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Abstract

Recent dairy product studies have suggested that fermented rather than non-fermented dairy products might provide benefits on cardiovascular
health, but the evidence is inconclusive. Therefore, we investigated whether fermented and non-fermented dairy products have distinct
associations with the risk of incident CHD in a population with high dairy product intake. The present study included a total of 1981 men, aged
42-60 years, from the Kuopio Ischaemic Heart Disease Risk Factor Study, with no CHD at baseline. Dietary intakes were assessed with instructed
4-d food records. We used Cox’s proportional hazards regression model to estimate the associations with the risk of CHD. Fatal and non-fatal CHD
events were ascertained from national registries. During a mean follow-up of 20-1 years, 472 CHD events were recorded. Median intakes were
105 g/d for fermented (87 % low-fat products) and 466 g/d for non-fermented dairy products (60 % low-fat products). After adjusting for potential
confounders, those in the highest (v. lowest) intake quartile of fermented dairy products had 27 % (95 % CI 5, 44; P-trend = 0-02) lower risk of CHD.
In contrast, those in the highest intake quartile of non-fermented dairy products had 52% (95 % CI 13, 104; P-trend =0-003) higher risk of CHD.
When analysed based on fat content, low-fat (<3-5 % fat) fermented dairy product intake was associated with lower risk (hazard ratio in the highest
quartile =0-74; 95% CI 0-57, 0-97; P-trend =0-03), but high-fat fermented dairy and low-fat or high-fat non-fermented dairy products had no
association. These results suggest that fermented and non-fermented dairy products can have opposite associations with the risk of CHD.
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CVD are the leading cause of death globally, CHD being the most
common subtypem. According to the classic diet-heart hypothesis,
SFA intake raises blood LDL-cholesterol, which increases the risk
of CHD. Thus, the food industry has reduced the fat content
especially in dairy foods, which are a major source of SFA with
about two thirds of the dairy fat being SFA. In Finland, a country
with a traditionally high dairy product intake, this change began
concurrently with several lifestyle changes aimed to improve
cardiovascular health, initiated by the North Karelia project in the
1970s®. During the following decades, the consumption of low-fat
and fat-free dairy products superseded full-fat dairy products™,
and it has been suggested to have a beneficial effect on the blood
cholesterol levels'”. However, although there is convincing
evidence that replacing SFA in the diet with unsaturated fatty acids
has a favourable effect on the serum total and LDL-cholesterol,
the recent epidemiological studies suggest that the association of
SFA intake with CHD risk may be modified by the food source,
such as meats or dairy products. In these studies, dairy fat has not
been independently associated with increased risk of CHD*®.
Similar lack of association with increased CHD risk has been
observed in most epidemiological studies with intake of regular-fat

or high-fat dairy products®, whereas some studies have observed
that the associations may differ based on the type of dairy product
consumed“®!Y For example, cheese and butter have had distinct
associations with CHD, with cheese intake being associated with
lower risk %1%,

In addition to epidemiological evidence, a few experimental
studies have directly investigated the effects of substituting low-fat
for high-fat dairy products. In a small (# 8) randomised crossover
trial with 6-week intervention periods, skimmed milk intake
improved total and LDL-cholesterol while whole milk intake
12 whereas in a more recent crossover trial
(n 17), with 3-week intervention periods and no washout period,
whole milk intake increased serum HDL-cholesterol concentration
when compared with skimmed milk intake®. In addition, a
12-week, randomised, parallel design trial comparing different
cheese varieties found that neither regular-fat nor reduced-fat
cheese increased LDL-cholesterol*®. In a meta-analysis, cheese
was found to have a blunted effect on total and LDL-cholesterol
compared with butter™™, despite similar fat content.

These findings suggest that dairy products should not be
evaluated solely based on their fat content. Rather, the whole

showed no effect

Abbreviations: AR, absolute risk; HR, hazard ratio; KIHD, Kuopio Ischaemic Heart Disease Risk Factor Study.
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food matrix should be considered'®. Based on experimental and
prospective studies to date, it seems plausible that manufacturing
processes, such as fermentation, could influence how different
dairy products affect the development of CVD%”. Fermentation
process includes adding live bacteria to dairy foods, which can act
as probiotics and result in multiple cardiometabolic benefits'® .
Some of these bacteria, used for example in cheese making,
form vitamin K,, which has been associated with lower risk of
CHD 1920,

Overall, the evidence concerning the impact of various dairy
products on the CHD risk is inconclusive. Previous studies have
mainly grouped dairy products based on their fat content or
investigated commonly used single dairy items like milk, cheese
or yogurt, while other studies have considered dairy foods as one
group®?. Thus, to clarify the impact of dairy product consumption
on CHD development, we aimed to investigate how different
dairy product categories, based on fermentation status and fat
content, are associated with the CHD risk. As the average dairy
product intake in Finland is very high compared with the average
intake worldwide®?? we were able to investigate this question in
the Kuopio Ischaemic Heart Disease Risk Factor Study (KIHD)
cohort of middle-aged and older Finnish men.

