in Europe is estimated to have

co-originated 7500 years ago with dairying among farmers

[1]. Milk contains important macronutrients (protein, fat,

and carbohydrates) and micronutrients (vitamins and min-

erals such as calcium). Several meta-analyses and large

prospective studies have shown no association of milk

intake with all-cause, cardiovascular or cancer mortality in

dose–response analyses or with different fat types [2–8];

however, individual studies have been very heterogenous

and have shown conflicting results. A null-finding in the
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meta-analyses, does not preclude a true association, since

observational studies can be confounded, and since the

observational studies included were heterogenous. The

ideal study to test if milk intake increases or decreases

mortality, is a large, preferably randomized and controlled

trial. Unfortunately, difficulties of ensuring long-term

compliance with the necessary dietary restrictions in a

randomized controlled trial makes such a study difficult, if

not impossible, to perform. Another way to gain insight

into the potential causal relationship between milk intake

and mortality is to perform a Mendelian randomization

study [9], using a genetic variant as proxy for long-term

milk intake.

The LCT-13910 C/T genetic variant (rs4988235) is the

mutation responsible for lactase persistence among adults

of European ancestry [10]. Individuals with the T-variant

are able to uphold activity of the lactase enzyme (lactase-

phlorizin hydrolase), which breaks down lactose, the main

carbohydrate in milk, enabling them to consume milk

without gastro-intestinal symptoms. High prevalence of

lactase persistence, that is LCT-13910 genotypes TC and

TT, is seen in northern Europe. Individuals with LCT-

13910 genotype CC have lower lactase enzyme activity

(i.e. are lactase non-persistent) and may need to limit or

avoid the intake of milk and dairy products, as maldiges-

tion of lactose can lead to symptoms of lactose intolerance,

such as intestinal gas, bloating, and diarrhea.

In a previous study of the LCT-13910 C/T genotype, we

found a higher milk intake among lactase persistent indi-

viduals compared to lactase non-persistent individuals in a

sample of the Danish general population [11, 12]. At

gamete formation, individuals are essentially genetically

randomized and thus using a genetic variant as a proxy for

milk intake creates nature’s own randomization study to

long-term high versus low milk intake. Therefore, inves-

tigating the association between the LCT-13910 C/T

genetic variant and mortality allows us to indirectly assess

a potential causal effect of milk intake on mortality, as

reverse causation is avoided and most confounding factors

will be evenly distributed between individuals with dif-

ferent genotypes. A Swedish study investigating the

Northern European variant LCT-13910 C/T variant

(N = 7404) [3] and an American study investigating the

Mediterranean rs3754686 variant [13] (N = 7185) did not

find an increased mortality with lactase persistence. In this

study, we investigated whether high milk intake is asso-

ciated with risk of mortality in an observational study of

74,241 individuals from the general Danish population.

However, as we cannot make causal inference based on

evidence from observational studies, we also performed a

Mendelian randomization study [9] in 82,964 Danish

individuals, using the genetic variant LCT-13910 as a

proxy for long-term differences in milk intake.

Methods

The Copenhagen general population study

and the Copenhagen city heart study

Studies were approved by institutional review boards and

Danish ethical committees, and the investigations conform

to the principles of the Declaration of Helsinki. Written

informed consent was given by all individuals participating

in the studies, and all individuals were white and of Danish

descent.

We included a total of 82,964 individuals C 20 years of

age, with 8721 individuals from the 1991–1994 examina-

tion of the Copenhagen City Heart Study(CCHS) [14], and

74,243 from the Copenhagen General Population

Study(CGPS) [14], recruited from 2003 to 2011. Both

population studies had information from a general ques-

tionnaire, a health examination, and blood samples

including samples for DNA analyses. Supplementary

Fig. 1 illustrates the sampling procedure for the present

study.

Intake of milk and dairy

Individuals from the CCHS did not report intake of milk or

dairy products, so observational analyses including infor-

mation on milk intake were done for the CGPS alone. In

the CGPS, individuals reported their intake of non-fer-

mented milk (average intake; glasses per week) in terms of

whole milk (3.5% fat), semi-skimmed milk (0.5–1.5%),

and skimmed milk (0.1–0.3%), as well as cheese con-

sumption (times per week) in a general questionnaire. No

other information on intake of dairy products were avail-

able, and we could therefore not investigate the effects of

total dairy intake, nor could we explore differences

between fermented and non-fermented milk products. In

terms of the response to the questions on milk intake, we

observed the following response rates: For whole milk,

non-response was 6439/74,243 = 8.7%. For semi-skim-

med milk, non-response was 3528/74,243 = 4.6%. For

skimmed milk, non-response was 4762/74,243 = 6.4%.

