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High lactose whey cheese 
consumption and risk of colorectal 
cancer - The Norwegian Women and 
Cancer Study
Runa Borgund Barnung, Mie Jareid, Marko Lukic, Sunday Oluwafemi Oyeyemi, 
Jan Håkon Rudolfsen, Evgeniya Sovershaeva & Guri Skeie

The incidence of colorectal cancer (CRC) has increased among Norwegian women, and is among the 
highest in the world. In order to understand this increase, country specific dietary exposures have been 
investigated. The aim of this study was to quantify the association between consumption of brown 
cheese, a common bread topping in Norway, and colorectal, colon, and rectal cancer in the prospective 
Norwegian Women and Cancer (NOWAC) Study. Data on brown cheese consumption and adjustment 
factors was available for 82 527 women. During a mean of 14.6 years of follow-up (1.2 million person-
years), there were 1360 cases of colorectal cancer (907 colon; 453 rectal). Multivariable Cox proportional 
hazards models were used to calculate hazard ratios (HR) with 95% confidence intervals (CI) for 
colorectal, colon, and rectal cancer sites. We modelled restricted cubic splines with 4 knots, to assess 
a possible non-linear relationship between brown cheese intake and the investigated cancer sites. In 
the age-adjusted model, consumption of more than 2 slices (>16 grams) of brown cheese per day was 
associated with 13% reduced risk of colon cancer (95% CI 4%-21%) compared to women who did not 
consume brown cheese. The multivariable-adjusted model, however, showed no association between 
brown cheese consumption and the risk of colorectal, colon, or rectal cancer (colorectal: HR = 0.93, 95% 
CI 0.76–1.13, p-trend 0.37; colon: HR = 0.83, 95% CI 0.65–1.06; p-trend = 0.10; rectal: HR = 1.16, 95% CI 
0.84–1.1.61, p-trend = 0.41). In this large, prospective cohort study of women, consumption of brown 
cheese was suggestively protective against colon cancer. However, adjustment attenuated the inverse 
risk association. Brown cheese consumption was not associated with rectal cancer, or colorectal cancer 
overall.

Norway has seen a steep rise in colorectal cancer (CRC) incidence in the past six decades. Among Norwegian 
women, the incidence has risen from 9.9 per 100 000 in 1955–59, to 52.5 per 100 000 in 2011–20151. The rise in 
CRC incidence has been steeper in Norway than in the neighboring countries2. The cumulative risk of CRC until 
age 75 is now 4.1%3. It is thought that dietary and lifestyle risk factors for CRC, such as obesity, inactivity, and 
refined foods, induce a systemic inflammatory state that potentiates the carcinogenesis4.

One potential cause of the high Norwegian CRC incidence could be population specific exposures. In this 
paper we set out to examine the association between one country-specific exposure, brown cheese, and CRC. 
Brown cheese – a bread-topping specific to Norway – has, to the best of our knowledge, not been studied as a risk 
factor for cancer.

Brown cheese is made from whey, the remnants after production of white cheese. While other whey cheeses, 
such as ricotta, are made by separating the whey protein from the liquid, brown cheese is unique in that it is made 
by evaporating the liquid. Brown cheese thus contains all the constituents of whey, and is very high in lactose 
(35–47%)5. Lactose is a disaccharide of D-glucose and D-galactose. D-galactose may induce chronic inflamma-
tion in doses corresponding to 4–6 slices of brown cheese6,7. Dairy products are widely consumed in Norway, and 
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are, predominantly, negatively associated with CRC8. Though few studies have investigated the effect of lactose on 
risk of CRC9,10, these studies reported no association between high and low lactose intake and CRC risk.

We sought to assess whether brown cheese could be a contributing factor to the high incidence of CRC in 
Norwegian women, by using the Norwegian Women and Cancer (NOWAC) Study, a nationally representative 
prospective cohort of women with comprehensive dietary information.