Methods
Study population

The KIHD was designed to investigate risk factors for CVD,
atherosclerosis, and related outcomes in a population-based,
randomly selected sample of men from Eastern Finland®®. The
baseline examinations were conducted in 1984-1989. A total of
2682 men (83 % of those eligible) were recruited in two cohorts.
The first cohort consisted of 1166 men who were 54 years old,
enrolled in 1984-1986, and the second cohort included 1516
men who were 42, 48, 54 or 60 years old, enrolled in
1986-1989. Re-examination rounds were conducted 4 and
11 years after the baseline (online Supplementary Fig. S1). The
baseline characteristics of the entire study population have
been described previously®®. Research Ethics Committee of the
University of Kuopio has approved the KIHD study protocol. All
subjects gave written informed consent for participation. The
dietary compound of the KIHD has been registered at
Clinicaltrials.gov (identifier: NCT 03221127).

We excluded subjects with history of CHD (72 677) at base-
line, or with missing data on dietary intakes (12 24), leaving 1981
men for the analyses of incident CHD.

Dietary assessment

Dietary intakes were assessed at baseline, using 4-d food
records including one weekend day. A nutritionist instructed
participants on recording food consumption in household
measurement units at baseline. To help in the estimation of
portion sizes, participants received a picture book of common
foods and dishes. For each food item, the participant could
choose from 3 to 5 commonly used portion sizes or describe the
portion size in relation to examples from the book. To further

improve accuracy, a nutritionist checked the completed records
together with the participant.

Food and nutrient intakes were estimated from the food records
using the NUTRICA® 2.5 software (Social Insurance Institution).
The databank of the software is mainly based on Finnish values of
nutrient composition of foods. The four main dairy food groups
used in the calculations were low-fat and high-fat fermented and
non-fermented dairy products (Table 1). Dairy products with
<3-5% fat were considered as low-fat. Colostrum was excluded
from high-fat milk group because it does not go through the same
manufacturing process as other milk. Total dairy product intake
was calculated as the sum of fermented and non-fermented dairy
products. Butter was excluded from these dairy product groups
and analysed separately. Butter intake included butter from
spreads containing butter, and butter from recipes.

Other measurements

Venous blood samples were collected between 08.00 and
10.00 hours at the baseline examinations. Subjects were instructed
to fast and abstain from smoking for 12h before, and to abstain
from alcohol for 3d before providing the samples. Detailed
descriptions of the determination of serum lipids and lipoproteins,
assessment of medical history and medications at baseline, family
history of diseases, education and income, smoking, alcohol intake,
blood pressure, serum fatty acids, and physical activity have been
published elsewhere®2?, Serum C-reactive protein was measured
with an immunometric assay (Immulite High Sensitivity CRP Assay;
Diagnostic Products Corporation). Diabetes was defined as self-
reported diabetes mellitus or fasting blood glucose over 6-9 mmol/I.
Hypertension was defined as systolic/diastolic blood pressure
>140/90 mmHg or the use of hypertension medication. Family
history of CHD was defined as positive if a first-degree relative of
the participant had a history of CHD.

Ascertainment of follow-up events

Data on fatal and non-fatal coronary events from the beginning
of study till the end of 2012 were obtained by computer linkage
to the national hospital discharge and death certificate registers.
Diagnostic information was collected from hospitals and classified
using identical diagnostic criteria. Each suspected coronary event
(International Classification of Diseases (ICD)-9 codes 410-414
and ICD-10 codes 120-125) was classified into (1) a definite acute
myocardial infarction, (2) a probable acute myocardial infarction,
(3) a typical acute chest pain episode of more than 20 min indi-
cating CHD, (4) an ischaemic cardiac arrest with successful
resuscitation or (5) no acute coronary event by a physician using
the original patient records. If the subject had multiple non-fatal
coronary events during the follow-up period, the first event was
considered the end point.

Statistical analysis

The univariate relationships between fermented or non-fermented
dairy product intake and baseline characteristics were assessed
by means and linear regression for continuous variables or
ytests for categorical variables. We used Cox’s proportional
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Table 1. Dairy foods included in low-fat and high-fat fermented and non-fermented dairy food groups with mean

intakes (g/d)
(Mean values, standard deviations and percentages)

