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Abstract Low fat dairy products are part of dietary
guidelines to prevent stroke. However, epidemiological
evidence is inconclusive with regard to the association
between dairy products and stroke. We therefore investi-
gated associations for substitutions between dairy product
subgroups and risk of total stroke and stroke subtypes. We
included 55,211 Danish men and women aged 50—64 years
without previous stroke. Baseline diet was assessed by a
food frequency questionnaire. Cases were identified
through a national register and subsequently verified. The
associations were analyzed using Cox proportional hazard
regression. During a median follow-up of 13.4 years, we
identified 2272 strokes, of which 1870 were ischemic (318
large artery atherosclerotic, 839 lacunar, 102 cardioem-
bolic, 98 other determined types, 513 of unknown type),
389 were hemorrhages (273 intracerebral, 116 subarach-
noid) and 13 of unknown etiology. Substitution of semi-
skimmed fermented milk or cheese for whole-fat fermented
milk was associated with a higher rate of ischemic stroke
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[semi-skimmed fermented milk: hazard ratio (HR) = 1.20
(95% confidence interval (CI) 0.99-1.45), cheese:
HR = 1.14 (95% CI 0.98-1.31) per serving/day substi-
tuted] and substitutions of whole-fat fermented milk for
low-fat milk, whole-fat milk or buttermilk were associated
with a lower rate [low-fat milk: HR = 0.85 (95% CI
0.74-0.99), whole-fat milk: HR = 0.84 (95% CI 0.71-
0.98) and buttermilk: HR = 0.83 (95% CI 0.70-0.99)]. We
observed no associations for substitutions between dairy
products and hemorrhagic stroke. Our results suggest that
intake of whole-fat fermented milk as a substitution for
semi-skimmed fermented milk, cheese, buttermilk or milk,
regardless of fat content, is associated with a lower rate of
ischemic stroke.

Keywords Dairy products - Fermented milk - Cheese -
Butter - Stroke - Substitution models - Cohort studies

Introduction

The Dietary Approaches to Stop Hypertension (DASH) [1]
diet is recommended for stroke prevention [2] and has
recently been associated with a lower risk of ischemic
stroke [3]. Intake of low-fat dairy products is a principal
component of the DASH-diet. However, since dairy
products differ from each other with respect to the content
of nutrients which, in addition to fat, may also be related to
stroke risk, for instance calcium, potassium, magnesium
and sodium [4-7], a more detailed distinction between
dairy products is called for.

Previous cohort studies have failed to associate intake of
total dairy products with stroke [8—13], while intake of
low-fat dairy products [10] as well as intake of whole-fat
dairy products [11] have been associated with a lower risk
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of stroke, although most studies found no association with
either product type [8, 13, 14]. Studies investigating milk
with different fat contents have found an association
between low-fat milk and a lower [12] or no risk of stroke
[9, 14] and an association between whole-fat milk and a
higher [9] or no risk of stroke [12, 14] suggesting that the
fat content may be of importance. Intake of fermented
dairy products, to which probiotics have been added during
production, has been associated with a lower risk of stroke
[8, 12, 14]. Intake of cheese has been associated with a
lower or no risk of stroke [8-12, 14].

To date, the most widely applied analytical approach
when investigating the association between dairy products
and stroke has been to compare individuals with a different
intake of e.g. milk but with a similar total energy intake.
This implies that these individuals differ in intake of other
non-specified energy-providing foods. Thus, results from
such studies represent a joint effect of the investigated food
and the substituted foods. Consequently, the inconsistent
findings from studies on dairy products and stroke could
stem from a lack of specification of the substituted foods,
as people within and between populations may substitute
dairy products differently. By specifying the substitution,
the studies would offer a more detailed and clear inter-
pretation of the results. Further, stroke is a collective term
for several vascular diseases of the brain which have dif-
ferent etiology and do not necessarily share risk factors
[15-17], which necessitates a distinction between stroke
subtypes. We therefore assessed the associations for spec-
ified substitutions between different subgroups of dairy
products and the risk of any type of stroke as well as the
risk of specific stroke subtypes.

Methods
Study population

The participants in this study were part of the Danish
cohort Diet, Cancer and Health, as described elsewhere
[18]. Briefly, they were recruited from December 1993
through May 1997 where 160,725 men and women aged
50-64 years, with no previous cancer diagnosis registered
in the Danish Cancer Registry and residing in the greater
Copenhagen or Aarhus areas were invited, of whom 57,053
(27,190 men and 29,863 women) gave informed consent to
participate [18]. We excluded 569 participants with an
existing cancer diagnosis at baseline (due to a delayed
entry in the Danish Cancer Registry) and those with stroke
before baseline (n = 582) or with incomplete information
on any variable to be included in the statistical analyses
(n = 723), leaving 55,211 participants for analysis (Sup-
plementary Figure 1). The baseline assessment included
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self-administered questionnaires on diet and lifestyle as
well as anthropometrical measurements taken by trained
personnel [18]. The questionnaires were scanned and
checked for completeness by the study personnel.