We made a variable for total milk intake by adding

information on total non-fermented milk intake (glasses/

week of all three types of milk). Using the information on

total milk intake, we also created three categorical vari-

ables, i.e. milk intake in approximate quintiles, any milk

(no, yes), and type of milk (no milk intake, fat free

(0.1–0.3%), and fatty (0.5–3.5%) milk). We also investi-

gated the effect of a higher intake of whole milk, semi-

skimmed milk, and skimmed milk, respectively, among

individuals reporting intake of only that particular type of

milk versus no milk intake (individuals reporting an intake
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of more than one type of milk were not included). The four

continuous variables (total milk intake, whole milk, semi-

skimmed milk, and skimmed milk) were all log2-trans-

formed to approach normal distribution, and effect esti-

mates for the log2-transformed milk variables in the

analyses thus expresses the effect on the outcome per

doubling of milk intake.

Genotypes

All 82,964 individuals from the CCHS and the CGPS had

blood samples drawn at the health examination, and were

genotyped for the LCT-13910 C/T(rs4988235) genetic

variant using TaqMan (Applied Biosystems). We

sequenced thirty randomly selected samples in order to

confirm genotyping. As the genotypes were not in Hardy–

Weinberg equilibrium, we additionally genotyped a ran-

dom subset of individuals (N = 15,880) using real-time

PCR, followed by melting curve analysis (LightCycler

instrument 1.0(Roche; Applied Science)) as previously

described [12]. Results from this method confirmed the

disequilibrium. Allele frequencies for the T allele and the

C allele were 76 and 24%, respectively. Call rates were

99.9% due to reruns. We constructed and applied both a per

allele genetic model (CC, TC, TT; treated as a continuous

variable), a co-dominant model (TT and TC respectively vs.

CC), and a dominant model (TT ? TC vs. CC).

All-cause and cause-specific mortality

Using the unique identification number assigned to all

individuals in Denmark with permanent residence (the

Central Person Registry-number), we retrieved information

on vital status (dead/alive) from the national Danish Civil

Registration System [15] and cause of death from the

national Danish Causes of Death Registry [16]. We fol-

lowed each individual from the time of participation in the

population study until one of the following events occur-

red: death, migration, or end of follow-up on November 14,

2014. Information on cause-specific mortalities (cardio-

vascular and cancer) were based on information on the

primary cause of death as well as any underlying or con-

tributing cause of death registered on the death certificate.

Causes of deaths occurring before January 1 1994 were

classified according to the International Classification of

Diseases(ICD) version 8 (i.e. individuals from the Copen-

hagen City Heart Study), thereafter, ICD-10 codes were

used: 400.0-448 and I00-I99 (cardiovascular), and 140.0-

239.9 and C00-D48 (cancer).

Baseline covariates

We obtained self-reported information on the following

baseline characteristics from the individuals in the CGPS:

physical activity at work and in leisure time, alcohol

intake, smoking status, education, household income,

marital status, family history of myocardial infarction,

diabetes, and/or cancer, intake of fruit, vegetables, fish,

fast-food, soda-drinks, red meat(beef and veal), processed

meat(deli meats), coffee, and tea, as well as use of

antidiabetic, antihypertensive, and/or lipid-lowering treat-

ments. Height and weight measures were taken at the

health examination, and body mass index (BMI) was cal-

culated as measured weight (kg) divided by measured

height (meter) squared. Along with information on sex and

age, these variables were included in multivariable adjus-

ted observational analyses of milk intake and mortality, as

we considered them potential confounding factors. The

adjustments for confounding were based on a priory

knowledge as opposed to performing a model search.

Response categories for the question regarding physical

activity at work was ‘‘mainly sitting’’, ‘‘sitting/standing/

walking’’, ‘‘walking and some lifting’’, ‘‘heavy bodywork’’.

None-responders were categorized as ‘‘not in workforce’’.