Methods
Study cohort. The NOWAC cohort was initiated in 1991 and consists of a random sample of 172,000 
Norwegian women, aged 30–70 years at baseline, who completed a questionnaire regarding their lifestyle, diet, 
and health status (overall response rate: 52.7%). Detailed information on the NOWAC Study is available else-
where11. For this study, we used information from women who completed baseline food frequency questionnaires 
(FFQ) in 1996–1997, 1998, 2003, and 2004. The NOWAC Study was approved by the Regional Committee for 
Medical Research Ethics, and the Norwegian Data Inspectorate. The participants received written information 
on the study, and the mailing of a completed questionnaire was regarded as informed consent. All research was 
performed in accordance with relevant guidelines/regulations.

Our initial sample consisted of 101 321 women. We excluded women that had missing information on brown 
cheese consumption (N = 1423), those with prevalent cancer other than non-melanoma skin cancer at baseline, 
and those who emigrated or died before the start of follow-up (N = 4603). Those with total energy intake above 
15 000 kJ or below 2500 kJ per day (N = 608), and with missing on covariates (N = 12 160) were also excluded. The 
study sample included 82 527 women.

Characteristics

Brown cheese consumption

Never Up to 2 slices/day More than 2 slices/day

Participants at baseline, N (%) 24 689 (29.9) 48 689 (59.0) 9149 (11.1)

Colorectal cancer, N (%) 398 (1.61) 814 (1.67) 148 (1.62)

Colon cancer, N (%) 270 (1.09) 546 (1.12) 91 (0.99)

Rectal cancer, N (%) 128 (0.52) 268 (0.55) 57 (0.62)

Age at baseline (y), mean (SD) 51.8 (6.2) 51.6 (6.4) 51.9 (6.7)

Age at study exit (y), mean (SD) 66.0 (6.6) 66.3 (6.9) 67.2 (7.2)

Brown cheese intake (g/day), mean 
(SD) 0 8.6 (4.7) 38.6 (10.1)

Smoking status at baseline, N (%)

Never 7601 (30.8) 18 911 (38.8) 3984 (43.5)

Former 8267 (33.5) 16 222 (33.3) 2992 (32.7)

Current 8821 (35.7) 13 556 (27.8) 2173 (23.7)

Physical activity level, N (%)

1–4 7489 (30.3) 12 415 (25.5) 2089 (22.8)

5–6 10 228 (41.4) 21 441 (44.0) 3849 (42.1)

7–10 6972 (28.2) 14 833 (30.5) 3211 (35.1)

Alcohol consumption (g/day), mean 
(SD) 4.2 (5.0) 3.6 (4.4) 2.8 (3.8)

Use of hormone replacement therapy at baseline, N (%)

Never 15 532 (62.9) 32 257 (66.2) 6216 (67.9)

Former 3344 (13.5) 5704 (11.7) 979 (10.7)

Current 5813 (23.5) 10 728 (22.0) 1954 (21.4)

Total energy intake (kJ/day), mean 
(SD) 6586.7 (1772.9) 7072.1 (1794.1) 8176.1 (1912.5)

Quartile of milk consumption, N (%)

1 (low) 12 680 (51.4) 20 623 (42.4) 3742 (40.9)

2 (middle) 6603 (26.7) 14 178 (29.1) 2449 (26.8)

3 (high) 5406 (21.9) 13 888 (28.5) 2958 (32.3)

Whole grain bread, N (%)

1 (low) 17 676 (71.6) 32 947 (67.7) 4359 (47.6)

2 (middle) 6013 (24.3) 13 848 (28.4) 3852 (42.1)

3 (high) 1000 (4.1) 1894 (3.9) 938 (10.2)

Calcium, mean (SD) 695.6 (300.1) 740.8 (288.7) 955.3 (345.2)

Height, mean (SD) 166.1 (5.7) 166.2 (5.6) 166.4 (5.6)

Table 1. Selected characteristics of the study sample by brown cheese consumption, the Norwegian Women 
and Cancer Study, 1996–2015 (N = 82 527). SD: standard deviation.
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Assessment of brown cheese consumption. The questionnaire asked “On how many slices of bread 
do you use brown cheese per week/day?”. The participants were encouraged to include brown cheese eaten with 
other foods in the estimate. Brown cheese consumption was divided into 2 questions, one for full fat brown cheese 
and one for fat reduced brown cheese. The frequency of consumption was the same for both questions, and was 
divided into 6 categories: 0 per week, 1–3 per week, 4–6 per week, 1 per day, 2–3 per day, and 4 + per day.