Mean sD %
Fermented dairy products 187 218 26
Low-fat fermented dairy products (<35 % fat) 162 218 871
Sour milk (<2-5 % fat) 136 206 72
Low-fat cultured buttermilk (<2-5 % fat) 11 38 6
Low-fat yogurt (<2-5 % fat) 11 36 6
Fat-free yogurt 0-3 5 0-2
Kefir 2 25 1
Curd cheese/quark 1 6 05
Cottage cheese 04 4 02
High-fat fermented dairy products (>3-5 % fat) 25 29 13
Cheeset 22 26 12
Creme fraiche and sour cream 2 11 1
High-fat cultured buttermilk 0-3 6 0-2
High-fat yogurt 0-1 4 0-1
Non-fermented dairy products 520 336 74
Low-fat non-fermented dairy products (<3-5 % fat) 314 291 601
Low-fat milk§ (<1-9 % fat) 314 291 60
Fat-free milk 46 146 9
Powdered milk and milk-based convenience food soups 0-3 5 0-1
High-fat non-fermented dairy products (>3-5 % fat) 205 300 39
High-fat milkll 180 296 35
Cream 17 28 3
Ice cream 5 13 1
Colostrum 3 18 0-6
Bread cheese/Finnish squeaky cheese 03 4 0-1

* Proportion of total dairy product intake.

1 Proportion of total fermented or non-fermented dairy product intake.
1 Includes all fermented cheese products like Blue, Edam, Gouda and Swiss cheese.

§ Includes semi-skimmed milk and skimmed milk.
Il Includes farm milk, whole milk and cream milk.

hazards regression model to estimate hazard ratios (HR) and
95% CI of dairy product groups in quartiles. Because the fer-
mented dairy product subgroups and the high-fat milk subgroup
included substantial number of non-users, we assigned the non-
users into the reference group and divided the rest into three
equal groups. The validity of the proportional hazards assump-
tion was confirmed with Schoenfeld residuals.

The main analyses included three models. Model 1 was adjusted
for age (year), examination year and energy intake (kJ/d). Model 2
included additional adjustment for family history of CHD (yes/no),
smoking (cigarette packs/day X years of smoking), education
(year), leisure-time physical activity (kJ/d), energy adjusted
intake of PUFA, and intakes of fruits, berries and vegetables
(g/d), fibre (g/d) and alcohol (g/week). Finally, model 3 was
further adjusted for potential effect mediators: BMI (kg/mz),
diabetes (yes/no) and hypertension (yes/no). All quantitative
variables were entered in the models as continuous variables.
We used the cohort mean to replace missing values in
covariates (<2-0 %). Change in absolute risk (AR) was calculated
by multiplying the AR in the reference group by the increase or
decrease in the multivariable-adjusted HR in the comparison
group. Tests of linear trend were conducted by assigning the
median values for each category of exposure variable and
treating those as a single continuous variable. All P-values were
two-tailed (a=0-05).

When assessing the substitution of fermented for non-
fermented dairy food, we included the two groups simulta-
neously in the model and used the difference of regression

coefficients of the two groups of interest and their variance and
covariance to calculate the HR and 95 % CI.
Data were analysed using SPSS 21.0 for Windows (IBM Corp.).

Results

Table 2 shows the baseline characteristics according to fermented
and non-fermented dairy product intake. Compared with men in
the lowest quartile of fermented dairy product intake, men in the
highest quartile were more likely to live in a rural area and less
likely to be current smokers. They also had higher intakes of
energy, fibre, and fruits, berries and vegetables, and lower
intakes of MUFA and PUFA, and consumed less alcohol. Com-
pared with men in the lowest quartile of non-fermented dairy
product intake, men in the highest quartile were more likely to
live in a rural area and to be current smokers, and less likely to be
physically active or married, and they had fewer years of edu-
cation. In addition, they had higher intakes of energy, fibre and
SFA, and lower intakes of MUFA and PUFA, and fruits, berries
and vegetables. Baseline characteristics based on low-fat and
high-fat fermented and non-fermented dairy product intakes are
presented in online Supplementary Tables S1 and S2.

Table 1 shows the mean intakes for the different fermented and
non-fermented dairy product groups. The mean intake of total
dairy foods was 707 (sp 365) g/d, of which 26 % (187 (sp 218) g/d)
came from fermented and 74% (520 (sp 336) g/d) from non-
fermented dairy products (Table 1). Low-fat products comprised
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Table 2. Baseline characteristics of 1981 participants in the Kuopio Ischaemic Heart Disease Risk Factor Study in 1984—-1989 according to fermented and non-fermented dairy product intake
(Mean values and standard deviations)