Response categories for leisure time physical activity was

‘‘mainly passive’’, ‘‘light activity 2–4 h/week’’,

‘‘light/moderate activity[ 4 h/week’’, and ‘‘very acti-

ve[ 4 h/week’’. Alcohol intake was reported as units per

week and subsequently divided into approximate quartiles:

‘‘0–3’’, ‘‘4–8’’, ‘‘9–15’’, and ‘‘[= 16’’. Smoking status

included the categories ‘‘never’’, ‘‘previous’’, and ‘‘cur-

rent’’. Fruit, vegetable, and fish intake were categorized as

no intake, B 4 times/week, 5–7 times/week,[ 7 times/

week, intake of fast-food were categorized as no intake,

once per week, twice or more per week, and intake of soda

drinks were categorized as no intake,\ 7 0.5L bottles/

week, or C 7 0.5L bottles/week. Coffee and tea intake

were reported as the average intake in cups per week, and

meat intake was reported as the average times of intake per

week, and were included as continuous adjustment

variables.

Statistics

Analyses were performed using StataSE 12.0. We used

Mann–Whitney U and Pearson Chi square tests in analyses

of population characteristics, i.e. associations between

population (CCHS and CGPS) and the continuous and

categorical baseline variables.

We used Cox-regression for observational analyses of

associations between milk intake and all-cause mortality,

and for analyses of cause-specific endpoints: cardiovascu-

lar and cancer mortality (primary cause of death only). In
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the Cox-regression models of the observational association

between milk and mortality, we set ‘‘origin’’ (i.e. the time

when a subject becomes at risk) to time of birth. We used

‘‘entry’’ as the date of the health examination when the

subject was included in the population study and rescaled

time to years (365.25 days in 1 year). We used age as time

scale, providing automatic adjustment for age. In multi-

variable adjusted analyses, we adjusted for all baseline

variables previously mentioned. In all primary analyses of

milk intake, we applied log2 transformation which corre-

sponds to a doubling of milk intake to account for the

skewed distribution (Supplementary Fig. 2a and b). We

investigated all first-order interactions between covariates

and milk intake using likelihood ratio tests and tested the

assumption of proportional hazards using Schoenfeld

residuals.

In order to assess whether there might be a causal

relationship between milk intake and risk of premature

death, we investigated the association between the LCT-

13910 C/T and mortality; thus, performing the most basic

version of a Mendelian randomization study as proposed by

Katan [17, 18]. It is well known that the LCT-13910 C/T

genotype is associated with milk intake and thus the variant

meets the first assumption of an instrumental variable [10].

In addition, the genetic variant must be independent of the

confounding factors that influence the association between

the exposure (i.e. milk) and the outcome (i.e. mortality).

Therefore, we examined the association between the LCT-

13910 C/T variant (three categories, i.e. CC, TC, and TT)

and the potential confounding factors of the milk-mortality

association (mentioned above in the section on baseline

covariates) using Kruskal–Wallis test (for continuous

covariates) and Chi square test (for categorical covariates).

The third assumption that applies to a Mendelian ran-

domization study states that the genetic variant affects the

outcome only through the exposure. We consider that this

assumption likely is met, as we have no knowledge of other

pathways. We examined the association between LCT-

13910 C/T and mortality using logistic regression and

applying a per T-allele, a co-dominant, and a dominant

genetic model. We performed unadjusted analyses as well

as analyses adjusted for sex, age, population, and height.

Height was included in the model to account for potential

underlying population stratification bias [21, 22], as both

between and within country variations in frequencies of

LCT-alleles have been reported in European countries [23].

We investigated all first-order interactions using likelihood

ratio tests. In case of an interaction (P\ 0.05) between the

LCT-genotypes and a covariate, we stratified for the

covariate in question.

Sensitivity analyses

In sensitivity analyses, we analyzed the observational

association between milk intake (untransformed) and

cause-specific mortality (primary cause of death only) in

individuals from the Copenhagen General Population

Study. In addition, we investigated the observational

associations between milk intake in different groupings and

mortality (all-cause mortality as well as cardiovascular and

cancer mortality (primary cause of death only)). Further-

more, we investigated the observational association

between milk intake (continuous as well as in groupings)

and cause-specific mortality combining information in both

primary and secondary causes of death, thus increasing the

number of cases.