Diet assessment

The participants completed a 192-item semi-quantitative
food frequency questionnaire (FFQ), specifically developed
for the Diet, Cancer and Health cohort [19] and designed to
reflect the average food intake during the previous year.
The FFQ included pre-specified frequencies ranging from
never to § times or more per day, and the recorded infor-
mation was converted to daily intakes of foods and nutri-
ents using FoodCalc version 1.3. The FFQ was validated
against two 7-day food records [20]. The agreement
between the two instruments for classification of subjects
into quintiles of intakes of saturated fat and calcium, for
which dairy products are major sources, was 64% for sat-
urated fat and 81% for calcium among men and 71% for
saturated fat and 61% for calcium among women (same
quintile & 1) [20]. Dairy products include all products
made from cow’s milk, i.e. milk, milk derivatives, cheese,
butter, cream and ice cream. The questions specifically
addressing dairy product intake included milk (skimmed
milk, 0.3% fat, semi-skimmed milk, 1.5% fat, whole-fat
milk, 3.5% fat), buttermilk, 0.5% fat, fermented milk
products (yoghurt-type products with 1.5 or 3.5% fat, with
and without added fruit), cheese (semi-hard cheese, soft
matured cheese, blue cheese, cottage cheese and cream
cheese) and butter. In addition to these items, dairy product
intake was also derived from standard recipes for dishes
addressed in the questionnaire and other food items con-
taining dairy products. However, in this study, only dairy
products which were specifically addressed in the FFQ
were investigated.

Dairy product intake was operationalized as follows: (1)
low-fat milk (sum of skimmed and semi-skimmed milk),
(2) whole-fat milk, (3) buttermilk, (4) semi-skimmed fer-
mented milk products, (5) whole-fat fermented milk
products, (6) cheese and (7) butter. All dairy product
variables were expressed as servings per day. For milk and
fermented milk products, the serving size was 200 g/day,
for cheese and butter it was 20 and 6 g/day, respectively.

Stroke ascertainment

The participants were followed-up for stroke incidence
(fatal and non-fatal) by linkage of each participant’s civil
registration number to the Danish National Patient Reg-
istry, which covers discharge records from Danish hospi-
tals since 1977 [21]. Possible stroke cases were identified
through the register as first-ever hospital discharge
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diagnosis according to the International Classification of
Diseases (ICD-8 codes: 430, 431, 433, 434, 436.01, or
436.90; ICD-10 codes: 160 161 163 or 164). The identified
cases were verified by review of each individual medical
record and/or hospital discharge letter.

The identified strokes were classified as ischemic stroke,
intracerebral hemorrhage, subarachnoid hemorrhage or
unspecified type of stroke. Ischemic strokes were further
classified according to the TOAST-criteria [22] as large
artery atherosclerosis, lacunar stroke (small-vessel occlu-
sion), cardioembolism, stroke of other etiology or stroke of
unknown etiology. Participants were followed from the
time of inclusion into the study until the date of a stroke
diagnosis, death, emigration or 30 November 2009,
whichever came first.

Assessment of covariates

Information about length of elementary and secondary
education, smoking habits, physical activity, hypertension,
hypercholesterolemia and diabetes was collected using a
self-administered questionnaire. The total length of ele-
mentary and secondary education was expressed as short
(<7 years), medium (8-10 years) or long (>10 years).
Smoking status was categorized as never, former, current
<15 g tobacco/day, current 15-25 g tobacco/day, current
>25 g tobacco/day. Physical activity included both par-
ticipation in planned activity as well as active transporta-
tion and was expressed as being active <30 or
>30 min/day. Hypertension was defined as a history of
hypertension or use of antihypertensive medication.
Hypercholesterolemia was defined as a history of hyperc-
holesterolemia or use of lipid-lowering medication. Dia-
betes was defined as a history of diabetes or use of insulin.
These conditions were reported as yes, no or unknown.
Weight, height and waist circumference were measured by
trained technicians at the study centers. Body mass index
(BMI) was calculated as the weight divided by the height
squared (kg/m?). Information about prevalent myocardial
infarction was obtained from the Danish National Patient
Registry.

Statistical analysis

We evaluated the associations for substitutions between
subgroups of dairy products with the rate of total stroke,
ischemic stroke, sub-types of ischemic stroke (large artery
atherosclerosis, lacunar stroke and cardioembolic stroke)
and sub-types of hemorrhagic stroke (intracerebral hem-
orrhage and subarachnoid hemorrhage) using sex- and date
of inclusion-stratified Cox proportional hazards regression
models with age as time scale.

The basic model (Model 1a) included intake of all
subgroups of dairy products (servings/day), except for the
dairy product subgroup to be replaced, and a variable
representing the total number of servings of dairy products
per day. Thus, hazard ratios for each of the dairy product
subgroups in the model can be interpreted as the estimated
difference in rate of stroke associated with a one serving
higher intake of the subgroups included in the model and a
concomitant lower intake of the subgroup left out of the
model. Model la was adjusted for total energy intake
(excluding energy from alcohol, continuous, kJ/day) and
age at inclusion (continuous), the latter used as a proxy for
the “age” of the exposure and covariate information.
Additional adjustments included BMI, residuals of waist
circumference regressed on BMI (continuous), education
(categorical), smoking status (categorical) physical activity
(binary), alcohol intake (spline with 4 knots) (Model 1b)
and intakes of fruit, vegetables, red meat, processed red
meat and fish (all continuous, servings/day) (Model 2). In
order to assess the influence of the potential mediating
variables hypertension, hypercholesterolemia, diabetes and
myocardial infarction at baseline, we adjusted for these
separately (Model 3). We also tested for effect modification
by sex by means of likelihood ratio tests between models
with and without interaction terms of sex and exposure
variables. We found no indication of effect modification by
sex, thus the results are presented for the whole sample.

The individual dairy product subgroups were only
weakly correlated (Supplementary Table 1), thus justifying
the simultaneous inclusion of them in the substitution
analyses. The assumption of independent delayed entry
was met once the analyses were stratified by date of
inclusion in tertiles. The proportional hazards assumption
tested with Schoenfeld residuals was satisfied. We plotted
martingale residuals against the exposure variables and
included a lowess smooth in order to determine departures
from linearity in the associations between substitutions of
dairy products and stroke and found no departure from
linearity.