Fermented dairy products Non-fermented dairy products
1 (0-26) 2 (26-105) 3 (106-279) 4 (280-1643) 1 (0-258) 2 (258-465) 3 (466-727) 4 (728-2394)
Intake quartile (intake range,
g/d) Mean SD Mean SD Mean sb Mean SD Mean SD Mean SD Mean SD Mean SD
Subjects (n) 501 494 492 494 495 495 496 495
Age (years) 52-6 53 517 5.8 52.5 52 53-1* 4.8 52.0 56 52:5 52 52.7 52 526 51
BMI (kg/m?) 27.0 4.0 264 32 26-6 32 269 36 268 35 267 36 26-8 36 266 34
Leisure-time physical activity 502 669 623 770 628 724 565 636 628 674 582 623 611 732 494* 761
(kJ/d)
Income (euro) 12766 8565 16288 10486 15086 10261 12596 7342 17329 11935 13774 8012 13141 7445 12443* 8682
Education (years) 86 34 99 4.0 9-3 39 8.1* 29 99 39 90 37 89 36 81" 31
Married (%) 83 90 88 87 91 87 85 84*
Living in rural area (%) 31 20 23 35* 18 28 24 39
Diabetes (%) 5 4 4 6 6 5 4 4
Family history of CHD (%) 46 44 47 47 46 47 49 42 o
Current smoker (%) 38 29 23 24~ 20 26 31 36 =8
Hypertension (%) 57 51 57 58 57 54 60 53 i
Systolic blood pressure 135 17 133 16 134 17 136 16 134 16 134 16 135 17 134 17 3
(mmHg) s
Diastolic blood pressure 90 11 88 10 89 11 90 10 89 10 89 10 89 11 89 11 [}
(mmHg) ‘é
Fasting blood glucose 4.8 1.0 4.7 09 4.7 1.0 4.7 1.0 4.7 09 4.7 1.0 4.7 11 4.7 09 2
(mmol/) oy
Serum LDL-cholesterol 4.07 1.01 3-89 0-93 4.00 1-03 4.05 0-98 3:92 0-99 4.05 1-00 3-99 1.01 4.05 095 &
(mmol/) <}
Serum HDL-cholesterol 1-30 0-30 1-30 0-29 1.32 0-29 1-30 0-30 1.30 0-31 1-30 0-30 1-30 0-29 1.32 028 9
(mmol/)
Serum TAG (mmol/l) 1.28 0-76 119 0-62 1.26 0-83 1.28 073 1.31 079 1.23 0-67 1.27 0-82 1.21 0-67 ©
C-reactive protein (mg/l) 25 4.5 21 29 22 4.9 22 4.2 20 34 23 55 22 39 24 37
Serum long-chain n-3 PUFA 4.6 16 4.7 1.6 4.8 1.7 4.7 1.6 5.0 1.7 4.7 17 4.6 15 4.4* 14
(%)
Alcohol intake (g/week) 81 137 82 125 61 86 68* 103 82 120 72 116 66 92 72 128
Dietary intakes
Energy (kJ/d) 10121 2628 10305 2498 10020 2602 10887 2573 8966 2230 9962 2339 10343 2167 12058* 2619
Protein (E%) 15.0 24 155 2.2 15-9 2.7 16-5* 24 15.9 2.8 157 26 15.7 24 156 21
Carbohydrates (E%) 423 6-9 425 6-6 431 6-1 43-6* 57 427 71 435 63 432 6-1 422 59
Fibre (g/d) 24.3 88 25.0 86 248 86 27-6* 85 238 83 252 87 252 82 27.5* 93
Total fat (E%) 396 6-4 389 5.8 385 56 37.5* 52 378 6-0 381 55 386 5.6 39.9* 59
PUFA (E%) 4-6 1.5 4.7 1.4 46 1-4 4.2¢ 1.2 51 1.5 4.7 1.4 4.4 1.3 3.9* 11
MUFA (E%) 121 23 119 23 116 2.0 111* 1-9 12.0 24 117 23 117 21 11.4* 1.8
SFA (E%) 185 4.4 181 3-8 18-0 38 17.9* 36 16-6 36 175 34 183 37 20-1* 4.2
Unprocessed red meat (g/d) 75 52 79 50 70 46 78 55 79 52 75 51 71 50 78 50
Processed red meat (g/d) 71 62 72 68 68 55 69 57 69 65 71 62 69 58 71 57
Fruits, berries and 220 142 266 158 276 168 272* 155 277 171 271 158 254 149 232* 147
vegetables (g/d)
Ca intake (mg/d) 1139 371 1213 341 1314 313 1508* 356 1088 340 1219 332 1326 323 1540* 341

* Pior trena CT0ss quartiles <0-05; Pior yeng Was assessed with linear regression (continuous variables) or with x? test (categorical variables).
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67 % (477 (sp 333) g/d) of the total dairy product intake, 87 %
of the fermented dairy product intake and 60% of the non-
fermented dairy product intake. Sour milk accounted for 84 % of
the low-fat fermented dairy product intake, cheese 88 % of the
high-fat fermented dairy product intake, low-fat milk 99-9% of
the low-fat non-fermented dairy product intake and high-fat
milk 88% of the high-fat non-fermented dairy product intake.
The mean butter intake was 33 (sp 27) g/d.