In sensitivity analyses of the genetic association, we

investigated the association between LCT-13910 C/T and

mortality in each study separately. We also investigated the

association between LCT-13910 C/T and mortality using

Cox-regression in a per T-allele, a co-dominant, and a

dominant model for both studies combined and separately.

In Cox-regression, we set ‘‘origin’’ (i.e. the time when a

subject becomes at risk) to time of birth. We used ‘‘entry’’

as the date of the health examination when the subject was

included in the population study and rescaled time to years

(365.25 days in 1 year).

Results

Table 1 shows characteristics of individuals from the

CCHS and the CGPS. In both study populations, 55% were

women. The median age was 60 years in the CCHS and

57 years in the CGPS. Compared to the CCHS, individuals

from the CGPS reported being more active in their leisure

time and fewer smoked; however, alcohol intake and BMI

were higher in the CGPS compared to the CCHS. The

median intake of milk in the CGPS was 5 glasses/week

(interquartile range 0-10 glasses/week).

Milk intake

Figure 1 shows milk intake in the CGPS: 20,777 individ-

uals reported no milk intake, 15,675 consumed only

skimmed milk, 28,852 reported drinking only semi-skim-

med milk, 3852 consumed only whole milk, and 5085

individuals reported drinking more than one type of milk.

Among individuals drinking skimmed milk only, the

median(IQR) intake was 7 [5–14] glasses/week. For indi-

viduals drinking only semi-skimmed or whole milk, the

median(IQR) intake was 7 [4–10] and 5 [2–8] glasses/

week.
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Table 1 Population characteristics in participants from the Copenhagen City Heart Study and the Copenhagen General Population Study

Characteristics Population

CCHS CGPS

N %/ N %/

Median (IQR) Median (IQR)

Sex

Women 4810 55.2 41,109 55.4

Men 3911 44.9 33,134 44.6

Age, years 8721 60 (48–70) 74,243 57 (47–66)

Physical activity in leisure time

Mainly passive 1015 11.6 4875 6.6

Light activity 2–4 h/week 4696 53.9 32,738 44.1

Light/moderate activity[ 4 h/week 2711 31.1 32,079 43.2

Very active[ 4 h/week 299 3.4 4551 6.1

Smoking

Never smoker 2144 24.6 29,852 40.2

Former smoker 2296 26.3 29,774 40.1

Current smoker 4281 49.1 14,617 19.7

Educationa

None/student 2046 23.5 8031 10.8

Practical 4106 47.1 25,428 34.3

Short,\ 3 year 1096 12.6 9010 12.1

Middle, 3–4 years 621 7.1 19,025 25.6

Long, C 5 years 852 9.8 12,749 17.2

Marital status

Married/cohabiting 4947 56.7 54,613 73.6

Unmarried 1321 15.2 6067 8.2

Seperated/divorced 1152 13.2 7429 10.0

Widow/widower 1249 14.3 5976 8.1

Unknown status 52 0.6 158 0.2

Household income, DKK

\ 100.000 NA 1311 1.8

100.000–199.000 NA 9465 12.8

200.000–399.000 NA 18,049 24.3

400.000–599.000 NA 15,502 20.9

600.000–799.000 NA 13,247 17.8

C 800.000 NA 15,676 21.1

Do not wish to answer 993 1.3

Alcohol intake, units/week 8721 6 (1-13) 74,243 8 (3-15)

0–3 3421 39.2 20,733 27.9

4–8 2020 23.2 19,000 25.6

9–15 1580 18.1 17,173 23.1

C 16 1700 19.5 17,337 23.4

Fruit

No/almost never NA 2742 3.7

B 4 times/week NA 18,771 25.3

5–7 times per week NA 25,284 34.1

[ 7 times per week NA 27,446 37.0

Vegetables

No/almost never NA 3010 4.1
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Milk intake and mortality

Figure 2 shows results from observational analyses of

associations between intake of different types of milk and

all-cause, cardiovascular, and cancer mortality in the CGPS

with a mean follow-up of 7 years (range 0–11 years). In

multivariable adjusted analyses, we found an association

between intake of skimmed milk and lower cancer mor-

tality, with a hazard ratio(HR) of 0.97(95% CI 0.96–1.00,

P value = 0.002) per doubling in milk intake. However,

we found no association between intake of skimmed milk

and cardiovascular mortality or all-cause mortality, and we

Table 1 continued

Characteristics Population

CCHS CGPS

N %/ N %/

Median (IQR) Median (IQR)