Total brown cheese consumption was calculated as the combined consumption of full fat brown cheese and fat 
reduced brown cheese. Assuming 2 slices of brown cheese per slice of bread, and one slice brown cheese weighing 
8 grams7, consumption was then recalculated into grams per day. Finally, for analytical purposes we categorized 
total brown cheese consumption as ‘never’, ‘up to 2 slices of brown cheese/day’, and ‘more than 2 slices/day’.

Cancer incidence, death, and emigration. We obtained information on cancer incidence, death, and 
emigration in the cohort through linkage to the Norwegian Cancer Registry, the Cause of Death Registry, and 
the Norwegian Central Population Register, respectively. The unique 11-digit personal number assigned to every 
legal resident in Norway was used for the linkage, but concealed from researchers. We included invasive can-
cers of the colon (C18) and rectum (C19-C20) as defined by the 10th Revision of the International Statistical 
Classification of Diseases, Injuries and Causes of Death.

Statistical analysis. We calculated person-years from start of follow-up until diagnosis of any incident can-
cer other than non-melanoma skin cancer, until death, emigration, or the end of the study period (31st December 
2015), whichever occurred first.

Cox proportional hazards regression models were used to calculate hazard ratios (HRs) with 95% confidence 
intervals (CIs) for the association between brown cheese consumption and the risk for developing colorectal, 
colon, or rectal cancer. Those who did not report consuming brown cheese were used as reference group. We 
used attained age as the underlying time scale. In order to take into account potential differences during the long 
follow-up time (i.e. long period of baseline data collection, differences in questionnaires, and participant age), all 
models were stratified by questionnaire subcohorts. The proportional hazards assumption was checked by visual 
inspection of the log-minus-log survival plot, which did not indicate violation of the assumption.

Analyses for each cancer outcome were adjusted for known risk factors8,12,13 in the preliminary analyses. In 
the full model, we adjusted for the following covariates: body mass index (BMI, ≤18.49, 18.5–24.9, 25–29.9, and 
≥30 kg/m2), intake of processed meat (tertiles, g/day), intake of red meat (≤10, 10.01–20, >20 g/day), height 
(continuous, cm), smoking status (never, former, current), intake of fiber (≤20, >20 g/day), alcohol consumption 
(0, 0.1–3.99, 4–9.99, ≥10 g/day), hormone replacement therapy use (never, former, current), total energy intake 
(tertiles, kJ/day), physical activity level (1–4, 5–6, 7–10), diabetes mellitus (yes/no), intake of hard white cheese 
(quartiles, g/day), estimated calcium intake (tertiles, mg/day), intake of milk (tertiles, g/day), intake of fish (quar-
tiles, g/day), and intake of whole grain bread (tertiles, g/day). If the removal of a covariate changed the regression 
coefficient by at least 10% in any of the brown cheese consumption categories, it was retained in the multivariable 
models.

To test for linear trend, a median value was calculated for each category of the ordinal brown cheese consump-
tion variable, which was then modeled as a continuous variable in the analysis. To assess a possible non-linear 
relationship between the main exposure and the study outcomes, we modeled restricted cubic splines with four 
knots, with its locations based on Harrell’s recommended percentiles of the brown cheese consumption14. We 
then used a Wald-type test to assess if the coefficients of the second and third spline were equal to zero. We also 
tested for interaction effect between brown cheese and all the variables in the final model. This did not change the 
results or improve the fit of the model.

To check for possible reverse causality, we excluded cancer cases of interest that were diagnosed during the first 
two years of follow-up, and repeated the analyses. As part of sensitivity analyses, we repeated the analyses with all 
covariates included in the model, regardless of whether they previously fulfilled the 10% criterion. Additionally, 
we ran the model under the assumption that a slice of brown cheese equates to 10 g or 6 g (as opposed to 8 g), 
and evaluated energy intake, bread, milk, and alcohol consumption, and calcium level as continuous variables. 

