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Abstract

Background: While nutritional status is considered important in preventing
coronary heart disease (CHD) and early mortality, there are numerous nutritional
topics needing closer scrutiny. For example, it is unclear to what degree weight
changes in older people are associated with mortality. Further, limiting intake of
saturated fatty acids (SFA) often leads to increased intake of carbohydrates, and some
types of carbohydrates have been shown to associate with increased risk of CHD.
Further, studies suggest that cheese, a large contributor to SFA intake and vitamin K2

in the Nordic countries, associate with decreased risk of CHD.

Objectives: 1) To study the association between weight change and mortality in older
individuals; 2) To evaluate the importance of the interplay between SFA and total
carbohydrates, including food sources, when evaluating the association between SFA
and CHD, and 3) to evaluate the association between dietary vitamin K with CHD in
middle-aged adults.

Material and methods: Cohort study with participants from the Hordaland Health
Study. In Paper I, 2935 men and women, age 71-74 years with weight measured both
in 1992-93 and 1997-99 were followed for mortality through 2012. Multivariable Cox
regression estimated Hazard ratios (HRs) and 95% confidence intervals (Cls)
comparing individuals who lost (>5%) or gained (=5%) weight to those with stable
weight (£<5% weight change). Cox regression with penalized spline was also used to
evaluate the association between weight change (in kg) and mortality. Analyses
adjusted for age, sex, physical activity, smoking, diabetes mellitus, hypertension, and
previous myocardial infarction or stroke.

Papers II and IIT included 2995 and 2987 men and women, respectively, age
46-49 years at baseline in 1997-99. Participants were followed through 2009 to
evaluate associations between intake of SFA, carbohydrates and vitamin K and
incident CHD. Baseline diet was assessed by a past-year food frequency
questionnaire. Energy- adjusted nutrient intakes were categorized into quartiles.

Information on incident CHD events was obtained from the Cardiovascular Disease



in Norway (CVDNOR) Project. Multivariable Cox regression estimated HRs and
95% Cls with test for linear trends across quartiles. Analyses were adjusted for age,
sex, energy intake, physical activity, smoking and education. Cox regression with
penalized spline was used to evaluate the associations between the dietary predictors

and incident CHD.

Results:
Paper 1

In the adjusted analyses, participants who lost >5% weight had an increased mortality
risk (HR 1.59; 95% CI 1.35, 1.89) compared to those with stable weight. In contrast,
those with a weight gain of >5% had a similar risk of CHD as those with a stable
weight (HR 1.07; 95% CI 0.90, 1.28). Penalized spline analyses, however, identified
that those who lost more than three kg or gained more than 12 kg had increased

mortality risk.
Paper 11

In the adjusted analyses, SFA associated with lower risk of CHD (HRQuartile(Q)4vsQ1
0.44; 95%CI 0.26, 0.76), p-trend 0.002). For carbohydrates, the opposite pattern was
observed (HRqa4vsq1 2.10; 95%CI 1.22, 3.63, p-trend 0.003). SFA from cheese
associated with lower CHD risk (HRqavsq1 0.44; 95%CI 0.24, 0.83, p-trend 0.006). A
5 energy percent (E%) substitution of carbohydrates with total fat, associated with
lower CHD risk (HR 0.75; 95% CI 0.62, 0.90).

Paper 11

In the adjusted analyses, there was no association between intake of vitamin K1 and
CHD (HRqavsq1 0.92; 95%CI 0.54, 1.57, p-trend 0.64), while there was a lower risk of
CHD associated with higher intake of vitamin K2 (HRq4vsq1 0.52; 95% CI1 0.29, 0.94,
p-trend 0.03). Further adjustment for potential dietary confounders slightly attenuated
the association for K2 (HRqavsq1 0.58; 95% C1 0.28, 1.19).



Conclusions and implications:

Even a minor weight loss of >5% or >3 kg was associated with increased risk of
mortality in older people, whereas a weight gain had to be more substantial to
increase mortality risk. Thus, weight should be routinely monitored in older adults.

A high intake of carbohydrates, reflecting low-fiber and relatively higher
sucrose/fructose dietary sources, and a low intake of SFA were associated with higher
CHD risk in the current study population. Substituting carbohydrates with total fat
was associated with lower risk. Also, SFA from cheese was associated with lower
risk of CHD. There is a need to clarify the relative health trade-offs between
replacing carbohydrate intake with fat intake in study populations with diverse
dietary habits and a wider range in carbohydrate and SFA intakes. In addition, results
of our study suggest that dietary guidelines development and their communication to
the public, especially regarding reductions in certain foods and nutrients need to
consider the potential health impact of alternative sources of energy.

A higher intake of vitamin K2 was associated with lower risk of CHD, while
there was no association between intake of vitamin K1 and CHD. Current dietary
guidelines are based on insufficient knowledge with regard to vitamin K metabolism
and the different characteristics of K1 and K2. Therefore, our results indicate a need
for more studies on the association between K2 and CHD. In addition, more

knowledge about the absorption, transport and bioactivity of K2 is warranted.
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1. Background

Life expectancy has increased in developed countries the last century.! In 2018, life
expectancy in Norway was 81.0 and 84.5 years for men and women, respectively.?
Due to longer life span and decreasing fertility rates,’ the older population is the
fastest growing age group in western societies and greater knowledge is required to
improve the health and well-being of older individuals.

Paper I evaluated weight change in an older population while Papers II and I1I
evaluated dietary characteristics in a middle-aged population. The health
consequences of weight change in the elderly are complex as weight change also
reflects underlying disease processes which are not as prevalent in younger
populations. Therefore, Paper I focus on the elderly. For the dietary evaluations of
Papers II and 111, the focus was on a middle-aged population
because previous literature has found that associations between diet and coronary
heart disease (CHD) weaken with older age.* Also, improving dietary habits and
health in midlife will influence health at older ages.’> The period of middle-age
begins between the ages of 35 - 45 years and end at 65 years, while the period of old
age starts at the age of 65.°

1.1 Weight change in older people

Advancing age associates with decreases in fat free mass and increases in fat mass’
both visceral, abdominal and intramuscular due to a decline in growth hormone and
testosterone production.® ? In both sexes, height decreases with age, and a reduction
in height of 1 — 2 cm per decade after the age of 65 years is expected, due to changes
of vertebral discs, as well as loss of muscle tone and bone mineral density.” ! Also
weight is often seen to decrease with age,!! and reasons for weight loss in older
people may be sarcopenia, cachexia and wasting. Sarcopenia consists of low muscle
mass and poor physical performance '? that may be due to chronic inflammation,
atrophy of motor neurons or reduced protein intake. It may be age-related (primary)
or functionally (secondary) when it is associated with sedentary lifestyle,

malnutrition, organ failure and/or inflammatory disease.'® Cachexia is loss of muscle
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mass with or without loss of fat mass, triggered by an underlying illness.!? It is
defined as weight loss >5% during less than 12 months, and 3 or more of the
following conditions: decreased muscle strength, fatigue, anorexia, low fat free mass,
or abnormal laboratory tests such as increased inflammatory markers, anemia or low
serum albumin.'* Wasting is a result of fasting or malnutrition due to physiological
and non-physiological causes.!> Hence, weight loss in older people can result from
natural aging processes, disease, or reduced food intake, and can either be intentional
(dieting or/and increased physical activity), or unintentional (consuming less than the
usual number of calories due to different reasons).'® Unintentional weight loss occurs
in 15-20% of people 65 years or older, and is clinically relevant if >5% of body
weight is lost in six to 12 months.!” ¥ Causes can be organic or psychosocial, and the
most common causes are malignancy, nonmalignant gastrointestinal disease,
depression and dementia.!® Also oral ulcers'® and swallowing problems*’may lead to

unintentional weight loss.

Even though weight loss is seen to be common among older people due to

several reasons, older people may also gain weight.?!

1.1.1 Factors associated with weight change and mortality

Factors that are associated with both weight change and mortality include, among
others, sex, physical activity, smoking habits, diabetes mellitus, myocardial infarction
(M), stroke and hypertension.

Body composition differs between sexes; men have more lean mass and women
have more fat mass, and also changes in body composition with advancing age differ
between men and women.” ! Also, women have a longer life expectancy than men.?
Physical activity can contribute to weight change®? and has also been associated with
decreased risk of mortality.?? People who quit smoking typically gain weight,>* while
smoking cessation is likely to lead to reduced mortality.?

There are complex inter-relationships between changes in weight and chronic
disease and mortality risks. Unexplained weight loss may be a symptom of diabetes
mellitus, and diabetes mellitus increases mortality risk.?® Further, reduced nutrient

and energy intake before hospitalization has been found among patients hospitalized
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for cardiovascular events such as MI and stroke,?” which, in turn, increase risk of

mortality.?® In addition, overweight and obese persons with hypertension are

counselled to change lifestyle which again may result in weight loss,?® at the same

time hypertension is clearly associated with mortality.?’

