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Abstract
Ca and dairy product intakes may be inversely associated with all-cause and cause-specific mortality, and non-Ca components of dairy products,
such as insulin-like growth factor-1, may be independently associated with mortality. We investigated associations of Ca and dairy product intakes
with all-cause, all-cancer, colorectal cancer (CRC) and CHD mortality among 35221 55- to 69-year-old women in the prospective Iowa Women’s
Health Study, who were cancer-free in 1986. We assessed diet using a Willett FFQ, and associations using multivariable Cox proportional hazards
regression. We estimated residuals from linear regression models of dairy products with dietary Ca to investigate total and specific dairy products
independent of their Ca content. Through 2012, 18 687 participants died, including 4665 from cancer (including 574 from CRC) and 3603 from
CHD. For those in the highest relative to the lowest quintiles of intake, the multivariable-adjusted hazard ratios (HR) and 95% CI for total Ca
(dietary plus supplemental) were 0·88 (0·83, 0·93; P trend= 0·001) for all-cause mortality, 0·91 (0·81, 1·02; P trend=0·34) for all-cancer mortality,
0·60 (0·43, 0·83; P trend= 0·002) for CRC mortality and 0·73 (0·64, 0·83; P trend <0·0001) for CHD mortality. The corresponding HR for associations
of whole milk, whole milk residuals, and low-/non-fat milk residuals with all-cause mortality were 1·20 (95% CI 1·13, 1·27), 1·20 (95% CI 1·13,
1·28) and 0·91 (95% CI 0·86, 0·96), respectively. These results suggest that Ca may be associated with lower risk of all-cause, CRC and CHD
mortality, and that non-Ca components of milk may be independently associated with mortality.

Key words: Calcium: Dairy products: Mortality: Colorectal cancer: Cohort studies

Heart disease and cancer continue to be the leading causes of
death globally, and the total number of deaths from these
causes increased by 14·5 and 17·8%, respectively, between
2006 and 2016(1). Ca, the most abundant mineral in the body, is
essential for numerous processes, such as cardiovascular func-
tion, neural transmission and various metabolic processes, and
is most commonly consumed through foods, such as dairy
products or supplements(2,3). In the USA, dietary daily Ca
reference intake recommendations are 1200mg for females
over 50 years of age, and 1000mg for males 50–70 years of age,
increasing to 1200mg for males over 70 years(2). Population
reference intakes for various European countries range from
700 to 1300mg/d for adults 50 years and older(3).
Evidence from recent meta-analyses of observational studies

of associations of Ca and dairy products with risk of colorectal

neoplasia suggests that higher intake, within reasonable limits,
may reduce the risk of colorectal cancer (CRC) mortality(4–6).
A recent meta-analysis of cohort studies of dietary Ca and CVD
mortality suggested an inverse association with intake around
800mg/d, but possible higher risk with higher and lower
intakes(7). Some reports suggested that older postmenopausal
women taking Ca supplements may have higher risk of myo-
cardial infarction and related deaths(8,9). Although previous
studies investigated Ca and dairy product intakes, their relation
to all-cancer or all-cause mortality remains unclear.

The associations of Ca and dairy product intakes with IHD
mortality in the Iowa Women’s Health Study (IWHS) were
previously published using data collected through 7 years of
follow-up and suggested that Ca, but not dairy products, were
inversely associated with IHD mortality(10). After another 18

Abbreviations: CRC, colorectal cancer; HR, hazard ratio; ICD, International Classification of Diseases; IGF-1, insulin-like growth factor-1.
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years of follow-up, the purpose of this analysis was to update
the previous analyses on heart disease mortality and expand
them to include all-cause, all-cancer and CRC mortality.

Methods

Study population and design

The study design and methodology of the prospective IWHS was
described previously(11). Briefly, in 1986, 41836 women randomly
selected from 1985 Iowa driver’s license information returned
completed questionnaires on demographics, medical history, life-
style and diet. These participants, aged 55–69 years, were followed
for mortality and cancer incidence, with follow-up surveys mailed
in 1987, 1989, 1992, 1997 and 2004. Written informed consent was
obtained from all participants. The University of Minnesota Insti-
tutional Review Board (IRB) approved the study, and the Emory
University IRB also approved the present analysis.

Dietary assessment

At baseline, detailed information on demographics, self-
measured anthropometrics, lifestyle, medical and family his-
tory, diet and other factors was collected. A self-administered,
127-food item Willett FFQ was used to assess the usual food and
nutritional supplement intake over the previous 12 months.
The validity and reliability of the FFQ in the study population
were previously reported(12). Ca and dairy product intakes were
determined by assessing a participant’s usual intake of total,
dietary and supplemental Ca, and milk (whole, low-/non-fat),
cream, non-dairy products creamer, sour cream, ice cream/ice
milk, yogurt, butter, margarine and various cheeses, respec-
tively. Diet was only comprehensively reassessed in 2004, at
which time only 68·3% of the cohort remained alive (therefore,
only baseline exposure information was used in the present
analyses).

Outcome assessment

Deaths were ascertained through the State Health Registry of Iowa
or the National Death Index for participants who were lost to
follow-up or moved out of Iowa. In addition to all causes of death,
the causes of interest for this analysis were deaths due to all
cancers, CRC and CHD. The underlying cause of death was
assigned and coded by state vital registries, according to the
International Classification of Diseases (ICD). Cancer mortality was
defined using ICD-9 codes 140–239 and ICD-10 codes C00–D48,
CRC mortality using ICD-9 codes 153–154 and ICD-10 codes C18–
C21 and CHD mortality using ICD-9 codes 410–414 and 429·2 and
ICD-10 codes I20–I25 and I51·6. Follow-up time was calculated as
the time from the date of completion of the baseline questionnaire
to the date of death, the last date of follow-up contact or the end of
follow up (31 December 2012), whichever was first.

Statistical analyses

After excluding participants with a self-reported history of
cancer (other than non-melanoma skin cancer) at baseline

(n 3830), those who skipped thirty or more of the FFQ ques-
tions (n 2499), or those with implausible self-reported total
energy intake (<600 or >5000 kcal/d (<2510 or >20 920 kJ/d);
n 286), the final sample size for analysis was 35 221.

Ca and dairy products were categorised according to quin-
tiles of intake. Dietary Ca and milk intakes were highly corre-
lated (Pearson r 0·87) in this study population, so to create a
variable to represent the non-Ca component of milk (whole and
low-/non-fat), the residuals of milk adjusted for dietary Ca from
linear regression models were calculated; this method was
modelled following the energy adjustment residual method(13),
with the dependent variable being the individual milk variables
and the independent variable being dietary Ca. This procedure
yielded a zero correlation of the residuals with dietary Ca. Our
intent was that the residuals would be an indirect indicator of
the non-Ca component of milk, which contains other compo-
nents, such as insulin-like growth factor-1 (IGF-1). All residuals
were also categorised into quintiles.

Baseline characteristics were compared across quintiles of
total Ca intake using the χ2 test for categorical variables and
one-way ANOVA for continuous variables. Cox proportional
hazards models were used to calculate multivariable-adjusted
hazard ratios (HR) and their 95% CI to estimate the associations
of Ca and dairy product intakes and of dairy product residuals
with all-cause and cause-specific mortality. Median values of
quintiles were used as a continuous variable for trend tests.
Proportional hazards assumption was assessed using log–log
survival curves, Schoenfeld residuals and extended Cox models
for each exposure and potential covariate.

Potential confounders, selected on the basis of biological
plausibility and previous literature, included age (continuous),
college education or higher (yes/no), marital status (currently
married, yes/no), BMI (continuous), smoking status (current/
past/never), alcohol consumption (g/d), self-reported history of
hypertension or diabetes (yes/no), physical activity level (low/
moderate/high) and hormone replacement therapy (HRT) use
(ever/never); intake of total energy (kJ), total and saturated fat
(g/d), total vitamin D (μg/d), total Mg (mg/d), meat (total, red
and processed; servings/week), dietary fibre (g/d) and total
fruits and vegetables (servings/week); and a dietary oxidative
balance score (OBS; continuous). The dietary OBS was created
using a previously described, equal-weighting method(14) and is
comprised of anti- (carotene, lutein, lycopene, vitamin C and E,
n-3 fatty acids, flavonoids) and pro-oxidant (dietary Fe, n-6 fatty
acids, saturated fat) nutrients, such that a higher score indicates
a greater balance of anti-oxidant relative to pro-oxidant expo-
sures. In models for associations of specific dairy products with
mortality, we also considered the remaining dairy products as
potential confounders. Of the potential covariates, we included
in the final models all established risk factors plus other vari-
ables that when included/excluded in the model changed the
adjusted HR for the primary exposure ≥10%. The covariates for
the final models are shown in the Tables’ footnotes.

