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Abstract

Objective: The importance of calcium intake from dairy in regard to cardiovascular

health has been investigated in several studies with discrepant results. Hence, we

aim to investigate the immediate effects of milk intake on cardiovascular function.

Design: A randomized crossover study with at least 10 days for washout between the

two interventions, 500ml of water with 200µg of cholecalciferol or 500ml of semi‐

skimmed milk containing approximately 600mg of calcium with 200µg of cholecalciferol.

Patients: Twenty community‐based postmenopausal women aged 60–80 years.

Measurements: Parathyroid hormone and ionized calcium were measured at base-

line and after 2 and 4 h on each study day. Pulse wave analysis and velocity were

measured at baseline and after 4 h on each study day.

Results: Compared to water, milk intake increased ionized calcium levels by 0.02mmol/L

(p= .029) and decreased parathyroid hormone levels by 1.78 pmol/L (p< .001). The two

interventions caused no changes as measured 4h after the intervention in the following

indices of cardiovascular health; pulse wave velocity, brachial diastolic or systolic blood

pressure, central diastolic or systolic blood pressure, mean arterial pressure, pulse pres-

sure, augmentation pressure, augmentation index, heart rate or pulse transit time.

Conclusions: Despite significant changes in calcium homeostasis with increased le-

vels of ionized calcium following milk intake, no acute effects seem to occur on

measures of cardiovascular health.
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1 | INTRODUCTION

Over the past decade, the importance of calcium intake in general and

calcium intake from milk products and supplementation in particular

has been investigated in a number of studies showing discrepant

results. A Cochrane meta‐analysis suggested an overall beneficial effect

of increased calcium intake from milk products and calcium supple-

ments.1 Another meta‐analysis found an increased risk of myocardial

infarction among participants in randomized trials receiving calcium

supplements.2 Likewise, a Swedish community‐based cohort study
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found that a high intake of calcium (>1400mg/day) in women was

associated with higher death rates from all causes and cardiovascular

disease (CVD) but not from stroke.3 A recent randomized crossover

trial has suggested a relative increase in blood pressure in the hours

following intake of 1000mg of calcium citrate compared with placebo.4

In contrast, Burt et al.5 found no effect on arterial stiffness and a

decrease in arterial wave reflection (augmentation index [Aix]) in the

hours following intake of 1000mg of calcium as citrate.5 So far, it has

not been investigated whether milk intake has similar effects on indices

of cardiovascular health. The current discrepancy in research on the

cardiovascular effect of calcium intake is concerning given the status

milk consumption enjoys in today's western societies.

Arterial stiffness is a strong predictor of CVD, future cardiovas-

cular events and all‐cause mortality.6,7 It can be measured non-

invasively by pulse wave velocity (PWV), which is considered the gold

standard.8,9 Carotid‐femoral PWV reflects the arterial stiffness in

aorta,9 but it is also a dynamic measure that can change within 90min

after administration of antihypertensiva.10 An increase in PWV by

1m/s corresponds to an age‐, sex‐, and risk factor–adjusted risk in-

crease of 14% in cardiovascular events.6

The aim of this study was to investigate the immediate effects of

milk intake on cardiovascular indices by measuring arterial stiffness.

Our null hypothesis was that cardiovascular indices are not affected

by milk intake.

2 | MATERIALS AND METHODS

We enroled 20 postmenopausal women, aged between 60 and 80

years. Exclusion criteria were daily use of calcium and/or vitamin D

supplementation, current treatment with beta‐blockers and/or overt

CVD such as known severe heart failure (NYHA III‐IV), previous major

heart surgery, pacemaker or arrhythmias (e.g., atrial fibrillation or flut-

ter, second‐ and third‐degree atrioventricular block), chronic kidney or

liver disease, cancer, treatment for rheumatoid arthritis, treatment with

oral corticosteroids or lithium, allergy or intolerance towards milk, juice

or vitamin D supplementation and use of sun beds.

Participants were recruited from the general background popu-

lation by direct mailing using a list of randomly selected individuals

living in the area of Aarhus, Denmark. In total, 8977 letters were sent

out. Of 774 respondents, 243 were eligible for a blood test. Seventy‐

one had vitamin D insufficiency. Among these, 30 wanted to parti-

cipate in the study of whom one dropped out, six were cancelled due

to the COVID‐19 pandemic and maintenance of equipment, and

PWV measurements were impossible in three participants (Figure 1).