Table 1. Overview of current literature published 2000-2020 on the association

between weight loss (WL) and weight gain (WG) and mortality in older people

Author, year, | Sex, Exposure, N Main findings
country age Follow-up HR/RR (95% CI)
time

Deyetal 2001 | M& W | WL & WG 2628 M (WL 5-9.9%): 1.11 (0.77, 1.59)

Sweden? 75-85y | 10y W (WL 5-9.9%): 1.33 (0.81, 2.16)
M (WG >5%): 1.01 (0.72, 1.42)
W (WG >5%): 1.43 (0.95, 2.17)

Newmanetal | M& W | WL & WG 4714 WL: 1.66 (1.18, 2.33)

2001 USA™! >65y >5% 4y WG: 0.86 (0.54, 1.36)

Wedick et al M&W | WL>10 597 M: 1.39 (P<0.05)

2002 USA™® >65y | pounds 12y W: 1.74 (P<0.01)

Wannamethee | M WL & WG 2762 Intentional WL:

et al 2005 >65y Ty Personal reasons: 0.73 (0.41, 1.30)

British® Healthy reasons: 1.38 (0.90, 2.10)
Unintentional WL: 1.66 (1.35, 2.04)
WG: 0.92 (0.75, 1.13)

Knudtsonetal | M& W | WL 1989 M: 1.19 (1.06, 1.33)

2005 USA* 65-86y | 10y W:1.23 (1.13, 1.35)

Amador et al M&W | WL & WG 1749 WL: 1.41 (1.03, 1.93)

2006 Mexican | >65y >5% Sy WG: 0.94 (0.64, 1.39)

American®

Locher et al M&W | WL>10 983 Intentional: 0.62 (0.27, 1.42)

2007 USA% >65y pounds 3y Unintentional: 1.67 (1.14, 2.45)

Luchsingeret | M & W | WL & WG 1113 WL: 1.5(1.2,1.9)

al 2008 USAY | >65y >1kg/yr Ty WG: 1.1 (0.8, 1.5)

Arnold et al M&W | WL & WG 3278 WL: 1.58 (1.33, 1.88)

2010 USA™ >65y >5% Ty WG: 1.10(0.89, 1.36)

Atlantis et al M&W | WL & WG 986 Unintentional:

2010 >65y Skg 12y WL: 0.46 (0.32, 0.66)

Australia® WG: 0.78 (0.46, 1.32)

Leeetal 2011 | M WL & WG 4331 WL:1.84 (1.50, 2.26)

USA# 65-93y | >5% 9y WG: 1.04 (0.71, 1.51)

De Hollander | M & W | WL & WG 1053 WL (=3.2kg): 1.48 (0.99, 2.20)

etal 2013 70-77y | 6y WL (3.2 - 1.0 kg): 1.25 (0.84, 1.88)

Europe*! WG (0.7-2.7 kg): 1.14 (0.76, 1.72)
WG (>2.8 kg): 0.94 (0.62, 1.41)

Murphy et al M&W | WL & WG 1975 M (WL): 1.24 (0.92, 1.67)

2014 USA* 70-79y | >5% 8y W (WL): 1.30 (0.92, 1.83)

M (WG): 1.31 (0.91, 1.89)
W (WG): 1.37 (0.90, 2.08)
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Haugsgjerdet | M & W | WL & WG 2935 WL: 1.59 (1.35, 1.89)

al 2017 71-74y | >5% l4y WG: 1.07 (0.90, 1.28)

Norway*

Santanasto et M & W | WL per 4.9kg | 1803 M: 1.12 (1.02, 1.24)

al 2017 USA* | 70-79y | 12y W: 1.27 (1.16, 1.40)
Mulliganetal | M& W | WL & WG 3329 WL (>5kg): 1.80 (1.48, 2.19)

2018 Europe® | >65y 15y WL (>2.5-<5kg): 1.28 (1.10, 1.51)

WG (>2.5—<5kg): 0.95 (0.83, 1.09)
WG (>5—<10kg): 1.02 (0.84, 1.24)
Park etal 2018 | M & W | WL & WG 63040 WL (>5-10kg): 1.65 (1.50, 1.82)
USA* 65-75y | 7.3y WL (>2.5-5kg): 1.30 (1.18, 1.44)
WG (>2.5-5kg): 0.94 (0.82, 1.07)
WG (>5-10kg): 0.98 (0.84, 1.14)

LeBlanc et al w WL 1323 WL (<8.99kg): 1.22 (1.02, 1.47)
2018 USA | =65y | 5y WL (>8.99kg): 1.74 (1.37, 2.20)
Lecetal 2018 | M &W | WL & WG 627 WL:2.3(1.3,4.1)

Taiwanese* >65y >5% 10y WG: 0.8 (0.4, 1.8)

Nishida et al M&W | WL & WG 1229 WL >4.8%: 2.85(1.12, 7.27)
2019 Japan® | >65y |3y WG >3.1%: 2.71(0.95, 7.76)
Son et al M&W | WL & WG 1100256 | WL: 1.68 (1.65, 1.72)

2020 Korea® | >65y | >5% 12y WG: 1.10 (107, 1.13)

This literature review is restricted to epidemiological cohort studies published after year
2000, evaluating weight change in kilograms as exposure in community-living people at or
above 65 years with a follow-up of at least 1 year. When more than one age cohort is
evaluated and there are several weight change categories, only results from the oldest
cohort and non-extreme weight change categories are reported. All results are from the fully
adjusted models. The literature was identified through searches in PubMed, Web of Science
and Embase. Search terms included “weight change”, “weight gain”, “weigh loss”, “older
people”, “older adults”, “the elderly”, “mortality”, “death”, “cohort study” and “English
language”. In addition, an evaluation of studies included in relevant review and meta-
analyses was made. The last search was performed on December 5" 2020. M indicates men;
W, women; y, years,; N, number included in the study population; HR, Hazard ratio; RR,
Risk ratio; CI, Confidence interval; WL, weight loss;, WG, weight gain, kg, kilograms.

1.1.2 Weight change and mortality in older people

Table 1 provides an overview of cohort studies evaluating weight change and
mortality in older people. There seems to be an association between weight gain and
mortality in older people, despite mixed results from cohort studies.?!> 3031, 33, 35, 37-42,
45,46, 48-50 Son et al found a weight gain of >5% to be associated with increased risk of
mortality,’® and in several studies, weight gain seemed to be associated with
increased risk of mortality, though not significantly.3%37- 38, 40.42.45.49 Fyrther, Bamia
et al found that weight gain especially amongst those overweight/obese were

associated with increased mortality when evaluating people >60 years at enrollment.>!
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In contrast, some studies also found weight gain to be inversely associated with total
mortality, although not significantly.3!: 33 353941, 46,48
Weight loss in overweight and obese individuals improves health status by

reducing hypertension, hypercholesterolemia, and insulin resistance,?® 3253 but
evidence that weight reduction lowers mortality is limited.** 3% 3° In older individuals,
weight loss has been shown to associate with higher mortality across all body mass
index (BMI) categories.?> 3! However, the importance of whether the weight loss is
unintentional or intentional is unclear.!33 339 An association between weight loss
and increased mortality has been found in a large number of studies.?! 30-38, 40-42, 44-50

Meta-analyses and reviews conducted in recent years of studies including
people 60 years and above, concluded that weight gain, weight loss, and weight
fluctuations are associated with higher mortality risk among adults >60 years.?! 34
Further, a study including middle-aged people, concluded that advising overweight or
obese individuals who are otherwise healthy to lose weight as a means of prolonging

life is not recommended.>>

1.2 Coronary heart disease

CHD is one of the diseases included in the definition of cardiovascular disease
(CVD), together with stroke, congenital heart defects and peripheral artery disease. It
is a non-communicable chronic disease resulting from genetic, physiological,
environmental and behavioral factors. The leading metabolic risk factors globally are
raised blood pressure, overweight/obesity and raised blood glucose.?® 3¢

Vascular calcification can be classified depending on its location within the
arterial intima or media. Medial calcification mostly affects the peripheral arteries,
while intimal calcification is the dominant type of calcification seen in coronary
arteries,”’ and therefore also the type involved in coronary artery disease (CAD).
CAD is the pathologic process affecting the coronary arteries (usually
atherosclerosis) whilst CHD, also known as ischemic heart disease (IHD), includes

diseases that occur mainly as a consequence of atherosclerosis. CHD is therefore

mainly a result of CAD, however, a MI may also evolve without atherosclerosis.*®



17

CHD includes stable and unstable angina, MI and sudden cardiac death, and also
silent myocardial ischemia, that is myocardial ischemia in the absence of clinical

symptoms.>®

1.2.1 Lipids, lipoproteins and coronary atherosclerosis
Unmodifiable risk factors for atherosclerosis are age, sex, race and family history
(genetics), whereas lipid concentrations, smoking habits, diabetes mellitus, obesity
and hypertension may be modified.®!

Coronary atherosclerosis is an inflammatory process characterized by
accumulation of lipids, macrophages and smooth muscle cells in intimal plaques in
the large and medium-sized epicardial coronary arteries. The plaque lays on the
arterial wall and may become unstable, undergo thrombosis, and result in an
obstruction.®?

The various lipids and lipoproteins have different roles when it comes to
accumulation in the arterial wall. High low-density lipoprotein (LDL) cholesterol
increases risk of atherosclerosis. However, unmodified LDL particles are, to only a
small extent, taken up in the artery wall; in contrast to modified LDL which are
incorportated.®> Modified LDL has an important function in the development of
endothelial dysfunction, an early marker of atherosclerosis.®® % Further, small dense
LDL (sdLDL) are less easily cleared from the circulation due to reduced receptor-
mediated uptake, and they also have higher susceptibility to oxidation compared to
unmodified LDL.%* High-density lipoprotein (HDL) cholesterol performs reverse
cholesterol transport by stimulating the removal of cholesterol from cells and
delivering it to the liver where some may be secreted in bile and excreted.®
Triglycerides are carried primarily within large lipoproteins, chylomicrons, and very-
low density lipoproteins (VLDL), which are also rich in cholesterol and like LDL can
stimulate atherosclerosis.®® However, in hypertriglyceridemia, higher CHD risk seems
to be mainly due to reduced HDL cholesterol, and triglyceride-rich particles are
weakly independently associated with CHD risk.5’

Atherogenic dyslipidemia associated with atherosclerosis, comprises increased
blood concentrations of sdLDL cholesterol, decreased HDL cholesterol and increased

triglycerides.®® Further, the combination of high serum cholesterol and low HDL
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cholesterol is strongly associated with atherosclerosis, whereas a high HDL
cholesterol and a low LDL:HDL cholesterol ratio reduce risk of atherosclerosis.®’

A high intake of carbohydrates increases hepatic triglycerides that drives the
secretion of larger VLDL, enriched with triglycerides. These particles are lipolyzed to
remnant lipoproteins that are then catabolized to sdLDL particles (Figure 1).”°

Saturated fatty acids (SFA)

increase plasma concentrations of

larger LDL particles, both by reducing

Dietary

their plasma clearance through carbohycate

suppression of LDL receptor activity,
and by influencing the LDL production
rate.®> 79 However, SFA with <12
carbon atoms are thought not to
increase cholesterol concentrations,’!