To assess potential effect modification, we stratified the Cox
proportional hazards regression analyses by age (</≥ 65
years), college education or higher, smoking status, alcohol
consumption (none/any), physical activity level, HRT use and
BMI (</≥ 30 kg/m2); intake of total energy (</≥ 7184 kJ/d),
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total (</≥ 68·5 g/d) and saturated (</≥ 23·7 g/d) fat, total
vitamin D (</≥ 8450 μg/d), total Mg (</≥ 287·4mg/d), total
meat (</≥ 12·5 servings/week), red meat (</≥ 5 servings/
week), processed meats (</≥ 1 serving/week) and total fruits
and vegetables (</≥ 35 servings/week); and the dietary OBS
(low/high).
Because some studies suggested that older women who take

Ca supplements without concomitant vitamin D supplements may
be at higher risk of CVD(8), we assessed the overall and age wise
mortality risks (< /≥65 years at baseline), among those who took
Ca but not vitamin D supplements, those who took both Ca and
vitamin D supplements and those who took vitamin D but not Ca
supplements relative to those who took neither Ca nor vitamin D
supplements. Circulating concentrations of 25-OH-vitamin D, the
best indicator of total vitamin D exposure, were not measured,
and dietary intake of vitamin D is now considered to be a poor
representation of vitamin D exposure(15,16). Accordingly, the only
variable related to vitamin D intake considered for the present
study was supplemental vitamin D intake.
We also conducted several sensitivity analyses. We excluded

(1) deaths that occurred within the first 1, 2 and 6 (see below)
years after enrolment and (2) participants with self-reported

comorbidities (diabetes, heart disease/heart attack or cirrhosis) at
baseline to assess the potential influence of pre-morbid health
conditions. Information on aspirin and other non-steroidal anti-
inflammatory drug (NSAID) was not collected until 1992, after 6
years of follow-up. So, we repeated all analyses using 1992 as the
baseline date for follow-up for deaths and included NSAID use as
a covariate to assess whether it was a confounding or effect-
modifying factor since the use of these medications has been
strongly and consistently inversely associated with the risk of
colorectal neoplasia(17,18). We also tested Fine–Gray competing
risk models to assess the potential influence of other causes of
death on each specific mortality outcome of interest.

All statistical analyses were performed using SAS version 9.4
software (SAS Institute Inc.). A two-sided P value of <0·05 or a
95% CI that did not include 1·0 was considered statistically
significant.

Results

Selected characteristics of the participants at baseline by total Ca
quintiles are summarised in Table 1. At baseline, participants

Table 1. Selected baseline characteristics of participants by quintiles (Q) of total calcium intake in the Iowa Women’s Health Study
(Mean values and standard deviations; proportions)

Total Ca quintiles

Q1 (n 7041) Q2 (n 7042) Q3 (n 7050) Q4 (n 7044) Q5 (n 7044)

Mean SD Mean SD Mean SD Mean SD Mean SD

Demographics
Age (years) 61·5 4·2 61·6 4·3 61·7 4·2 61·4 4·2 61·4 4·2
White (%) 98·8 99·2 99·3 99·3 99·4
College graduate or higher (%) 7·9 10·7 12·3 15·6 18·0
Currently married (%) 75·7 77·1 76·3 78·2 77·5

Self-reported medical history
Diabetes (%) 6·1 6·1 5·9 5·9 5·4
Heart disease/heart attack (%) 10·5 9·6 9·7 8·7 8·8
Cirrhosis (%) 0·8 0·8 0·8 0·8 0·7

Lifestyle factors
BMI (kg/m2) 27·3 5·2 27·1 5·1 27·0 5·0 26·9 5·1 26·5 4·9
Physical activity, high (%) 16·9 22·6 24·2 26·9 32·6
Current smokers (%) 19·5 15·4 14·2 12·5 11·9
Alcohol (g/d) 3·9 9·6 3·7 8·7 3·7 8·8 3·7 8·5 3·7 8·6
Current or previous HRT use (%) 32·6 36·0 38·9 39·9 45·9

Dietary intakes
Total energy (kJ/d) 5829 1708 7239 2067 7536 2347 8302 2466 8718 2909
Total fat (g/4184 kJ per d) 39·1 6·9 38·2 6·2 37·6 6·2 37·2 6·0 36·6 6·4
Dietary fibre (g/4184 kJ per d) 10·9 3·4 11·2 3·2 11·1 3·2 11·3 3·1 11·4 3·3
Total Ca (mg/4184 kJ per d) 335 106 461 154 622 194 730 250 1032 367
Dietary Ca (mg/4184 kJ per d) 318 96·8 388 103 469 173 510 164 567 204
Supplemental Ca (mg/4184 kJ per d) 16·3 54·2 73·1 147 154 182 220 284 464 380

Total vitamin D (μg/4184 kJ per d) 3·8 4·0 4·9 4·2 6·1 4·3 6·8 4·7 8·5 5·6
Dietary vitamin D (μg/4184 kJ per d) 2·5 1·3 3·0 1·2 3·7 1·8 4·0 1·8 4·4 1·9
Supplemental vitamin D (μg/4184 kJ per d) 1·3 3·8 1·9 4·0 2·4 4·1 2·8 4·6 4·1 5·4

Total meat (servings/d) 1·6 0·8 1·9 0·9 1·9 1·0 2·1 1·0 2·1 1·1
Total fruit and vegetable (servings/d) 4·1 2·0 5·2 2·3 5·5 2·7 6·1 2·8 6·6 3·4
Total dairy products (servings/d) 1·3 1·1 1·9 1·2 2·5 1·4 3·0 1·6 3·6 2·2
Whole milk 0·1 0·2 0·1 0·3 0·1 0·5 0·2 0·5 0·2 0·8
Low-/non-fat milk 0·2 0·3 0·5 0·4 1·0 0·9 1·4 1·0 1·7 1·4
Yogurt 0·01 0·05 0·03 0·10 0·04 0·13 0·06 0·16 0·09 0·27
Cheese 0·4 0·3 0·6 0·5 0·7 0·5 0·7 0·6 0·9 0·9

HRT, hormone replacement therapy.
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had a mean age of 62 (SD 4·2) years, a mean BMI of 27
(SD 5·1) kg/m2 and 6, 9 and 0·8% had a self-reported history of
diabetes, heart disease/heart attack or cirrhosis, respectively.
Women in the highest total Ca quintile were more likely to

have a college education or higher, be physically active and
currently use or have previously used HRT. They also, on
average, consumed more energy; more dietary fibre and total,
dietary, and supplemental Ca and vitamin D and less total fat
adjusted for energy; and more total meat, fruits and vegetables
and dairy products.
Upon comparison of the highest with the lowest quintiles of

intake (Table 2), in multivariable-adjusted models, total Ca was
associated with statistically significant 12% lower risk of all-
cause mortality, 40% lower risk of CRC mortality and 27%
lower risk of CHD mortality, whereas it was estimated to be
associated with 9% lower risk of all-cancer mortality, a finding
that was not statistically significant. Dietary Ca was not statisti-
cally significantly associated with mortality risks, although the
estimated risk of CRC mortality for those in the highest relative
to the lowest quintile was HR 0·77 (95% CI 0·55, 1·08). How-
ever, the estimated inverse association for supplemental Ca was
similar to but slightly more attenuated than that for total Ca.
The associations of dairy products with mortality are shown

in Table 3. For those in the upper relative to the lowest quintiles
of total dairy product and total milk intakes, risks of CRC mor-
tality were statistically significantly approximately 25% lower.
For those in the highest category of whole milk intake relative
to those who did not consume whole milk, risks of all-cause
and all-cancer mortality were statistically significantly approxi-
mately 20% higher; however, the corresponding findings for
high-fat dairy products were close to the null. The estimated
risks among those with higher low-fat dairy products and low-/
non-fat milk intake for all-cause and cause-specific mortality
tended to be slightly lower (8–15% lower for those in the upper
relative to the lowest quintiles of intake), but only the estimated
8% lower risk of all-cause mortality was statistically significant.
Otherwise, the remaining findings for total and specific dairy
products, including those other than milk (data not shown),
were close to the null.
The associations of dietary Ca-adjusted dairy product and

milk residuals with mortality are shown in Table 4. Those in the
highest relative to those in the lowest quintiles of whole milk
residuals had statistically significant 20% higher risk of all-cause
mortality (HR 1·20; 95% CI 1·13, 1·28; P trend= 0·0002). After
additional adjustment for total fat intake to account for possible
confounding by the fat content of whole milk, the association
was not materially different (HR 1·22; 95% CI 1·14, 1·30; P trend
<0·0001). In contrast, those in the highest relative to the lowest
quintile of low-/non-fat milk residuals had statistically sig-
nificant 9% lower risk of all-cause mortality. Otherwise, the
findings for the associations of various dairy product residuals
with mortality were close to the null.
Because our results suggested that the associations for all-

cancer mortality may have been largely driven by CRC mor-
tality, we conducted secondary analyses to assess the associa-
tion of the various exposures with all non-CRC cancers
combined. These findings generally were close to the null (data
not shown). As examples, for those in the highest relative to the

lowest quintiles of total Ca and total dairy product intakes, the
multivariable-adjusted HR were 0·97 (95% CI 0·86, 1·09) and
1·07 (95% CI 0·96, 1·20), respectively.

Associations of supplemental Ca and vitamin D use with
mortality are shown in Table 5. Those who took Ca supple-
ments, with or without vitamin D supplements, relative to those
who took neither supplement, were at statistically significant
lower risk of all-cancer, all-cause and CHD mortality. The esti-
mated lower risks ranged from 6% for the association of sup-
plemental Ca alone with all-cause mortality, to 23% for the
association of Ca supplements alone with CHD mortality. For
these analyses, the number of CRC deaths among supplement
users was small; however, the estimated risks of those who took
Ca with or without vitamin D supplements were approximately
15% lower and close to statistically significant. The estimated
risks of all-cause and cause-specific mortality among those who
took vitamin D but not Ca supplements were close to null.
When we stratified these analyses by <65 v. ≥65 years of age at
baseline, the findings were similar across the age strata but
slightly more attenuated among the older women for all out-
comes, including for CHD mortality (data not shown).

There were no substantial differences in the observed Ca and
dairy product associations with mortality in the analyses strati-
fied by categories of the various selected risk factors (data not
shown). In the sensitivity analyses, exclusion of those who died
during the first 1, 2 or 6 years of follow-up did not materially
change the association of any of the exposures with all-cause or
cause-specific mortality (data not shown). Exclusion of partici-
pants with self-reported comorbidities (history of diabetes, heart
disease/heart attack or cirrhosis) at baseline also did not
materially change any of the associations. In addition, there was
no evidence of confounding or effect modification by aspirin or
NSAID use when we repeated the analyses using 1992 as the
baseline date (data not shown). Competing risk models yielded
no material differences from the estimated associations using
Cox proportional hazards models (data not shown).