The study was conducted at Aarhus University Hospital, Den-

mark, during the winter and spring of 2019 and 2020 as part of a

larger study investigating the influence of food matrix delivery sys-

tem on the bioavailability of vitamin D3 (www.clinicaltrials.gov ID:

1107213017). The study was performed in accordance with the

Helsinki II declaration. Participation was preceded by written consent

and the protocol was approved by the ethical committee in the

Central Denmark Region (1‐10‐72‐130‐17).

2.1 | Design

Analyses are based on data from a larger randomized multiple

crossover study (five treatment arms) investigating the influence of

different food matrix delivery systems on the bioavailability of vita-

min D3. Before inclusion, 25(OH)D levels were measured to allow for

the inclusion of only women with vitamin D insufficiency (Figure 1).

The current analyses includes only two of the treatment arms during

which cardiovascular indices were measured in response to either

500ml of water or 500ml of semi‐skimmed milk (Arla® Letmælk

1.5%) (calcium content: 123.8 mg, calcium/100 g milk, i.e., a total

dose of approximately 619mg of calcium was given) with 200 µg of

cholecalciferol added to both liquids. Treatment sequences were

randomized (using the sealed envelope method) with each treatment

being investigated on two separate days. If a participant received

water on the first study day, milk was served on the second study day

and vice versa. A washout period of at least 10 days was interposed

between the two study days. Before the treatment arms in question,

some of the participants had been allocated to other treatment arms

(also including a single dose of 200 µg of cholecalciferol) and ac-

cordingly, not all participants were strictly vitamin D insufficient

during current measurements.

Together with the intervention, a light breakfast meal composed

of bread, jam and coffee or tea was served. No smoking, food or

caffeine intake was allowed between the intervention and the second

PWV measurement. Antihypertensive medications were paused

during the day of examinations. No talking or sleeping was allowed

during measurements. The right arm, leg and coronary artery were

used in all participants except one, whose right leg was amputated.

In the present analyses, PWV was considered the primary out-

come, whereas changes in office blood pressure, pulse wave analysis

(PWA) and indices of calcium homeostasis were prespecified as

secondary outcomes.

2.2 | Measurements

We performed PWA, including measurements of PWV, twice during

each study day using the SphygmoCor® XCEL (AtCor Medical): Once

in the morning with the participants in a fasting state before the

intervention, and again 4 h after the intervention. Blood samples

were taken trice: Before the intervention and 2 and 4 h after the

intervention.

The PWA and PWV measurements were performed in a quiet

room with a stable room temperature. After at least 10min of rest

and with the participants in a supine position, brachial blood pressure

was measured thrice and the mean value was used for PWV mea-

surements. The SphygmoCor XCEL System derives central aortic

pressure waveforms from cuff pulsations recorded at the brachial

artery. The built‐in PWA software provides central diastolic blood

pressure (cDBP), central systolic blood pressure (cSBP), pulse pres-

sure (PP), mean arterial pressure (MAP) and indices of arterial stiff-

ness such as augmentation pressure (AP) and Aix.11
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For measurements of PWV, the direct distance between the

common carotid artery and the femoral cuff was measured using a

calliper. The distance between the femoral cuff and the common

femoral artery was measured using a tape measure. The measures

were taken at least twice until no in‐between difference was seen.

At each time point of measurement, PWV was measured twice if the

difference was <0.5m/s and the mean was taken for further analyses.

If the difference was >0.5m/s, a third measurement was performed and

the median was taken for further analyses. The build‐in quality control

was used to verify the measurements. Only measurements with approved

quality control were used in further analyses.

All measurements were performed by a single investigator (R. E.),

who was not blinded to the intervention. After ensuring parameters

being within the quality control, the reproducibility of the techniques

was tested by duplicate measurements by the operator showing good

agreement using Bland–Altman plots.

Plasma levels of venous ionized calcium (Ca2+) were mea-

sured immediately by an automated electrochemical method

(Nova 8), and levels were adjusted to a pH value of 7.4 with a

coefficient of variation [CV] of 5.4% at 1.19 mmol/L (reference

range: 1.18–1.32 mmol/L). Serum 25(OH)D2 + D3 was measured

by tandem mass spectrometry and analysed by high‐performance

liquid chromatography (LS‐MS/MS) with a CV of 5.4% at

33 nmol/L and 10% at 113 nmol/L. Plasma creatinine was mea-

sured by absorption photometry and analysed using a chromo-

genic enzymatic reaction (Chemistry XPT) with a CV of 8.9% at

68 µmol/L (reference range: 45–90 µmol/L). Plasma samples

were refrigerated at −80°C until analysed in a single batch for

analysis of levels of parathyroid hormone (PTH) using a chemi-

luminescent microparticle immunoassay (Centaur XPT automated

analyser) with a CV of 25.3% at 5.5 pmol/L (reference range:

2.0–8.5 pmol/L).