Over a mean follow-up time of 20-1 years (minimum-maximum
0-1-28-8 years, 39882 person-years), 472 fatal or non-fatal first
incident CHD events occurred. Table 3 illustrates HR for dairy
product consumption, using the lowest quartile as the reference.
Total dairy food intake had no association with the risk of incident
CHD but fermented and non-fermented subgroups had opposite
associations with the risk. After multivariable-adjustments (model 2),
men in the highest quartile of fermented dairy product intake
had a 27% (95% CI 5, 44; P-trend=0-02) reduction in risk of
incident CHD. The AR reduction in the highest quartile was 7-2%
(AR in the lowest quartile=26-5%). In contrast, men in the
highest quartile of non-fermented dairy product intake had a
52% (95 % CI 13, 104; P-trend = 0-003) increase in risk of incident
CHD. The AR increase was 11:5% (AR in the lowest quartile =
22-:0%). Adjusting model 2 for potential effect mediators (BMI,

Table 3. Intake of dairy products and risk of incident CHD
(Hazard ratios (HR) and 95 % confidence intervals)

hypertension and type 2 diabetes) had no appreciable effect
(model 3). We also conducted non-fermented dairy analysis
excluding participants (7 18) with extremely high intake
(>1500 g/d); this had no effect on the results (data not shown).
Neither did adjusting model 2 further for energy-adjusted intake
of SFA, living area (rural/city), income, nor marital status (data
not shown). Butter intake was not associated with risk of incident
CHD, especially after multivariate adjustments (Table 3).

When evaluated continuously, each 100 g increase in intake of
fermented dairy products was associated with a 7% lower risk
(95% CI 2, 11; model 2) and each 100 g increase in intake of non-
fermented dairy products was associated with a 5% (95% CI 1, 8)
higher risk of incident CHD. Fig. 1 shows cumulative survival and
hazard curves of CHD for fermented and non-fermented dairy
product intake quartiles.

After dividing fermented and non-fermented dairy products
further into low-fat and high-fat subgroups (Table 4), only low-
fat fermented dairy product intake had a statistically significant
association with the incident CHD risk, with 26 % (95 % CI 3, 43;
P-trend=0-03) decrease in risk when comparing the highest
quartile to the lowest (AR in the lowest quartile =25-1%, AR
reduction in the highest quartile =6-5%). Total low-fat (HR=
0-84, 95% CI 0-65, 1-09; P-trend =0-27) or high-fat (HR=1-06,

Intake quartile

2 3 4
1 HR 95% ClI HR 95% ClI HR 95 % ClI P-trend

Total dairy products

Median intake (g/d) 280 568 799 1115

Events/participants (n) 112/495 113/495 125/496 122/495

Incidence rate/1000 PY 11.2 111 12:6 12.5

Model 1* 1 097 0-74, 1-26 1.07 0-82, 1-40 1-11 0-82, 148 0-41

Model 2t 1 0-94 072, 1.22 1.01 077,133 1.03 0-75, 1-42 075

Model 3% 1 0-93 071, 1.21 0-96 073, 1.27 0.97 071, 1.34 0-92
Fermented dairy products

Median intake (g/d) 5 58 177 436

Events/participants (n) 133/501 117/494 121/492 101/494

Incidence rate/1000 PY 141 114 119 100

Model 1* 1 0-84 0-65, 1-07 0-84 0-65, 1.07 0-67 0-52, 0-87 0-01

Model 2t 1 0-93 072, 1-20 0-93 073, 1-20 073 0-56, 0-95 0-02

Model 3% 1 1-03 0-80, 1-32 0-96 075, 1-24 074 0-57, 0-97 0-01
Non-fermented dairy products

Median intake (g/d) 156 366 581 907

Events/participants (n) 109/495 105/495 113/496 145/495

Incidence rate/1000 PY 107 10-3 1.2 154

Model 1* 1 097 0-74,1.27 1.05 0-80, 1-38 1.59 121, 210 <0-001

Model 2t 1 0-95 072, 1-25 1.02 078, 1-34 1.52 113, 2.04 0-003

Model 3% 1 0-92 0-70, 1-21 0-96 073, 1-26 143 1.07, 1.92 0-01
Butter

Median intake (g/d) 4 20 37 63

Events/participants (n) 103/495 117/495 121/496 131/495

Incidence rate/1000 PY 10-2 115 12.0 137

Model 1* 1 110 0-84, 144 112 0-85, 1.47 1-31 097, 1.76 0-08

Model 2t 1 110 0-83, 1-46 1.04 077, 1-40 115 0-80, 1-64 0-55

Model 3% 1 1-11 0-84, 1-47 1.09 0-81, 1.47 114 0-80, 1-64 0-55

PY, person-years.
* Model 1 adjusted for age, examination year and energy intake.

1 Model 2 adjusted for model 1 and pack-years of smoking, leisure-time physical activity, years of education, family history of ischaemic heart disease, intakes of alcohol, fruits,

berries and vegetables, fibre and percentage of energy from PUFA.
1 Model 3 adjusted for model 2 and BMI, diabetes and hypertension.
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Fig. 1. Cumulative survival or hazard of incident CHD according to quartiles (Q) of fermented and non-fermented dairy product intake in 1981 middle-aged and older

men from the Kuopio Ischaemic Heart Disease Risk Factor Study.