Brown cheese 
consumption

Colorectal cancer n = 1360 Colon cancer n = 907 Rectal cancer n = 453

Age-adjusted Multivariable1 Age-adjusted Multivariable1 Age-adjusted Multivariable1

HR
95% CI

HR
95% CI

HR
95% CI

HR
95% CI

HR
95% CI

HR
95% CI

Never 1.00 1.00 1.00 1.00 1.00 1.00

Up to 2 slices/day 0.99
(0.88–1.11)

1.02
(0.91–1.16)

0.97
(0.84–1.22)

1.01
(0.87–1.17)

1.02
(0.83–1.27)

1.06
(0.86–1.31)

More than 2 slices/day 0.86
(0.71–1.04)

0.93
(0.76–1.13)

0.87
(0.79–0.96)

0.83
(0.64–1.06)

1.07
(0.78–1.47)

1,16
(0.84–1.61)

ptrend 0.11 0.37 0.03 0.10 0.68 0.41

Table 2. Hazard ratios (HRs) with 95% confidence intervals (CI) of colorectal, colon, and rectal cancer 
according to brown cheese consumption in the Norwegian Women and Cancer Study, 1996–2015 (N = 82 
857). 1Adjusted for smoking status (cat.), physical activity level (cat.), alcohol consumption (g/day) (cat.), use of 
hormone replacement therapy (cat.), milk consumption (g/day) (tertiles), total energy intake (kJ/day) (tertiles), 
whole grain bread consumption (g/day) (tertiles), estimated calcium intake (mg/day) (tertiles), and height 
(centimeters) (cont). Cat.: categorical; cont.: continuous.



www.nature.com/scientificreports/

4SCiENTiFiC REPORTS |           (2019) 9:296  | DOI:10.1038/s41598-018-36445-6

In order to control for cancer cases occurring at advanced age, we also estimated the model with censoring of 
individuals when reaching 75 years of age (n censored = 11 239). Finally, we estimated the model using either 
months or days as timescale. We evaluated the sensitivity of the model based on the significance of the HRs and 
log-likelihood (as basis for chi square test of fit) for all sensitivity testing.

Analyses were performed using Stata v14.0 (StataCorp, College Station, Texas) and R v3.4.0 (www-r-project.
org).

Results
During the mean 14.6 years of follow-up and 1.2 million person-years, 1360 cases of colorectal cancer occurred, 
of which 907 (66.7%) were colon cancer and 453 (33.3%) were rectal cancer cases. The majority (59%) of the 
women in the study cohort consumed up to 2 slices (≤16 grams) of brown cheese per day. The consumption of 
milk and whole grain bread was higher among women who reported eating more than 2 slices of brown cheese 
per day, compared to non-consumers and those who reported eating up to 2 slices per day. Women who con-
sumed more than 2 slices had higher total energy intake (8176 kJ/day) compared to non-consumers (6587 kJ/day) 
and those who consumed up to 2 slices per day (7072 kJ/day) (Table 1).

In the age-adjusted model, consumption of more than 2 slices of brown cheese per day was associated with 
13% reduced risk of colon cancer (95% CI 4%-21%). There was also a statistically significant trend (p = 0.03) of 
decreasing colon cancer incidence with higher intake of brown cheese. However, the association was no longer 
statistically significant after multivariable adjustment (HR = 0.83, 95% CI 0.64–1.06; p-trend across catego-
ries = 0.10). Brown cheese consumption was not associated with risk of colorectal or rectal cancer, neither in the 
age-adjusted or in the multivariable adjusted model. (Table 2).

We did not observe any departure from linearity between brown cheese intake and the risk of colorectal, 
colon, or rectal cancer (p = 0.57, p = 0.41, p = 0.07 respectively) (Fig. 1).

The relationships remained the same when those who had a cancer of interest diagnosed during the first two 
years of the follow-up were excluded from the analyses (data not shown). The observed estimates did not change 
after we conducted the analyses in which we additionally included the covariates that did not change the coeffi-
cients of the brown cheese consumption categories more than 10% (data not shown). None of the measures taken 
during the sensitivity analysis affected the results.