Discussion

The results of this study suggest that higher Ca intake may be
associated with lower risk of all-cause and CRC- (but not non-
CRC-) and CHD-specific mortality among older women. Our
results also suggest that total dairy product consumption may be
associated with lower risk of CRC mortality, whole milk con-
sumption may be associated with higher risk of all-cause mor-
tality, and consumption of lower fat milk may be associated
with lower risk of all-cause mortality. Our results are also
consistent with the Ca content of milk/milk products being of
primary importance in the dairy product and CRC association,
but they also suggest that whole and low-/non-fat milk product
components other than Ca may contribute to the association of
milk with mortality risks. Finally, our results suggest that taking
supplemental Ca, alone or with vitamin D, may be associated
with lower risk of all-cause, all-cancer and CHD mortality
among women, but we also found that taking vitamin D sup-
plements without taking Ca supplements was not associated
with mortality in our study population.
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Table 2. Associations of calcium intakes with all-cause, all-cancer, colorectal cancer and CHD mortality among Iowa Women’s Health Study participants,
1986–2012
(Hazard ratios (HR) and 95% confidence intervals)

Categories

1 2 3 4 5

HR 95% CI HR 95% CI HR 95% CI HR 95% CI P trend*

Total Ca (n) 7041 7042 7050 7044 7044
Range (mg/d) 72·2–603 >603–872 >872–1164 >1164–1532 >1532–5076
Person-years 150 607 154 183 155 637 157673 156083
All-cause
Number of deaths 4026 3740 3726 3571 3624
Unadjusted 1·00 0·89 0·85, 0·93 0·88 0·84, 0·92 0·82 0·79, 0·86 0·85 0·81, 0·88 <0·0001
Fully adjusted† 1·00 0·90 0·86, 0·94 0·88 0·84, 0·92 0·85 0·81, 0·90 0·88 0·83, 0·93 0·001

All cancers
Number of deaths 1005 953 906 919 882
Unadjusted 1·00 0·92 0·84, 1·00 0·86 0·79, 0·94 0·86 0·79, 0·94 0·83 0·76, 0·91 0·002
Fully adjusted† 1·00 0·95 0·87, 1·04 0·90 0·82, 0·99 0·92 0·84, 1·02 0·91 0·81, 1·02 0·34

Colorectal cancer
Number of deaths 147 128 107 97 95
Unadjusted 1·00 0·84 0·67, 1·07 0·70 0·54, 0·89 0·62 0·48, 0·80 0·62 0·48, 0·80 0·0001
Fully adjusted† 1·00 0·82 0·64, 1·05 0·67 0·51, 0·88 0·60 0·45, 0·80 0·60 0·43, 0·83 0·002

CHD
Number of deaths 852 730 731 644 646
Unadjusted 1·00 0·83 0·75, 0·91 0·82 0·74, 0·90 0·70 0·64, 0·78 0·72 0·65, 0·79 <0·0001
Fully adjusted† 1·00 0·82 0·74, 0·90 0·80 0·72, 0·89 0·71 0·64, 0·80 0·73 0·64, 0·83 <0·0001

Dietary Ca (n) 7042 7046 7045 7044 7044
Range (mg/d) 72·2–470 >470–634 >634–812 >812–1148 >1148–4405
Person-years 153 085 155 515 156 022 154833 154729
All-cause
Number of deaths 3872 3703 3613 3751 3748
Unadjusted 1·00 0·93 0·89, 0·97 0·90 0·86, 0·94 0·95 0·91, 0·99 0·95 0·91, 0·99 0·32
Fully adjusted† 1·00 0·94 0·90, 0·98 0·93 0·89, 0·98 0·96 0·91, 1·01 1·01 0·95, 1·07 0·21

All cancers
Number of deaths 979 914 901 929 942
Unadjusted 1·00 0·91 0·83, 1·00 0·90 0·82, 0·98 0·93 0·85, 1·02 0·95 0·87, 1·04 0·68
Fully adjusted† 1·00 0·95 0·86, 1·04 0·97 0·88, 1·07 1·01 0·91, 1·12 1·09 0·98, 1·23 0·04

Colorectal cancer
Number of deaths 129 130 99 110 106
Unadjusted 1·00 0·99 0·77, 1·26 0·75 0·58, 0·97 0·84 0·65, 1·08 0·81 0·63, 1·05 0·08
Fully adjusted† 1·00 0·96 0·75, 1·23 0·72 0·54, 0·96 0·78 0·58, 1·05 0·77 0·55, 1·08 0·11

CHD
Number of deaths 751 737 682 724 709
Unadjusted 1·00 0·96 0·86, 1·06 0·88 0·79, 0·98 0·95 0·85, 1·05 0·93 0·84, 1·03 0·31
Fully adjusted† 1·00 0·97 0·87, 1·07 0·91 0·81, 1·02 0·95 0·85, 1·07 1·00 0·88, 1·15 0·97

Supplemental Ca‡ (n) 17 820 4513 6091 4433 2364
Range (mg/d) 0 >0–200 >200–500 >500–1000 >1000–2700
Person-years 385 275 98757 137 143 100507 52 503
All-cause
Number of deaths 9884 2429 3014 2119 1241
Unadjusted 1·00 0·95 0·91, 1·00 0·84 0·80, 0·87 0·80 0·76, 0·83 0·91 0·85, 0·96 <0·0001
Fully adjusted† 1·00 0·94 0·90, 0·98 0·87 0·84, 0·91 0·83 0·79, 0·87 0·92 0·87, 0·98 <0·0001

All cancer
Number of deaths 2485 591 774 515 300
Unadjusted 1·00 0·92 0·85, 1·01 0·86 0·80, 0·94 0·78 0·71, 0·86 0·88 0·78, 0·99 0·001
Fully adjusted† 1·00 0·94 0·86, 1·03 0·91 0·83, 0·98 0·81 0·74, 0·90 0·90 0·79, 1·02 0·02

Colorectal cancer
Number of deaths 322 71 100 54 27
Unadjusted 1·00 0·86 0·66, 1·11 0·86 0·69, 1·08 0·63 0·47, 0·84 0·61 0·41, 0·90 0·002
Fully adjusted† 1·00 0·88 0·67, 1·14 0·93 0·74, 1·18 0·69 0·51, 0·93 0·68 0·45, 1·02 0·03

CHD
Number of deaths 2042 478 530 349 204
Unadjusted 1·00 0·91 0·82, 1·00 0·71 0·65, 0·79 0·64 0·57, 0·71 0·72 0·63, 0·83 <0·0001
Fully adjusted† 1·00 0·89 0·80, 0·98 0·75 0·68, 0·83 0·67 0·59, 0·75 0·74 0·63, 0·86 <0·0001

* P trend calculated using medians of each quantile.
† Adjusted for age, family history of colorectal cancer, BMI, smoking, alcohol, physical activity, hormone replacement therapy use, total energy intake, vitamin D, fruit and vegetable

intake, red and processed meat intake and dietary oxidative balance score (a score combining anti- and pro-oxidant dietary exposures; see text).
‡ Supplemental Ca analysed as five categories of intake, with no intake as the reference category.
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Table 3. Associations of dairy product intakes with all-cause, all-cancer, colorectal cancer and CHD mortality among Iowa Women’s Health Study
participants, 1986–2012
(Hazard ratios (HR) and 95% confidence intervals)

Categories

1 2 3 4 5

HR 95% CI HR 95% CI HR 95% CI HR 95% CI P trend*

Total dairy products (n) 6976 7023 7090 6665 7467
Range (servings/week) 0–7·5 >7·5–11·8 >11·8–18·0 >18·0–24·5 >24·5–143
Person-years 152 155 155 576 157197 146618 162638
All-cause
Number of deaths 3764 3641 3684 3548 4050
Minimally adjusted† 1·00 0·93 0·89, 0·98 0·93 0·89, 0·98 0·96 0·92, 1·01 0·99 0·95, 1·04 0·29
Fully adjusted‡ 1·00 0·94 0·89, 0·98 0·94 0·90, 0·99 0·98 0·94, 1·03 1·04 0·98, 1·09 0·01

All cancers
Number of deaths 972 893 927 862 1011
Minimally adjusted† 1·00 0·89 0·81, 0·97 0·91 0·84, 1·00 0·91 0·83, 1·00 0·96 0·88, 1·05 0·75
Fully adjusted‡ 1·00 0·92 0·84, 1·01 0·95 0·87, 1·05 0·96 0·87, 1·06 1·02 0·92, 1·13 0·47

Colorectal cancer
Number of deaths 138 111 108 103 114
Minimally adjusted† 1·00 0·78 0·60, 1·00 0·75 0·58, 0·96 0·76 0·59, 0·98 0·75 0·58, 0·96 0·05
Fully adjusted‡ 1·00 0·76 0·59, 0·98 0·72 0·56, 0·94 0·74 0·56, 0·97 0·73 0·54, 0·98 0·06

CHD
Number of deaths 733 740 696 678 756
Minimally adjusted† 1·00 0·97 0·88, 1·07 0·90 0·81, 1·00 0·94 0·84, 1·04 0·94 0·85, 1·04 0·19
Fully adjusted‡ 1·00 0·97 0·88, 1·08 0·90 0·81, 1·01 0·95 0·85, 1·06 0·99 0·88, 1·12 0·65