To evaluate the robustness of the results, sensitivity
analyses were performed. Since people diagnosed with
diabetes, hypertension, hypercholesterolemia or myocar-
dial infarction are likely to change their diets, analyses
were repeated without participants reporting these condi-
tions at baseline. All analyses were performed using
STATA 13.1 (College Station, Texas, USA).

Results

During a median follow-up of 13.4 years, we identified 2272
incident stroke cases, of which 1870 were ischemic, 273
were intracerebral hemorrhages, 116 were subarachnoid
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Table 1 Baseline characteristics of participants in the Danish Diet, Cancer and Health cohort (n = 55,211)

All participants

Quintiles of low-fat milk

Ql Q2 Q3 Q4 Q5
Sex, men (%) 47.6 34.1 54.8 49.8 47.6 51.8
Age (years) 56.1 56.3 56.6 55.8 55.9 56.0
(51.2-63.2) (51.3-63.2) (51.3-63.3) (51.2-63.0) (51.2-63.1) (51.1-63.3)
Body mass index (kg/m?) 255 25.0 25.4 259 25.6 25.7
(21.4-31.1) (21.0-30.7) (21.2-30.7) (21.8-31.6) (21.6-31.2) (21.6-31.4)
Waist circumference (cm)
Men 95.0 94.0 95.0 96.0 95.0 96.0
(84.0-109.0) (83.0-107.0) (84.0-109.0) (84.0-109.0) (85.0-108.0) (85.0-110.0)
Women 80.0 80.0 80.0 81.0 80.0 80.0
(69.0-97.0) (69.0-96.0) (69.0-97.0) (70.0-98.0) (70.0-97.5) (69.5-97.0)
Length of education (%)
Short 32.8 31.8 352 32.8 30.7 33.6
Medium 46.1 47.9 43.5 45.6 472 46.3
Long 21.1 20.3 21.3 21.6 22.1 20.1
Current smoker (%) 359 35.8 40.1 33.5 32.8 374
Physical activity >30 min/day (%) 39.5 37.3 36.7 39.8 41.7 42.1
Alcohol consumption (g/day) 12.9 13.0 15.1 13.6 12.8 11.3
(1.6-47.4) (1.4-48.1) (1.7-55.6) (1.8-48.0) (1.7-44.4) (1.4-42.9)
Hypertension (%) 16.0 15.8 16.1 16.2 16.0 15.7
Hypercholesterolemia (%) 73 7.4 6.6 7.6 7.8 7.3
Diabetes (%) 2.0 1.7 2.0 2.1 22 22
Prevalent myocardial infarction (%) 1.5 1.3 1.6 1.5 1.5 1.7
Habitual food consumption (servings/day)
Low-fat milk 0.21 0.03 0.06 0.21 1.04 2.56
(0.03-2.56) (0.02-0.04) (0.05-0.09) (0.12-0.49) (0.82-1.11) (2.52-4.57)
Whole-fat milk 0.05 0.04 0.06 0.05 0.05 0.05
(0.01-0.52) (0.01-1.01) (0.02-1.06) (0.02-0.50) (0.02-0.32) (0.02-0.22)
Buttermilk 0.03 0.01 0.03 0.03 0.03 0.03
(0.00-0.44) (0.00-0.44) (0.00-0.44) (0.00-0.44) (0.00-0.44) (0.00-0.36)
Semi-skimmed fermented milk 0.02 0.00 0.00 0.02 0.03 0.02
(0.00-0.80) (0.00-0.51) (0.00-0.82) (0.00-0.86) (0.00-0.86) (0.00-0.86)
Whole-fat fermented milk 0.06 0.05 0.06 0.07 0.07 0.06
(0.01-1.00) (0.01-1.01) (0.01-1.01) (0.01-0.95) (0.01-0.90) (0.01-0.87)
Cheese 1.43 1.31 1.44 1.50 1.46 1.46
(0.50-3.44) (0.37-3.32) (0.50-3.50) (0.53-3.47) (0.55-3.42) (0.50-3.50)
Butter 1.55 1.30 2.02 1.47 1.43 1.55
(0.00-5.07) (0.004.69) (0.00-5.50) (0.00-5.17) (0.00-4.93) (0.00-5.06)
Fruit 1.43 1.36 1.35 1.42 1.53 1.51
(0.33-3.78) (0.27-3.78) (0.30-3.70) (0.35-3.75) (0.41-3.81) (0.35-3.85)
Vegetables 1.24 1.11 1.24 1.30 1.31 1.22
(0.49-2.40) (0.39-2.27) (0.52-2.41) (0.55-2.46) (0.54-2.47) (0.48-2.38)
Fresh red meat 0.52 0.42 0.59 0.55 0.52 0.53
(0.27-0.94) (0.22-0.73) (0.32-0.98) (0.29-1.01) (0.28-0.96) (0.28-0.96)
Processed red meat 1.64 1.23 1.82 1.69 1.68 1.85
(0.53-3.96) (0.36-3.16) (0.62-4.12) (0.58-4.12) (0.57-3.95) (0.62—4.28)
Fish 0.27 0.23 0.28 0.28 0.29 0.28
(0.12-0.54) (0.09-0.46) (0.12-0.56) (0.13-0.55) (0.12-0.55) (0.12-0.57)
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Table 1 continued
Quintiles of whole-fat milk
Ql Q2 Q3 Q4 Q5
Sex, men (%) 49.4 442 443 46.5 53.7
Age (years) 55.0 55.4 56.3 57.1 57.1
(51.0-62.2) (51.1-62.6) (51.2-63.2) (51.4-63.6) (51.4-63.7)
Body mass index (kg/m?) 255 25.5 25.6 25.7 25.4
(21.4-31.0) (21.5-31.0) (21.6-31.3) (21.6-31.5) (21.2-30.9)
Waist circumference (cm)
Men 95.0 95.0 95.0 95.0 94.5
(84.5-109.0) (85.0-109.0) (85.0-109.0) (84.0-109.0) (83.0-108.0)
Women 80.0 80.0 80.0 81.0 80.0
(69.0-96.0) (70.0-97.0) (70.0-98.0) (70.0-98.5) (69.0-96.0)
Length of education (%)
Short 28.5 28.5 31.3 36.0 39.8
Medium 48.0 48.4 474 445 422
Long 23.6 23.1 21.3 19.4 18.0
Current smoker (%) 39.0 34.1 30.8 33.0 42.8
Physical activity >30 min/day (%) 35.7 39.0 40.4 42.6 39.9
Alcohol consumption (g/day) 17.8 14.0 12.1 11.2 11.9
(2.1-60.9) (1.8-47.1) (1.5-42.5) (1.4-40.7) (1.3-47.8)
Hypertension (%) 17.1 16.0 16.3 16.6 139
Hypercholesterolemia (%) 8.9 7.8 7.7 7.4 53
Diabetes (%) 2.8 1.9 2.0 1.8 1.6
Prevalent myocardial infarction (%) 1.7 1.5 14 1.7 1.3
Habitual food consumption (servings/day)
Low-fat milk 0.14 0.29 0.47 0.50 0.1
(0.02-2.54) (0.03-2.55) (0.03-2.57) (0.04-2.61) (0.03-2.55)
Whole-fat milk 0.01 0.03 0.05 0.10 0.52
(0.01-0.02) (0.02-0.04) (0.04-0.06) (0.07-0.16) (0.20-2.54)
Buttermilk 0.01 0.03 0.03 0.04 0.04
(0.00-0.12) (0.00-0.21) (0.00-0.44) (0.01-0.50) (0.00-0.46)
Semi-skimmed fermented milk 0.00 0.02 0.02 0.03 0.00
(0.00-0.86) (0.00-0.86) (0.00-0.86) (0.00-0.86) (0.00-0.44)
Whole-fat fermented milk 0.04 0.05 0.07 0.09 0.09
(0.01-0.80) (0.01-0.91) (0.01-1.00) (0.01-1.01) (0.01-1.01)
Cheese 1.34 1.43 1.48 1.51 1.41
(0.45-3.34) (0.50-3.36) (0.53-3.50) (0.52-3.54) (0.48-3.42)
Butter 1.06 1.20 1.33 1.61 2.56
(0.00-4.60) (0.00-4.69) (0.00-4.86) (0.00-5.09) (0.00-5.65)
Fruit 1.11 1.39 1.54 1.68 1.47
(0.20-3.29) (0.34-3.59) (0.42-3.86) (0.47-4.17) (0.34-3.95)
Vegetables 1.16 1.25 1.29 1.30 1.19
(0.42-2.29) (0.51-2.37) (0.53-2.42) (0.54-2.48) (0.45-2.41)
Fresh red meat 0.48 0.50 0.52 0.54 0.57
(0.24-0.88) (0.27-0.89) (0.28-0.92) (0.29-0.97) (0.29-1.03)
Processed red meat 1.44 1.50 1.62 1.75 1.95
(0.43-3.62) (0.51-3.59) (0.55-3.81) (0.59-4.10) (0.60—4.62)
Fish 0.22 0.26 0.29 0.32 0.29
(0.08-0.44) (0.12-0.49) (0.13-0.54) (0.14-0.61) (0.12-0.61)