Discussion
In this nationally representative prospective cohort of Norwegian women, consumption of more than 2 slices 
of brown cheese per day was associated with 13% reduced risk of colon cancer in the age-adjusted model, while 
multivariable adjusted risk estimates showed no association between consumption of brown cheese and the risk 
of colorectal, colon, or rectal cancer.

Figure 1. Spline regression models for brown cheese consumption in relation to colorectal, colon, and rectal 
cancer. (Solid lines - HR, dashed lines - 95% CI).
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Several cohort studies have looked at carbohydrate intake, often together with glycemic index (GI), and 
CRC. Many found no association for neither carbohydrates nor GI15,16. This was also what was reported by the 
Continuous Update Project (CUP)17. Higginbotham et al.18 found that carbohydrates, but not GI, might increase 
the risk of CRC. However, Strayer et al.19 found a reduction in colorectal cancer risk for diets high in carbohy-
drates and in GI. These authors also studied GI from dairy and non-dairy separately, and found a stronger inverse 
association with the GI from dairy sources, while the GI from non-dairy had a weaker and non-significant inverse 
association. They suggest that this inverse association is likely due to the high calcium content found in most 
dairy products. Brown cheese contains 500 mg/100 g calcium20. Dietary calcium is inversely associated with CRC, 
and it is suggested as one of the main mechanisms for dairy having a probable protective effect on CRC8.

In our study, participants with the highest consumption of brown cheese also had a higher intake of milk and 
calcium. This could potentially explain the protective effect of brown cheese on colon cancer in the age-adjusted 
model.

CUP’s dose-response meta-analysis17 found a 13% decreased risk of CRC per 400 g of dairy products per day. 
This is in concurrence with another meta-analysis on dairy intake and CRC risk21. The WCRF therefore states that 
dairy probably decreases CRC risk17. However, in one meta-analysis, no association was found between consump-
tion of non-fermented milk, fermented milk, or solid cheese and colon or rectal cancer in women22. Two cohort 
studies reported significant inverse associations between dairy products and CRC23,24, whereas others found no 
relation between dairy products and overall CRC risk in their cohort25,26. One study found that intake of dairy 
was inversely associated with rectal cancer irrespective of total calcium intake, while total calcium was inversely 
associated with colon cancer irrespective of dairy consumption27. From 1972–2001, brown cheese was fortified 
with iron (10 mg/100 g) as ferrous sulfate20. We found no studies that investigated the association between con-
sumption of iron-fortified products and risk of CRC.

The heaviest consumers of brown cheese in our study were also slightly more physically active, and consumed 
more fish and wholegrain bread. These are markers of a healthy lifestyle, although high consumers of brown 
cheese also smoked more. However, this could suggest brown cheese as a marker of a more traditional lifestyle, in 
which other factors contribute to lower colon cancer risk.

The strengths of this study include its prospective design, large sample size, and representativeness of the 
Norwegian female population28. Registry-based ascertainment of cancer cases ensured near complete follow-up29. 
We used self-reported dietary data for assessment of brown cheese intake. In a 24-h dietary recall study con-
ducted to validate the FFQ used in the NOWAC Study, the median calibration coefficient for foods was 0.57, and 
Spearman’s r for cheese was 0.4230. The reliability of self-reported height and weight was found to be acceptable 
in a test-retest assessment31.

Brown cheese consumption was self-reported. Thus, there is bound to be some misclassification in dietary 
exposure, which is most likely non-differential. We used dietary information collected at baseline only, and 
participants may have changed their dietary habits. The consumption of brown cheese in Norway has steadily 
decreased32, and this could also be the case for the study participants, leading to an overestimation of the expo-
sure. Even though we checked for confounding by important CRC risk factors, and performed rigorous adjust-
ment, residual confounding cannot be excluded. When we conducted analyses in which we additionally adjusted 
for the covariates that did not change the coefficient for brown cheese more than 10%, however, the estimates did 
not change for any of the outcomes.