95 % CI 0-80, 1-42; P-trend =0-37) dairy product intakes had no
association with the risk.

In the more detailed subgroup analyses, we investigated
whether milk or cheese intakes were associated with the risk of
incident CHD. Milk comprised 95 % (494 (sp 331) g/d) of the total
non-fermented dairy product intake. Total milk intake was asso-
ciated with a higher risk of incident CHD. Men in the highest
intake quartile (>700g/d) had 48% (95% CI 10, 97; P-trend=
0-004; model 2) higher risk, when compared with the lowest
quartile (<235 g/d; AR in the lowest quartile = 22-2 %, AR increase
in the highest quartile=10-7%). When assessed separately,
neither low-fat nor high-fat milk intake was significantly asso-
ciated with the risk after multivariable adjustments (Table 4).
Cheese intake (22 (sp 26) g/d) had an inverse association with
CHD risk in the basic model, but this association was attenuated
after multivariate adjustments (Table 4).

In the substitution models, replacing 100 g of non-fermented
dairy product with an equal amount of fermented dairy product
was associated with 8% lower risk of incident CHD (HR 0-92,
95% CI 0-87, 0-96; model 2). Substituting low-fat non-fermented
with low-fat fermented dairy product yielded similar results (HR
0-93, 95% CI 0-89, 0-99).

Investigating associations between the dairy product intakes
and risk of CHD incidence with a shorter, 11-year follow-up
time (199 events) provided results comparable to our main
analyses. Comparing highest intake quartile to the lowest, HR
were 0-97 (95% CI 0-61, 1-56; P-trend = 0-97; model 2) for total
dairy products, 0-76 (95% CI 0-51, 1-13; P-trend=0-25) for
fermented dairy products, and 1.76 (95% CI 1-11, 2-80;
P-trend=0-02) for non-fermented dairy products. The HR for
butter was 0-99 (95% CI 0-57, 1-72; P-trend =0-85) (other data
not shown).

Discussion

In this prospective, population-based cohort study, we examined
whether total dairy product intake or its several subgroups were
associated with the risk of incident CHD in middle-aged and
older men from Eastern Finland, a population with a high dairy
product intake. Total dairy product intake had no association
with the CHD risk, but in the subgroup analyses, fermented dairy

products had an inverse association whereas non-fermented
dairy products had a direct association with the risk. Further
analyses of low-fat and high-fat categories showed that only low-
fat fermented dairy product intake was inversely associated with
the CHD risk. Butter or cheese were not associated with the risk,
but total milk intake was associated with a higher risk. Neither low-
fat nor high-fat milk consumption was associated with the CHD
risk, however.

Our results suggest that fermentation affects the association
between dairy product consumption and risk of CHD. Previous
studies provide little evidence regarding the association
between total fermented dairy product intake and risk of CHD.
Cohort studies from Netherlands®”*® and England*®”
a similar inverse trend to our findings, but with non-significant
associations. The median fermented dairy product intakes in
those studies ranged from 41 to 147 g/d*”"*”, whereas in our
study the median intake was 105g/d with a large variation
(interquartile ranges 25-280 g/d). In addition, the results may
differ due to variation in products consumed as fermented dairy
foods. For example, in the KIHD, low-fat fermented dairy
products comprised mostly of sour milk and, in much lower
amounts, of low-fat yogurt and cultured buttermilk known as
viili®?”, and high-fat fermented dairy products were mainly
cheese, whereas yogurt comprised a significant amount of the
fermented dairy product intake in the Dutch cohorts®”3Y. As
two previous meta-analyses found no significant association
between yogurt consumption and CHD risk®**?, the type of
fermented dairy food might also matter. Even though yogurt,
viili and sour milk are somewhat similar products regarding
fermentation, fat content and viscosity, the different ways these
products are consumed might affect the outcomes. In Finland,
for example, sour milk has been a common lunch or dinner
beverage, whereas yogurt and viili are snack-like products and
can be often combined with berries, muesli or added sugar, for
example. These combinations are difficult to account for in
statistical analyses but could have divergent effects on health.
Based on epidemiological evidence®®
fermented dairy foods could be beneficial for cardiovascular
health, but more studies are needed to confirm this.