High-fat dairy products§ (n) 6113 7356 7191 7365 7196
Range (servings/week) 0–2·5 >2·5–5·0 >5·0–8·0 >8·0–13·5 >13·5–128
Person-years 132 811 162 394 159782 163509 155688
All-cause
Number of deaths 3372 3852 3679 3836 3948
Minimally adjusted† 1·00 0·92 0·88, 0·97 0·89 0·85, 0·94 0·91 0·87, 0·95 0·99 0·95, 1·04 0·17
Fully adjusted‡ 1·00 0·94 0·90, 0·99 0·92 0·88, 0·97 0·93 0·89, 0·98 1·01 0·96, 1·06 0·07

All cancers
Number of deaths 774 1033 895 1001 962
Minimally adjusted† 1·00 1·09 0·99, 1·19 0·95 0·87, 1·05 1·04 0·95, 1·14 1·05 0·96, 1·16 0·73
Fully adjusted‡ 1·00 1·10 1·00, 1·20 0·97 0·88, 1·07 1·05 0·95, 1·16 1·04 0·94, 1·15 0·80

Colorectal cancer
Number of deaths 95 132 107 129 111
Minimally adjusted† 1·00 1·13 0·87, 1·47 0·93 0·71, 1·23 1·09 0·84, 1·42 0·98 0·74, 1·29 0·54
Fully adjusted‡ 1·00 1·13 0·87, 1·48 0·95 0·72, 1·25 1·10 0·84, 1·45 0·99 0·74, 1·34 0·59

CHD
Number of deaths 682 714 754 716 737
Minimally adjusted† 1·00 0·85 0·76, 0·94 0·91 0·82, 1·01 0·84 0·76, 0·93 0·91 0·82, 1·01 0·28
Fully adjusted‡ 1·00 0·87 0·78, 0·97 0·95 0·86, 1·06 0·88 0·79, 0·98 0·97 0·86, 1·08 1·00

Low-fat dairy products||¶ (n) 6142 5363 6787 8532 8397
Range (servings/week) 0 >0–2·0 >2·0–6·5 >6·5–14·0 >14·0–84·0
Person-years 130 918 117 983 150862 189305 185116
All-cause
Number of deaths 3507 2813 3529 4385 4453
Minimally adjusted† 1·00 0·87 0·83, 0·92 0·85 0·82, 0·90 0·84 0·81, 0·88 0·88 0·84, 0·92 0·02
Fully adjusted‡ 1·00 0·92 0·87, 0·96 0·88 0·84, 0·93 0·87 0·83, 0·91 0·92 0·87, 0·96 0·18

All cancers
Number of deaths 921 723 846 1070 1105
Minimally adjusted† 1·00 0·86 0·78, 0·95 0·79 0·72, 0·87 0·79 0·73, 0·87 0·84 0·77, 0·91 0·07
Fully adjusted‡ 1·00 0·92 0·83, 1·01 0·86 0·78, 0·94 0·87 0·80, 0·95 0·94 0·85, 1·03 0·82

Colorectal cancer
Number of deaths 112 95 108 124 135
Minimally adjusted† 1·00 0·94 0·72, 1·24 0·84 0·64, 1·09 0·76 0·59, 0·98 0·84 0·65, 1·08 0·32
Fully adjusted‡ 1·00 0·97 0·73, 1·27 0·84 0·65, 1·10 0·77 0·60, 1·00 0·87 0·67, 1·14 0·46

CHD
Number of deaths 649 555 692 850 857
Minimally adjusted† 1·00 0·94 0·84, 1·05 0·91 0·82, 1·02 0·89 0·81, 0·99 0·91 0·82, 1·01 0·45
Fully adjusted‡ 1·00 0·97 0·87, 1·09 0·92 0·83, 1·03 0·89 0·80, 0·99 0·93 0·83, 1·04 0·49

Total milk (n) 6697 7155 2808 9393 9168
Range (servings/week) 0–0·5 >0·5–3 >3–6·5 >6·5–14 >14
Person-years 146 738 157 855 61 547 207159 200885
All-cause
Number of deaths 3587 3722 1517 4925 4936
Minimally adjusted† 1·00 0·95 0·91, 1·00 1·00 0·94, 1·06 0·96 0·92, 1·00 0·99 0·95, 1·04 0·33
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Calcium, dairy products and CRC aetiology and survival

The plausibility of Ca reducing risk of CRC is strong and well
established(19,20). The plausibility for dairy products reducing
CRC risk primarily involves their Ca content, and the

epidemiological support for an inverse dairy product and CRC
association, though less extensive, is similar to that for Ca(4). If
consumed in amounts greater than required for maintaining
normal serum concentrations, Ca binds secondary bile acids in
the gut, decreasing their cytotoxic/mitogenic and mutagenic

Table 3. Continued

Categories

1 2 3 4 5

HR 95% CI HR 95% CI HR 95% CI HR 95% CI P trend*

Fully adjusted‡ 1·00 0·94 0·90, 0·99 0·97 0·91, 1·03 0·95 0·90, 0·99 1·00 0·95, 1·04 0·20
All cancers
Number of deaths 897 977 348 1223 1220
Minimally adjusted† 1·00 1·01 0·92, 1·10 0·92 0·81, 1·04 0·96 0·88, 1·04 0·98 0·90, 1·07 0·58
Fully adjusted‡ 1·00 1·03 0·94, 1·12 0·95 0·84, 1·07 1·00 0·92, 1·09 1·06 0·96, 1·16 0·31

Colorectal cancer
Number of deaths 132 129 35 137 141
Minimally adjusted† 1·00 0·90 0·71, 1·15 0·63 0·43, 0·91 0·72 0·57, 0·92 0·76 0·60, 0·96 0·04
Fully adjusted‡ 1·00 0·88 0·69, 1·13 0·60 0·41, 0·87 0·70 0·55, 0·90 0·74 0·56, 0·96 0·04

CHD
Number of deaths 681 746 305 929 942
Minimally adjusted† 1·00 1·00 0·91, 1·11 1·06 0·92, 1·21 0·95 0·86, 1·05 0·98 0·89, 1·09 0·59
Fully adjusted‡ 1·00 0·99 0·89, 1·10 1·00 0·87, 1·14 0·92 0·83, 1·01 0·97 0·87, 1·09 0·54

Whole milk¶ (n) 28 056 2056 1119 1846 2144
Range (servings/week 0 >0–0·5 >0·5–1·0 >1·0–5·5 >5·5–42
Person-years 620 880 44 622 24 560 39 358 44 765
All-cause
Number of deaths 14642 110 596 1051 1298
Minimally adjusted† 1·00 1·04 0·98, 1·11 1·03 0·95, 1·11 1·15 1·08, 1·22 1·26 1·19, 1·33 <0·0001
Fully adjusted‡ 1·00 1·04 0·98, 1·10 1·01 0·93, 1·10 1·06 0·99, 1·13 1·20 1·13, 1·27 <0·0001

All cancers
Number of deaths 3638 288 149 260 330
Minimally adjusted† 1·00 1·10 0·97, 1·24 1·03 0·87, 1·21 1·13 1·00, 1·28 1·27 1·13, 1·42 0·002
Fully adjusted‡ 1·00 1·08 0·95, 1·21 1·00 0·85, 1·18 1·05 0·92, 1·19 1·19 1·06, 1·33 0·08

Colorectal cancer
Number of deaths 460 38 18 28 30
Minimally adjusted† 1·00 1·13 0·81, 1·58 0·97 0·61, 1·55 0·95 0·65, 1·39 0·89 0·61, 1·29 0·26
Fully adjusted‡ 1·00 1·12 0·81, 1·57 0·96 0·60, 1·53 0·92 0·62, 1·34 0·86 0·59, 1·26 0·23

CHD
Number of deaths 2851 205 111 217 219
Minimally adjusted† 1·00 0·99 0·86, 1·14 0·97 0·80, 1·17 1·20 1·05, 1·38 1·06 0·93, 1·22 0·77
Fully adjusted‡ 1·00 0·99 0·86, 1·14 0·98 0·81, 1·18 1·12 0·97, 1·29 1·05 0·91, 1·21 0·97

Low-/non-fat milk¶ (n) 8626 3540 6427 8264 8364
Range (servings/week 0 >0–1·0 >1·0–5·5 >5·5–7·0 >7·0–42·0
Person-years 184 958 78 585 142822 183399 184421
All-cause
Number of deaths 4873 1804 3330 4247 4433
Minimally adjusted† 1·00 0·86 0·81, 0·90 0·87 0·83, 0·91 0·86 0·83, 0·90 0·89 0·86, 0·93 0·02
Fully adjusted‡ 1·00 0·87 0·83, 0·92 0·88 0·84, 0·92 0·87 0·84, 0·91 0·92 0·88, 0·96 0·16

All cancers
Number of deaths 1223 492 809 1041 1100
Minimally adjusted† 1·00 0·94 0·85, 1·04 0·85 0·78, 0·93 0·85 0·78, 0·92 0·89 0·82, 0·96 0·11
Fully adjusted‡ 1·00 0·96 0·87, 1·07 0·90 0·82, 0·99 0·91 0·84, 0·99 0·98 0·89, 1·07 0·66

Colorectal cancer
Number of deaths 158 66 97 120 133
Minimally adjusted† 1·00 0·99 0·74, 1·32 0·80 0·62, 1·02 0·76 0·60, 0·97 0·83 0·66, 1·05 0·22
Fully adjusted‡ 1·00 1·00 0·75, 1·33 0·79 0·61, 1·02 0·76 0·60, 0·97 0·85 0·66, 1·09 0·32

CHD
Number of deaths 906 362 657 824 854
Minimally adjusted† 1·00 0·93 0·83, 1·06 0·93 0·84, 1·03 0·91 0·82, 0·99 0·92 0·84, 1·01 0·49
Fully adjusted‡ 1·00 0·94 0·84, 1·07 0·92 0·83, 1·02 0·89 0·81, 0·98 0·93 0·84, 1·03 0·52

