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association of cheese intake with mortality, whereas fat 
from milk products predicted excess mortality, but only in 
an energy-adjusted model.
Conclusion  Based on our results, it may be argued that the 
role of dairy products in the context of a Nordic healthy diet 
should be more clearly defined by disaggregating cheese 
and milk products and not necessarily focusing on dairy fat 
content. Future epidemiological research should consider 
dairy products as disaggregated food items due to their great 
diversity in health properties.

Keywords  Elderly · Aged · Nordic diet · Diet quality · 
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Introduction

Nordic nutrition researchers have recently defined a new 
healthy diet, which could possess the same health proper-
ties as of the well-known Mediterranean diet, but based on 
typical Nordic foods that are frequently consumed by the 
Nordic population [1]. The positive health effects of this diet 
have been attributed to foods that can be locally produced 
in the Nordic countries (e.g. apples, pears and berries, root 
vegetables and cabbages, wholegrain oats and rye, salmon 
and herring as well as boiled potatoes), thereby excluding 
typical Nordic foods with potential harmful effects such as 
fresh and processed meat. Notably, dairy products, which 
were usually considered unhealthy in the Mediterranean diet 
score [2, 3], have often been excluded from the definition of 
a healthy Nordic diet [4–6], or considered only if low in fat 
[7–9], in line with the Nordic Dietary Recommendations 
[1]. The ambiguous role of dairy products in the definition 
of the healthy Nordic diet may relate to the fact that their 
health properties have long been a sensitive topic in Sweden 
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and elsewhere. Indeed, the promotion of the health proper-
ties of dairy products has a long history in Sweden; a milk 
propaganda campaign many decades ago was particularly 
successful in making Swedes become among the greatest 
per capita milk consumers worldwide [10].

Recent evidence from two large population studies in 
Sweden re-opened the discussion about the health effects 
of dairy products by demonstrating that higher milk intakes 
were positively associated with all-cause mortality, whereas 
cheese appeared to be protective [11, 12]. However, a recent 
meta-analysis summarizing the evidence about the associa-
tion between intake of milk and milk products on mortality 
showed an overall neutral effect of dairy products [13].

Considering the above premises, and based on prospec-
tive population studies of men and women living in Gothen-
burg [14–19] who underwent diet history interviews at the 
age of 70, our goal was to determine whether cheese intake 
was associated with mortality in a different way, compared 
to milk products.

Subjects and methods

Study population

This study is based on the Gerontological and Geriatric 
Population Studies in Gothenburg (H70) a prospective 
cohort study that recruited 1381 men and women aged 70 
and born in 1901, 1911, 1922 and 1930 [14, 15, 17–20]. 
Women belonging to the two latest-born cohorts were jointly 
examined with the Prospective Population Study of Women 
in Gothenburg (PPSW) [16]. In both studies, subjects were 
sampled based on the day of birth, and invited to partici-
pate. Response rate decreased with time, from 84 and 86% 
in the earliest birth cohort to 65% in the most recent birth 
cohorts with general similar rates in men and women in most 
cohorts.

These cohorts have been monitored continuously for mor-
tality by linking personal identification numbers with the 
national death registration system. The present study is based 
on the mortality follow-up on May 21, 2010 with a mean 
follow-up of 13.2 years (max follow-up duration = 43 years).

For subjects with incomplete information on key covari-
ates, decisions on exclusions were based on analyses of 
mortality (not shown). Subjects with missing BMI (n = 165) 
were excluded because of increased mortality risk compared 
to rest of the population. Since this was not the case for 
subjects with missing education (n = 39) and physical activ-
ity (n = 13), dummy variables were added to the models to 
retain these subjects into the analyses. For subjects with 
missing marital status (n = 3) a dummy variable could not 
be created because of the small number and these subjects 

were therefore not retained in fully adjusted models. The 
final study sample included 1213 subjects (678 females) of 
whom 833 died of any cause during the observation period 
(431 females).

Dietary assessment

All subjects in the prevent analysis had diet history data 
(described below) from 1971, 1981, 1992 or 2000. This 
method, which has been extensively described elsewhere, 
provided a detailed assessment of usual intakes of a large 
number of food items and mixed dishes [14, 17–19]. The 
dietary assessment was previously validated by comparison 
of energy intake with estimated total energy expenditure 
(TEE) by heart rate monitoring, activity diary and double 
labelled water as well as by calculating the ratio between 
energy intake and basal metabolic rate (BMR) [17, 19, 21]. 
The dietary assessment consisted of individual interviews by 
trained dieticians, who enquired about the intakes of food 
items through a multi-pass process that ensured a high level 
of completeness. Therefore missing values were reasonably 
interpreted as null intakes and set to 0 g/day.

Two dietary variables were generated from the sum of 
either cheese intakes (all types) or a group of dairy prod-
ucts including milk, soured milk and unsweetened yoghurt, 
hereby referred as “milk products” for simplicity. Although 
the latter items appeared in all surveys, they could not be 
analyzed separately since they were combined differently 
in the various cohorts, but we were able to harmonize them 
into a single food group for this paper. Fat intakes from both 
food groups were also calculated. Total protein intake was 
divided by body weight and dichotomized based on a cut-off 
of 1.2 g/kg body weight/day [22].