LPL HUCET?
_— ) —_— D )

Figure 1. Pathway of lipoprotein metabolism after

while the strength of the LDL-raising
effects of the longer SFAs are as follows:

L S intak bohydrates. Reprinted with AY)
lauric acid (C12:0) > myristic acid (C14:0) intake of carbohydrates. Reprinted with permission

o o from The Annual Review of Nutrition”’
> palmitic acid (C16:0). Lauric acid may

also increase HDL cholesterol. Stearic acid (C18:0) mostly has a neutral effect on
lipid and lipoprotein profiles.”

High plasma lipoprotein(a) concentrations can occur in patients with otherwise
normal lipid levels and is a genetic risk factor for CHD.” Lipoprotein(a)
concentrations have been thought to be only minimally altered by diet, however, a
defined plant-based diet has shown to substantially reduce the concentration of
lipoprotein(a).” When effect of SFA replacement on lipoprotein(a) was evaluated in
a recent review, results were heterogeneous, although lipoprotein(a) often increased
when SFA were replaced by other macronutrients.”

Apolipoprotein A1l represents the major protein in HDL and is the main
acceptor of cholesterol when HDL transports cholesterol from the tissue to the liver.”®

Non-HDL cholesterol is a measure of cholesterol content of VLDL,

intermediate density lipoprotein (IDL), LDL, chylomicron remnants and
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lipoprotein(a).”” Apolipoprotein B is the major structural protein in VLDL, IDL, LDL
and lipoprotein(a). 7

A cross-sectional Swedish population-based study that examined the
associations between diet and apolipoprotein concentrations found that intake of
sucrose and food products containing added sugar was negatively correlated with
apolipoprotein A1 concentrations and positively correlated with apolipoprotein B
concentrations.”® The intake of fermented dairy products was positively correlated
with apolipoprotein A1 concentrations.”® Recent research suggests that non-HDL
cholesterol and apolipoprotein B are superior to LDL cholesterol in predicting

coronary atherosclerosis.”® 7

1.2.2 Prevention of coronary heart disease
CHD mortality has declined in western countries over the last decades,* but CHD is
still a major contributor to deaths in people >35 years.®!: 32 Norway has had a decrease
in death rates due to CHD of the last ten years, and the decrease appears to be
continuing.? Also, the incidence of acute MI decreased from 2001 to 2014, including
both fatal and nonfatal events.®3 However, despite falling CHD rates, the Global
Burden of Disease Study report that CHD was the leading cause of years of life lost
in 2017; the global rates of CHD increased for the first time since the 1970s.2°

The IMPACT model can be used to estimate the proportion of the observed
change in mortality that can be attributed to either treatment or risk factor changes
and has been used to explore the contributions of changes in risk factors and
treatment in >15 countries. The model estimated that among different countries about
40-75% of the CHD mortality fall could be attributed to changes in risk factors and
the remaining 25-60% to advances in treatment.®* When it comes to the disease
burden of CHD, most of it can be attributed to lifestyle factors such as smoking,

unhealthy diet, alcohol abuse and physical inactivity.5> 8

1.2.3 Factors associated with diet and coronary heart disease
In Papers II and I1I, focus is on associations between diet and CHD. However, there
are several factors that may influence both diet and risk of CHD. Among these are

sex, physical activity, smoking habits, socioeconomic status, and family history of
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CHD. Diet has shown to differ between men and women,?* and male sex is associated
with higher risk of CHD.?® As people who perform physical activity need more
energy (calories), physical activity influence the diet of people,®¢ at the same time a
high level of physical activity is associated with decreased risk of CHD.*?
Researchers have found that smoking habits may influence diet,?’ at the same time,
smoking is also clearly associated with risk of CHD.*? Education as a measure of
socioeconomic status is associated with dietary patterns,®® and higher education is
associated with decreased CHD risk.% Further, family history of diseases have been
found to be associated with a healthy diet,’”° but a family history of CHD is also
associated with risk of CHD.”!

1.2.4 Diet

The Global Burden of Diseases, Injuries, and Risk Factors Study quantified the
impact of poor dietary habits on non-communicable disease mortality in 2017 and
found that approximately 11 million deaths were attributable to dietary risk factors.”?
Dietary habits may influence risk of CHD through adverse effects on serum lipids

and lipoproteins, blood pressure, body weight and insulin sensitivity.”?

Carbohydrates
In Norway, carbohydrates are recommended to make up 45 — 60 energy percent (E%)
of the diet.”* Carbohydrates are composed of carbon, hydrogen and oxygen, with the
main carbohydrates being monosaccharides, disaccharides, oligosaccharides, and
polysaccharides.”> Monosaccharides as glucose, galactose, and fructose have three to
seven carbons. Disaccharides as sucrose, lactose, and maltose are formed by
combining monosaccharides.” Oligosaccharides contains three to ten
monosaccharide units, while polysaccharides constitute >10 monosaccharide units.
Starch comprises amylose that is <1% branched and amylopectin that is highly
branched. Dietary fiber are intact plant components not digestible by gastrointestinal
enzymes.”

Carbohydrates are digested into monosaccharides by a-amylase and brush-
border digestive enzymes.’> Once digested, glucose is absorbed across the intestinal

cell and transferred to the liver. The liver removes approximately 50% of glucose for
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oxidation and storage as glycogen. After leaving the liver, glucose enters the systemic
circulation and is available for insulin-dependent uptake by peripheral tissue.”> Blood
glucose concentration depends on the amount and digestibility of carbohydrate,
absorption and degree of liver uptake, insulin secretion, and sensitivity of peripheral
tissues to insulin action.”

Carbohydrates’ primary role is to maintain blood glucose concentrations
between 3.5-8.0mmol/L between feedings in healthy individuals.®' High intake of
carbohydrates releases insulin for glucose uptake and subsequent synthesis of
glycogen and fat, in order to get blood glucose to drop to a normal range. It takes
approximately two hours after a meal before the intestinal absorption is complete.®!

Parameters of carbohydrate quality are glycemic index (GI), glycemic load
(GL) and fiber content. GI is used to rank carbohydrates by their ability to raise blood
glucose levels as compared with a reference food where portions of both the
reference foods and test foods contain 25 or 50g available carbohydrate.”® The GL of
a food is the GI of the carbohydrate divided by 100 and multiplied by its amount of
available carbohydrate content in grams.’® The first GI table was published in 1995
and contained >750 different types of foods *. However, GI has limitations: 1) there
are low correlations between GI values and fiber content of foods,”® 2) values vary for
similar foods,”® 3) foods high in fat and protein do not have GI values, 4)
carbohydrates increase plasma triglycerides, independent of the GI value,”” and 5)
Nordic food items lack reliable GI values.”® A study in outpatients with type 1
diabetes mellitus showed that bread and pasta contribute most to the overall dietary
GI *° and Norwegians consume large amounts of bread ' ! with medium to high

GL!2

Fatty acids

In Norway, fat are recommended to make up 25 — 40 E% of the diet and SFA <10E%
of the diet.”* Fatty acids are classified according to the number of carbons, the
number of double bonds, and the position of the double bonds in the chain.”® Short-
chain-fatty-acids have 4 - 6 carbons, medium-chain fatty acids have 8§ - 14, and long-
chain fatty acids have >16 carbons. In SFAs, all carbon binding sites not linked to

another carbon are linked to hydrogen, while in monounsaturated fatty acid (MUFA)
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one double bond forms between carbons, and in polyunsaturated fatty acid (PUFA)
two or more double bonds form between carbons.”> Hydrogen can be added both in
the cis position that is when two carbons bind a hydrogen on the same side of the
bond, and in the trans position, that is when two carbons bind a hydrogen on opposite
sides of the double bond. While the cis double bonds make the fatty acids to pack
loosely, fatty acids with trans double bonds is packed tightly into the membrane.”

Natural trans fatty acids (TFA) are formed by bio-hydrogenation in the rumen
of ruminant animals (e.g., cattle, sheep, and goats), while industrial TFA are formed
by hydrogenation of vegetable and marine oils.!” Already in the 1950s, Ancel Keys
speculated that TFA were associated with heart disease.!® However it was first in the
1990s that experimental evidence found that TFAs may increase risk of CHD %
through raised LDL cholesterol, apolipoprotein B and fasting triglyceride levels and
decreased HDL cholesterol.' Food industry have used industrial TFA in processed
foods for decades, and especially partially hydrogenated fish oil was used in

Norway. %

TFA from partially hydrogenated fish oil increased LDL cholesterol and
reduced HDL cholesterol the most when compared with TFA from partially
hydrogenated soybean oil and with butter.!® Currently, the use of partially
hydrogenated fish oils has been reduced or discontinued in industrialized countries,'%
but emerging evidence suggests that ruminant TFA may have similar adverse effects
on blood lipids as partially hydrogenated oils.'®

Fat allows digestion, absorption, and transport of essential nutrients, it
promotes digestion by decreasing gastric secretion, slowing gastric emptying and

stimulating biliary and pancreatic flow, and it gives textural properties to foods.”

Shift from intake of fat to intake of carbohydrates

In Finland, CVD mortality rates for middle-aged men were the highest in the world in
the late 1960s.!'? The Finnish diet has traditionally been high in SFA, but underwent
major changes between 1982 to 2007 due to recommendations based on the assumed
association between fat and serum cholesterol.!'! Consumption of high-fat milk
products and butter fat decreased by 86% and 67% respectively. Furthermore, since

the early 1980s the annual consumption of vegetables and fruit and berries increased
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considerably.!'? The decreased intake of SFA are reported to explain 41% and 47% of
the decrease in total cholesterol between 1982 to 2007 in women and men in Finland,
respectively.'!!

Similarly as in Finland, the US population was recommended to reduce fat
intake in order to lower the incidence of CVD. In the US, fats were replaced
principally with carbohydrates,”! and also in Finland the intake of sucrose/fructose
carbohydrate sources increased between 1970 and 2000.''? In Norway, a decreased
consumption of dietary fats may explain a large part of the changes in mortality from
CHD between 1960 and 1992, although this change was smaller than predicted in
Finland and the US.!!3 The decrease in intake of total fat and SFA was followed by an
increased intake of carbohydrate sources rich in sucrose and fructose also in
Norway.!!3 114 Further, in Norway there has been a strong shift in fat supply from

milk and butter to cheese, especially over the last decades.!!'*
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Table 2. Overview of current literature published 2000-2020 on the associations

between dietary saturated fatty acids / carbohydrates with coronary heart disease.