* P trend calculated using medians of each quantile.
† Adjusted for supplemental Ca.
‡ Adjusted for age, family history of colorectal cancer, BMI, smoking, alcohol, physical activity, hormone replacement therapy use, total energy intake, vitamin D, fruit and vegetable

intake, red and processed meat intake, dietary oxidative balance score (a score combining anti- and pro-oxidant dietary exposures; see text), and supplemental Ca.
§ High-fat dairy products include whole milk, cream, yogurt, ice cream, cream cheese, cottage cheese, other cheese, sour cream and butter.
|| Low-fat dairy products include low-/non-fat milk and ice milk/sherbet.
¶ Low-fat dairy products and whole and low-/non-fat milks analysed as five categories with no intake as the reference category.
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Table 4. Associations of dietary calcium-adjusted dairy products and milk residuals with all-cause, all-cancer, colorectal cancer and CHD mortality among
Iowa Women’s Health Study participants, 1986–2012
(Hazard ratios (HR) and 95% confidence intervals)

Categories

1 2 3 4 5

HR 95% CI HR 95% CI HR 95% CI HR 95% CI P trend*

Total dairy products residuals (n) 7044 7044 7045 7044 7044
Person-years 154 792 155404 155 485 155763 152 740
All-cause
Number of deaths 3714 3704 3676 3709 3884
Minimally adjusted† 1·00 0·99 0·95, 1·04 0·98 0·94, 1·03 0·99 0·95, 1·04 1·07 1·02, 1·12 0·001
Fully adjusted HR‡ 1·00 0·98 0·93, 1·02 0·95 0·90, 1·00 0·97 0·93, 1·02 1·02 0·98, 1·07 0·06

All cancers
Number of deaths 917 969 953 915 911
Minimally adjusted† 1·00 1·05 0·96, 1·15 1·03 0·94, 1·13 0·99 0·90, 1·08 1·01 0·92, 1·11 0·40
Fully adjusted‡ 1·00 1·04 0·95, 1·14 1·01 0·92, 1·12 0·97 0·88, 1·07 0·95 0·87, 1·05 0·04

Colorectal cancer
Number of deaths 102 142 102 117 111
Minimally adjusted† 1·00 1·35 1·04, 1·74 0·96 0·73, 1·27 1·10 0·84, 1·44 1·09 0·83, 1·43 0·78
Fully adjusted‡ 1·00 1·39 1·06, 1·80 0·98 0·73, 1·31 1·13 0·85, 1·49 1·07 0·81, 1·41 0·65

CHD
Number of deaths 758 711 671 693 770
Minimally adjusted† 1·00 0·92 0·83, 1·03 0·87 0·78, 0·97 0·90 0·81, 1·00 1·03 0·93, 1·14 0·28
Fully adjusted‡ 1·00 0·91 0·82, 1·01 0·83 0·74, 0·93 0·88 0·79, 0·98 1·00 0·91, 1·11 0·29

Whole milk residuals (n) 28 056 1791 1791 1792 1791
Person-years 620 880 39 584 38951 37 737 37 032
All-cause
Number of deaths 14642 927 957 1062 1099
Minimally adjusted† 1·00 0·99 0·93, 1·06 1·05 0·98, 1·12 1·23 1·16, 1·31 1·32 1·24, 1·40 <0·0001
Fully adjusted‡ 1·00 0·99 0·92, 1·06 1·03 0·97, 1·10 1·14 1·07, 1·22 1·20 1·13, 1·28 0·0002

All cancers
Number of deaths 3638 223 246 288 270
Minimally adjusted† 1·00 0·96 0·84, 1·10 1·08 0·95, 1·23 1·33 1·18, 1·50 1·28 1·13, 1·45 0·02
Fully adjusted‡ 1·00 0·96 0·84, 1·11 1·05 0·92, 1·19 1·22 1·08, 1·37 1·14 1·00, 1·29 0·21

Colorectal cancer
Number of deaths 460 29 32 29 24
Minimally adjusted† 1·00 1·06 0·72, 1·55 1·08 0·76, 1·55 1·02 0·70, 1·49 0·93 0·61, 1·40 0·40
Fully adjusted‡ 1·00 1·02 0·69, 1·50 1·04 0·72, 1·49 0·96 0·66, 1·40 0·86 0·56, 1·30 0·38

CHD
Number of deaths 2851 174 176 214 188
Minimally adjusted† 1·00 0·96 0·82, 1·13 0·99 0·85, 1·15 1·27 1·10, 1·46 1·15 0·99, 1·34 0·31
Fully adjusted‡ 1·00 0·96 0·82, 1·13 0·98 0·84, 1·14 1·18 1·02, 1·36 1·07 0·92, 1·25 0·62

Low-/non-fat milk residuals (n) 8626 6648 6649 6649 6649
Person-years 184 958 148180 149 102 146825 145 119
All-cause
Number of deaths 4873 3345 3304 3516 3649
Minimally adjusted† 1·00 0·82 0·78, 0·86 0·81 0·78, 0·85 0·89 0·85, 0·93 0·93 0·88, 0·97 <0·0001
Fully adjusted‡ 1·00 0·85 0·81, 0·89 0·83 0·80, 0·87 0·91 0·86, 0·95 0·91 0·86, 0·96 0·001

All cancers
Number of deaths 1223 881 827 836 898
Minimally adjusted† 1·00 0·88 0·80, 0·97 0·82 0·75, 0·90 0·85 0·78, 0·93 0·93 0·84, 1·02 0·69
Fully adjusted‡ 1·00 0·94 0·86, 1·03 0·87 0·80, 0·96 0·90 0·82, 0·98 0·94 0·84, 1·04 0·71

Colorectal cancer
Number of deaths 158 103 116 91 106
Minimally adjusted† 1·00 0·85 0·65, 1·10 0·92 0·72, 1·17 0·74 0·57, 0·96 0·92 0·70, 1·20 0·91
Fully adjusted‡ 1·00 0·85 0·65, 1·11 0·95 0·74, 1·21 0·77 0·59, 1·01 0·96 0·71, 1·31 0·71

CHD
Number of deaths 906 645 648 709 695
Minimally adjusted† 1·00 0·87 0·78, 0·97 0·87 0·78, 0·96 0·97 0·88, 1·08 0·98 0·87, 1·09 0·06
Fully adjusted‡ 1·00 0·88 0·79, 0·99 0·88 0·79, 0·97 0·98 0·88, 1·09 0·94 0·83, 1·06 0·32

* P trend calculated using medians of each quantile.
† Adjusted for dietary Ca.
‡ Adjusted for age, family history of colorectal cancer, BMI, smoking, alcohol, physical activity, hormone replacement therapy use, total energy intake, vitamin D, Mg, fruit and

vegetable intake, red and processed meat intake, dietary oxidative balance score (a score combining anti- and pro-oxidant dietary exposures; see text), and dietary Ca.
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effects(21,22), and binding to the Ca sensing receptor in the gut
epithelium decreases proliferation and promotes differentiation
and apoptosis(23–26). These mechanisms may also be relevant to
post-diagnosis survival(27,28).
Our findings of inverse associations of total and supplemental

Ca with CRC mortality are supported by consistent evidence for
modest inverse associations of Ca and dairy products with the
risk of colorectal neoplasms(4–6). A meta-analysis of fifteen cohort
studies reported 8% lower risk of incident CRC per 300mg daily
increase in total Ca intake(5). A similar meta-analysis of eight
prospective studies reported 5% lower risk of colorectal ade-
nomas per 300mg daily increase in total Ca intake(6).
Additional evidence from three, large clinical trials supports a

protective effect of Ca supplementation against colorectal ade-
noma recurrence(29–31). A fourth large clinical trial of Ca and
adenoma recurrence did not find an overall treatment effect(32)

but recurrence was reduced among those with a normal BMI or
certain vitamin D receptor genotypes(33). A fifth clinical trial of
supplemental Ca and vitamin D found no effect on invasive
CRC incidence; however, only 60% of participants reported
taking at least 80% of their treatment medications, the Ca
(1000mg/d) and vitamin D (400 IU/d) doses were relatively
low, and the follow-up time may have been inadequate to
assess CRC development(34).
Although Ca may have similar roles in CRC prevention and

survival, few studies reported associations of Ca with CRC
survival or mortality. Four cohort studies found no association
of pre-diagnostic dietary Ca intake with CRC survival(35–38). Of
these, one study investigated pre- and post-diagnosis Ca and
dairy product intakes, but only post-diagnosis total Ca intake
was inversely associated with CRC mortality (relative risk 0·59;
95% CI 0·33, 1·05; P trend= 0·01)(38). A second study investi-
gated dairy product intake, finding no association of total and
specific dairy products with CRC mortality(37).

Calcium, dairy products and other cancers

The plausibility for how Ca could reduce the risk of or survival
from other cancers is unclear. Whereas normal colorectal epi-
thelium is directly exposed to variable levels of Ca in the gut,
other tissues are exposed to Ca from the circulation, where Ca
concentrations are tightly regulated within a very narrow
range(39,40). This suggests that, at best, circulating Ca con-
centrations may have limited effects on the risk of other cancers.
However, Ca in the gut may have systemic effects. Ca binding
of bile and free fatty acids increases their excretion and thus fat
absorption(41). Also, by reducing the cytotoxic effects of the bile
acids, oxidative stress and inflammation is reduced(42,43). This
may result in decreased transport of biomarkers of oxidative
stress and inflammation into the circulation and thus their
transport to other tissues. This, perhaps combined with the
effects on the gut microbiome(44), may also result in stronger gut
barrier function against other factors in the gut lumen.