Covariates measured at baseline

Body weight and height were measured by trained staff on 
the day of the physical examination as described previously 
[15, 23] and BMI (weight/height2) was calculated. Physi-
cal activity was assessed by asking subjects about their lei-
sure time physical activity during adult life and levels were 
dichotomized into “physically active” and “physically inac-
tive” [23]. Information about smoking history, education, 
and current marital status were obtained for all subjects.

Statistical analyses

Continuous variables representing either cheese or milk 
product intakes were tested in relation to their associations 
with all-cause mortality in Cox proportional hazard models. 
In the latter, the follow-up time was included as number 
of days after the baseline examination. These models were 
either adjusted for sex and birth cohort only or adjusted for 
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the following covariates: birth cohort, sex, marital status 
(married/not married), BMI, smoking status (ever vs never 
smokers), education (basic vs higher levels) and physical 
activity level (low activity vs higher). In complementary 
analyses, high protein intakes (> 1.2 g/kg body weight), 
alcohol intake and fat intake were separately included in 
the models.

Since assessment of the risk associated with an increased 
intake of 1 g per day would have generated very small HRs, 
intakes were divided by either 10 (cheese) or 100 (milk 
products) in order to increase the interpretability of hazard 
ratios. In terms of portions, 10 g correspond to the aver-
age single portion of cheese consumed in Sweden, where 
it is common to cut cheese in thin slices, whereas 100 g of 
milk products corresponds to approximately 1/5 of a pint, a 
measure commonly referred to in previous studies [13]. The 
Cox models were run stratifying by birth cohort by means 
of the STRATA command available in PROC PHREG (SAS 
9.4). This allows the baseline risk for each birth cohort to 
vary, taking into consideration potential differences in total 
mortality risk among birth periods without reducing the 
power of the statistical analyses. Because the assumption of 
proportional hazards was not fulfilled in this study, we chose 
to present the results stratified by duration of follow up. 
Additionally, in order to assess whether the use of dummy 
variables to retain subjects with missing information regard-
ing potential confounders could have altered our results, we 
repeated our main analyses using multiple imputation [24] 
which estimated missing values for education and physical 
activity. To assess whether the presence of subclinical or 
pre-existing conditions at the time of the recruitment was 
likely to have influenced the above-mentioned analyses, we 
repeated the latter by excluding the subjects who died during 
the first 2 years of follow-up.

In addition to the analysis of continuous intakes, 
dose–response was tested by comparing the first sex-specific 
tertile of cheese and milk product intakes with the second 
and third tertiles, in Cox models adjusted for the above-
mentioned covariates. Also, to further analyze potential 
non-linear relations between the intakes and mortality, we 
compared the likelihoods of three different models: (1) those 
with cheese and milk product intakes included as continu-
ous variables, (2) those also including a quadratic term (i.e. 
squared cheese intake or squared milk product intakes), and 
(3) those using piecewise regression models [25] to produce 
separate HRs on four intervals of intakes. An interaction 
between cheese and milk products with respect to mortal-
ity was tested to determine whether the effect of one dairy 
product might be modified by the other. A likelihood ratio 
test comparing model chi square values assessed whether 
the difference in the overall model chi square (-2Log Likeli-
hood) of two models (e.g. including an extra factor such as 
milk in the cheese models or an interaction factor between 

cheese and milk) is significant, assuming that the model with 
the highest likelihood gives the best prediction of mortality. 
This test is asymptotically the same as the result reported 
from the Wald test (where two variables plus their product 
are included in the same model), but is considered more reli-
able when the sample size is limited. By applying the same 
procedure, we tested effect modification by alcohol intake 
on the association of either cheese or milk product intakes 
on total mortality. In order to assess whether the partici-
pants’ nutritional status could have modified the association 
between dairy intake and mortality, we tested effect modifi-
cation by BMI and high protein intake (dichotomized using 
1.2 g/kg body weight as threshold [22]) on the association 
of these food groups with mortality.

Fat intakes from either cheese or milk products were 
tested against mortality in Cox models adjusted for the 
above-mentioned covariates plus total fat intake. Analyses 
have been performed in SAS 9.4 with the exception of mul-
tiple imputation [24] which has been done in Stata 13.

Bioethics

All examinations since 1992 were approved by the Gothen-
burg University Ethics Committee. In accordance with the 
Declaration of Helsinki (1989) of the World Medical Asso-
ciation, all participants were informed of the aims and pro-
cedures of the study and gave their consent (Ethical approval 
no. 179–92 and no. Ö 402–99).

Results

Descriptive analyses

Covariates included in the analyses are described after 
stratification by birth cohort (Table 1). Mean BMI tended 
to increase across birth cohorts (from 25.6 ± 3.6 to 
27.0 ± 4.0 kg/m2) whereas a slight decrease in mean fat 
intake was observed over time. The percent of subjects with 
an education above the basic level in the latest birth cohort 
(40.1%) was more than doubled compared to the earliest one 
(17.6%). Again, comparing earlier vs. latest born cohorts, 
subjects who never smoked decreased from 50.3 to 45.8%. 
Finally, the prevalence of alcohol use was 57.4% in the earli-
est birth cohort and 87.9% in the latest one. Since no inter-
action was found between sex and the two dietary exposure 
variables, the descriptive data in Table 1 is aggregated by 
sex. Daily intakes of each food group included in the score 
calculations are depicted in Supplementary Table 1, strati-
fied by both sex and birth cohort.
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Cheese and milk product intakes and all‑cause 
mortality

Table 2 shows the association between intakes of cheese 
and milk products in relation to all-cause mortality, in either 
crude or fully adjusted models stratified by the duration of 
follow up. Cheese intake was inversely associated with mor-
tality and the strength of this association tended to decrease 
with longer follow-up times. On the other hand, milk product 
intakes showed a positive association with mortality that 
did not seem to be influenced by follow-up duration. These 
results were confirmed both by excluding the first 2 years of 

follow-up and by estimating missing values for education 
and physical activity by multiple imputation.