F IGURE 1 Flow chart of recruitment. 25(OH)
D, 25‐hydroxy vitamin D; DFORT, the Influence
of food matrix delivery system on the
bioavailability of vitamin D3; PWA, pulse wave
analysis, PWV, pulse wave velocity
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Height and weight were measured without shoes and clothes

except underwear. Body mass index (BMI) was calculated as weight

divided by height squared (kg/m2).

2.3 | Statistics

Period effects were investigated comparing baseline values at Days 1

and 2 independently of whether water or milk was provided on Days

1 or 2, using the paired t‐test. Carry‐over effects were investigated

by comparing differences in baseline values between Days 1 and 2

when milk was given on Day 1 to differences between baseline va-

lues at the two study days when water was given on Day 1, using the

Student's t‐test.

We calculated the relative difference in percentage between the

baseline and the second measurement of PWA and PWV. Aix was not

adjusted for heart rate. We compared the differences by using paired

t‐test, reporting the estimated mean and standard error of the mean.

Levels of Ca2+ and PTH were analysed using a mixed‐effects

regression model with intervention and time along with the interac-

tion between them, order and day as fixed effects. Subject and day

within subject were included in the analyses as random effects.

Model validation was performed by inspecting QQ plots for the

standardized residuals and plots of standardized residuals against the

fitted values. Results are presented as estimated mean and mean

differences with 95% confidence intervals (CIs).

Sample size calculations showed that 20 subjects would be

needed to be able to detect a minimum difference of 1m/s in PWV

between the two interventions (paired samples) assuming a common

standard deviation of 1.5 m/s with a statistical power of 80% (β = .20)

and a 5% risk of a statistical type I error (α = .05).

Data were collected and managed using REDCap electronic data

capture tools hosted at Aarhus University, Denmark,12,13 and

analysed using Stata version 16.1 and IBM SPSS Statistics version 27.

A two‐tailed p‐value below .05 was considered statistically

significant.

3 | RESULTS

Twenty women with a mean age of 69.4 years were included in the

study. Of these, 12 had water as an intervention on Day 1. Analyses

did not suggest carry‐over effect or period effect. Table 1 shows the

characteristics of the participants. Mean 25(OH)D levels were

38 nmol/L at screening (data not shown), 40 nmol/L at baseline on

Day 1 and 48 nmol/L at baseline on Day 2.

3.1 | Changes in Ca2+ and PTH levels

Figure 2A shows changes in Ca2+ levels in response to the two in-

terventions. At the start of each of the two interventions, plasma

Ca2+ levels did not differ (mean difference = −0.00, 95% CI: −0.02,

0.01mmol/L; p = .56). The test for parallel mean curves for the two

interventions showed a borderline significant difference (p = .07). The

change in plasma Ca2+ levels was significantly different between the

two interventions from baseline to 4 h (p = .030). After 4 h, drinking

milk resulted in significantly higher plasma Ca2+ levels than water

intake (mean difference = 0.02, 95% CI: 0.00, 0.03mmol/L; p = .029).

Figure 2B shows changes in PTH levels in response to the two

interventions. At the start of each of the two interventions, plasma

PTH levels did not differ (mean difference = −0.54, 95% CI: −1.13,

0.05 pmol/L; p = .07). The test for parallel mean curves for the two

interventions showed a significant difference (p < .004). The change

in plasma PTH was significantly different between the two inter-

ventions from baseline to 4 h (p = .001). After 2 h, drinking milk

TABLE 1 Characteristics of included
women N

Reference
interval Mean (SD)

Age, years 20 NA 69.41 (4.37)

BMI, kg/m2 20 NA 27.71 (7.78)

Plasma

Screening Creatinine, µmol/L 20 45–90 60 (11.85)

Screening eGFR/1.73m2, ml/min 20 >60 86 (11.80)

Day 1 25‐Hydroxy vitamin D, nmol/L 19 >50 40 (9.20)