Ca and dairy products were not associated with all-cancer
mortality in our study, findings apparently driven by their null
associations with non-CRC mortality. Also, residuals of total and
specific dairy products, representing the non-Ca components of
dairy products, were not associated with CRC mortality, thus
suggesting that Ca is of primary importance in the dairy product
and CRC association. A meta-analysis of two observational
studies of total Ca association with all-cancer mortality found no
association(45). Another meta-analysis of ten cohort studies
reported no association of total dairy products with all-cancer
mortality(46). A meta-analysis of five randomised clinical trials of
Ca supplementation also reported no evidence of an effect of
supplemental Ca on all-cancer mortality(47). However, a meta-
analysis of twelve cohort studies that investigated total dairy
product and total milk intakes with CRC risk reported 19 and
18% lower risk, respectively, among those in the highest relative
to the lowest intake categories(4).

Table 5. Associations of supplemental calcium and vitamin D use with all-cause, all-cancer, colorectal cancer and CHD mortality among Iowa Women’s
Health Study participants, 1986–2012
(Hazard ratios (HR) and 95% confidence intervals)

Ca, no vitamin D Vitamin D, no Ca Ca and vitamin D

No Ca or vitamin D HR 95 % CI HR 95 % CI HR 95 % CI

All participants (n) 15 415 6996 2405 10 405
Person-years 333 678 157675 51 597 231234
All-cause

Number of deaths 8493 3409 1391 5394
Unadjusted HR 1·00 0·83 0·80, 0·86 1·08 1·02, 1·14 0·90 0·87, 0·93
Fully adjusted* 1·00 0·88 0·85, 0·92 1·05 0·99, 1·11 0·94 0·91, 0·98

All cancers
Number of deaths 2147 878 338 1302
Unadjusted HR 1·00 0·85 0·79, 0·92 1·03 0·91, 1·15 0·87 0·81, 0·93
Fully adjusted HR* 1·00 0·91 0·84, 0·98 1·01 0·90, 1·14 0·91 0·84, 0·98

Colorectal cancer
Number of deaths 242 94 39 135
Unadjusted HR 1·00 0·76 0·61, 0·96 1·00 0·73, 1·38 0·77 0·63, 0·94
Fully adjusted* 1·00 0·84 0·66, 1·05 1·05 0·76, 1·45 0·87 0·71, 1·08

CHD
Number of deaths 1752 599 290 962
Unadjusted HR 1·00 0·71 0·65, 0·78 1·08 0·96, 1·23 0·78 0·72, 0·85
Fully adjusted HR* 1·00 0·77 0·70, 0·84 1·07 0·94, 1·21 0·83 0·76, 0·90

* Adjusted for age, BMI, smoking, alcohol, physical activity, hormone replacement therapy use, total energy intake, red and processed meat intake, fruit and vegetable intake, and
dietary oxidative balance score (a score combining anti- and pro-oxidant dietary exposures; see text).
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Calcium, dairy products and CVD

Both protective and harmful effects of Ca on CVD risk have
been proposed. Though Ca is needed for normal cardiac and
vascular smooth muscle function, high intake may increase
vascular calcification, especially among those with renal insuf-
ficiency(48). In contrast, Ca and dairy products may favourably
affect blood lipids and blood pressure, though the evidence is
limited(49–53). Our findings of inverse associations of total and
supplemental Ca with CHD mortality are plausible and con-
sistent with the findings in this study population in 1994(10),
but the current existing evidence is inconsistent. In a meta-
analysis of eight observational studies, total, dietary and sup-
plemental Ca intakes were not associated with CVD mortal-
ity(45). An older meta-analysis of prospective cohort studies
suggested that the dietary Ca and CVD mortality association
may be U shaped, with higher risk among those with intake
<800 and >900mg/d(7). However, we did not observe con-
sistent patterns in our findings for total, dietary, or supplemental
Ca to support a U-shaped association; and when examined in
non-linear models, the P values were not materially different
from the P for trend values.
Because a 2010 meta-analysis of five randomised, controlled

trials of Ca, conducted primarily among older women in relation
to various a priori end points (mostly osteoporosis), found
statistically significant higher risk of CVD events among those
randomised to supplemental Ca without concomitant vitamin
D(54), we investigated the association of taking supplemental
Ca, with and without supplemental vitamin D, with CHD mor-
tality. We observed inverse associations overall and stratified by
age; these findings are consistent with a previous analysis
among IWHS participants (using data collected through 2004)
that found Ca supplement use to be associated with lower risk
for all-cause, all-cancer and CVD mortality(55). In support of our
findings is a 2015 meta-analysis of clinical trials conducted
between 1992 and 2012, regarding Ca supplementation with or
without vitamin D among postmenopausal women(56). Analysis
of seventeen trials revealed no evidence of an effect of sup-
plemental Ca on all-cause mortality, and analysis of five trials
contributing data on CHD outcomes also revealed no evidence
of an effect(56).

Dairy product components other than calcium and chronic
disease risk and mortality

Although dairy products are the major food source of Ca in the
USA and many European countries(2,3), they also contain other
nutrients and factors, such as fat and IGF-1, that may affect the
risk of chronic diseases and mortality. As part of fat digestion
processes, bile acids are produced in the gut and, as previously
noted, have mitogenic and mutagenic effects on the colorectal
epithelium(57). IGF-1 may plausibly affect both cancer and CVD
mortality since overproduction was observed in tumour
cells(58), and it has a role in regulating vascular smooth muscle
cell function through cell apoptosis and migration(59). Dairy
products may also alter the gut microbiome through promoting
beneficial SCFA-producing bacteria(60) and decrease circulating

inflammation biomarkers(61,62), which may decrease the risk of
various cancers and CVD.

In our study, whole milk and whole-milk residuals were
associated with higher risk of all-cause mortality, even after
adjusting for total fat, while low-/non-fat milk and low-/non-fat
milk residuals were associated with lower risk. While this may
suggest that the fat or other non-Ca components of milk are
associated with mortality, we cannot rule out chance or
uncontrolled confounding, particularly since whole milk con-
sumption was low in this study population. In addition, though
the fat content of whole milk and other high-fat dairy products
was previously hypothesised to increase adiposity and CVD
risk, a systematic review reported that greater consumption of
high-fat dairy products was generally not associated with
adiposity or metabolic dysfunction, and the findings from stu-
dies that investigated the risk of IHD, CHD and overall CVD
were inconsistent(63). Although SFA are hypothesised to inde-
pendently elicit a pro-inflammatory response, potentially via the
gut microbiome(64), evidence from cross-sectional studies sug-
gests that dairy products may be inversely associated with cir-
culating inflammation biomarkers(65,66), while a review of
intervention trials reported inconsistent findings(67). These
mixed results may be attributable to differences in the compo-
sition of the dairy products tested, the different circulating
biomarkers measured and the different lengths of the
interventions.

Our results for milk residuals may also be attributable to
IGF-1 in milk, though the current limited evidence is unclear.
Two previous observational studies suggested that circulating
IGF-1 concentrations are directly associated with milk
intake(68,69), though it is uncertain whether this is directly
attributable to milk IGF-1 or other components(70,71). A meta-
analysis of twenty-one observational studies reported that
higher circulating IGF-1 concentrations were associated with
83% higher risk of prostate cancer, 93% higher risk of pre-
menopausal breast cancer and 58% higher risk of CRC(72).
Interestingly, both low and high circulating IGF-1 concentra-
tions were previously associated with CVD mortality. In a
Danish prospective cohort study, those in the lowest relative to
the highest baseline IGF-1 concentration quartile had 94%
higher risk of IHD(73). However, in the Swedish cohort of the
multicentre, prospective Osteoporotic Fractures in Men Study, a
U-shaped association of baseline circulating IGF-1 concentra-
tions with CVD events was observed(74). Relative to quintiles 2–
4, those in the lowest IGF-1 quintile had 26% higher risk of CVD
events, and those in the highest quintile had 27% higher risk.

Study strengths and limitations

Our study had several limitations and strengths. We did not
measure circulating 25-OH-vitamin D concentrations, which is
considered the best indicator of vitamin D exposure(15,16,75). This
precluded meaningful analyses of vitamin D and Ca–vitamin D
interactions beyond assessing supplement use. Semi-quantitative
FFQ have well-described limitations (e.g. measurement error).
Dietary and other key covariate data were only available at
baseline, so we could not account for potential temporal changes
in dietary intake. Our study population was limited to older,
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white women, so our results may not be generalisable to other
populations. In addition, we recognise that further research is
needed on dairy product–dietary Ca linear regression residuals as
an estimate of the non-Ca component of dairy products.
Strengths of our study include the prospective design, long-term
follow-up, large sample size and number of deaths and our novel
approach of estimating dairy product–dietary Ca residuals to
investigate the non-Ca component of dairy products.

Conclusions

Taken together with previous literature, our findings suggest
that, among older women, (1) total and supplemental Ca
intakes may be associated with lower risk of all-cause and CRC-
and CHD-specific mortality, (2) total dairy product consumption
may be associated with lower risk of CRC mortality, (3) whole
milk consumption may be associated with higher risk of all-
cause mortality and (4) consumption of lower fat milk may be
associated with lower risk of all-cause mortality. Our results are
also consistent with the Ca content of milk being of primary
importance in the dairy product and CRC association, but they
also suggest that non-Ca components of milk products may
contribute to the association of milk with mortality risk, though
further investigation is needed. Finally, our findings suggest that
the use of Ca supplements, with or without vitamin D, may be
associated with lower risk of all-cause, all-cancer and CHD
mortality among postmenopausal women. Because Ca intake,
particularly among older adults, is estimated to be largely below
the estimated average requirements(76), our findings support
consuming adequate amounts of Ca and dairy products to
reduce chronic disease-related mortality risk.