Table 3 shows associations across three tertiles of cheese 
and milk product intakes at different follow up times, 
adjusted for the above confounders. The association between 
cheese and mortality was stable across tertiles, whereas a 
tendency for a dose–response effect was observed for milk 
products, particularly at the longest follow-up.

When testing non-linearity in piecewise models, we found 
that cheese intake had an almost constant inverse associa-
tion with mortality across intake levels, whereas the associa-
tion of milk products with mortality was mainly driven by 
the highest intake levels, with the most marked increase in 

Table 1   (new): Descriptive analyses of the sample study stratified by birth cohorts. p for trends were calculated from unadjusted linear models. 
SD = Standard Deviation

1901 (n = 324) 1911 (n = 232) 1922 (n = 164) 1930 (n = 496) p for trend

Women/men 158/166 115/117 116/48 291/205 <  0.001
Follow-up years to mortality (mean ± SD) 12.9 ± 7.4 13.4 ± 7.1 15.8 ± 6.2 12.7 ± 3.0 0.98
BMI (kg/m2, mean ± SD) 25.6 ± 3.6 26.5 ± 4.1 26.1 ± 3.8 27.0 ± 4.0 <  0.0001
Total energy intake (kcal, mean ± SD) 2074.5 ± 464.0 2195.3 ± 513.1 2021.9 ± 465.0 2145.7 ± 521.0 0.35
Fat intake (%, mean ± SD) 36.5 ± 5.1 37.5 ± 5.1 35.3 ± 6.0 34.9 ± 6.0 <  0.0001
Protein intake (%, mean ± SD) 3.6 ± 0.5 3.5 ± 0.6 4.1 ± 0.7 4.0 ± 0.6 <  0.0001
Alcohol users (%) 57.4 70.7 80.5 87.9 <  0.0001
Alcohol intake among users (mean ± SD) 5.3 ± 4.7 8.3 ± 11.4 6.4 ± 9.7 9.4 ± 12.1 <  0.0001
Cheese intake (g/day, mean ± SD) 31.4 ± 20.3 33.6 ± 23.8 44.5 ± 34.6 38.9 ± 26.5 <  0.01
Fat from cheese (g/day, mean ± SD) 10.3 ± 5.8 10.6 ± 7.2 11.6 ± 9.0 11.6 ± 9.6 0.02
Milk product intake (g/day, mean ± SD) 369.9 ± 236.9 437.9 ± 240.5 347.0 ± 219.6 341.8 ± 264.6 <  0.001
Fat from milk products (g/day, Mean ± SD) 8.2 ± 6.8 9.4 ± 6.7 5.1 ± 4.2 5.1 ± 5.3 <  0.0001
Low physical activity (%) 14.5 23.3 16.5 7.7 <  0.0001
Education above basic level (%) 17.6 24.1 32.9 40.1 <  0.0001
Never smokers (%) 50.3 45.3 47.6 45.8 0.25
Married (%) 62.7 65.1 46.3 60.1 0.3

Table 2   Association between cheese intake (10 g/day) and milk products (100 g/day) with all-cause mortality, assessed in a Cox regression pro-
portional hazard models both for the total follow-up duration and stratified by duration of follow-up

The analyses on the total follow-up duration were obtained from models including an interaction term between exposure and follow-up time
* p value < 0.05, **p value < 0.01, ***p value < 0.001, ‡p = 0.07
1 Adjusted for sex and birth cohort (included as a stratification variable)
2 Adjusted for sex, birth cohort (included as a stratification variable), smoking status, BMI, education, marital status, physical activity and total 
energy intake

Follow-up duration Cases Cheese Other dairy products

Basic model1
HRs (95% confidence 
limits)

Adjusted model2
HRs (95% confidence 
limits)

Basic model1
HRs (95% confidence 
limits)

Adjusted model2
HRs (95% confidence 
limits)

12 years 411 0.93 (0.90; 0.97)*** 0.94 (0.91; 0.98)** 1.04 (1.00; 1.08) 1.04 (1.00; 1.08)
20 years 728 0.96 (0.94; 0.99)** 0.97 (0.94; 1.00)* 1.04 (1.00; 1.07)* 1.04 (1.01; 1.08)*

32 years 831 0.96 (0.94; 0.98)** 0.97 (0.94; 0.99)* 1.03 (1.00; 1.07)* 1.04 (1.01; 1.08)**

Total 833 0.91 (0.86; 0.97)** 0.92 (0.87; 0.98)** 1.06 (1.00; 1.13)* 1.06 (1.00; 1.12)‡
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mortality among those drinking > 800 g/day of milk prod-
ucts. These subjects were mostly sedentary, unmarried men, 
with higher BMI and high energy intake. Similar results 
were not found for cheese. Using the likelihood ratio tests, 
we compared the piecewise model with two models which 
included either cheese and milk product intakes as continu-
ous variables, or quadratic terms of the intake variables. The 
likelihood ratio tests were all non-significant.