Day 2 25‐Hydroxy vitamin D, nmol/L 20 >50 48 (10.18)

Day 1 Ionized calcium, mmol/L 19 1.18–1.32 1.22 (0.03)

Day 2 Ionized calcium, mmol/L 20 1.18–1.32 1.21 (0.04)

Day 1 PTH, pmol/L 20 2.0–8.5 5.4 (2.22)

Day 2 PTH, pmol/L 20 2.0–8.5 5.3 (1.93)

Abbreviations: BMI, body mass index; eGFR, estimated glomerular filtration rate; NA, not applicable;
PTH, parathyroid hormone.
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resulted in significantly lower plasma PTH levels than water intake

(mean difference = −1.38, 95% CI: −1.97, −0.79 pmol/L; p < .001). The

same was true after four hours (mean difference = −1.78, 95% CI:

−2.37, −1.19 pmol/L; p < .001).

3.2 | PWA and PWV

PWV was performed in 19 participants as it was not possible to

perform tonometry on Day 2 (water as intervention) for one parti-

cipant. Furthermore, for three participants, PWA was impossible to

perform on one of the study days (one with water as intervention,

two with milk as intervention) due to problems with the brachial cuff.

The two types of intervention did not cause changes as mea-

sured 4 h after the intervention in indices of cardiovascular health in

terms of PVW, brachial diastolic blood pressure), brachial systolic

blood pressure (brSBP), cDBP, cSBP, MAP, PP, AP, Aix, heart rate and

pulse transit time (Table 2).

Eight participants had self‐reported hypertension. If we excluded

these patients from the analyses, no effect on any parameter except

for brSBP and PP was seen. BrSBP increased by 4.0% 4 h after water

intake and decreased by 2.1% 4 h after milk intake (p = .02). PP in-

creased by 8.6% 4 h after water intake and decreased by 2.7%

4 h after milk intake (p = .02).

4 | DISCUSSION

Despite small, but significant changes in the calcium homeostasis

with increased levels of ionized calcium following milk intake, the

detrimental effects observed by some investigators on cardiovascular

health after intake of calcium as tablets do not seem to occur after

milk intake.

In a prior crossover trial by Billington et al.,4 postmenopausal

women were randomized to treatment with 1000mg of calcium as

citrate or placebo. Office blood pressure and serum calcium con-

centrations were measured immediately before, and 2, 4 and 6 h after

each intervention. The study showed an increase in ionized calcium

levels of approximately 0.05mmol/L and an attenuated postprandial

decrease in brSBP following calcium intake compared with placebo.

In our study, we found no difference in brSBP from baseline to 4 h

after the intervention in either of the two intervention groups.

However, our study showed an increase in ionized calcium levels of

0.02mmol/L 4 h after milk intake compared with water intake. This

increase may not be large enough to cause the same negative effects

as seen by Billington et al.4 However, it may be questioned whether

an acute rise in calcium levels actually affects cardiovascular health in

(A)

(B)

F IGURE 2 (A) Changes in serum ionized calcium in response to
the two interventions. (B) Changes in plasma parathyroid hormone
(PTH) in response to the two interventions

TABLE 2 Difference in percentage between baseline and 4 h
after the intervention

N
Water Milk

p‐ValueMean SEM Mean SEM

ΔPWV (%) 19 −0.7 1.3 −1.8 1.6 .56

ΔbrDBP (%) 19 1.4 2.0 −0.8 1.5 .43

ΔbrSBP (%) 19 3.5 1.4 0.8 1.8 .21

ΔcDBP (%) 16 0.6 1.6 −0.7 1.7 .60

ΔcSBP (%) 16 2.8 1.8 0.9 1.9 .40

ΔMAP (%) 16 0.7 1.5 −0.3 1.8 .67

ΔPP (%) 16 6.8 3.0 4.0 3.2 .44

ΔAP (%) 16 −5.5 5.6 −6.2 5.0 .92

ΔAIx (%) 16 −11.9 3.8 −10.6 3.0 .78

ΔHeart
rate (%)

19 −4.9 1.9 −2.9 1.0 .34

ΔPulse transit
time (%)

19 −0.0 1.3 −0.1 1.8 .99

Abbreviations: AIx, aortic augmentation index; AP, aortic augmentation;

brDBP, brachial diastolic blood pressure; brSBP, brachial systolic blood
pressure; cDBP, central diastolic blood pressure; cSBP, central systolic
blood pressure; MAP, mean arterial pressure; PP, pulse pressure; PWV,
pulse wave velocity.
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an adverse manner. In a study by Burt et al.,5 administration of a

single oral dose of 1000mg calcium citrate did not increase arterial

stiffness (PVW), but decreased AIx, despite increasing ionized calcium

levels by 0.1 mmol/L. This raises the question on whether acute

calcium‐mediated changes in vascular function are associated

with CVD.