Author, year, | Sex, age | Exposure, | Event N Main findings
country Follow- HR/RR (95% Cls)
up time

Liu et al 2000 | W CH 10y CHD 75521 | Q5vs.Q1:1.23 (0.86, 1.75)

USA'® 38-63y

Jakobsenetal | W& M | SFA for CHD 3686 Woersesforch: 2.68 (1.40, 5.12)

2004 30 - CH and W persev: 2.48 (1.33, 4.65)

Denmark* <60y SFA 16y Mpersewtorch: 1.29 (0.87, 1.91)
M persen: 1.29 (0.92, 1.80)

Ohetal 2005 | W SFA 20y | CHD 78778 | Q5vs.Q1.0.97 (0.73, 1.27)

USA!S 30-55y

Xuetal 2006 |[M&W |SFA7y | CHD 2938 | Q4vs.Ql: 1.11(0.82, 1.51)
USA!Y 45-74y

Leosdottiret | M & W | SFA 8.4y | Acute 28098 | Waaws.qi: 0.81 (0.53, 1.24)

al 2007 =59y coronary Maavs.qi: 1.02 (0.76, 1.37)
Sweden'!® events

Jakobsenetal | M& W | CH for CHD 344696 | Per 5SE%: 1.07 (1.01, 1.14)
2009 USA/ ~30-80y | SFA 4-

Europe'"”’ 10y

Sieri et al M&W | CH7.9y CHD 47749 | Waawsqi: 2.00 (1.16, 3.43)
2010 Italy'®® | 35-74y Maoavs.o1: 0.91 (0.64, 1.30)
Jakobsenetal | M& W | CH for MI 53644 | Per SE%: 1.04 (0.92, 1.17)
2010 50-64 SFA12y

Denmark!?!

Burger et al M&W |CHI11.9y |CHD 19608 | Wpersp: 1.04 (0.82, 1.33)
2011 The 21-64y Mpersp: 1.23 (1.04, 1.46)

Netherlands'?

Wallstromet | M& W | SFA & Coronary | 20674 | CH:

al 2012 4473y | CH 135y | event Woswor: 1.17 (0.81, 1.68)
Sweden'? Maosvs.o1: 1.21 (0.92, 1.59)
SFA:

Wasws.1: 0.67 (0.46, 0.97)
Maosvs.1: 0.86 (0.66, 1.13)

Dilis et al M&W | SFA 10y |CHD 23929 | Per SD: 0.93 (0.73, 1.20)
2012 20 — 86y
Greece'?*
Yamagishiet | M & W | SFA MI 81931 | Q5vs.Q1:1.39 (0.93,2.08)
al 2013 45-74y 11.1y
Japan'®
Simild et al M CH for CHD 21955 | Per 2E%: 0.97 (0.94, 0.99)
2013 50-69y | SFA +
Finland'?® TFA 19y
Yuetal2013 |[M&W |CH CHD 117366 | Q4vs.Ql1:2.88 (1.44, 5.78)
China'?’ 40-74y | W:9.8y &

M:5.4y
Virtanen etal | M SFA CHD 1981 Fatalqavs.1: 0.88 (0.48, 1.62)
2014 42-60y | 21.4y Non-fatalgavs.q1: 1.05 (0.70,

Finland'?® 1.57)
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Lietal 2015 |M&W | SFA & CHD 127536 | SFAqsvs.qi: 0.93 (0.82, 1.05)

USA'® 30-75y | CH24- CHgsvs.o1: 1.04 (0.94, 1.14)
30y
Praagmanet | M & W | SFA & CHD 4722 SFApersev: 1.13 (0.94, 1.36)
al 2016 The >55y CH for Per 5E%: 0.90 (0.80, 1.02)
Netherlands'* SFA
16.3y
Praagmanet |M& W |SFA & IHD 35597 | SFApersew: 0.83 (0.74, 0.93)
al 2016 The 20-70y | CH for Per 5E%: 1.23 (1.09, 1.40)
Netherlands'?! SFA 12y
Dehghanetal | M& W | SFA & MI 135335 | SFAgsws.qi: 1.17 (0.94, 1.45)
2017 Five 35-70y | CH 7.4y CHaosvs.o1: 0.90 (0.73, 1.10)
Continents'®?
Sluijs et al M&W | SFA 15y | CHD 36520 | Q4vs.Q1:0.96 (0.82, 1.12)
2017 The 20-70y

Netherlands'??

AlEssa et al M&W | CH27y CHD 117885 | Q5vs.Q1: 1.04 (0.96, 1.14)
2018 USA®* | 30-75y

Haugsgjerdet |[ M& W | SFA& | CHD 2995 | SFAqmsqr: 0.44 (0.26, 0.76)

al 2020 4649y | CH CHosvsor: 2.10 (1.22, 3.63)
Norway'*®

Sieri et al M&W | CHI128y | CHD 338325 | Q5vs.Ql: 1.15(1.00, 1.32)
2020 35-70y

Europe'*°

The literature review is restricted to epidemiological cohort studies published after year
2000, evaluating the association between total saturated fatty acids and/or carbohydrates
with CHD. Studies with an exclusively older population and studies only evaluating fatal
CHD events or CVD were excluded. In studies reporting estimates both for the middle-aged
and the older population, only estimates for the middle-aged population are reported. When
studies have evaluated different carbohydrate quality as exposure, only results for total
carbohydrates are included. All results are from the fully adjusted models. The literature
was identified through search in PubMed, Web of Science and Embase. Search terms
included “SFA”, “saturated fatty acids”, ‘‘fat”, “carbohydrates”, “dietary”, “intake”,
“CHD” “coronary heart disease”, “middle-aged”, “cohort study” and “English
language”. In addition, an evaluation of studies included in relevant review and meta-
analyses was made. The last search was performed 5" of December 2020. MI indicates
myocardial infarction;, CHD, coronary heart disease; IHD, ischemic heart disease; M, men;
W, women; y, years,; N, number included in the study population; HR, Hazard ratio; RR,
Risk ratio; CI, Confidence interval; SFA, saturated fatty acid;, CH, carbohydrates, (Q4,
quartile; Q5, quintile; SD, standard deviation; E%, energy percent.
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Intake of saturated fatty acids and coronary heart disease

Dietary SFA were first linked to increased CHD risk in the Seven Countries Study.'*”
138 Keys et al. related the mean intake of dietary factors from 16 populations in seven
countries to CHD mortality, and found that death rates were positively related to the
average percentage of dietary energy from SFA.!%’

Possible positive effects of SFA substitution scenarios on CHD risk factors
other than lipids and lipoproteins are unclear.”® 13

A Cochrane review including 15 randomized controlled trials (RCTs) that
assessed the effect of reducing SFA on mortality and cardiovascular morbidity
reported no clear reduction in total MI or total CHD events (Relative Risk (RR) 0.83;
95% Confidence interval (CI) 0.68, 1.01) when reducing dietary SFA.'*° Further, a
recent review evaluating the efficacy of dietary interventions for CVD prevention
concluded that the certainty of evidence for an effect of reduced SFA intake was low
for MI and very low for CHD.'"*! On the other hand, a recently published prospective
cohort study assessing dietary fat intake in relation to total and cause-specific
mortality found a positive association between intake of SFA and CVD mortality
(Hazard Ratio (HR) 1.07; 95% CI 1.05, 1.09) when 1 Standard deviation (SD)
increment in SFA was substituted for carbohydrates.'*?

Results from cohort studies evaluating the association between SFA and CHD
are diverse, as shown in Table 2. In a study by Jakobsen et al, of 3686 Danish men
and women, a strong positive association between SFA and CHD was found only
among younger women (HR 2.48; 95% CI 1.33, 4.65).* On the other hand, in a cohort
study by Praagman et al a reduced risk of IHD with increased intake of SFA was
found (HR 0.83; 95% CI 0.74, 0.93).!3! Similar results have been reported among
women in a cohort study by Wallstrom et al (HR 0.67; 95% CI 0.46, 0.97).1%

Meta-analyses of prospective cohort studies have not shown a clear association
between intake of SFA and CHD.'#*!%° Siri-Tarino et al found no association between
SFA intake and risk of CHD (RR 1.07; 95% CI 0.96, 1.19).!%? Further, meta-analyses
by Chowdhury et al, that included four additional studies ** as well as by de Souza

et al, with 12 studies,'*> observed no association between SFA intake and risk of

CHD. However, a recent published meta-analysis of 29 prospective cohort studies
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evaluating the association between dietary fat and all-cause and cause-specific
mortality found a positive association between SFA intake and CHD mortality (HR
1.10; 95% CI 1.01, 1.21).146 Also, Wang et al, found that the proportional attributable
CHD deaths (percent of total CHD deaths) due to higher SFA intake (>10E%) in
Western Europe was 4.5 (uncertainly interval 4.3, 4.8).'47

A recent paper summarizing the debate around SFA and CVD, briefly
described topics of agreement, disagreement and research needed, stated that
“Advice to maximally reduce SFAs can have unintended consequences if
implementation is done inappropriately with respect to the nutrients and foods that

are substituted. ”'3°

Intake of carbohydrates and coronary heart disease

Seidelmann et al recently published a large prospective cohort study and meta-
analysis which found that both high and low percentages of carbohydrates in diets to
be associated with increased mortality, with lowest risk observed at 50-55 E%
carbohydrate intake.!*® However, sources of carbohydrates are diverse, and high-
carbohydrate foods are heterogenous in their associations with CHD. Higher intake of
carbohydrates at the expense of SFA have been positively associated with the
prevalence of atherogenic dyslipidemia.'* Sugar, also from fruit, contributes to
atherogenic dyslipidemia.”® '3 However, Bhupathiraju et al found that those in the
highest quintile of fruit intake had lower risk of CHD (RR 0.88; 95% CI 0.80,
0.96).'3! In contrast, there are several examples of studies that have found a positive
association between sugar containing products and CHD events.!%?