No interaction between cheese and milk product intakes 
in relation to their association with mortality was found by 
likelihood ratio test. The two variables showed a very low 
correlation with each other (r = 0.04) and, when they were 
included in the same model, their associations with mortality 
remained unchanged. Associations with mortality of cheese 
and milk products were not modified by alcohol intake.

A high protein intake was found to modify the association 
between cheese intake (10 g/day) and all-cause mortality (p 
for interaction < 0.05) in a way that the latter association was 
statistically significant at higher (HR = 0.92, 95% CI 0.88; 
0.96, p < 0.0001) but not at lower protein intakes (HR = 1.00, 
95% CI 0.97; 1.05). No evidence for a similar effect modifi-
cation was found for milk products. Protein intake was posi-
tively correlated with BMI (r = 0.10, p < 0.001).

Dairy fat intake and all‑cause mortality

Fat intake from cheese was inversely associated with all-
cause mortality (HR = 0.86, 95% CI 0.78; 0.95). This associ-
ation did not materially change when the model was adjusted 
for either total fat or total energy intake. Fat intake from 
milk products showed a non-statistically significant positive 
association (HR = 1.09, 95% CI 0.97; 1.22), which became 
significant after adjustment by either total fat or energy 
intake (HR = 1.18, 95% CI 1.04; 1.34). Neither type of fat 
was related to BMI (data not shown).

Discussion

The present paper investigated the association of cheese and 
milk products (i.e. fermented and non-fermented milk) with 
all-cause mortality and found that cheese intake was nega-
tively associated with mortality, in line with previous results 
from other two large Swedish studies [11, 12]. In the present 
study, the association between cheese and mortality did not 
show any dose–response and maintained statistical signifi-
cance despite somewhat decreased strength along the follow-
up. In addition, this association seemed to be modified by 

Table 3   Association between intakes of cheese and milk products with all-cause mortality, across increasing sex-specific tertiles of intakes and 
at different follow-up durations, assessed in Cox proportional hazard models

Tertile cut-offs are reported in g/day for both males (M) and females (F). The analyses on the total follow-up duration were obtained from mod-
els including an interaction term between exposure and follow-up time
n.s. not significant
*p value < 0.05
1 Adjusted for sex, birth cohort (included as a stratification variable), smoking status, BMI, education, marital status, physical activity and total 
energy intake

Follow-up duration Cases/tot. subjects HR (95% confidence intervals)1 p for trend

Cheese

Low 
M 0–28.7
F 0–21.4

Med 
M 3.0–45.0
F 21.5–44.5

High 
M > 45.0
F > 45.0

12 years 411/1213 1 0.87 (0.69; 1.09) 0.80 (0.61; 1.03) n.s
20 years 728/1213 0.92 (0.77; 1.10) 0.92 (0.76; 1.12) n.s
32 years 831/1213 0.92 (0.78; 1.08) 0.89 (0.74; 1.07) n.s
Total 833/1213 0.82 (0.65; 1.03) 0.71 (0.48; 1.04) n.s

Follow-up duration Cases/tot. subjects Other dairy products p for trend

Low 
M 0–286
F 0–210

Med 
M 290–475
F 214–400

High 
M > 500
F > 403

12 years 411/1213 1 1.03 (0.80; 1.32) 1.08 (0.84; 1.39) n.s
20 years 728/1213 0.98 (0.82; 1.19) 1.17 (0.97; 1.42) n.s
32 years 831/1213 1.09 (0.91; 1.29) 1.20* (1.00; 1.44) < 0.05
Total 833/1213 1.04 (0.81; 1.32) 1.09 (0.75; 1.59) n.s
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high protein intake, but not by weight status. A progressive 
decrease in strength along a lengthy follow-up has already 
been observed in nutritional epidemiology for other types 
of associations, for instance in relation to serum vitamin 
D levels [26, 27] as well as in dietary exposures [28]. Such 
attenuation in prognostic value of single assessments over 
time may be attributed to changes in exposure during the 
follow-up [29].

Since the effects of dairy products on health have tradi-
tionally been linked to fat content, we also tested the asso-
ciation between fat from either cheese or milk products and 
mortality. The result was that the intake of fat from cheese 
was inversely associated with all-cause mortality, whereas 
the intake of fat from milk products showed a weak ten-
dency toward a positive association. If dairy fat explained 
the results obtained here, we would have expected that the 
intakes of fat from cheese as well as fat from milk products 
to have similar associations with mortality. Instead, both 
types showed essentially the same association as the type 
of dairy they were contained. Therefore, no clear conclu-
sion could be drawn regarding the role of fat from milk 
products which seemed to be more related to total energy 
intake. Notably, in our recent study [12], which was based 
on a larger adult Swedish population, the intakes of low-, 
medium- and high-fat non-fermented milk were all posi-
tively associated with mortality, although high-fat milk 
intake showed the highest HR.

A potential explanation of the opposite associations of 
both cheese and cheese fat intakes with mortality compared 
to milk products might involve the production of healthy 
bioactive compounds during milk fermentation [30], includ-
ing some types of healthy saturated fats [31]. In line with 
this hypothesis, yoghurt consumption has been found to be 
associated with a healthy weight status and the prevention 
of type 2 diabetes [32, 33]. Cheese is a source of vitamin K2 
(menaquinone) [34] which has been previously associated 
with a lower risk of cardiovascular disease [35] and which 
may have contributed to the reduction of mortality risk 
among cheese consumers. Finally, according to a recently 
proposed alternative hypothesis, milk fermentation might 
have health benefits through reducing galactose concentra-
tion in milk and the higher oxidation rate related to galactose 
intake [24].