Median (80% central range) unless otherwise indicated

Q quintile
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hemorrhages and 13 were of unknown etiology. Of the 1870
ischemic stroke cases, 318 were large artery atherosclerotic,
839 were lacunar, 102 were cardioembolic, 98 were of
other determined types of ischemic stroke, and 513 were
of an unknown type of ischemic stroke (Supplementary
Figure 2).

The characteristics of the cohort are presented in
Table 1. Intake of cheese and butter contributed the most to
the total number of servings per day of dairy products, and
intake of whole-fat milk, buttermilk and semi-skimmed
fermented milk contributed the least. Across quintiles of
low-fat milk, those with the highest intake compared to
those with the lowest were more likely to be men, be more
physically active and have a history of diabetes or
myocardial infarction. Across quintiles of whole-fat milk,
those with the highest intake compared to the lowest were
older, had a shorter education and were less likely to have a
history of hypertension, hypercholesterolemia, diabetes or
myocardial infarction. Those with the highest intake of

whole-fat milk also had a higher intake of butter and pro-
cessed meat. The participant characteristics across quintiles
of buttermilk, semi-skimmed and whole-fat fermented
milk, cheese and butter are presented in Supplementary
Tables 2-6.

The results for total stroke are presented in Table 2 and
Supplemental Table 7.