B 4 times per week NA 20,859 28.1

5–7 times per week NA 29,089 39.2

[ 7 times per week NA 21,285 28.7

Soda drinks NA 74,243 0 (0–2)

No/almost never NA 45,919 61.9

\ 7 0.5L bottles/week NA 23,694 31.9

C 7 0.5L bottles/week NA 4630 6.2

Coffee, cups/week NA 74,243 15 (7–28)

Te, cups/week NA 74,243 2 (0–10)

Milk, glasses/week NA 74,243 5 (0–10)

LCT-13910

CC (lactase non-persistent) 548 6.3 4348 5.9

TC (lactase persistent) 3041 34.9 26,571 35.8

TT (lactase persistent) 5132 58.8 43,324 58.4

Family history of myocardial infarction

No NA 52,129 70.2

Yes NA 19,137 25.8

Unknown NA 2977 4.0

Family history of diabetes

No NA 56,878 76.6

Yes NA 14,145 19.1

Unknown NA 3220 4.3

Family history of cancer

No NA 34,867 47.0

Yes NA 36,599 49.3

Unknown NA 2777 3.7

BMI, kg/m2 8721 25.1 (22.6–28.1) 74,243 25.6 (23.2–28.5)

Total cholesterol, mmol/L 8721 6.1 (5.3–6.9) 74,243 5.6 (4.9–6.3)

Low-density lipoprotein cholesterol, mmol/L 8721 3.7 (3.0–4.4) 74,243 3.2 (2.6–3.9)

High-density lipoprotein cholesterol, mmol/L 8721 1.5 (1.2–1.9) 74,243 1.6 (1.2–1.9)

Triglyceride, mmol/L 8721 1.5 (1.1–2.2) 74,243 1.4 (1.0–2.1)

Glucose, mmol/L 8721 5.4 (5.0–6.1) 74,243 5.1 (4.7–5.7)

Systolic blood pressure, mmHg 8721 136 (123–153) 74,243 137 (124–151)

Diastolic blood pressure, mmHg 8721 84 (76–92) 74,243 80 (74–89)

BMI body mass index, CCHS Copenhagen city heart study, CGPS Copenhagen general population study, IQR interquartile range, NA information

not available
a The education variable indicates the level of education obtained since the individual left the mandatory 7–9 years of lower and middle school

education
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Fig. 1 Milk intake in individuals from the Copenhagen General

Population Study. Milk intake (glasses/week) among 74,241 individ-

uals from the Copenhagen General Population Study. The fig-

ure shows median intake with interquartile range for individuals

reporting no intake, intake of skimmed milk only, intake of semi-

skimmed milk only, intake of whole milk only, or intake of[ 1 type

of milk

All−cause mortality

Cardiovascular mortality

Cancer mortality

Outcome

Skimmed milk

Semi−skimmed milk

Whole milk

Total milk

Skimmed milk

Semi−skimmed milk

Whole milk

Total milk

Skimmed milk

Semi−skimmed milk

Whole milk

Total milk

Milk

36452

49629

24629

74241

36452

49629

24629

74241

36452

49629

24629

74241

Total(N)

2536

3638

2336

5243

393

592

368

847

728

1069

684

1517

Events(N)

0.98

0.99

1.01

0.99

0.98

1.01

1.02

1.00

0.96

0.99

1.02

0.99

adjusted−HR

Age/sex

0.97

0.99

1.00

0.99

0.96

0.99

0.99

0.98

0.95

0.98

1.00

0.98

95%CI

0.98

1.00

1.03

1.00

1.00

1.02

1.04

1.01

0.98

1.01

1.04

1.00

0.00

0.10

0.01

0.01

0.10

0.46

0.26

0.92

0.00

0.33

0.02

0.03

p−value

0.99 (0.98, 1.00)

1.00 (0.99, 1.01)

1.00 (0.99, 1.01)

1.00 (0.99, 1.00)

1.00 (0.98, 1.03)

1.01 (0.99, 1.03)

1.00 (0.97, 1.03)

1.00 (0.99, 1.02)

0.97 (0.96, 0.99)

1.00 (0.98, 1.01)

1.01 (0.99, 1.03)

0.99 (0.98, 1.00)

adjusted HR (95% CI)