Although we could not specifically compare fermented vs 
non-fermented milk, it is interesting to mention that National 
Statistics show that the per capita availability of non-fer-
mented milk was predominant over fermented milk across 
the years when our study participants were interviewed (% 
of fermented milk between < 5% in 1960 to 21% in 2000) 
[36]. Therefore, we can prudently assume that the results we 
obtained for combined milk, sour milk and yoghurt could be 
attributed mostly to milk intake, and that the hazard ratios 
related to milk intake might have been diluted by a growing 

availability of fermented milk during the latest recruitment 
period.

The controversy surrounding health effects of dairy prod-
ucts is not new. An example of this is the evidence for a 
protective effect of dairy product intake on colon and bowel 
cancer that contrasts with the positive (although weak) 
association with prostate cancer [37]. However, there are 
reasons to believe that the role of dairy intake in elderly 
Swedes born between 1901 and 1930 may be particularly 
relevant to investigate. In the period between the 1930s and 
1950s, the Swedes had high milk intakes, as a consequence 
of a previously mentioned campaign approved by doctors, 
teachers, public health authorities and other experts, and 
aimed to promote the health effects of milk. In particular, the 
lobby organization “Mjölkpropagandan” (Milk propaganda), 
founded in 1923, is probably one of the main reasons why 
many Swedes (and particularly our study participants, who 
were young at that time) still view milk as a very healthy 
food and a good source of nutrients. Milk was often assumed 
to be an effective way to prevent undernourishment, which 
had a high prevalence at the time when many of the subjects 
belonging to this study were born [10].

In our previous paper about the Mediterranean diet in 
the same population studied here, all dairy products were 
aggregated and scored as unhealthy foods. In that analysis 
they were positively associated with mortality, in contrast to 
the present analyses which highlighted a potentially opposite 
association between cheese and milk products in relation to 
all-cause mortality. The present results show the need to dis-
aggregate cheese from milk products when testing the asso-
ciation between the Mediterranean Diet Score, the Healthy 
Nordic Diet score, and other a priori dietary scores used in 
epidemiological studies. In particular, since dairy is a typical 
Nordic food group, the definition of the Nordic Healthy Diet 
should take into consideration the role of dairy type as well 
as dairy fat content. Also, it is interesting that the association 
between milk and mortality, which has been tested in several 
studies from around the world [13], has only been observed 
in two big Swedish studies [11, 12]. However, the opposite 
associations found for cheese and milk products in relation 
to mortality, may have relevance beyond Sweden.

Our study has both strengths and limitations, the for-
mer being the high quality of nutritional data obtained by a 
diet history during a face to face multi-pass interview with 
the dietician, validated by the high EI/BMR ratio [17, 19]. 
Also, although the results cannot be generalized to the whole 
population, we believe that the initially high response rates 
(in both men and women) [15] and the homogeneous age 
at baseline allow us to consider our results generalizable 
at least to the Swedish population aged 70. The decline in 
participation rates in this study has been discussed by Eiben 
et al. [14], who tested whether non-participants differed in 
any measurable way from participants. Specifically, similar 



2875Eur J Nutr (2018) 57:2869–2876	

1 3

values for self-rated health, history of myocardial infarction, 
smoking status and diabetes incidence were found, although 
unmarried men were significantly under-represented.

The limitations of this study include lack of repeated die-
tary assessments, small sample size and the fact that milk 
products could not be analysed separately. It is also worth 
mentioning that, although the analyses were always adjusted 
for birth cohort, the results could still be influenced by a 
residual cohort effect, as the examinations spanned over a 
large range of time during which living conditions changed 
in numerous ways. However, when comparing subjects who 
were born in Sweden in 1901 vs those born 1930, the Swed-
ish National Bureau of Statistics reports that life expectancy 
at 65 years of age did not differ greatly [38]. Rather, it is the 
life expectancy at birth which has increased substantially, 
due to the decrease in infant infections and mortality at early 
ages, which presumably could not have influenced the results 
of this study.

We conclude that milk and cheese products complicate 
the application of a Nordic healthy diet concept in epidemi-
ology. Future studies should address the role of cheese and 
milk product intake in relation to longevity not only in older 
adults, but also across the life course.

Acknowledgements  The authors’ responsibilities were as follows: 
GT and MP performed the statistical analyses, GT and ER wrote the 
paper, VS provided statistical support and LL coordinated the research. 
The research was funded by the Swedish Council on Working Life and 
Social Research (FORTE) EpiLife centre. MP was paid by an Erasmus 
fellowship.

Compliance with ethical standards 

Conflict of interest  All authors declare that they have no competing 
interests.

Funding  All authors have no financial disclosures.

Open Access  This article is distributed under the terms of the 
Creative Commons Attribution 4.0 International License (http://crea-
tivecommons.org/licenses/by/4.0/), which permits unrestricted use, 
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to 
the Creative Commons license, and indicate if changes were made.