RCTs have shown that increased consumption of whole grains high in fiber
associate with a decrease in blood pressure, '** improved lipid profiles,'** and an
increase in insulin sensitivity.'*® Further, Barret et al recently published a review of
observational studies reporting whole grain and cereal fibre or bran intake in
association with any CVD-related outcome, concluding that intake of whole grain,
cereal fibre and bran were similarly associated with lower risk of CVD-related
outcomes.!3® On the other hand, a Cochrane review including 21 randomized studies
evaluating low GI diets for the prevention of CVD, concluded that there was

insufficient evidence from RCTs to recommend consumption of low GI diets for the
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purpose of improving blood lipids or blood pressure.'>” Ho et al investigated the
nonlinear associations between macronutrient intake and incident CVD, and found a
positive association between intake of sugar and CVD, while dietary fiber intake was
weakly inversely related to incident CVD.!8

Several cohort studies have evaluated the association between intake of
carbohydrates and CHD (Table 2). In a pooled analysis of 11 cohort studies,
Jakobsen et al reported that replacement of SE% from SFA with carbohydrates was
associated with a higher risk of coronary events (HR 1.07; 95% CI 1.01, 1.14).'"” In a
later study by Jakobsen et al, including 53644 men and women, and considering the
carbohydrate quality, they found that only when substituting SFAs with high GI
carbohydrates it was associated with increased risk of MI (HR 1.33; 95% CI 1.08,
1.64), while the association was opposite when substituting SFAs with whole grains
(HR 0.88; 95% C1 0.72, 1.07).'?! The same associations were also found in a study by
Li et al. They found that replacing SE% from SFA with carbohydrates from whole
grains was associated with a 9% lower risk of CHD, while when replacing it with
carbohydrates from refined starches/added sugars there seemed to be a weak
increased risk of CHD.!?’ This association was not replicated in a later study.
However, this study combined SFA and TFA in one category, which may have
influenced the results.'?® A Food and Agriculture Organization (FAO) report found
that replacement of fat with refined carbohydrates may increase risk of the metabolic
syndrome, but not CHD,'>® and the Cochrane study by Hooper et al, including RCTs,
found that replacement of SFA with carbohydrates was not associated with a
decreased risk of neither total MI (RR 0.96; 95% CI 0.86, 1.06) nor total CHD events
(RR 0.93; 95% C10.78, 1.11). 140

One of the conclusions of the American Heart Association’s Presidential
Advisory on dietary fats and CVD published in 2017 was that a dietary strategy of
reducing intake of total fat, including SFA, and replacing it mainly with unspecified
carbohydrates does not prevent CVD.!%° Also, a systematic review of the effect of
dietary SFA on heart disease concluded that reducing SFA and replacing it with
carbohydrates will not lower CHD events, while replacing it with PUFA, MUFA or

high-quality carbohydrates will lower CHD events.'®!
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Shift from focus on single nutrients to foods and dietary patterns

In recent years, dietary guidelines as well as research, to a certain degree, have
changed their focus from single nutrients to foods and dietary patterns in order to
make recommendations more relevant to consumers. Also, there has been greater
awareness of nutrient and food matrix interactions which further supports the need for
shifting focus from individual nutrients to dietary patterns.!'®?

Bechthold et al conducted a systematic review and dose-response meta-
analysis of prospective studies evaluating the associations between food groups and
risk of CHD.'®* Regarding high-carbohydrate foods, they found an inverse
association between consumption of whole grains, vegetables and fruits with CHD
risk, while there was a positive association between consumption of sugar-sweetened
beverages and CHD risk.'®* They found a positive association between red meat and
processed meat, high in SFAs, with CHD risk.'%

Kwok et al summarised the highest level of evidence and ranked the risk
associated with each individual component of diet within its food group and found
that among carbohydrates and SFA sources, grains and vegetables appeared to be
beneficial for CVD, while processed meat and canned fruit appeared to be harmful.'®4

Intake of cheese has also been found to be inversely associated with CHD. !
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Vitamin K

Forms of vitamin K

Vitamin K appears as phylloquinone, also
known as vitamin K1 (K1), menaquinone
(MK), also known as vitamin K2 (K2), and

menadione, also known as vitamin K3 (K3).

All vitamin K forms have a 2-methyl-1,4-

napthoquinone ring but differ in whether

Figure 2. Chemical structure of

vitamin K1 (4) and vitamin K2 (B).

they have a side chain and also in the

Reprinted with permission from The

structures of the side chain.'®® K1 has a side

Lancet."®

chain of isoprenoid residues were three are

saturated, while K2 has a 3-substituted lipophilic side chain and side chains with

mostly unsaturated isoprene residues (Figure 2). The number of isoprenoid units, and

the degree of saturation, gives rise to the MKs nomenclature. K3 constitutes of the 2-

methyl-1,4-napthoquinone ring only.'%

Mechanisms

The vitamin K cycle is essential for the
posttranslational carboxylation of glutamic acid
residues (Glu) in proteins to form
carboxyglutamate residues (Gla) by the enzyme
y-glutamyl carboxylase.!®” The active cofactor
form of vitamin K required by the enzyme is the
reduced form vitamin K quinol (KH>). During
carboxylation, the carboxylated Gla proteins are
secreted into the circulation and KH> becomes
oxidized to vitamin K epoxide. This epoxide

metabolite is reduced to vitamin K quinone by the

enzyme VKOR. Vitamin K quinone is then further

reduced to KH> by a vitamin K reductase activity to complete the cycle (Figure 3).
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Vitamin K dependent Gla proteins include, but are not limited to, seven
involved in blood coagulation, osteocalcin in bone, matrix Gla protein (MGP) mainly
in cartilage and vessel walls and growth arrest-specific protein 6 (Gas-6) in cell
proliferation.'®? Further, clinical studies have reported several properties of vitamin
K, including having antioxidant activity.!”® While K1 preferentially assists
carboxylation of clotting factors in the liver, long chain K2 are available for extra-
hepatic tissues.!”! Together, MGP and Gas-6 perform local vascular regulation, and a
failure of these mechanisms might lead to vascular calcification.!®” Due to the
mechanisms of the vitamin K dependent proteins, vitamin K is assumed to inhibit the
development of atherosclerosis.

Warfarin is used to treat atrial fibrillation, venous thromboembolism, and
valvular stenosis,!”? however, it disrupts the vitamin K cycle and may increase risk

for vascular calcification.'®

Sources of vitamin K

K1 is found in green, leafy vegetables, including kale, broccoli and spinach, and also
in oils, such as rapeseed, sunflower and olive oils.!”® K2 is mainly found in animal
products such as meat and dairy products.'”> However, K1 is also converted into MK-
4, probably in the intestine, and it accumulates in extrahepatic tissues.!” It was
previously assumed that much of the daily requirement for vitamin K was supplied
from production of K2 in the colon, while today we know that the absorption from
colon is probably low.!”> K1 constitutes most of the vitamin K intake, while 10-25%
seems to be provided by K2, primarily from dairy sources. !”* Still, the contribution
of K2 to vitamin K status is at least equal to that of K1, due to differences in
bioavailability.!”3 176 K3 is a synthetic form of vitamin K, but natural occurrence in
staphylococcus aureus has been reported, and it seems to also be a biosynthetic

precursors of other forms of vitamin K.!"’

Vitamin K and fat contents in dairy products are proportional, and MK9-11
accounts for approximately 90% of vitamin K in dairy foods.!”® Vitamin K content of
cheeses ranged from 40ug/100g to <850ug/100g in a study by Fu et al.!”® Lactic acid

bacteria used as starters in dairy and fermented food include a variety of bacterial
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strains. The specific strains used and production conditions during fermentation, such
as pH, temperature and duration affect the concentrations and forms of K2 in food
products.'”> 7 Presence of K2 in nonfermented products may come from the
microbial content of the ruminant digestive system, but contents in meat and fish are

low 173,179

Recommended intake

Guidelines on vitamin K intake differs globally, are mainly given for intake of K1

and is based on information about daily intake of K1 in healthy individuals and the
requirement in order to achieve proper blood coagulation.'®-!82 The European Food
Safety Authorities (EFSA) has set Adequate Intakes (Al) to be 1pg K1 /kg body
weight per day giving the recommended intakes of 90 and 120pug/day for women and
men, respectively,'! while the World Health Organization (WHO) and the FAO
recommend a dosage of 65ug/d for men and 55ug/d for women.'®® The Nordic
Nutrition Recommendations 2012 gives only a provisional recommendation of 1ug of
vitamin K/kg body weight per day for both children and adults.'®?