Multivariable

0.08

0.93

0.68

0.48

0.85

0.26

0.98

0.58

0.00

0.53

0.21

0.16

p−value

0.99 (0.98, 1.00)

1.00 (0.99, 1.01)

1.00 (0.99, 1.01)

1.00 (0.99, 1.00)

1.00 (0.98, 1.03)

1.01 (0.99, 1.03)

1.00 (0.97, 1.03)

1.00 (0.99, 1.02)

0.97 (0.96, 0.99)

1.00 (0.98, 1.01)

1.01 (0.99, 1.03)

0.99 (0.98, 1.00)

adjusted HR (95% CI)

Multivariable

0.08

0.93

0.68

0.48

0.85

0.26

0.98

0.58

0.00

0.53

0.21

0.16

p−value

1.95 1 1.05

Multivariable adjusted hazard ratio 95%CI

by a doubling in milk intake

Mortality

Fig. 2 Associations between milk intake and mortality. Risk of all-

cause, cardiovascular, and cancer mortality for higher intake of

skimmed, semi-skimmed, whole, and total milk, respectively, in

individuals from the Copenhagen General Population Study followed

for a mean of 7 years (range 0–11 years). Milk intake was log2-

transformed and estimates thus correspond to a doubling of milk

intake. Estimates of effect of intake of skimmed, semi-skimmed, and

whole milk, respectively, include individuals reporting intake of only

that particular type of milk or no milk intake. CI = confidence

interval, N = number
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did not find any associations between intake of semi-

skimmed or whole milk and cancer, cardiovascular or all-

cause mortality. Results for analyses adjusted for age and

sex only showed similar results.

Sensitivity analyses for observational associations

In Fig. 2, milk intake was log2 transformed, but when

using milk intake untransformed, results were similar

(Supplementary Fig. 3). Supplementary Table 1 shows the

association between milk intake in different groupings

(quintiles, no/yes, and type of milk based on fat content)

and mortality. We found associations between intake of fat

free milk and lower all-cause mortality and cancer mor-

tality compared to individuals drinking no milk.

Supplementary Table 2 shows the association between

milk intake (log2 transformed, untransformed, and in

groupings) with cardiovascular and cancer mortality when

combining information on both primary and secondary

cause of death. For cardiovascular mortality, only the

multivariable adjusted estimate for total milk (untrans-

formed) had a P value\ 0.05 and showed slightly higher

risk of cardiovascular mortality with higher intake of total

milk with a HR of 1.01 (1.00–1.01, P value = 0.03). For

cancer mortality, we found an association between higher

intakes of skimmed milk (log2 transformed) and lower risk

of cancer mortality with a HR of 0.98 (0.96–1.00,

P value = 0.01), as well as lower risk associated with

intake of fat free milk compared to no intake.

Lactase persistence and mortality

Among individuals from the CGPS, milk intake was higher

in those with the lactase persistent genotype (median

intake(IQR) of 5 (0–10) glasses/week among both TC &

TT) compared to those with the lactase non-persistent

genotype (2 (0–7) glasses/week among CC, P

value = 4 9 10-70). Per T-allele, milk intake increased

with 0.58 (0.50–0.68) glasses/week. We found no associ-

ation between lactase persistence and all-cause, cardio-

vascular, or cancer mortality using LCT-13910 C/T

genotypes, regardless of applying a per T-allele (OR for all-

cause mortality (95% CI) was 1.02 (0.97–1.06, P value

0.51)), a co-dominant (Fig. 3), or a dominant genetic

model (Supplementary Table 3). Results were similar

when we investigated lactase persistence and association

with cause-specific mortality supplementing the respective

analysis with cases of underlying/contributing causes of

cardiovascular and cancer mortality (Supplementary

Table 3 and Supplementary Table 4). Also, no associations

were found when we investigated lactase persistence and

association with all-cause and cause-specific mortality in

All−cause mortality

Cardiovascular mortality

Cancer mortality

Outcome

CC

TC

TT

CC

TC

TT

CC

TC

TT

LCT−13910

4896

29612

48456

4896

29612

48456

4896

29612

48456

Total(N)

576

3445

5738

137

757

1272

158

1010

1654

Events(N)