References

	 1.	 Nordic Council of Ministers (2014). Nordic Nutrition Recommen-
dations 2012. Integrating Nutrition and Physical Activity. 2nd edn, 
Nord 2014:002. https://www.norden.org/en/theme/nordic-nutri-
tion-recommendation/nordic-nutrition-recommendations-2012. 
Accessed 16th March 2017

	 2.	 Trichopoulou A, Orfanos P, Norat T, Bueno-de-Mesquita B, Ocke 
MC, Peeters PH, van der Schouw YT, Boeing H, Hoffmann K, 
Boffetta P, Nagel G, Masala G, Krogh V, Panico S, Tumino R, 
Vineis P, Bamia C, Naska A, Benetou V, Ferrari P, Slimani N, 

Pera G, Martinez-Garcia C, Navarro C, Rodriguez-Barranco M, 
Dorronsoro M, Spencer EA, Key TJ, Bingham S, Khaw KT, Kesse 
E, Clavel-Chapelon F, Boutron-Ruault MC, Berglund G, Wirfalt 
E, Hallmans G, Johansson I, Tjonneland A, Olsen A, Overvad 
K, Hundborg HH, Riboli E, Trichopoulos D (2005) Modified 
Mediterranean diet and survival: EPIC-elderly prospective cohort 
study. BMJ 330(7498):991. doi:10.1136/bmj.38415.644155.8F

	 3.	 Knoops KT, de Groot LC, Kromhout D, Perrin AE, Moreiras-
Varela O, Menotti A, van Staveren WA (2004) Mediterranean 
diet, lifestyle factors, and 10-year mortality in elderly European 
men and women: the HALE project. JAMA 292(12):1433–1439. 
doi:10.1001/jama.292.12.1433292/12/1433[pii]

	 4.	 Mithril C, Dragsted LO, Meyer C, Tetens I, Biltoft-Jensen A, 
Astrup A (2013) Dietary composition and nutrient content 
of the new Nordic diet. Public Health Nutr 16(5):777–785. 
doi:10.1017/S1368980012004521

	 5.	 Lacoppidan SA, Kyro C, Loft S, Helnaes A, Christensen J, 
Hansen CP, Dahm CC, Overvad K, Tjonneland A, Olsen A 
(2015) Adherence to a healthy Nordic food index is associated 
with a lower risk of type-2 diabetes–the Danish diet, cancer and 
health cohort study. Nutrients 7(10):8633–8644. doi:10.3390/
nu7105418

	 6.	 Olsen A, Egeberg R, Halkjaer J, Christensen J, Overvad 
K, Tjonneland A (2011) Healthy aspects of the Nordic diet 
are related to lower total mortality. J Nutr 141(4):639–644. 
doi:10.3945/jn.110.131375

	 7.	 Adamsson V, Reumark A, Cederholm T, Vessby B, Riserus 
U, Johansson G (2012) What is a healthy Nordic diet? Foods 
and nutrients in the NORDIET study. Food Nutr Res 56. 
doi:10.3402/fnr.v56i0.18189

	 8.	 Kanerva N, Kaartinen NE, Schwab U, Lahti-Koski M, Man-
nisto S (2013) Adherence to the Baltic Sea diet consumed in the 
Nordic countries is associated with lower abdominal obesity. Br 
J Nutr 109(3):520–528. doi:10.1017/S0007114512001262

	 9.	 Uusitupa M, Hermansen K, Savolainen MJ, Schwab U, Kole-
hmainen M, Brader L, Mortensen LS, Cloetens L, Johansson-
Persson A, Onning G, Landin-Olsson M, Herzig KH, Hukkanen 
J, Rosqvist F, Iggman D, Paananen J, Pulkki KJ, Siloaho M, 
Dragsted L, Barri T, Overvad K, Bach Knudsen KE, Hedemann 
MS, Arner P, Dahlman I, Borge GI, Baardseth P, Ulven SM, 
Gunnarsdottir I, Jonsdottir S, Thorsdottir I, Oresic M, Pou-
tanen KS, Riserus U, Akesson B (2013) Effects of an isoca-
loric healthy Nordic diet on insulin sensitivity, lipid profile and 
inflammation markers in metabolic syndrome - a randomized 
study (SYSDIET). J Intern Med. doi:10.1111/joim.12044

	10.	 Jönsson H (2005) En kulturanalys av mejeridiskens nya ekonomi 
(A cultural analysis of dairy products’ new economy). Brutus 
Östlings Bokförlag Symposion, Stockholm (Sweden), p 230

	11.	 Michaelsson K, Wolk A, Langenskiold S, Basu S, Warensjo 
Lemming E, Melhus H, Byberg L (2014) Milk intake and risk of 
mortality and fractures in women and men: cohort studies. BMJ 
349:g6015. doi:10.1136/bmj.g6015

	12.	 Tognon G, Nilsson LM, Shungin D, Lissner L, Jansson JH, Ren-
strom F, Wennberg M, Winkvist A, Johansson I (2017) Nonfer-
mented milk and other dairy products: associations with all-cause 
mortality. Am J Clin Nutr. doi:10.3945/ajcn.116.140798

	13.	 Guo J, Astrup A, Lovegrove JA, Gijsbers L, Givens DI, 
Soedamah-Muthu SS (2017) Milk and dairy consumption and risk 
of cardiovascular diseases and all-cause mortality: dose-response 
meta-analysis of prospective cohort studies. Eur J Epidemiol 
32(4):269–287. doi:10.1007/s10654-017-0243-1

	14.	 Eiben G, Andersson CS, Rothenberg E, Sundh V, Steen B, Lissner 
L (2004) Secular trends in diet among elderly Swedes—cohort 
comparisons over three decades. Public Health Nutr 7(5):637–644