For total ischemic stroke, substitutions of whole-fat
fermented milk for low-fat milk, whole-fat milk or but-
termilk were associated with a lower rate [low-fat milk:
HR = 0.85 (95% CI 0.74-0.99), whole-fat milk: HR =
0.84 (95% CI 0.71-0.98) and buttermilk: HR = 0.83 (95%
CI 0.70-0.99) per 1 serving/day substituted] when adjusted
for lifestyle and dietary risk factors (Table 3, Model 2).
Furthermore, substitutions of semi-skimmed fermented
milk or cheese for whole-fat fermented milk were associ-
ated with a higher rate [semi-skimmed fermented milk:
HR = 1.20 (95% CI 0.99-1.45) and cheese: HR = 1.14
(95% CI 0.98-1.31) per 1 serving/day substituted]

Table 2 The association between a 1 serving/day difference in dairy product intake and risk of total stroke in the Danish Diet, Cancer and

Health cohort (2272 cases)

Substitution Model la Model 1b Model 2 Model 3

HR 95% CI HR 95% CI HR 95% CI HR 95% CI
Low-fat milk for
Whole-fat milk 0.95 0.89-1.01 0.98 0.92-1.04 0.98 0.92-1.05 0.97 0.91-1.04
Buttermilk 1.01 0.92-1.10 0.98 0.89-1.08 0.98 0.89-1.07 0.97 0.88-1.06
Whole-fat milk for
Buttermilk 1.06 0.95-1.18 1.00 0.90-1.12 0.99 0.89-1.11 1.00 0.90-1.11
Semi-skimmed fermented milk for
Whole-fat fermented milk 1.17 0.98-1.39 1.13 0.96-1.34 1.14 0.96-1.35 1.08 0.91-1.28
Low-fat milk 0.92 0.81-1.05 0.99 0.87-1.12 1.01 0.89-1.15 0.99 0.87-1.13
Whole-fat milk 0.87 0.76-1.00 0.96 0.84-1.10 0.96 0.84-1.10 0.96 0.84-1.10
Buttermilk 0.92 0.79-1.08 0.97 0.83-1.13 0.99 0.85-1.15 0.96 0.82-1.12
Whole-fat fermented milk for
Low-fat milk 0.79 0.69-0.90 0.87 0.76-0.99 0.89 0.78-1.01 0.91 0.80-1.04
Whole-fat milk 0.75 0.65-0.86 0.85 0.74-0.98 0.87 0.76-1.00 0.89 0.77-1.02
Buttermilk 0.79 0.68-0.93 0.85 0.73-1.00 0.87 0.74-1.02 0.89 0.76-1.04
Cheese for
Low-fat milk 0.93 0.89-0.98 0.96 0.91-1.00 0.96 0.92-1.01 0.96 0.92-1.01
Whole-fat milk 0.89 0.83-0.95 0.93 0.87-1.00 0.94 0.88-1.01 0.93 0.87-1.00
Buttermilk 0.94 0.85-1.03 0.94 0.85-1.03 0.94 0.85-1.03 0.93 0.85-1.02
Semi-skimmed fermented milk 1.02 0.89-1.16 0.97 0.85-1.10 0.95 0.84-1.08 0.97 0.85-1.10
Whole-fat fermented milk 1.19 1.04-1.35 1.10 0.97-1.25 1.08 0.95-1.23 1.05 0.92-1.20
Butter 0.94 0.90-0.97 0.96 0.92-1.00 0.97 0.93-1.01 0.96 0.92-1.00

Hazard ratios in bold are statistically significant. Model 1a adjusted for total energy intake and age at inclusion. Model 1b further adjusted for
education, body mass index, waist circumference adjusted for body mass index, smoking, alcohol intake and physical activity. Model 2 further
adjusted for intakes of fruit, vegetables, red meat, processed meat and fish. Model 3 is additionally adjusted for histories of hypertension,
hypercholesterolemia, diabetes and previous myocardial infarction at baseline

HR hazard ratio, CI confidence interval
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(Table 3, Model 2). When excluding participants with
hypertension, hypercholesterolemia, diabetes or myocar-
dial infarction, the pattern of associations was similar
(Supplementary Table 8).

For large artery atherosclerotic stroke, we observed a
lower rate of stroke for substitutions of whole-fat fer-
mented milk for low-fat milk [HR = 0.63 (95% CI
0.43-0.94)], whole-fat milk [HR =0.59 (95% CI
0.39-0.89)] and for buttermilk [HR = 0.59 (95% CI
0.38-0.92)] (Fig. 1). Additionally, we observed a higher
rate of large artery atherosclerotic stroke for substitution of
semi-skimmed fermented milk for whole-fat fermented
milk [HR = 1.59 (95% CI 0.97-2.58)] and for substitution
of cheese for whole-fat fermented milk [HR = 1.49 (95%
CI 1.01-2.20)] (Fig. 1). For lacunar stroke, the pattern of
associations was roughly similar to that for large artery
atherosclerosis (Fig. 2). In contrast, for cardioembolic
stroke, semi-skimmed fermented milk appeared to be

beneficial when substituting low-fat milk, whole-fat milk,
buttermilk or cheese (Fig. 3).

We observed no statistically significant associations
between substitutions of dairy products and risk of intrac-
erebral hemorrhagic stroke (Table 4) or subarachnoid
hemorrhagic stroke (Table 5), but the pattern of associa-
tions for intracerebral hemorrhage resembled those of large
artery atherosclerosis and lacunar stroke.