The Swedish mammography cohort found that a daily calcium

intake above 1400mg was associated with increased death rates

from all causes and CVD except for stroke.3 Thus, the lower calcium

intake in the present study may explain why we found no effect on

cardiovascular parameters. Five hundred millilitres of semi‐skimmed

milk contains approximately 600mg calcium. However, Bristow

et al.14 have shown that 500mg of calcium in a dairy meal causes a

smaller increase in serum calcium than 500mg of calcium citrate as a

tablet in a fasting state, whereas the increase in serum ionized cal-

cium was similar when comparing 500 and 1000mg of calcium citrate

as tablets. This supports that in addition to dose, administration form,

as well as indices such as gastric acid secretion/fasting/use of proton

pump inhibitors, are of importance, as well as the net effect of milk

intake on CVD risk also is influenced by numerous additional factors,

including intake of calories etc.

Indeed, most meta‐analyses have shown beneficial effects of

dairy intake on cardiovascular health with an inverse association

between intake and CVD,15–18 while others have found no consistent

association.19 Therefore, milk as a calcium source could contain

protective ingredients counteracting the detrimental effects of cal-

cium. Bioactive peptides and lipid compounds, as well as fatty acids,

amino acids and dairy phosphorus, have been proposed as possible

beneficial contributors.15,16,20 Alonso et al.20 found that a high intake

of phosphorus from dairy products, but not from other sources, was

associated with lower blood pressure and a lower risk of developing

hypertension than a low intake of phosphorus. On the other hand,

Foulkes et al.21 found no effect of calcium and vitamin D3 fortified

milk on blood pressure in healthy Australian men. Even though the

angiotensin‐converting enzyme‐inhibiting effect of casein‐derived

peptides has been reported,22,23 we have no clear picture of the

mechanism by which milk or dairy products may protect against

developing CVD. This underlines the importance of focusing on foods

in addition to their nutrients.15,20

The effects of dairy intake on cardiovascular health do not seem

to occur acutely. Thus, the inverse relationship between dairy intake

and CVD seen in previous studies might be owing to long‐term

intake.

Billington et al.4 included solely healthy postmenopausal women

without hypertension in their study. In our study, eight women re-

ported having hypertension. When we excluded them from our

analyses, we found a difference in brSBP between the two inter-

vention groups with a decrease following milk intake and an increase

following water intake. This finding points towards a protective effect

of milk in spite of its calcium content.

A major strength of this study is its crossover design, which

reduces the risk of confounding from interindividual variation. While

a potential issue with crossover trials can be that of carry‐over

effects, no evidence of carry‐over effect was detected, suggesting

that a washout period of at least 10 days was sufficient. Another

strength of this study is its homogenous population of Caucasian

postmenopausal women. Accordingly, our results cannot necessarily

be generalized to men, younger women or women of different

ethnicity.

A limitation to our study is the 4‐h gap between the first and the

second PWA and PWV measurement. The change in plasma Ca2+ and

PTH was significantly different between the two interventions after

4 h. This difference seems to be driven more by the first 2 h than the

last two. Therefore, it could have been interesting to perform the

tonometry as early as after 2 h. However, it is recommended to wait

at least 3 h after a meal before measurements.9

All participants were vitamin D insufficient at baseline and re-

ceived a supplementation of 200 µg of cholecalciferol to both in-

terventions as this present study is a part of a larger study

investigating the influence of food matrix delivery system on the

bioavailability of vitamin D3. Since the same amount of vitamin D3

was added to both interventions, we do not believe that this has had

any significant influence on our findings. However, the possibility of a

different absorption exists.

In conclusion, any potentially harmful as well as beneficial effects

on cardiovascular health measurable by PWA and PWV did not occur

in spite of acute effects on calcium homeostasis detected within the

first 4 h after intake.

Based on this study, there does not appear to be an acute impact

on the cardiovascular physiology of milk ingestion.
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