Acknowledgements

The IWHS was supported by the National Cancer Institute of the
National Institutes of Health (grant R01 CA039742). The
National Cancer Institute had no role in the design, analysis or
writing of this article.
The authors’ responsibilities are as follows: C. Y. U. and R. M. B.

designed the research; A. P., C.-P. H. and D. L. conducted the
research; C. Y. U. analysed the data; C. Y. U. and R. M. B. wrote
the manuscript and had primary responsibility for the final content.
All authors read and approved the final manuscript.
None of the authors has any conflicts of interest to declare.

References

1. Collaborators GBDCoD (2017) Global, regional, and national
age-sex specific mortality for 264 causes of death, 1980–2016:
a systematic analysis for the Global Burden of Disease
Study 2016. Lancet 390, 1151–1210.

2. Institute of Medicine Committee to Review Dietary Reference
Intakes for Vitamin D, Calcium (2011) The National Acade-
mies collection: reports funded by National Institutes
of Health. In Dietary Reference Intakes for Calcium and
Vitamin D [AC Ross, CL Taylor, AL Yaktine and HB Del Valle,
editors]. Washington, DC: National Academies Press (US),
National Academy of Sciences.

3. EFSA Panel on Dietetic Products, Nutrition and Allergies
(2015) Scientific Opinion on Dietary Reference Values for
calcium. EFSA J 13, 4101.

4. Aune D, Lau R, Chan DS, et al. (2012) Dairy products and
colorectal cancer risk: a systematic review and meta-analysis
of cohort studies. Ann Oncol 23, 37–45.

5. Keum N, Aune D, Greenwood DC, et al. (2014) Calcium
intake and colorectal cancer risk: dose–response meta-
analysis of prospective observational studies. Int J Cancer
135, 1940–1948.

6. Keum N, Lee DH, Greenwood DC, et al. (2015) Calcium
intake and colorectal adenoma risk: dose–response meta-
analysis of prospective observational studies. Int J Cancer
136, 1680–1687.

7. Wang X, Chen H, Ouyang Y, et al. (2014) Dietary calcium
intake and mortality risk from cardiovascular disease and all
causes: a meta-analysis of prospective cohort studies. BMC
Med 12, 158.

8. Bolland MJ, Barber PA, Doughty RN, et al. (2008) Vascular
events in healthy older women receiving calcium supple-
mentation: randomised controlled trial. BMJ 336, 262–266.

9. Bolland MJ, Grey A, Avenell A, et al. (2011) Calcium supple-
ments with or without vitamin D and risk of cardiovascular
events: reanalysis of the Women’s Health Initiative limited
access dataset and meta-analysis. BMJ 342, d2040.

10. Bostick RM, Kushi LH, Wu Y, et al. (1999) Relation of calcium,
vitamin D, and dairy food intake to ischemic heart disease
mortality among postmenopausal women. Am J Epidemiol
149, 151–161.

11. Folsom AR, Kaye SA, Potter JD, et al. (1989) Association of
incident carcinoma of the endometrium with body weight and
fat distribution in older women: early findings of the Iowa
Women’s Health Study. Cancer Res 49, 6828–6831.

12. Munger RG, Folsom AR, Kushi LH, et al. (1992) Dietary
assessment of older Iowa women with a food frequency
questionnaire: nutrient intake, reproducibility, and compar-
ison with 24-hour dietary recall interviews. Am J Epidemiol
136, 192–200.

13. Willett WC, Howe GR & Kushi LH (1997) Adjustment for total
energy intake in epidemiologic studies. Am J Clin Nutr 65,
1220S–1228S ; discussion 1229S–1231S.

14. Dash C, Goodman M, Flanders WD, et al. (2013) Using
pathway-specific comprehensive exposure scores in epide-
miology: application to oxidative balance in a pooled case–
control study of incident, sporadic colorectal adenomas. Am J
Epidemiol 178, 610–624.

15. DeLuca HF (2004) Overview of general physiologic features
and functions of vitamin D. Am J Clin Nutr 80, 1689S–1696S.

16. Holick MF (2009) Vitamin D status: measurement, interpreta-
tion, and clinical application. Ann Epidemiol 19, 73–78.

17. Garcia Rodriguez LA & Huerta-Alvarez C (2000) Reduced
incidence of colorectal adenoma among long-term users of
nonsteroidal antiinflammatory drugs: a pooled analysis of
published studies and a new population-based study. Epide-
miology 11, 376–381.

18. Chan AT, Giovannucci EL, Meyerhardt JA, et al. (2005) Long-
term use of aspirin and nonsteroidal anti-inflammatory drugs
and risk of colorectal cancer. JAMA 294, 914–923.

19. Bostick RM (2015) Effects of supplemental vitamin D and
calcium on normal colon tissue and circulating biomarkers of
risk for colorectal neoplasms. J Steroid Biochem Mol Biol 148,
86–95.

20. Chan AT & Giovannucci EL (2010) Primary prevention of
colorectal cancer. Gastroenterology 138, 2029–2043.e2010.

21. Govers MJ, Termont DS, Lapre JA, et al. (1996) Calcium in
milk products precipitates intestinal fatty acids and secondary

1198 C. Y. Um et al.

https://doi.org/10.1017/S000711451900045X  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S000711451900045X


bile acids and thus inhibits colonic cytotoxicity in humans.
Cancer Res 56, 3270–3275.

22. Bartram HP, Kasper K, Dusel G, et al. (1997) Effects of calcium
and deoxycholic acid on human colonic cell proliferation
in vitro. Ann Nutr Metab 41, 315–323.

23. Lamprecht SA & Lipkin M (2003) Chemoprevention of colon
cancer by calcium, vitamin D and folate: molecular mechan-
isms. Nat Rev Cancer 3, 601–614.

24. Bostick RM, Fosdick L, Wood JR, et al. (1995) Calcium and
colorectal epithelial cell proliferation in sporadic adenoma
patients: a randomized, double-blinded, placebo-controlled
clinical trial. J Natl Cancer Inst 87, 1307–1315.

25. Fedirko V, Bostick RM, Flanders WD, et al. (2009) Effects of
vitamin D and calcium on proliferation and differentiation in
normal colon mucosa: a randomized clinical trial. Cancer
Epidemiol Biomarkers Prev 18, 2933–2941.

26. Fedirko V, Bostick RM, Flanders WD, et al. (2009) Effects of
vitamin D and calcium supplementation on markers of
apoptosis in normal colon mucosa: a randomized, double-
blind, placebo-controlled clinical trial. Cancer Prev Res (Phila)
2, 213–223.

27. Chakrabarty S, Radjendirane V, Appelman H, et al. (2003)
Extracellular calcium and calcium sensing receptor function in
human colon carcinomas: promotion of E-cadherin expres-
sion and suppression of beta-catenin/TCF activation. Cancer
Res 63, 67–71.

28. Momen-Heravi F, Masugi Y, Qian ZR, et al. (2017) Tumor
expression of calcium sensing receptor and colorectal cancer
survival: results from the nurses’ health study and health
professionals follow-up study. Int J Cancer 141, 2471–2479.

29. Hofstad B, Almendingen K, Vatn M, et al. (1998) Growth and
recurrence of colorectal polyps: a double-blind 3-year inter-
vention with calcium and antioxidants. Digestion 59, 148–156.

30. Baron JA, Beach M, Mandel JS, et al. (1999) Calcium supple-
ments for the prevention of colorectal adenomas. Calcium
Polyp Prevention Study Group. N Engl J Med 340, 101–107.

31. Bonithon-Kopp C, Kronborg O, Giacosa A, et al. (2000) Cal-
cium and fibre supplementation in prevention of colorectal
adenoma recurrence: a randomised intervention trial. Eur-
opean Cancer Prevention Organisation Study Group. Lancet
356, 1300–1306.

32. Baron JA, Barry EL, Mott LA, et al. (2015) A trial of calcium and
vitamin D for the prevention of colorectal adenomas. N Engl J
Med 373, 1519–1530.

33. Barry EL, Peacock JL, Rees JR, et al. (2017) Vitamin D receptor
genotype, vitamin D3 supplementation, and risk of colorectal
adenomas: a randomized clinical trial. JAMA Oncol 3, 628–635.

34. Wactawski-Wende J, Kotchen JM, Anderson GL, et al. (2006)
Calcium plus vitamin D supplementation and the risk of
colorectal cancer. N Engl J Med 354, 684–696.

35. Slattery ML, French TK, Egger MJ, et al. (1989) Diet and sur-
vival of patients with colon cancer in Utah: is there an asso-
ciation? Int J Epidemiol 18, 792–797.

36. Zell JA, McEligot AJ, Ziogas A, et al. (2007) Differential effects
of wine consumption on colorectal cancer outcomes based on
family history of the disease. Nutr Cancer 59, 36–45.

37. Dik VK, Murphy N, Siersema PD, et al. (2014) Prediagnostic
intake of dairy products and dietary calcium and colorectal
cancer survival – results from the EPIC cohort study. Cancer
Epidemiol Biomarkers Prev 23, 1813–1823.

38. Yang B, McCullough ML, Gapstur SM, et al. (2014) Calcium,
vitamin D, dairy products, and mortality among colorectal
cancer survivors: the Cancer Prevention Study-II
Nutrition Cohort. J Clin Oncol 32, 2335–2343.

39. Mundy GR & Guise TA (1999) Hormonal control of calcium
homeostasis. Clin Chem 45, 1347–1352.

40. Fijorek K, Puskulluoglu M, Tomaszewska D, et al. (2014) Serum
potassium, sodium and calcium levels in healthy individuals –
literature review and data analysis. Folia Med Cracov 54, 53–70.

41. Lupton JR, Steinbach G, Chang WC, et al. (1996) Calcium
supplementation modifies the relative amounts of bile acids in
bile and affects key aspects of human colon physiology. J Nutr
126, 1421–1428.

42. Fedirko V, Bostick RM, Long Q, et al. (2010) Effects of sup-
plemental vitamin D and calcium on oxidative DNA damage
marker in normal colorectal mucosa: a randomized
clinical trial. Cancer Epidemiol Biomarkers Prev 19, 280–291.