Discussion

In this large population-based cohort study of middle-aged
and older adults, we found that substitutions of whole-fat
fermented milk for low-fat milk, whole-fat milk or but-
termilk, regardless of fat content, were associated with a
lower risk of ischemic stroke. Moreover, substitution of
semi-skimmed fermented milk or cheese for whole-fat

Table 3 The association between a 1 serving/day difference in dairy product intake and risk of ischemic stroke in the Danish Diet, Cancer and

Health cohort (1870 cases)

Substitution Model la Model 1b Model 2 Model 3

HR 95% CI HR 95% CI HR 95% CI HR 95% CI
Low-fat milk for
Whole-fat milk 0.95 0.88-1.01 0.98 0.91-1.05 0.98 0.91-1.05 0.97 0.90-1.04
Buttermilk 1.00 0.90-1.11 0.98 0.88-1.09 0.97 0.88-1.08 0.97 0.87-1.07
Whole-fat milk for
Buttermilk 1.06 0.94-1.19 1.00 0.89-1.13 1.00 0.88-1.12 1.00 0.89-1.12
Semi-skimmed fermented milk for
Whole-fat fermented milk 1.24 1.03-1.51 1.19 0.99-1.45 1.20 0.99-1.45 1.14 0.94-1.38
Low-fat milk 0.93 0.81-1.07 1.00 0.87-1.15 1.02 0.89-1.18 1.00 0.87-1.15
Whole-fat milk 0.88 0.76-1.02 0.97 0.84-1.13 1.00 0.86-1.16 0.97 0.83-1.12
Buttermilk 0.93 0.78-1.11 0.97 0.82-1.16 1.00 0.84-1.18 0.97 0.82-1.15
Whole-fat fermented milk for
Low-fat milk 0.75 0.65-0.86 0.83 0.72-0.96 0.85 0.74-0.99 0.88 0.76-1.01
Whole-fat milk 0.71 0.60-0.83 0.81 0.70-0.95 0.84 0.71-0.98 0.85 0.73-0.99
Buttermilk 0.75 0.63-0.89 0.82 0.68-0.97 0.83 0.70-0.99 0.85 0.71-1.01
Cheese for
Low-fat milk 0.94 0.89-0.99 0.96 0.92-1.01 0.97 0.92-1.02 0.97 0.92-1.02
Whole-fat milk 0.89 0.83-0.96 0.94 0.87-1.01 0.95 0.88-1.02 0.94 0.87-1.01
Buttermilk 0.94 0.85-1.05 0.94 0.85-1.05 0.95 0.85-1.05 0.94 0.84-1.04
Semi-skimmed fermented milk 1.01 0.88-1.17 0.97 0.84-1.11 0.95 0.82-1.09 0.97 0.84-1.12
Whole-fat fermented milk 1.26 1.08-1.46 1.15 1.00-1.34 1.14 0.98-1.31 1.11 0.96-1.28
Butter 0.94 0.89-0.98 0.96 0.92-1.00 0.97 0.93-1.02 0.96 0.92-1.00

Hazard ratios in bold are statistically significant. Model 1a adjusted for total energy intake and age at inclusion. Model 1b further adjusted for
education, body mass index, waist circumference adjusted for body mass index, smoking, alcohol intake and physical activity. Model 2 further
adjusted for intakes of fruit, vegetables, red meat, processed meat and fish. Model 3 is additionally adjusted for histories of hypertension,
hypercholesterolemia, diabetes and previous myocardial infarction at baseline

HR hazard ratio, CI confidence interval
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Fig. 1 The association between
a 1 serving/day difference in
dairy product intake and risk of
large artery atherosclerotic
stroke in the Danish Diet,
Cancer and Health cohort (318
cases). Adjusted for total energy
intake, age at inclusion,
education, waist circumference
adjusted for body mass index,
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fermented milk was associated with a higher risk of
ischemic stroke.

Strengths of this study include: the prospective cohort
design, the nearly complete follow-up, the use of a vali-
dated FFQ and the large number of validated and classified
stroke cases. In this study, loss to follow-up was solely due
to emigration, and less than 1% of the participants emi-
grated during follow-up, rendering selection bias due to
attrition unlikely to have affected our results. We invited
all residents aged 50—64 years without a registered cancer
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diagnosis and living in two defined urban and suburban
areas of Denmark. While participants generally were of
higher socioeconomic position compared to non-partici-
pants [18], the direction of the associations is believed to
be applicable across socioeconomic position. Moreover,
the Diet, Cancer and Health cohort was established to
investigate overall diet in relation to cancer and therefore it
is unlikely that intake of subgroups of dairy products as
well as one’s perceived future risk of stroke have been
determinants for participation, thus we expect the
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Fig. 3 The association between
a 1 serving/day difference in
dairy product intake and risk of
cardioembolic stroke in the
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associations for substitutions between dairy products and
stroke to be similar in participants and non-participants,
which limits the concern for selection bias. The detailed
information about subgroups of dairy product intake, which
was specifically addressed in the FFQ, enabled us to dis-
tinguish between milk and fermented milk with different
fat contents, buttermilk, cheese and butter. Finally, infor-
mation on diet intake was collected by an FFQ, which may
reflect habitual diet intake. This makes an FFQ a suit-
able assessment method when investigating long-term
exposure. However, the use of a single diet measurement
and the long follow-up as well as diet intake being self-
reported may have given rise to some non-differential
misclassification of diet. The large number of verified
stroke cases enabled us to investigate subtypes of ischemic
stroke. The stroke diagnoses were established indepen-
dently of the information from the FFQs and information
bias is thus unlikely to have affected our results.

Despite thorough adjustment for lifestyle and dietary
risk factors, residual confounding cannot be ruled out.
However, given the strength of the observed associations
after adjustment, potential unknown confounders must be
strongly associated with stroke incidence to fully explain
our results. Substitution of one food group with another
such as fish for meat may be followed by changes in intake
of other foods. Accordingly, the findings from substitution
analyses adjusted for other foods may not easily be applied
for dietary recommendations. However, this may be of less
concern when substituting between dairy products, as we
do not expect the choice of for instance type of milk to be
followed by a difference in the accompanying foods.