	15.	 Eiben G, Dey DK, Rothenberg E, Steen B, Bjorkelund C, 
Bengtsson C, Lissner L (2005) Obesity in 70-year-old Swedes: 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.norden.org/en/theme/nordic-nutrition-recommendation/nordic-nutrition-recommendations-2012
https://www.norden.org/en/theme/nordic-nutrition-recommendation/nordic-nutrition-recommendations-2012
https://doi.org/10.1136/bmj.38415.644155.8F
https://doi.org/10.1001/jama.292.12.1433292/12/1433%5Bpii%5D
https://doi.org/10.1017/S1368980012004521
https://doi.org/10.3390/nu7105418
https://doi.org/10.3390/nu7105418
https://doi.org/10.3945/jn.110.131375
https://doi.org/10.3402/fnr.v56i0.18189
https://doi.org/10.1017/S0007114512001262
https://doi.org/10.1111/joim.12044
https://doi.org/10.1136/bmj.g6015
https://doi.org/10.3945/ajcn.116.140798
https://doi.org/10.1007/s10654-017-0243-1


2876	 Eur J Nutr (2018) 57:2869–2876

1 3

secular changes over 30 years. Int J Obes (Lond) 29(7):810–817. 
doi:10.1038/sj.ijo.0802940

	16.	 Lissner L, Skoog I, Andersson K, Beckman N, Sundh V, Waern 
M, Zylberstein DE, Bengtsson C, Bjorkelund C (2003) Participa-
tion bias in longitudinal studies: experience from the population 
study of women in Gothenburg, Sweden. Scand J Prim Health 
Care 21(4):242–247

	17.	 Rothenberg E, Bosaeus I, Lernfelt B, Landahl S, Steen B (1998) 
Energy intake and expenditure: validation of a diet history by 
heart rate monitoring, activity diary and doubly labeled water. 
Eur J Clin Nutr 52(11):832–838

	18.	 Rothenberg E, Bosaeus I, Steen B (1996) Food habits in three 
70-year-old free-living populations in Gothenburg, Sweden. A 
22-year cohort study. Scand J Nutr 40:104–110

	19.	 Rothenberg E, Bosaeus I, Steen B (1997) Evaluation of energy 
intake estimated by a diet history in three free-living 70 year old 
populations in Gothenburg, Sweden. Eur J Clin Nutr 51(1):60–66

	20.	 Tognon G, Rothenberg E, Eiben G, Sundh V, Winkvist A, Liss-
ner L (2011) Does the Mediterranean diet predict longevity in 
the elderly? A Swedish perspective. Age (Dordr) 33(3):439–450. 
doi:10.1007/s11357-010-9193-1

	21.	 Rothenberg E (1994) Validation of the food frequency question-
naire with the 4-day record method and analysis of 24-h urinary 
nitrogen. Eur J Clin Nutr 48(10):725–735

	22.	 Bauer J, Biolo G, Cederholm T, Cesari M, Cruz-Jentoft AJ, Mor-
ley JE, Phillips S, Sieber C, Stehle P, Teta D, Visvanathan R, Volpi 
E, Boirie Y (2013) Evidence-based recommendations for optimal 
dietary protein intake in older people: a position paper from the 
PROT-AGE Study Group. J Am Med Dir Assoc 14(8):542–559. 
doi:10.1016/j.jamda.2013.05.021

	23.	 Dey DK, Rothenberg E, Sundh V, Bosaeus I, Steen B (2001) 
Height and body weight in elderly adults: a 21-year population 
study on secular trends and related factors in 70-year-olds. J Ger-
ontol Ser A Biol Sci Med Sci. 56 (12):M780–M784

	24.	 StataCorp (2013) Stata multiple imputation reference manual 
release 13. Stata Press, 4905 Lakeway Drive, College Station, 
Texas 77845. https://www.stata.com/manuals13/mi.pdf. Accessed 
13 Oct 2017

	25.	 Marsh LC, Cormier DR (2002) Spline regression models. Quanti-
tative applications in the social sciences, 137 edn. SAGE Publica-
tions, Inc., Thousand Oaks, CA

	26.	 Leu Agelii M, Lehtinen-Jacks S, Zetterberg H, Sundh V, Björ-
kelund C, Lissner L (2017) Low vitamin D status in relation to 
cardiovascular disease and mortality in Swedish women—effect 
of extended follow-up. Nutrition Biomarkers and Cardiovascular 
Disease (in press)

	27.	 Robien K, Cutler GJ, Lazovich D (2007) Vitamin D intake and 
breast cancer risk in postmenopausal women: the Iowa women’s 
health study. Cancer Causes Control 18(7):775–782. doi:10.1007/
s10552-007-9020-x

	28.	 Meinhold CL, Dodd KW, Jiao L, Flood A, Shikany JM, Gen-
kinger JM, Hayes RB, Stolzenberg-Solomon RZ (2010) Available 

carbohydrates, glycemic load, and pancreatic cancer: is there a 
link? Am J Epidemiol 171(11):1174–1182. doi:10.1093/aje/
kwq061

	29.	 Grant WB (2012) Effect of follow-up time on the relation between 
prediagnostic serum 25-hydroxyvitamin D and all-cause mortality 
rate. Dermatoendocrinol 4(2):198–202. doi:10.4161/derm.20514