1.00

0.99

1.01

1.00

0.91

0.94

1.00

1.06

1.06

adjusted−OR

Age/sex

0.90

0.92

0.76

0.78

0.89

0.90

95%CI

1.08

1.10

1.10

1.12

1.26

1.25

0.79

0.87

0.32

0.47

0.51

0.49

p−value

1.00 (1.00, 1.00)

1.04 (0.92, 1.17)

1.05 (0.93, 1.18)

1.00 (1.00, 1.00)

0.94 (0.77, 1.15)

0.96 (0.79, 1.17)

1.00 (1.00, 1.00)

1.10 (0.92, 1.31)

1.08 (0.91, 1.29)

adjusted OR (95% CI)

Multivariable

0.55

0.45

0.56

0.68

0.31

0.37

p−value

.75 1 1.4

Multivariable adjusted odds ratio 95%CI

by LCT−13910

Mortality

Fig. 3 Association between LCT-13910 C/T genotypes and mortality.

Odds ratios for association of all-cause, cardiovascular, and cancer

mortality with lactase persistent genotypes (TC and TT), compared to

individuals with the lactase non-persistent genotype (CC). Individuals

from the Copenhagen City Heart Study and the Copenhagen General

Population Study were combined. Odds ratios were unadjusted (left

panel) or multivariable adjusted for sex, age, population, and height

(right panel). CI = confidence interval, N = number
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individuals from the CCHS and the CGPS separately

(Supplementary Table 3 and Supplementary Table 4). In

addition, using Cox-regression analyses also yielded simi-

lar results (Supplementary Table 5); a HR (95% CI) of 1.00

(0.97–1.03, P value = 0.97) for all-cause mortality per T-

allele.

Discussion

In this study, observational analyses of 74,241 individuals

from the Danish general population demonstrated that

consumption of milk was not convincingly associated with

all-cause, cardiovascular, or cancer mortality; however,

intake of skimmed milk was associated with a 1% lower

risk of all-cause mortality and a 3% lower cancer mortality,

compared to no intake of milk. Our results cannot rule out a

possible small protective effect of intake of skimmed milk

on cancer mortality; however, given how close our esti-

mates in observational analyses were to 1.00, the effect, if

any, would probably be very small. Also, we found no

association between the genetic variant LCT-13910 C/T

and all-cause, cardiovascular, or cancer mortality, indicat-

ing no causal association between milk intake and mor-

tality in our cohorts.

Several meta-analyses and large prospective studies

have shown no association of milk intake with all-cause,

cardiovascular or cancer mortality [2–8], but individual

studies have been very heterogenous and have shown

conflicting results. However, meta-analyses [4] as well as

recent large prospective studies in Sweden [3, 19] have

shown that fermented milk products are associated with

decreased risk of all-cause, cardiovascular, and cancer

mortality as opposed to non-fermented milk products

which were associated with increased risk [3]. It has been

speculated that the difference between fermented and non-

fermented milk products can be explained by lower intake

of D-galactose from fermented milk products compared to

non-fermented milk [19], based on evidence of accelerated

aging in mice exposed to D-galactose [20]. This explana-

tion has however been questioned [21] and it will likely

require an updated investigation from the quoted study

from the 1980’s [22] into the D-galactose content in dif-

ferent dairy products to confirm the premise of this

hypothesis. In accordance with our finding that genetic

lactase persistence was not associated with mortality, two

previous studies investigating the LCT-13910 C/T

(rs4988235) variant [3] and the Mediterranean rs3754686

[13] variant, respectively, did not find an increased mor-

tality with lactase persistence. Furthermore, emerging

studies of genetic lactase persistence from large prospec-

tive studies and consortia studies cannot confirm associa-

tions with cardiovascular disease [12], blood pressure [23],

Type 2 diabetes [11, 24], glycemic traits [24], or osteo-

porosis [24]. However, it seems plausible that genetic

lactase persistence may increase BMI [11, 24].