43. Hopkins MH, Owen J, Ahearn T, et al. (2011) Effects of sup-
plemental vitamin D and calcium on biomarkers of inflam-
mation in colorectal adenoma patients: a randomized,
controlled clinical trial. Cancer Prev Res (Phila) 4, 1645–1654.

44. Bovee-Oudenhoven IM, Lettink-Wissink ML, Van Doesburg
W, et al. (2003) Diarrhea caused by enterotoxigenic Escher-
ichia coli infection of humans is inhibited by dietary calcium.
Gastroenterology 125, 469–476.

45. Asemi Z, Saneei P, Sabihi SS, et al. (2015) Total, dietary, and
supplemental calcium intake and mortality from all-causes,
cardiovascular disease, and cancer: a meta-analysis of obser-
vational studies. Nutr Metab Cardiovasc Dis 25, 623–634.

46. Lu W, Chen H, Niu Y, et al. (2016) Dairy products intake and
cancer mortality risk: a meta-analysis of 11 population-based
cohort studies. Nutr J 15, 91.

47. Bristow SM, Bolland MJ, MacLennan GS, et al. (2013) Calcium
supplements and cancer risk: a meta-analysis of randomised
controlled trials. Br J Nutr 110, 1384–1393.

48. Rubin MR, Rundek T, McMahon DJ, et al. (2007) Carotid artery
plaque thickness is associated with increased serum calcium levels:
the Northern Manhattan study. Atherosclerosis 194, 426–432.

49. Chai W, Cooney RV, Franke AA, et al. (2013) Effects of cal-
cium and vitamin D supplementation on blood pressure and
serum lipids and carotenoids: a randomized, double-blind,
placebo-controlled, clinical trial. Ann Epidemiol 23, 564–570.

50. Schnatz PF, Jiang X, Vila-Wright S, et al. (2014) Calcium/vitamin
D supplementation, serum 25-hydroxyvitamin D concentra-
tions, and cholesterol profiles in the Women’s Health Initiative
calcium/vitamin D randomized trial. Menopause 21, 823–833.

51. Barr SI, McCarron DA, Heaney RP, et al. (2000) Effects of
increased consumption of fluid milk on energy and nutrient
intake, body weight, and cardiovascular risk factors in healthy
older adults. J Am Diet Assoc 100, 810–817.

52. Bostick RM, Fosdick L, Grandits GA, et al. (2000) Effect of
calcium supplementation on serum cholesterol and blood
pressure. A randomized, double-blind, placebo-controlled,
clinical trial. Arch Fam Med 9, 31–38; discussion 39.

53. Reid IR, Ames R, Mason B, et al. (2010) Effects of calcium
supplementation on lipids, blood pressure, and body com-
position in healthy older men: a randomized controlled trial.
Am J Clin Nutr 91, 131–139.

54. Bolland MJ, Avenell A, Baron JA, et al. (2010) Effect of calcium
supplements on risk of myocardial infarction and cardiovas-
cular events: meta-analysis. BMJ 341, c3691.

55. Mursu J, Robien K, Harnack LJ, et al. (2011) Dietary supple-
ments and mortality rate in older women: the Iowa Women’s
Health Study. Arch Intern Med 171, 1625–1633.

56. Lewis JR, Radavelli-Bagatini S, Rejnmark L, et al. (2015) The
effects of calcium supplementation on verified coronary heart
disease hospitalization and death in postmenopausal women:
a collaborative meta-analysis of randomized controlled trials.
J Bone Miner Res 30, 165–175.

57. Bernstein H, Bernstein C, Payne CM, et al. (2005) Bile acids as
carcinogens in human gastrointestinal cancers. Mutat Res 589,
47–65.

Calcium, dairy products and mortality 1199

https://doi.org/10.1017/S000711451900045X  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S000711451900045X


58. Yu H & Rohan T (2000) Role of the insulin-like growth factor
family in cancer development and progression. J Natl Cancer
Inst 92, 1472–1489.

59. Arnqvist HJ, Bornfeldt KE, Chen Y, et al. (1995) The insulin-
like growth factor system in vascular smooth muscle: inter-
action with insulin and growth factors. Metabolism 44,
58–66.

60. Rios-Covian D, Ruas-Madiedo P, Margolles A, et al. (2016)
Intestinal short chain fatty acids and their link with diet and
human health. Front Microbiol 7, 185.

61. Zemel MB & Sun X (2008) Dietary calcium and dairy products
modulate oxidative and inflammatory stress in mice
and humans. J Nutr 138, 1047–1052.

62. van Meijl LE & Mensink RP (2010) Effects of low-fat dairy
consumption on markers of low-grade systemic inflammation
and endothelial function in overweight and obese subjects: an
intervention study. Br J Nutr 104, 1523–1527.

63. Kratz M, Baars T & Guyenet S (2013) The relationship
between high-fat dairy consumption and obesity, cardiovas-
cular, and metabolic disease. Eur J Nutr 52, 1–24.

64. Fritsche KL (2015) The science of fatty acids and inflamma-
tion. Adv Nutr 6, 293S–301S.

65. Esmaillzadeh A & Azadbakht L (2010) Dairy consumption and
circulating levels of inflammatory markers among
Iranian women. Public Health Nutr 13, 1395–1402.

66. Panagiotakos DB, Pitsavos CH, Zampelas AD, et al. (2010)
Dairy products consumption is associated with decreased
levels of inflammatory markers related to cardiovascular dis-
ease in apparently healthy adults: the ATTICA study. J Am Coll
Nutr 29, 357–364.

67. Ballard KD & Bruno RS (2015) Protective role of dairy and its
constituents on vascular function independent of blood
pressure-lowering activities. Nutr Rev 73, 36–50.

68. Holmes MD, Pollak MN, Willett WC, et al. (2002) Dietary
correlates of plasma insulin-like growth factor I and insulin-
like growth factor binding protein 3 concentrations. Cancer
Epidemiol Biomarkers Prev 11, 852–861.

69. Giovannucci E, Pollak M, Liu Y, et al. (2003) Nutritional pre-
dictors of insulin-like growth factor I and their relationships to
cancer in men. Cancer Epidemiol Biomarkers Prev 12, 84–89.

70. Katsumata M, Kawakami S, Kaji Y, et al. (2016) Circulating
levels of insulin-like growth factor-1 and associated binding
proteins in plasma and mRNA expression in tissues of growing
pigs on a low threonine diet. Anim Sci 79, 85–92.

71. Wan X, Wang S, Xu J, et al. (2017) Dietary protein-induced
hepatic IGF-1 secretion mediated by PPARgamma activation.
PLOS ONE 12, e0173174.

72. Renehan AG, Zwahlen M, Minder C, et al. (2004) Insulin-like
growth factor (IGF)-I, IGF binding protein-3, and cancer risk:
systematic review and meta-regression analysis. Lancet 363,
1346–1353.

73. Juul A, Scheike T, Davidsen M, et al. (2002) Low serum
insulin-like growth factor I is associated with increased risk of
ischemic heart disease: a population-based case–
control study. Circulation 106, 939–944.

74. Carlzon D, Svensson J, Petzold M, et al. (2014) Both low and
high serum IGF-1 levels associate with increased risk of car-
diovascular events in elderly men. J Clin Endocrinol Metab
99, E2308–E2316.

75. Kennel KA, Drake MT & Hurley DL (2010) Vitamin D defi-
ciency in adults: when to test and how to treat. Mayo Clin
Proc 85, 752–757; quiz 757–758.

76. McGuire S (2016) Scientific Report of the 2015 Dietary
Guidelines Advisory Committee. Washington, DC: US
Departments of Agriculture and Health and Human Ser-
vices, 2015. Adv Nutr 7, 202–204.

1200 C. Y. Um et al.

https://doi.org/10.1017/S000711451900045X  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S000711451900045X

	Associations of calcium and dairy product intakes with all-cause, all-cancer, colorectal cancer and CHD mortality among older women in the Iowa Women&#x2019;s Health�Study
	Methods
	Study population and design
	Dietary assessment
	Outcome assessment
	Statistical analyses

	Results
	Table 1Selected baseline characteristics of participants by quintiles (Q) of total calcium intake in the Iowa Women&#x2019;s Health Study (Mean values and standard deviations; proportions)
	Discussion
	Table 2Associations of calcium intakes with all-cause, all-cancer, colorectal cancer and CHD mortality among Iowa Women&#x2019;s Health Study participants, 1986&#x2013;2012 (Hazard ratios (HR) and 95&znbsp;&#x0025; confidence intervals)
	Table 3Associations of dairy product intakes with all-cause, all-cancer, colorectal cancer and CHD mortality among Iowa Women&#x2019;s Health Study participants, 1986&#x2013;2012 (Hazard ratios (HR) and 95&znbsp;&#x0025; confidence intervals)
	Calcium, dairy products and CRC aetiology and survival

	Table 4Associations of dietary calcium-adjusted dairy products and milk residuals with all-cause, all-cancer, colorectal cancer and CHD mortality among Iowa Women&#x2019;s Health Study participants, 1986&#x2013;2012 (Hazard ratios (HR) and 95&znbsp;&#x002
	Calcium, dairy products and other cancers

	Table 5Associations of supplemental calcium and vitamin D use with all-cause, all-cancer, colorectal cancer and CHD mortality among Iowa Women&#x2019;s Health Study participants, 1986&#x2013;2012 (Hazard ratios (HR) and 95&znbsp;&#x0025; confidence interv
	Calcium, dairy products and CVD
	Dairy product components other than calcium and chronic disease risk and mortality
	Study strengths and limitations
	Conclusions

	Acknowledgements
	ACKNOWLEDGEMENTS
	References