Vitamin K deficiency is characterized by a bleeding tendency due to impaired
blood coagulation.'®! Clinically indicated use of vitamin K is a prophylactic against
vitamin K deficiency bleeding in neonates,'®* as an antagonist in patients on vitamin
K antagonist treatment prior to surgery or when international normalization ratio
(INR) values are high and give prolonged bleeding.!®* 135 However, the triage theory
that when the availability of a micronutrient is inadequate, there may be
compensatory mechanisms protecting short-term survival,'s® 136 may apply for
vitamin K. The recommended intake may not be sufficient for optimal function of all

the vitamin K dependent proteins.!'®’
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Table 3. Overview of current literature published 2000-2020 on the association

between dietary vitamin K with coronary heart disease and cardiovascular disease

mortality.
Author, year, | Sex, Exposure, | Event | N Main findings
country age Follow-up HR/RR (95% CI)
time
Geleijnseetal | M & W | K1 & K2 CHD | 4807 Klrsvsti: 0.89 (0.63, 1.25)
2004 The >55y 7.2y K2 13vs.11: 0.59 (0.40, 0.86)
Netherlands'®’
Erkkila et al W K1 16y CHD | 72874 Q5vs.Q1: 0.84 (0.71, 1.00)
2005 USA'®® | 38-65y
Erkkila et al M K1 14y CHD | 40087 Q5vs.Q1: 0.91 (0.77, 1.06)
2007 USA'™ | 40-75y
Gast et al W K1 & K2 CHD | 16057 K1periopg: 1.00 (1.00, 1.02)
2009 The 49-70y | 8.1y K2 pertopg: 0.91 (0.85, 1.00)
Netherlands'®®
Juanola- M&W | Kl &K2 Fatal | 7216 Klgavsqi: 0.63 (0.31, 1.28)
Falgarona et 55-80y | 4.8y CVD K2qavs.q1: 1.18 (0.60, 2.34)
al K1 increase during follow-up*
2014 Spain'®! 0.52 (0.31, 0.86)
Kzincrease during follow-up
0.76 (0.44, 1.29)
Zwakenberg M&W | Kl &K2 Fatal | 33289 Klqavsqr: 0.85 (0.59, 1.24)
etal 2017 The | 20-70y | 16.8y CHD K2qavs.q1: 0.77 (0.47, 1.26)
Netherlands'*?
Haugsgjerdet | M & W | K1 & K2 CHD | 2987 Klgavs.oi: 0.69 (0.38, 1.27)
al 2020 46-49y | 11y K2qavs.q1: 0.58 (0.28, 1.19)
Norway'”

Due to few publications in the field, the literature review includes cohort studies published
after year 2000 evaluating the association between vitamin K with total CHD, CHD
mortality and CVD mortality. All results are from the fully adjusted models. The literature
was identified through search in PubMed, Web of Science and Embase. Search terms
included “vitamin K”, “vitamin K1, “phylloquinone”, “vitamin K2”, “menaquinone”
“coronary heart disease”, “CHD”, “cardiovascular disease”, “CVD”, “middle-aged”,
“cohort study” and “English language”. In addition, an evaluation of studies included in
relevant review and meta-analyses was made. The last search was performed 5" of
December 2020. CHD indicates coronary heart disease; CVD, cardiovascular disease; M,
men; W, women; y, years, N, number included in the study population;, HR, Hazard ratio;
RR, Relative risk, CI, confidence interval; K1, vitamin K1; K2, vitamin K2; T3, tertile; 04,
quartile; Q5, quintile.

Vitamin K and coronary heart disease
Few cohort studies have investigated the association between dietary vitamin K and
incident CHD, therefore studies with CVD as the event will also be evaluated here

(Table 3). Geleijnse et al examined whether dietary K1 and K2 were related to aortic
calcification and CHD in the Rotterdam Study.!®” They found that dietary K2 was
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associated with reduced risk of incident CHD (RR 0.59; 95% CI 0.40, 0.86) in a
model adjusted for age, sex, total energy intake, BMI, smoking, diabetes mellitus,
education and dietary factors, while K1 was not associated with incident CHD.'®’
Gast et al examined the relationship between dietary K1 and K2, and its subtypes, and
incident CHD and found an inverse association between K2 and risk of CHD with a
HR of 0.91 (95% CI 0.85, 1.00) per 10pg/d vitamin K2 intake.'*® Erkkila et al
examined the feasibility of using K1 as a marker of CHD risk in women and found
that after adjustment for age, lifestyle factors and dietary factors and comparing the
highest with the lowest intake quintile, there was a reduced risk of CHD (RR 0.84;
95% C10.71, 1.00). However, they concluded that dietary and lifestyle patterns
associated with K1 intake might account for all or part of the association.!®® Later,
when Erkkila et al examined the association between dietary K1 and risk of CHD in
men, they found that in the model adjusted for age, BMI, smoking, history of elevated
blood pressure and serum cholesterol, diabetes mellitus, parental history of MI,
physical activity, aspirin use, alcohol intake, use of multivitamin supplements, energy
intake and dietary factors, RR of total CHD events when comparing the fifth with the
first quintile was 0.91 (95% CI1 0.77, 1.06).'% Zwakenberg et al.found that only high
intakes of long chain K2 were borderline associated with lower CHD mortality with a
HR per 10pg/d of 0.86 (95% CI 0.74, 1.00).'°? Juanola-Falgarona et al studied the
association between dietary K1 and K2 with mortality in a cohort with high CVD
risk, and found that only increased intake of K1 during follow-up was associated with
a reduced risk of CVD mortality (HR 0.52; 95% CI 0.31, 0.86)."!

A review from 2012 concluded that based on observational studies of dietary
vitamin K, intake of K2 may be more likely to protect against vascular calcification
than K1."* However, there is evidence that K1 supplementation is of importance to
vascular calcification.! In 2018, Zhang et al performed a meta-analyses on the
association between intake of K1 and K2 with CVD mortality, concluding that
neither were associated with CVD mortality.!® In 2019 Chen et al performed a meta-
analyses on the association between vitamin K and CVD events and all-cause
mortality. They found an inverse association of both vitamin K1 and K2 with total

CHD.!"7 However, both meta-analyses included few studies (< 4 studies).'*% 17
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2. Study rationale and aims

In Paper I the aim was to investigate the effect of weight change on risk of mortality
in community-dwelling older people, whose weight and height were measured in
their mid-sixties and again in their early seventies, with subsequent 14 years follow-

up with regard to mortality.

In Paper II the aim was to evaluate associations and possible interplay of
carbohydrate and SFA intakes with incident CHD events in a sample of middle-age

community-dwelling adults.

In Paper III the aim was to evaluate associations between intake of vitamins K1 and

K2 and incident CHD events among middle-age community-dwelling adults.
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3. Material and methods

3.1 Data sources
3.1.1 The Hordaland Health Studies (HHS)

The Hordaland Health Studies (HHS) (https://husk-en.w.uib.no/) were conducted in
1992-93 (The Hordaland Homocysteine Study) and in 1997-99 (The Hordaland
Health Study, HUSK). Both surveys were conducted as a joint project between the
University of Bergen, the Norwegian Health Screening Service (SHUS) (now part of
the Norwegian Institute of Public Health) and the Municipal Health Service in
Hordaland.'”® The Hordaland Health Study is included in Cohort of Norway
(CONOR)."” CONOR is a multipurpose study, with the aim to study aetiological
factors for a range of diseases, and also to describe Norwegian men and women in
terms of distribution of exposures and health status according to time, place and
socio-economic factors.'?

About 7,000 of those who participated in the 1992-93 survey also participated
in 1997-99.1%8 Participants included in this project, from The Hordaland Health
Study, included 2.291 men and 2.558 women born 1950-51 and 1.868 men and 2.470
women born 1925-27 who had also participated in the study in 1992-93. Participation
rates in these groups in 1997-99 were 73 %, 81 %, 79 %, and 76 %, respectively.??
Baseline measurements in 1997-99 included height, weight, waist and hip
circumferences, blood pressure, heart rate, non-fasting analyses of serum total
cholesterol, HDL cholesterol, triglycerides, and glucose. Self-administered
questionnaires provided information on various health behaviors including physical
activity and smoking habits. Serum lipids were analyzed at the Department of
Clinical Chemistry, Ulleval Hospital, Oslo using a Hitachi 911 analyzer. This
analyzer came with adapted reagents and measurement methods from the company
Boehringer Mannheim FRG (now: Roche, Basel, Switzerland).?’! Cholesterol and
triglycerides were measured by enzymatic methods. HDL cholesterol was measured

by a direct, enzymatic inhibition method.?%
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3.1.2 The National Population Register

The National Population Register (https://www.skatteetaten.no/en/person/national-

registry) contains information of everyone who resides or have resided in Norway,
and includes information on, among others, vital status (alive, emigrated, or dead).?%?
The unique 11-digit personal identification number assigned to all Norwegian

residents facilitates linkage between HUSK and The National Population Register.

3.1.3 The Cardiovascular Disease in Norway 1994-2009 Database

As described on https://cvdnor.w.uib.no/: The Cardiovascular Disease in Norway

(CVDNOR) project was established as a collaborative research project between the
University of Bergen and the Norwegian Knowledge Centre for the Health Services
(now part of the Norwegian Institute of public Health).2*2% Information on hospital
stays with a CVD-related diagnosis (International Classification of Diseases (ICD)9:
390-459, ICD10: 100-99, G45), diabetes mellitus (ICD9: 250, ICD10: E10-14) or
congenital malformations of the circulatory system (ICD9: 745-747, ICD10: Q20-28)
(either primary or secondary diagnoses) were retrieved from the electronic Patient
Administrative Systems (PAS) of all Norwegian somatic hospitals during 1994-2009,
using a semi-automatic program named FS (Forskning i Sykehus [English: Research
in hospitals]) established by Tomislav Dimoski. In addition, all related diagnostic and

interventional procedures performed during the hospitalization were obtained.?*

From the CVDNOR project we received information on patient’s age at
hospitalization, sex, municipality of residence, time and date of hospitalization and
discharge, hospital, department and ward codes, main and secondary diagnosis (<
20), medical procedures (<30) performed during the hospital stay, and information
about whether the hospitalization was acute or elective. Hospitalizations less than 24

hours apart were merged and counted as one.?%

3.1.4 The Norwegian Cause of Death Registry
The Cause of Death Registry (https://www.thi.no/en/hn/health-registries/cause-of-

death-registry/), established in 1951, covers all deaths in Norway.?’* Deaths are

reported by physicians who are required to complete a death certificate. The official
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cause of death statistics are prepared in accordance with the ICD, and the 10"

revision of ICD was implemented in Norway in 1996205206

From The Cause of Death Registry we received information on the time of
death (date), age at death, underlying cause of death, municipality code for residency
at the time of death, place of death (hospital/institution/during transport/outside

institution), municipality code for place of death and basis for the diagnosis.

3.2 Study design

The study design in Papers I-11I was community-based cohort studies. The follow-up
period started in 1997-99 in all three studies, but ended in 2012 in study I, and in
2009 in study II and II1.

3.3 Definition of exposures, endpoints and covariates

3.3.1 Exposures

In Paper I, exposure included change in weight between 1992-93 and 1997-99.
Weight was measured both in 1992-93 and 1997-99, wearing light clothes without
shoes to the nearest half-kg on a calibrated scale.?’” Weight change has been
evaluated both as change in BMI and change in weight in previous studies.?!' Since
weight change in kg tend to capture increases in fat mass more precisely than BMI
change,?” and since it also is a more intuitive concept that more easily can be
communicated in recommendations,?” weight change in kg were used in this project.
Change in weight between the first and second measurements was categorized into

loss (>5%), stable (+<5%), and gain (>5%).