The existing evidence for non-fermented dairy products
mainly concentrates on milk, which is also the main source of

showed

, including our results,
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Table 4. Intake of low-fat and high-fat dairy products and risk of incident CHD

(Hazard ratios (HR) and 95 % confidence intervals)

T. T. Koskinen et al.

Intake quartile

2 3 4
1 HR 95% Cl HR 95% ClI HR 95% ClI P-trend
Fermented dairy products
Low-fat fermented dairy products
Median intake (g/d) 0 50 189 453
Events/participants (n) 181/722 102/422 104/419 85/418
Incidence rate/1000 PY 128 11.8 119 101
Model 1* 1 0-90 070, 1-14 0-86 0-68, 1-10 072 0-55, 0-93 0-02
Model 2t 1 0-96 075, 1-23 0-94 0-73, 1-19 074 0-57, 0-97 0-03
Model 3% 1 1.00 078, 1.27 0-94 0-74, 1-20 072 0-56, 0-94 0-01
High-fat fermented dairy products
Median intake (g/d) 0 8 25 55
Events/participants (n) 119/466 139/516 118/500 96/499
Incidence rate/1000 PY 13-8 13-6 112 92
Model 1* 1 1.00 078, 1.27 0-85 0-66, 1-10 075 0-57, 0-99 0-02
Model 2t 1 110 0-86, 1-41 1-00 0-77, 1-30 0-93 0-70, 1-23 0-36
Model 3% 1 116 0-91, 1-49 1.05 0-81, 1-37 1.01 0-76, 1-35 0-71
Cheese
Median intake (g/d) 0 9 24 50
Events/participants (n) 135/515 135/529 107/456 95/481
Incidence rate/1000 PY 141 12.8 111 94
Model 1* 1 0-91 072, 1-15 0-83 0-64, 1-07 077 0-59, 1-00 0-05
Model 2+ 1 1.02 0-80, 1-30 0-98 0-75, 1.27 0-96 072, 1.27 070
Model 3t 1 1.07 0-84, 1-37 1.04 0-80, 1-35 1.03 0-78, 1-36 0-96
Non-fermented dairy products
Low-fat non-fermented dairy products
Median intake (g/d) 37 140 346 678
Events/participants (n) 119/495 118/495 116/496 119/495
Incidence rate/1000 PY 12.3 118 114 119
Model 1* 1 0-98 0-76, 1-27 0-98 0-76, 1-26 1-03 0-80, 1-33 0-76
Model 2t 1 1-11 0-85, 1-44 1.08 0-83, 1-41 117 0-90, 1-52 0-31
Model 3% 1 1.09 0-84, 1-41 1.02 079, 1-33 112 0-86, 1-46 0-51
Low-fat milk
Median intake (g/d) 37 140 346 678
Events/participants (n) 118/495 118/495 117/496 119/495
Incidence rate/1000 PY 12.2 11-8 115 119
Model 1* 1 0-99 077, 1-28 1.00 077, 1-29 1.04 0-81, 1.35 071
Model 21 1 112 0-86, 1-45 110 0-85, 1-43 118 091, 1.54 0-28
Model 3% 1 110 0-85, 1-43 1.04 0-80, 1-35 113 0-87, 1-47 0-47
High-fat non-fermented dairy products
Median intake (g/d) 2 31 129 583
Events/participants (n) 108/495 103/495 123/496 138/495
Incidence rate/1000 PY 11.0 9-8 121 146
Model 1* 1 0-87 067, 1-14 1.04 0-80, 1-36 1.25 0-95, 1-65 0-02
Model 2t 1 0-91 0-70, 1-20 1.05 0-81, 1-37 112 0-83, 1-50 0-29
Model 3% 1 0-95 072,125 110 0-84, 143 114 0-85, 1.54 0-30
High-fat milk
Median intake (g/d) 0 21 185 645
Events/participants (n) 181/818 80/388 98/388 113/387
Incidence rate/1000 PY 10-7 10-0 12.7 155
Model 1* 1 0-90 0-69, 1-17 1.09 0-85, 1-41 1.38 1.07, 1.78 0-004
Model 21 1 091 070, 1-19 1.02 0-79, 1-33 119 0-90, 1-57 014
Model 3% 1 0-94 072,123 1.06 0-81, 1-37 119 0-90, 1-57 0-16

PY, person-years.
* Model 1 adjusted for age, examination year and energy intake.

1 Model 2 adjusted for model 1 and pack-years of smoking, leisure-time physical activity, years of education, family history of ischaemic heart disease, intakes of alcohol, fruits,

berries and vegetables, fibre and percentage of energy from PUFA.
1 Model 3 adjusted for model 2 and BMI, diabetes and hypertension.