	30.	 Fox PF, Uniacke-Lowe T, McSweeney PLH, O’Mahony JA (2015) 
Dairy chemistry and biochemistry. Springer, Cham

	31.	 Forouhi NG, Koulman A, Sharp SJ, Imamura F, Kroger J, 
Schulze MB, Crowe FL, Huerta JM, Guevara M, Beulens JW, 
van Woudenbergh GJ, Wang L, Summerhill K, Griffin JL, Feskens 
EJ, Amiano P, Boeing H, Clavel-Chapelon F, Dartois L, Fagher-
azzi G, Franks PW, Gonzalez C, Jakobsen MU, Kaaks R, Key TJ, 
Khaw KT, Kuhn T, Mattiello A, Nilsson PM, Overvad K, Pala 
V, Palli D, Quiros JR, Rolandsson O, Roswall N, Sacerdote C, 
Sanchez MJ, Slimani N, Spijkerman AM, Tjonneland A, Tormo 
MJ, Tumino R, van der AD, van der Schouw, Langenberg YT, 
Riboli C, Wareham ENJ (2014) Differences in the prospective 
association between individual plasma phospholipid saturated 
fatty acids and incident type 2 diabetes: the EPIC-InterAct 
case-cohort study. Lancet Diabetes Endocrinol 2(10):810–818. 
doi:10.1016/S2213-8587(14)70146-9

	32.	 Panahi S, Tremblay A (2016) The potential role of yogurt in 
weight management and prevention of type 2 diabetes. J Am Coll 
Nutr 35(8):717–731. doi:10.1080/07315724.2015.1102103

	33.	 Lenoir-Wijnkoop I, Mahon J, Claxton L, Wooding A, Prentice A, 
Finer N (2016) An economic model for the use of yoghurt in type 
2 diabetes risk reduction in the UK. BMC Nutr 2:77

	34.	 Schurgers LJ, Vermeer C (2000) Determination of phylloquinone 
and menaquinones in food. Effect of food matrix on circulating 
vitamin K concentrations. Haemostasis 30(6):298–307

	35.	 Geleijnse JM, Vermeer C, Grobbee DE, Schurgers LJ, Knapen 
MH, van der Meer IM, Hofman A, Witteman JC (2004) 
Dietary intake of menaquinone is associated with a reduced 
risk of coronary heart disease: the Rotterdam Study. J Nutr 
134(11):3100–3105

	36.	 Swedish Agricultural Ministry (2014). Milk, cream, cheese, eggs 
and fats, kg per capita and year. Available at: https://www.jord-
bruksverket.se/webdav/files/SJV/Amnesomraden/Statistik,%20
fakta/Livsmedel/JO44SM1501/JO44SM1501_tabeller8.htm. 
Accessed 16th March 2017

	37.	 World Cancer Research Fund (2016). Cancer prevention and 
survival. Summary of global evidence on diet, weight, physical 
activity, and what increases and decreases your risk of cancer. July 
2016 edition. Available at: http://www.wcrf.org/int/research-we-
fund/continuous-update-project-findings-reports/summary-global-
evidence-cancer. Accessed 16th March 2017

	38.	 National Swedish Statistics Bureau (2012) Medellivslängen ökar 
stadigt (life expectancy is increasing steadily). http://www.scb.
se/sv_/Hitta-statistik/Artiklar/Medellivslangden-okar-stadigt/. 
Accessed 13 Oct 2017

https://doi.org/10.1038/sj.ijo.0802940
https://doi.org/10.1007/s11357-010-9193-1
https://doi.org/10.1016/j.jamda.2013.05.021
https://www.stata.com/manuals13/mi.pdf
https://doi.org/10.1007/s10552-007-9020-x
https://doi.org/10.1007/s10552-007-9020-x
https://doi.org/10.1093/aje/kwq061
https://doi.org/10.1093/aje/kwq061
https://doi.org/10.4161/derm.20514
https://doi.org/10.1016/S2213-8587(14)70146-9
https://doi.org/10.1080/07315724.2015.1102103
https://www.jordbruksverket.se/webdav/files/SJV/Amnesomraden/Statistik,%20fakta/Livsmedel/JO44SM1501/JO44SM1501_tabeller8.htm
https://www.jordbruksverket.se/webdav/files/SJV/Amnesomraden/Statistik,%20fakta/Livsmedel/JO44SM1501/JO44SM1501_tabeller8.htm
https://www.jordbruksverket.se/webdav/files/SJV/Amnesomraden/Statistik,%20fakta/Livsmedel/JO44SM1501/JO44SM1501_tabeller8.htm
http://www.wcrf.org/int/research-we-fund/continuous-update-project-findings-reports/summary-global-evidence-cancer
http://www.wcrf.org/int/research-we-fund/continuous-update-project-findings-reports/summary-global-evidence-cancer
http://www.wcrf.org/int/research-we-fund/continuous-update-project-findings-reports/summary-global-evidence-cancer
http://www.scb.se/sv_/Hitta-statistik/Artiklar/Medellivslangden-okar-stadigt/
http://www.scb.se/sv_/Hitta-statistik/Artiklar/Medellivslangden-okar-stadigt/

	Dairy product intake and mortality in a cohort of 70-year-old Swedes: a contribution to the Nordic diet discussion
	Abstract 
	Introduction 
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Subjects and methods
	Study population
	Dietary assessment
	Covariates measured at baseline
	Statistical analyses
	Bioethics

	Results
	Descriptive analyses
	Cheese and milk product intakes and all-cause mortality
	Dairy fat intake and all-cause mortality

	Discussion
	Acknowledgements 
	References