Conclusion. In this large, prospective cohort study of Norwegian women, consumption of brown cheese 
was suggestively protective against colon cancer. Adjustment attenuated the inverse risk association, and brown 
cheese consumption was not associated with rectal cancer, or colorectal cancer overall. Despite the unique prop-
erties of this country-specific dietary component, brown cheese consumption cannot explain the high incidence 
of CRC in Norway.

References
 1. Cancer Registry of Norway. Fakta om tykk- og endetarmskreft https://www.kreftregisteret.no/Generelt/Fakta-om-kreft/Tykk–og-

endetarmskreft/.
 2. Larsen, I. K. & Bray, F. Trends in colorectal cancer incidence in Norway 1962–2006: an interpretation of the temporal patterns by 

anatomic subsite. International Journal of Cancer 126, 721–732, https://doi.org/10.1002/ijc.24839 (2010).
 3. NORDCAN. Cancer stats fact sheets - Norway - Colorectal, http://www-dep.iarc.fr/NORDCAN/english/StatsFact.asp?cancer=550 

&country=578> (2016).
 4. Chan, A. T. & Giovannucci, E. L. Primary prevention of colorectal cancer. Gastroenterology 138, 2029–2043.e2010, https://doi.

org/10.1053/j.gastro.2010.01.057 (2010).
 5. Norwegian Food Safety Authority. Norwegian Food Composition Database, http://www.matvaretabellen.no/melk-og-melkeprodukter-g1/

floetemysost-brunost-01.053> (2018).
 6. Michaëlsson, K. et al. Milk intake and risk of mortality and fractures in women and men: cohort studies. Br. Med. J. 349, https://doi.

org/10.1136/bmj.g6015 (2014).
 7. Opplysningskontoret for meieriprodukter. Laktoseinnhold i meieriproduktene (Lactose contents in dairy products in Norway), https://

www.melk.no/Kosthold-og-helse/Allergi-og-intoleranse/Laktoseinnhold-i-meieriproduktene.
 8. World Cancer Research Fund International/American Institute for Cancer Research. Continuous update project: Diet, nutrition, 

physical activity and colorectal cancer. http://www.aicr.org/continuous-update-project/reports/colorectal-cancer-2017-report.pdf 
(2017).

 9. Jarvinen, R., Knekt, P., Hakulinen, T. & Aromaa, A. Prospective study on milk products, calcium and cancers of the colon and 
rectum. European journal of clinical nutrition 55, 1000–1007, https://doi.org/10.1038/sj.ejcn.1601260 (2001).

 10. Kearney, J. et al. Calcium, vitamin D, and dairy foods and the occurrence of colon cancer in men. American journal of epidemiology 
143, 907–917 (1996).

 11. Lund, E. et al. Cohort profile: The Norwegian Women and Cancer Study–NOWAC–Kvinner og kreft. Int. J. Epidemiol. 37, 36–41, 
https://doi.org/10.1093/ije/dym137 (2008).

https://www.kreftregisteret.no/Generelt/Fakta-om-kreft/Tykk
https://www.kreftregisteret.no/Generelt/Fakta-om-kreft/Tykk
http://dx.doi.org/10.1002/ijc.24839
http://dx.doi.org/10.1053/j.gastro.2010.01.057
http://dx.doi.org/10.1053/j.gastro.2010.01.057
http://www.matvaretabellen.no/melk-og-melkeprodukter-g1/floetemysost-brunost-01.053
http://www.matvaretabellen.no/melk-og-melkeprodukter-g1/floetemysost-brunost-01.053
http://dx.doi.org/10.1136/bmj.g6015
http://dx.doi.org/10.1136/bmj.g6015
https://www.melk.no/Kosthold-og-helse/Allergi-og-intoleranse/Laktoseinnhold-i-meieriproduktene
https://www.melk.no/Kosthold-og-helse/Allergi-og-intoleranse/Laktoseinnhold-i-meieriproduktene
http://www.aicr.org/continuous-update-project/reports/colorectal-cancer-2017-report.pdf
http://dx.doi.org/10.1038/sj.ejcn.1601260
http://dx.doi.org/10.1093/ije/dym137


www.nature.com/scientificreports/

6SCiENTiFiC REPORTS |           (2019) 9:296  | DOI:10.1038/s41598-018-36445-6

 12. Howard, R. A. et al. Physical activity, sedentary behavior, and the risk of colon and rectal cancer in the NIH-AARP Diet and Health 
Study. Cancer Causes Control 19, 939–953, https://doi.org/10.1007/s10552-008-9159-0 (2008).