non-fermented dairy products in the KIHD. Meta-analyses
studying total milk consumption show neutral®333> or
(36 association with the risk of CHD. Similar

associations have been reported for CVD, but the evidence is
©

inverse

more inconsistent™”. These results do not support our finding of

increased CHD risk with non-fermented dairy product or total
milk intake. This controversy might be caused by differences in
non-fermented dairy product consumption. Median intakes in
most previous cohort studies have ranged between 62
and 442 g/d(‘m , whereas in the KIHD, the median for
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non-fermented dairy product consumption was 465 g/d for the
whole study population and 907 g/d for the highest intake
quartile. A total of three studies from Sweden with comparable
non-fermented dairy product or milk intakes also report
positive associations on CVD mortality®® and all-cause
mortality®®3” and a trend towards higher risk of myocardial
infarction”. analyses, and  high-fat
non-fermented dairy products did not have statistically
significant associations with the CHD risk. This suggests that
only a very high non-fermented dairy product intake increases
the risk of CHD. Whether this is due to the intake of
non-fermented dairy products themselves or due to other factors
associated with a very high non-fermented dairy product intake,
remains to be investigated. In our cohort, the participants in the
highest intake quartile of non-fermented dairy products also had
unhealthier lifestyle, including unhealthier diet, which could at
least partly explain the findings. High SFA intake could also
explain the observed association with total non-fermented dairy
product intake but adjusting multivariate models further for SFA
intake had no effect on the association. These results should be
interpreted with care, because the KIHD represents a unique
population, where milk is widely used with different food items
and it is a common beverage among these men. In addition, the
average milk consumption in Finland has almost halved after 1975,
being about 122kg/person per year in 2016, Therefore, we
cannot confirm how well the milk consumption patterns from
baseline represent the whole follow-up period.

Even though fermented and non-fermented dairy products had
opposite associations with the risk of CHD, cheese and butter,
products rich in dairy fat, were not associated with the risk. These
findings are comparable to previous meta-analyses, which did not
find an increased CHD risk with higher cheese or butter

intake"*'. Although butter consumption in the KIHD is higher
an

In our low-fat

than in most cohorts™, we observed a neutral association with
the CHD risk. In the basic model butter had a trend towards a
higher risk and cheese towards a lower risk, but both
associations were significantly attenuated after adjustments
for potential confounders. This suggest that other lifestyle and
dietary factors associated with a higher intake of these
products explain the majority of the associations in the
minimally adjusted models. We have previously reported a
statistically ~ significant, multivariable-adjusted, 65% risk
increase of incident CHD in the highest butter intake
quartile in this same study population, but with a 7 years
shorter follow-up™®. In the current analyses, however, we
did not find an association with a shorter, 10-year follow-up,
either. This suggests that the lack of an association in the main
analysis is not due to the long follow-up. Such a sensitivity to
the length of follow-up is an interesting observation, but
overall our findings suggest that butter intake is not
independently associated with the risk of CHD even in this
population with high butter consumption.

The potentially harmful effects of SFA in some dairy products
might be blunted by the so-called ‘dairy matrix’. This matrix
involves all nutrients found in dairy products, such as Ca, and P,
and factors related to processing methods, such as different
starter cultures of fermented dairy products and effects on milk
fat globule membranes. The effect of the matrix has been

observed with cheese intake, which in clinical trials has pro-
duced an attenuated effect on blood total and LDL-cholesterol
when compared with butter, despite similar amounts of SFA?™.
A few proposed reasons for this difference are decreased fatty
acid absorption, increased bile acid excretion, or changes in
SCFA metabolism caused by the matrix1®42,
support this theory, as cheese intake was not associated with
increased CHD risk. However, because only low-fat fermented
dairy product intake had a beneficial association with CHD risk
and high consumption of non-fermented dairy products was
associated with an increased risk of CHD, we cannot
completely rule out the possibly harmful effect of dairy SFA.

Main strengths of this study include the population-based
recruitment, extensive database of potential confounders,
detailed classification of the CHD events, and virtually no losses
to follow-up. The high dairy product consumption among the
study population and detailed information on different dairy
products consumed enabled us to separate fermented and
non-fermented dairy product intake and to form multiple sub-
categories. However, measuring the diet only with one 4-d diet
record collected at baseline could cause misclassification and
random error, which would attenuate the associations between
the dietary factors and risk of incident events with a long follow-
up. Therefore, we also examined the associations with the shorter
11-year follow-up, which provided generally similar results.
Dividing fermented and non-fermented dairy products into
low-fat and high-fat groups resulted in high-fat fermented
dairy analyses to be mainly driven by cheese and low-fat non-
fermented dairy analyses by milk. As such, we were not able
to investigate how other high-fat fermented or low-fat non-
fermented dairy products are associated with CHD. Also,
because only few participants consumed fat-free dairy products
at baseline, we could not use them as a separate category in our
analyses. Finally, our study population included only Caucasian
men, restricting the generalisability of the study findings to
women or to other races and ethnicities. And, even though we
adjusted the multivariate models for several confounding fac-
tors, we cannot rule out possible residual confounding.

To conclude, we found that high intakes of fermented and
especially low-fat fermented dairy products had an inverse
association with the risk of CHD, whereas very high intakes of
non-fermented dairy products and milk were associated with
increased risk of CHD. These findings suggest that fermentation
could be one key element affecting the associations between
different dairy products and the development of CHD.

Our results
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