As described in Papers II and III, exposures were obtained using a 169-item
past-year semi-quantitative Food Frequency Questionnaire (FFQ), a modified version
of a previously described FFQ,?!° completed by 87% of the participants.>* FFQ
provides time-integrated data that in these two papers represented usual intake the
past year. It is the most affordable and easily administered diet assessment method,

with the lowest respondent burden. The FFQ was handed out on the day of the health
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examination, filled out at home, and returned by mail to the HUSK project center. It
includes frequency alternatives (from once a month to several times per day), the
number of units eaten and portion sizes (e.g., slices, glasses, spoons) to capture the
habitual diet during the past year. The information is presented as individual food or
beverage items, food groups and nutrients. Daily nutrient intakes were computed
from a database and software system developed at the Department of Nutrition,
University of Oslo (Kostberegningssystemet, version 3.2). The nutrient database is

primarily based on the official Norwegian food composition table 2!

, and in Paper 1,
exposures were the total dietary amount of SFA and carbohydrates, as well as intake
of SFA and carbohydrates from different food items. All are expressed as E%. We
also evaluated SFA after excluding the contribution from cheese for their associations

with incident CHD.

As described in Paper I1I dietary data from other sources in addition to the
Norwegian food composition tables were needed, and information on vitamin K
primarily came from available literature from other countries.!” Data for K1 also
came from public authorities in Finland,?!> Sweden?"* and USA.?!"* For some food
products, analyses had been performed using high performance liquid
chromatography of fermented foods.?!> K2 was evaluated with no distinction between
the different menaquinones. Vitamin K intake reflects dietary sources only. Both
energy-adjusted residuals and actual intake of K1 and K2 were used as the final

exposure.

3.3.2 Endpoints

In Paper I endpoints were all-cause mortality, obtained by linkage to the National
Population Register. Participants were followed from baseline through 31.12.2012 for
death events (Figure 4). There were 1159 events during follow-up.

In Papers II and III, endpoints were incident (first time) hospitalization with CHD
(ICD9 codes 410-414, ICD10 codes 120-125) as primary or secondary diagnosis or
death with CHD as the underlying cause of death. Participants were followed from
baseline through 31.12.2009 for CHD events through the

CVDNOR (www.cvdnor.no)?%* 216 project and The Cause of Death Registry (Figure
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4). There were 107 non-fatal and 5 fatal episodes; 41 participants experienced a MI

and 71 participants experienced stabile/unstable angina pectoris.

Followed until:

; ; BASELINE:
First weight Paper I: 14y follow- Paper I: 31.12.2012
measurement: 1997 — 99 up on total mortality
1992 - 93 Paper I: age 71-74y Papers IT & I1I: 11y Papers II & I11:
Paper I: age | Papers II & III: age follow-up 31.12.2009 on

65-67y 46-49y incident CHD

Figure 4. Overview of follow-up and age at baseline in all three papers.
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3.3.4 Potential covariates

Covariates are variables that are included in statistical models to adjust for potential

confounding and to produce more precise effect estimates.?!’

A simple definition of confounding is
defined as the confusion of effects,
and indicates that the effect of the

exposure is mixed with the effect of

Confounding

Outcome

Exposure

another variable (Figure 5).2!8

Figure 5. Confounding

A mediator, also called an

. . . . . Mediator
intermediate variable, is a variable .

that occurs in a causal pathway from /

“a

an exposure to an outcome (Figure

6).219

Exposure Qutcome

Figure 6. Mediator

Mediators > BMI*

Confounders - age, sex, physical activity, smoking habits, self-reported diabetes
mellitus, self-reported use of medication for hypertension, previous Ml or/and
stroke, education*

Paper |

Mediators - LDL cholesterol*, HDL cholesterol*, triglycerides*, glucose*, systolic
blood pressure*, diastolic blood pressure*, BMI*, hypertension*, diabetes
mellitus*, statins*, oral hypoglycemics*, insulin*, anti-hypertensive medications*

Confounders -> age, sex, total energy intake, physical activity and smoking habits,
education* and family history of MI*

Paper Il

Dietary confounders -> energy adjusted intake of alcohol*, fiber from bread, fruit
and vegetables*, cholesterol*, PUFA* and protein*

Mediators > BMI*, diabetes mellitus*, hypertension*, serum total cholesterol* and
statin use*

Pa per I I I Confounders -> age, sex, total energy intake, physical activity, smoking habits,
education, family history of MI*

Dietary confounders -> energy adjusted intake of fiber, folate, SFA and calcium,
alcohol*

Figure 7. Overview of mediators and confounders in the three papers
*Covariates not adjusted for in the main analyses.
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In Paper I, covariates for which we had data that, based on a priori knowledge, were
suspected to be confounders and were found to modify the association between
weight change and total mortality were included in the multivariable models (Figure

7.

In nutritional epidemiology, methods for selection of covariates are non-consistent.>!’

In Papers II and III, the included covariates were a priori determined to be potential
confounders and were found to modify the association of the nutrients of interest with
CHD (Figure 7). In Papers II and III, intermediate variables adjusted for in previous

Studiesl43-145, 196

were also evaluated to determine consistency in results. We did not
intend to include these analyses as main analyses, however, in Paper II, they are
attached as supplementary analyses in order to make the results easier to compare to
results from previous research in the field. Selecting covariates based on whether it
modifies the association between exposure and outcome may ignore theoretical and
empirical understanding of important confounders and this relies heavily on the
available data.?!”-22 However, only covariates we considered as potential
confounders were included in the primary models. Further, some explanatory

variables such as age and sex were included in the analyses even if they did not have

any considerable influence on the association under evaluation.

When evaluating the number of covariates, we also found it of importance to
bear in mind that including too many covariates may lead to data sparsity in which
there are too few subjects at crucial combinations of covariates, with consequent
inflation of effect estimates.??! In addition, selecting factors highly predictive of the
exposure can produce multicollinearity, and thus unnecessarily wide Cls and
potentially inflated effect estimates.??* 222 We found it of particular importance to

bear this in mind when we evaluated dietary covariates.

Information collected at the baseline health examination
Height, weight, waist and hip circumferences, blood pressure, and heart rate were

measured. Further, blood samples for analyses of serum total cholesterol, HDL
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cholesterol, triglycerides, and glucose were collected.?” 27 The Friedewald equation

was used for calculation of LDL-cholesterol.”®

Information from self-administered questionnaires

Myocardial infarction or/and stroke

Information on whether participants had experienced a previous MI or/and stroke
came from self-administered questionnaires both in 1992-93 and 1997-99.!%8
Information on a history of MI and stroke were combined, such that all who answered
yes at first and/or second survey to either of the two questions were classified as

having had an MI or/and stroke.
Diabetes mellitus

In Paper I participants were classified as having diabetes mellitus if they answered
yes at the first measurement in 1992-93 and/or second measurement in 1997-99.

In Papers II and III participants taking diabetes medications or reported having been
diagnosed with diabetes mellitus were defined as having diabetes mellitus. Also,
participants with a serum glucose level >7mmol/L who had not eaten a meal during
the last 8 hours, or with a glucose level >11.1mmol/L and less than 8 hours since their

last meal, were defined as having diabetes mellitus.

Hypertension

In Paper I participants were classified as having hypertension if they reported taking
blood pressure medication. In Papers II and III, hypertension was defined as present
if the mean of at least two consecutive measurements of systolic blood pressure was >
140 mm Hg or diastolic blood pressure > 90 mm Hg or if they reported to use

hypertension medication.
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Physical activity

Physical activity was self-reported, using two questions, one where participants
reported how many times per week they performed light physical activity and one
were they reported how many times per week they performed vigorous physical
activity. These two questions, which are included in the CONOR questionnaire on
health behaviours, were used to make one variable on physical activity, categorized in
none/light physical activity and moderate/vigorous physical activity. In Paper I, those
who answered that they performed vigorous physical activity one hour or more per
week were categorized in the group moderate/vigorous, all other were categorized in
the group none/light physical activity. In Papers II and III, only the question on past-
year vigorous physical activity (none, < 1h/week, 1-2 h/week, or >3 h/week) was
used, and this variable was treated as a categorical variable with none as the

reference.

Education

Highest level of education was included as a categorical variable including the
categories primary school (<10 years), high school or vocational school, and any

college or university. Primary school (<10 years) was used as the reference category.
Smoking habits

Participants were categorized into never smokers, former smokers and current
smokers based on their answers on three questions: “Do you smoke cigarettes, cigars,
cigarillos/pipe?” answered both in 1992-93 and 1997-99, and the questions “Never
smoked daily?” and “Number of years since you stopped smoking daily?” answered

only in 1997-99. The category with non-smokers was used as the reference.
Family history of myocardial infarction

Information on family history of MI came from the question “Has one or more of
your parents/siblings had a MI before they turned 60 years old?”” answered in 1997-
99.
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3.4 Statistical methods

The Cox proportional hazard regression model is a regression model for analyses of
survival data and was used in all three papers. Both survival analyses in general and

Cox proportional hazard regression will be described below.

Survival analyses

Survival analysis methods are used when we are interested in the time until an event
of interest occurs. The event could for instance be death or an incident case of CHD.
A key feature of ‘survival-time’ data is the presence of ‘censored’ observations. An
observation is censored if we do not observe the event of interest for an individual
during the follow-up time in the study. For most of the individuals this occurs
because the study is ended before everybody has experienced the event, but censoring
can also occur if the person is lost to follow-up (e.g withdrawal from a study,
emigration, death from other causes than the event of interest). For censored
observations we do not know the exact time until the event occurs, we only know that
the person was event-free at least until the time of censoring. Statistical methods

within survival analysis takes censoring into account.???

The Kaplan Meier survivor estimate of the survivor function S(t) gives the probability
of survival (not experiencing the event of interest) up to and after time t, and include

information from both censored and uncensored observations.???
S(t) = P(T>t) — P = probability, T = time of event of interest, t = some time point.