 13. Johnsen, N. F. et al. Physical activity and risk of colon cancer in a cohort of Danish middle-aged men and women. Eur. J. Epidemiol. 
21, 877–884, https://doi.org/10.1007/s10654-006-9076-z (2006).

 14. Harrell, F. Regression Modeling Strategies With Applications to Linear Models, Logistic Regression, and Survival Analysis. (Springer-
Verlag, 2001).

 15. Larsson, S. C., Giovannucci, E. & Wolk, A. Dietary carbohydrate, glycemic index, and glycemic load in relation to risk of colorectal 
cancer in women. American journal of epidemiology 165, 256–261, https://doi.org/10.1093/aje/kwk012 (2007).

 16. Michaud, D. S. et al. Dietary glycemic load, carbohydrate, sugar, and colorectal cancer risk in men and women. Cancer epidemiology, 
biomarkers & prevention: a publication of the American Association for Cancer Research, cosponsored by the American Society of 
Preventive Oncology 14, 138–147 (2005).

 17. Norat, T. et al. World Cancer Research Fund International Systematic Literature Review: The Associations between Food, Nutrition 
and Physical Activity and the Risk of Colorectal Cancer. (Imperial College London, http://www.wcrf.org/sites/default/files/CUP_
colorectal_cancer_SLR_2016lo.pdf (2017).

 18. Higginbotham, S. et al. Dietary glycemic load and risk of colorectal cancer in the Women’s Health Study. Journal of the National 
Cancer Institute 96, 229–233 (2004).

 19. Strayer, L. et al. Dietary carbohydrate, glycemic index, and glycemic load and the risk of colorectal cancer in the BCDDP cohort. 
Cancer causes & control: CCC 18, 853–863, https://doi.org/10.1007/s10552-007-9030-8 (2007).

 20. Borch-Iohnsen, B., Bakkene, G., Ekman, M. & Reizenstein, P. High bioavailability to humans of supplemental iron in a whey 
concentrate product. Nutr. Res. 14, 1643–1648 (1994).

 21. Huncharek, M., Muscat, J. & Kupelnick, B. Colorectal cancer risk and dietary intake of calcium, vitamin D, and dairy products: a meta-
analysis of 26,335 cases from 60 observational studies. Nutrition and cancer 61, 47–69, https://doi.org/10.1080/01635580802395733 (2009).

 22. Ralston, R. A., Truby, H., Palermo, C. E. & Walker, K. Z. Colorectal cancer and nonfermented milk, solid cheese, and fermented milk 
consumption: a systematic review and meta-analysis of prospective studies. Critical reviews in food science and nutrition 54, 
1167–1179, https://doi.org/10.1080/10408398.2011.629353 (2014).

 23. Murphy, N. et al. Consumption of dairy products and colorectal cancer in the European Prospective Investigation into Cancer and 
Nutrition (EPIC). PloS one 8, e72715, https://doi.org/10.1371/journal.pone.0072715 (2013).

 24. Park, Y., Leitzmann, M. F., Subar, A. F., Hollenbeck, A. & Schatzkin, A. Dairy food, calcium, and risk of cancer in the NIH-AARP 
Diet and Health Study. Archives of internal medicine 169, 391–401, https://doi.org/10.1001/archinternmed.2008.578 (2009).

 25. McCullough, M. L. et al. Calcium, vitamin D, dairy products, and risk of colorectal cancer in the Cancer Prevention Study II 
Nutrition Cohort (United States). Cancer causes & control: CCC 14, 1–12 (2003).

 26. Lin, J. et al. Intakes of calcium and vitamin D and risk of colorectal cancer in women. American journal of epidemiology 161, 
755–764, https://doi.org/10.1093/aje/kwi101 (2005).