We applied an analytical approach with specification of
the substituting foods. Most previous studies have com-
pared individuals with different intake of a single dietary
exposure but similar intake of total energy, thus introduc-
ing a non-specified substitution model. Adjustment for total
energy intake is a means to account for potential con-
founding of the diet-disease association by energy. How-
ever, without a specification of the food substitution, the
interpretation of the results is unclear because the substi-
tuted foods may be neutral, harmful or beneficial in relation
to the investigated disease, and people within and between
populations may substitute foods differently. Data were
therefore modelled using the following approach: We
compared e.g. one individual with a reported intake of 2
servings of low-fat milk per day and 1 serving of whole-fat
milk per day with another individual with a reported intake
of 1 serving of low-fat milk per day and 2 servings of
whole-fat milk per day. In other words, we investigated the
rate of stroke associated with a 1 serving/day higher intake
of one specified dairy product subgroup and a 1 serv-
ing/day lower intake of another specified dairy product
subgroup. With this approach, the only unexplained part of
the model is the difference in energy intake from other non-
specified foods when equal serving sizes of products dif-
fering in energy are compared, or energy intake and
amount of other non-specified foods when different serving
sizes are compared.

Two other studies investigated food substitutions
including dairy products in relation to stroke [23, 24].
Bernstein and colleagues investigated substitutions of low-
fat or whole-fat dairy products for red meat [23] as well as
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Table 4 The association between a 1 serving/day difference in dairy product intake and risk of intracerebral hemorrhagic stroke in the Danish
Diet, Cancer and Health cohort (273 cases)

Substitution Model la Model 1b Model 2 Model 3

HR 95% CI HR 95% CI HR 95% CI HR 95% CI
Low-fat milk for
Whole-fat milk 1.04 0.85-1.27 1.06 0.87-1.29 1.07 0.88-1.31 1.06 0.87-1.29
Buttermilk 1.00 0.77-1.28 0.97 0.76-1.25 0.96 0.75-1.22 0.94 0.74-1.20
Whole-fat milk for
Buttermilk 0.96 0.70-1.30 0.92 0.68-1.24 0.89 0.66-1.21 0.89 0.66—-1.20
Semi-skimmed fermented milk for
Whole-fat fermented milk 1.14 0.70-1.86 1.16 0.72-1.88 1.18 0.73-1.92 1.11 0.68-1.80
Low-fat milk 0.89 0.62-1.29 0.94 0.66-1.35 0.99 0.69-1.41 0.97 0.67-1.39
Whole-fat milk 0.93 0.63-1.37 1.00 0.68-1.47 1.06 0.72-1.56 1.02 0.69-1.51
Buttermilk 0.89 0.58-1.38 0.91 0.60-1.40 0.94 0.62-1.44 0.91 0.59-1.39
Whole-fat fermented milk for
Low-fat milk 0.78 0.54-1.13 0.81 0.56-1.17 0.83 0.58-1.20 0.87 0.60-1.26
Whole-fat milk 0.81 0.54-1.22 0.86 0.57-1.29 0.89 0.59-1.34 0.92 0.61-1.39
Buttermilk 0.78 0.50-1.21 0.79 0.51-1.23 0.80 0.51-1.24 0.82 0.53-1.27
Cheese for
Low-fat milk 0.90 0.79-1.02 0.90 0.79-1.02 0.91 0.79-1.03 0.91 0.80-1.03
Whole-fat milk 0.93 0.76-1.15 0.95 0.77-1.17 0.97 0.79-1.20 0.96 0.78-1.18
Buttermilk 0.89 0.69-1.16 0.87 0.67-1.13 0.86 0.67-1.12 0.85 0.66-1.10
Semi-skimmed fermented milk 1.00 0.70-1.45 0.95 0.66-1.37 0.92 0.64-1.32 0.94 0.65-1.35
Whole-fat fermented milk 1.15 0.79-1.67 1.10 0.76-1.60 1.09 0.75-1.58 1.04 0.72-1.50
Butter 0.96 0.85-1.08 0.98 0.87-1.10 0.99 0.88-1.11 0.98 0.87-1.10

Model 1a adjusted for total energy intake and age at inclusion. Model 1b further adjusted for education, body mass index, waist circumference
adjusted for body mass index, smoking, alcohol intake and physical activity. Model 2 further adjusted for intakes of fruit, vegetables, red meat,
processed meat and fish. Model 3 is additionally adjusted for histories of hypertension, hypercholesterolemia, diabetes and previous myocardial

infarction at baseline

HR hazard ratio, CI confidence interval

substitution of skimmed milk for low-calorie or sugar-
sweetened soda [24] and observed lower risks of total
stroke associated with replacement of red meat and low-
calorie soda, but not sugar-sweetened soda. These results
support our theory that the associations between dairy
products and stroke depend on which food is substituted
and suggest that low-fat and whole-fat dairy products may
be equally associated with stroke when substituting red
meat. Similarly, our study underlines the importance of
specifying substitutions. We observed that different types
of dairy products are differently associated with stroke and
that the associations depend on the specified substitutions,
implying that dairy products are too complex to be evalu-
ated based on their fat content alone. Furthermore, our
results suggest that substitutions of dairy products may be
differently associated with different stroke subtypes, as we
found associations for ischemic stroke but not for hemor-
rhagic stroke. In particular, we observed a lower rate of
large artery atherosclerotic stroke with substitutions of
whole-fat fermented milk for low-fat milk, whole-fat milk
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or buttermilk, suggesting that whole-fat fermented milk
intake may influence atherosclerotic plaque development.
For cardioembolic stroke, unlike other subtypes of
ischemic stroke, semi-skimmed fermented milk as a sub-
stitution for low-fat milk, whole-fat milk or buttermilk was
associated with a lower risk. Atrial fibrillation is a major
risk factor for cardioembolic stroke [2], thus the observed
differences could reflect a different influence of dairy
products on atrial fibrillation than atherosclerosis, but
research is needed to confirm this. However, the results for
semi-skimmed fermented milk as a substitution for other
dairy product subgroups in relation to cardioembolic stroke
should be interpreted with caution, as the analyses are
based only on 102 cases.