In addition to D-galactose, other components in milk

have been considered in general speculations about possi-

ble biological pathways from milk intake to disease and

mortality. The content of saturated fat in milk is relatively

high, and concerns have been raised that high milk intake

therefore may lead to elevated cholesterol levels and thus

increase the risk of cardiovascular disease. However, meta-

analyses investigating food sources of saturated fat it was

reported that there was no association between high intake

of milk and dairy products and risk of cardiovascular-,

cancer-, or all-cause mortality compared to individuals

with low intake [2, 4]. In addition, we have recently

investigated the association between milk intake and risk of

ischemic heart disease and myocardial infarction in the

same large Danish population as in this study, and we

found no association, neither observational nor genetic

[12].The content of minerals like calcium, potassium, and

magnesium and vitamins such as vitamin B12 and ribo-

flavin in milk may have beneficial health effects. For

instance, studies suggest, that high intake of dairy products

and dietary calcium has been associated with reduced risk

of colon cancer [25].] It has been hypothesized that calcium

has anti-carcinogenic properties that prevent colonic

mutations and exert an anti-proliferative effect on colonic

epithelium cells [26]. Interestingly, Dik et al. [26] did not

find any effect of pre-diagnostic intake of dietary calcium

or total dairy products on colorectal cancer-specific or all-

cause death in European patients with colorectal cancer.

A major strength of our study was the high response rate

on the milk questions and the large sample size; this study

is the largest Mendelian randomization study to investigate

associations between milk intake and mortality. We

obtained information on self-reported milk intake using a

general questionnaire reviewed by an investigator on the

day of inclusion. Some misclassification of milk intake

may have occurred due to recall bias, and we therefore

included genetic analyses to better reflect long term dif-

ferences in milk intake, avoiding the confounding that

usually is a problem in observational analyses. A limitation

of our study was the relative short follow-up time; how-

ever, our study results were in accordance with previous

findings in meta-analyses of observational studies of milk

intake and mortality with various follow-up times [2–8],

with a Swedish study investigating the Northern European

variant LCT-13910 C/T in 7404 individuals with 13 years

of follow-up [3], and an American study investigating the

Mediterranean rs3754686 variant [13] in 7185 individuals

with 5 years of follow-up [3, 13]. While the CPR-number,

assigned to all Danish citizens, and the Danish registries

insures no losses to follow-up, misclassification of cause of
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death may occur; however, while the analyses of cause-

specific mortality may thus be somewhat biased due to

misclassification, this is not the case for all-cause mortality.

Our study isa Mendelian randomization study, but the

study did not fulfill the requirements for the calculating the

Mendelian instrumental variable estimates, as only the

gene-milk association was significant but neither the gene-

mortality association nor the milk-mortality association

were significant. We confirmed however that the genotype

was not associated with confounding factors unlike milk

intake.

We restricted our analyses to the LCT-13910 C/T variant

which is specific for populations of Northern European

origin [10, 27], as our populations were selected on being

of Danish descent. This information is based on Danish

registries dating several generations back. Another lactase

persistent variant found in populations of Mediterranean

descent, rs3754686, and more widespread than the LCT-

13910 C/T variant, likewise showed no association with

mortality [13]. Other studies are still needed to confirm the

findings of the LCT-13910 C/T and rs3754686 variants, and

to investigate other lactase persistent variants with

mortality.

We only estimated the LCT-13910 C/T variant as this is

the variant completely associated with lactase persistence/

non-persistence in Northern Europeans whereas the variant

at position -22018 does not completely differentiates

between lactase persistence/non-persistence [10]. Further-

more, as we restricted our population to only individuals of

Danish descent, we did not find it meaningful to include

other European or Middle Eastern variants from the MCM6

gene in a gene score [27]. Also, in a previous review, the

particular variant LCT-13910 C/T is mentioned as ideal to

investigate the lifelong effect of milk-exposure with out-

comes in Northern Europeans [28]. Furthermore, many

other MR articles about the genetically determined milk

intake and outcomes are performed using only one variant

[11, 12, 23, 24]. Lastly, since we selectively genotyped the

LCT-13910 C/T variant and we do not have any chip-

genotyping or imputation in the CCHS and CGPS, we

could not study other variants.

Our genetic results showed no association between

lactase persistence (proxy for higher milk intake) and

mortality, however, the Mendelian randomization design

does not take into account the type of milk consumed.

There may be different health effects associated with intake

of different types of milk e.g. full fat, fat reduced, lactose

free, fermented, and organic milk, and this could be

interesting to investigate in other studies.

In conclusion, our study did not provide strong evidence

of an association between milk intake and mortality, and

genetic analyses suggested no causal relationship. Overall,

our results suggest that there is no large effect of milk

intake on mortality in the general population, but further

investigations into effects of different types of milk could

be beneficial.
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