 27. Tantamango-Bartley, Y. et al. Independent associations of dairy and calcium intakes with colorectal cancers in the Adventist Health 
Study-2 cohort. Public health nutrition 20, 2577–2586, https://doi.org/10.1017/s1368980017001422 (2017).

 28. Lund, E. et al. External validity in a population-based national prospective study–the Norwegian Women and Cancer Study 
(NOWAC). Cancer Causes Control 14, 1001–1008 (2003).

 29. Larsen, I. K. et al. Data quality at the Cancer Registry of Norway: An overview of comparability, completeness, validity and 
timeliness. European Journal of Cancer 45, 1218–1231, https://doi.org/10.1002/ijc.24839 (2009).

 30. Hjartaker, A., Andersen, L. F. & Lund, E. Comparison of diet measures from a food-frequency questionnaire with measures from 
repeated 24-hour dietary recalls. The Norwegian Women and Cancer Study. Public Health Nutr. 10, 1094–1103, https://doi.
org/10.1017/s1368980007702872 (2007).

 31. Skeie, G., Mode, N., Henningsen, M. & Borch, K. B. Validity of self-reported body mass index among middle-aged participants in 
the Norwegian Women and Cancer study. Clin. Epidemiol. 7, 313–323, https://doi.org/10.2147/CLEP.S83839 (2015).

 32. Helsedirektoratet (Norwegian directorate of Health). Utviklingen i norsk kosthold. Matforsyningsstatistikk (The developments in 
Norwegian diet. Food supply statistics). (Avdeling Lokalt folkehelsearbeid, Oslo, 2013).

Acknowledgements
We thank the women who participated in the NOWAC Study. Tonje Braaten compiled the data set. Christopher 
Loe Olsen revised the English language of the manuscript. The authors are supported by UiT – The Arctic 
University of Norway, and received additional funding from EPINOR national research school in population 
based epidemiology. The funding bodies had no role in the design, collection, analysis, or interpretation of data; 
in the writing of the manuscript, or the decision to submit the manuscript for publication.

Author Contributions
R.B.B., M.J., M.L., S.O.O., J.H.R. and E.S. contributed equally to this work. G.S. supervised the analyses and 
critically revised the paper.

Additional Information
Competing Interests: The authors declare no competing interests.
Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

http://dx.doi.org/10.1007/s10552-008-9159-0
http://dx.doi.org/10.1007/s10654-006-9076-z
http://dx.doi.org/10.1093/aje/kwk012
http://www.wcrf.org/sites/default/files/CUP_colorectal_cancer_SLR_2016lo.pdf
http://www.wcrf.org/sites/default/files/CUP_colorectal_cancer_SLR_2016lo.pdf
http://dx.doi.org/10.1007/s10552-007-9030-8
http://dx.doi.org/10.1080/01635580802395733
http://dx.doi.org/10.1080/10408398.2011.629353
http://dx.doi.org/10.1371/journal.pone.0072715
http://dx.doi.org/10.1001/archinternmed.2008.578
http://dx.doi.org/10.1093/aje/kwi101
http://dx.doi.org/10.1017/s1368980017001422
http://dx.doi.org/10.1002/ijc.24839
http://dx.doi.org/10.1017/s1368980007702872
http://dx.doi.org/10.1017/s1368980007702872
http://dx.doi.org/10.2147/CLEP.S83839
http://creativecommons.org/licenses/by/4.0/

	High lactose whey cheese consumption and risk of colorectal cancer - The Norwegian Women and Cancer Study
	Methods
	Study cohort. 
	Assessment of brown cheese consumption. 
	Cancer incidence, death, and emigration. 
	Statistical analysis. 

	Results
	Discussion
	Conclusion. 

	Acknowledgements
	Figure 1 Spline regression models for brown cheese consumption in relation to colorectal, colon, and rectal cancer.
	Table 1 Selected characteristics of the study sample by brown cheese consumption, the Norwegian Women and Cancer Study, 1996–2015 (N = 82 527).
	Table 2 Hazard ratios (HRs) with 95% confidence intervals (CI) of colorectal, colon, and rectal cancer according to brown cheese consumption in the Norwegian Women and Cancer Study, 1996–2015 (N = 82 857).