Our findings suggest that whole-fat fermented milk
products are preferable compared to other dairy products,
which is in contrast to the DASH-diet [1], which includes a
high intake of low-fat dairy products and is recommended
for stroke prevention. Additional observational studies on
substitutions between dairy product subgroups and risk of
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Table 5 The association between a 1 serving/day difference in dairy product intake and risk of subarachnoid hemorrhagic stroke in the Danish
Diet, Cancer and Health cohort (116 cases)

Substitution Model la Model 1b Model 2 Model 3

HR 95% CI HR 95% CI HR 95% CI HR 95% CI
Low-fat milk for
Whole-fat milk 0.80 0.63-1.02 0.85 0.66—-1.08 0.86 0.67-1.09 0.85 0.67-1.09
Buttermilk 1.06 0.69-1.61 1.02 0.67-1.53 1.01 0.68-1.52 1.01 0.68-1.51
Whole-fat milk for
Buttermilk 1.32 0.84-2.06 1.20 0.77-1.86 1.19 0.76-1.84 1.19 0.77-1.83
Semi-skimmed fermented milk for
Whole-fat fermented milk 0.66 0.34-1.28 0.68 0.35-1.32 0.68 0.35-1.32 0.66 0.34-1.29
Low-fat milk 0.92 0.52-1.61 0.99 0.57-1.72 1.01 0.58-1.76 1.00 0.57-1.74
Whole-fat milk 0.74 0.42-1.29 0.84 0.48-1.47 0.86 0.49-1.51 0.85 0.48-1.49
Buttermilk 0.97 0.49-1.92 1.00 0.51-1.96 1.02 0.52-1.99 1.01 0.52-1.97
Whole-fat fermented milk for
Low-fat milk 1.40 0.89-2.19 1.46 0.93-2.28 1.49 0.95-2.34 1.51 0.97-2.37
Whole-fat milk 1.12 0.70-1.80 1.24 0.77-2.00 1.27 0.79-2.06 1.29 0.80-2.09
Buttermilk 1.48 0.81-2.70 1.48 0.82-2.68 1.51 0.83-2.74 1.53 0.85-2.77
Cheese for
Low-fat milk 0.99 0.81-1.21 1.00 0.82-1.22 1.01 0.83-1.24 1.02 0.84-1.25
Whole-fat milk 0.79 0.62-1.01 0.85 0.66-1.09 0.87 0.67-1.12 0.87 0.68-1.12
Buttermilk 1.04 0.68-1.60 1.02 0.67-1.54 1.03 0.68-1.55 1.03 0.69-1.55
Semi-skimmed fermented milk 1.08 0.61-1.89 1.02 0.58-1.77 1.01 0.58-1.75 1.02 0.59-1.78
Whole-fat fermented milk 0.71 0.45-1.11 0.69 0.44-1.08 0.68 0.43-1.07 0.67 0.43-1.06
Butter 0.93 0.78-1.11 0.96 0.81-1.14 0.97 0.82-1.16 0.97 0.82-1.16

Model 1a adjusted for total energy intake and age at inclusion. Model 1b further adjusted for education, body mass index, waist circumference
adjusted for body mass index, smoking, alcohol intake and physical activity. Model 2 further adjusted for intakes of fruit, vegetables, red meat,
processed meat and fish. Model 3 is additionally adjusted for histories of hypertension, hypercholesterolemia, diabetes and previous myocardial

infarction at baseline

HR hazard ratio, CI confidence interval

stroke as well as randomized trials investigating substitu-
tions between dairy product subgroups in relation to
intermediary end points are needed to further ascertain our
findings. Plausible biological mechanisms for our findings
may be found in the unique composition of dairy fat. Dairy
fat contains conjugated linoleic acid originating from iso-
merization and biohydrogenation of unsaturated fatty acids
in the rumen as well as conversion of vaccenic acid in the
mammary gland of the cow [25]. Despite the conversion of
vaccenic acid into conjugated linoleic acid by the cow,
dairy fat also contains a considerable amount of vaccenic
acid, which can be converted to conjugated linoleic acid
endogenously by humans [26, 27]. Fermented milk prod-
ucts, unlike milk, contain probiotic cultures, such as lac-
tobacilli and bifidobacteria, that may further increase the
product content of conjugated linoleic acid through con-
version of linoleic acid [28]. Conjugated linoleic acid has
been proposed to have a number of health effects related to
atherosclerosis, such as changes in body fat, lipid profile

and blood pressure [29, 30]. In addition to this, different
probiotic cultures may also individually exert anti-
atherosclerotic effects [30]. Moreover, milk intake has
been positively associated with urinary 8-iso-PGF2a, a
biomarker of oxidative stress, whereas fermented milk
intake has been negatively associated with 8-iso-PGF2a
[31], offering another potential explanation as to why fer-
mented milk products seem more favorable than milk.

In conclusion, this study suggests that intake of whole-
fat fermented milk as a substitution for semi-skimmed
fermented milk, cheese, buttermilk or milk, regardless of
fat content, is associated with a lower rate of ischemic
stroke.
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