The survival function is thus the probability that the time of an event is later than

some specified time, .22

The estimated survivor function can be presented graphically as a Kaplan Meier
survival curve with S(t) versus t or as a failure curve with 1- S(t) versus t. The hazard
function h(t) gives the probability that the event will occur in a small interval after a
specified time t, given that an individual has survived up to time t. It is a rate, thus the

values range between zero and infinity.??
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Cox proportional hazard regression analyses
Cox proportional hazard regression models the hazard ratio (HR) as a function of one

or more covariates:
h(t) = ho(t) X exp(Bixi1 + Pax2+...+ BpXp)

Function ho(t) is the baseline hazard functions (i.e the hazard function if all covariates
are zero) and is only dependent on time. The exponential part (exp) depends on the
values of the covariates and regression coefficients. The exponentiate of the estimated
regression coefficient for a given covariate is interpreted as a HR, that is the ratio of
the hazard rate for those who e.g. experience exposure and hazard rate of those who
did not experience exposure.?? In the papers of the thesis, it is the hazard rate of
those who lose or increase in weight to hazard rate of those with stable weight in
Paper I and hazard rate of those with the higher intake of the specific nutrient to
hazard rate of those with the lowest intake of the specific nutrient in Papers II and III.
The model is semi-parametric, meaning that the model has both parametric and non-

parametric components.???

Cox proportional hazard regression analyses were conducted in all three papers,
estimating HRs and 95% Cls for each study outcome (Paper I: total mortality; Papers
IT and III: incident CHD), comparing participants with different weight change status
(Paper I) and nutrient intake (Papers II and III).

Proportional hazard assumption

A Cox regression is done on the assumption that the HR between two or more groups
are constant at all times t, H(t)/Ho(t)=h(t)/ho(t)=constant=HR. This does not mean that
the hazard rate cannot change over time, but the relationship must be constant. This
was checked by evaluating log-(log) survival plots for all relevant variables and by

performing the Schoenfeld test.??

Multivariable analyses
Multivariable analysis makes it possible to address whether an observed association

between the specific exposure and event is merely secondary to its correlation with
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other, causal factors (confounders).?>* The HR for a specific variable in a
multivariable Cox regression is adjusted for all other covariates in the model and can
be interpreted as the ratio of hazard between different levels of exposure when all
other covariates in the model are kept constant. In all three papers, multivariable
analyses were performed. Only possible confounders were included as covariates in
our main analyses. In supplementary analyses in Paper II, intermediate variables were
adjusted for as this have been done in previous studies in this field, and it is useful in

order to compare with previous results.

Effect modification

We investigated possible effect modifications, which can be done in two different
ways. One method is by adding an interaction term in the cox regression analysis, and
comparing a model with an interaction term with a model without an interaction term
using likelihood-ratio test, while the second method is to see whether the effect of

exposure varies in strata of the covariate.?*

Penalized splines

When modelling continuous variables with standard Cox regression we assume a
linear association between log(hazard) and the variable, which may not always be
true. One way of allowing for non-linear associations is to model the variable with
smoothing splines. Penalized spline is a variant of smoothing spline with more
flexible choice of bases, knots and penalties. Penalized splines combine the flexibility
of non-parametric methods with stability and simplicity of parametric smoothers. The
estimated smooth function can thus be used to plot the relative hazard of the desired
endpoint against the explanatory variable, and non-linear relationships can thus be
investigated visually.??° In all three papers, Cox regression with penalized splines
were used to illustrate the functional form of exposure estimated by a smoothing
spline, in which the estimated smooth function were used to plot the relative hazard

of event against exposure as a continuous variable.??
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Missing data

Missing data on covariates were handled with listwise deletion in analyses included
in the main manuscript in all three papers. When performing listwise deletion, also
called complete case analysis, only subjects with complete data are included in the

analysis.??’

Therefore, multivariable-adjusted analyses in Paper I included 2330
participants and 895 events, in Paper II 2820 participants and 105 CHD events, and in
Paper 111 2792 participants and 100 CHD events.

However, in supplementary analyses in Paper I1I, missing values for physical
activity, smoking and education were imputed using ordinal logistic regression as the
imputation model in MICE (multiple imputation using chained equation) with 20
imputations.??® This is a repetitive method for data with several variables with
missing values in a non-monotone pattern.??® The key concept of multiple imputation
is to use the distribution of the observed data to estimate a set of plausible values for
the missing data.??® As described in Paper 111, all variables in the Cox regression
models were included as imputation variables together with total cholesterol, HDL

cholesterol, triglycerides and BMI as auxiliary variables due to their correlation with

physical activity, smoking and education.
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3.4.1 Overview of materials and methods in all three papers

Paper I — weight
change in older people
and its association with

total death

Paper II -
Carbohydrates and SFA
and its association with

CHD

Paper III — Vitamin K
and its association with

CHD

Main aim To evaluate the To evaluate associations | To evaluate the
importance of weight and possible interplay of | association between
change with regard to | carbohydrate and SFA | intake of both K1 and
mortality in older intakes with CHD K2 with CHD
people

Study design | Cohort study Cohort study Cohort study

Study 2935 men and women, | 2995 men and women, 2987 men and women,

population age 71-74y age 46-49 y age 46-49y

Observation | Time from 1997-99 Time from 1997-99 Time from 1997-99

period until death or until CHD, death from until CHD, death from
31.12.2009. other causes, other causes,

emigration, or emigration, or
31.12.2009. 31.12.2009.

Statistical Kaplan-Meier failure Cox proportional hazard | Cox proportional hazard

methods curves*, Cox regression, Cox regression, Cox
proportional hazard regression with regression with
regression, Cox penalized spline. penalized spline.
regression with
penalized spline.

Confounders | Age, sex, physical Age, sex, energy intake, | Age, sex, energy intake,

activity, smoking,
diabetes mellitus,
hypertension, and
previous myocardial

infarction or stroke.

physical activity and

smoking

physical activity,
smoking and education.
K1 was adjusted
additionally for fiber
and folate; K2 was
adjusted for SFA and

calcium.

*Figure 1 in Paper I should have been labeled Kaplan-Meier failure curves instead of

Kaplan-Meier cumulative hazard curves.
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Paper I Association between weight change and mortality in community living older

people followed for up to 14 years. The Hordaland Health Study (HUSK)

In Paper I we excluded from the analyses six participants who emigrated after the
second measurement, and 369 participants diagnosed with cancer before or between
the surveys in 1992-93 and 1997-99 (information obtained by linkage to the
Norwegian Cancer Registry).

Follow-up time was defined as time from baseline in 1997-99 until they
experienced death or at 31.12.2012, whichever occurred first.

Kaplan-Meier failure curves were used to estimate hazard rates and multivariable
Cox proportional hazard regressions estimated HR with 95% Cls for weight change
in categories (%). Cox regression with penalized spline was used to evaluate the
association between weight change (in kg) and mortality.

In supplementary analysis, Chi-square analyses or t-tests were applied to
determine whether the survivors and non-survivors in the different weight change
groups differed significantly on any of the baseline characteristics. Further, in order
to eliminate early deaths that could be attributed to clinical or subclinical disease, two
sensitivity analyses were performed after excluding persons who 1) died within two
years after baseline (n=69), and 2) persons who were diagnosed with cancer within
two years after baseline (n=136). In addition to percent weight change we also
examined different measures of weight change, e.g. + 3 kg and £2 kg weight change.

In addition, + > 5% changes in BMI were examined.

Paper 11 Intake of carbohydrates and saturated fatty acids and risk of coronary heart
disease in middle-age adults. The Hordaland Health Study (HUSK)

In Paper II we excluded from the analyses 22 men and 5 women who reported prior
CHD, and 4 men and 19 women due to missing information on prior CHD. Further,
we excluded 27 men and 35 women who reported extreme energy intakes (below the
1% percentile; or above the 99 percentile).

The nutrient density method was used to adjust the exposures (nutrients) for

total energy, giving the exposure as E% intake from the specific nutrient.



51

Energy intake from the specific nutrient

E% X100

Total energy intake

The coefficients for the nutrient density term represents the relation of the nutrient
composition of the diet with disease since by adjusting the nutrient for energy, we
separates the variation in nutrient intake due only to the nutrient composition of the
diet from the complete variation in nutrient intake, which is due both to composition
and overall consumption of food.%¢ Energy adjusted nutrients are uncorrelated with
total energy intake. Further, additional adjustment for total energy intake as a
covariate can reduce measurement error (and width of confidence limits). This is
because both specific nutrients and total energy are calculated from the same foods,
and the effects of overreporting and underreporting will therefore apply to both
variables, and an adjustment for total energy will tend to “cancel” these errors.
Also, when total energy intake is anticipated to be associated with the outcome as in

these papers where incident CHD was the outcome, total energy should be included

in the model in addition to the energy adjusted nutrient.®¢

Follow-up time was defined as time from baseline in 1997-99 until they
experienced CHD, death from other causes, emigration, or at 31.12.2009, whichever
occurred first. Multivariable Cox proportional hazard regression estimated HRs with
95% Cls for quartiles of SFA and carbohydrate intake, and also for continuous
variables (per 2E%). Test for linear trends across quartiles was also performed. Cox
regression with penalized spline was used to evaluate the association between SFA,
carbohydrates and SFA minus SFA from cheese (in E%) and CHD.

When evaluating the association between higher or lower intake of energy
adjusted nutrients with an endpoint, the higher or lower intake of an energy
containing nutrient can only be accomplished by the exchange of other dietary
variables. In substitution models, one dietary variable is replaced by another dietary
variable, taking energy as the common unit across the dietary factors.??* 23 We
therefore used theoretical substitution analyses to model the substitution of
carbohydrates with other nutrients. Variables for the E% (per SE% unit increments)

of all macronutrients except carbohydrates (SFA, MUFA, PUFA, protein and
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alcohol) were included in a Cox model with adjustment for total energy intake, age,
sex, physical activity and smoking habits. The HR for “the nutrient of interest” is then
interpreted as the change in estimated risk for each SE% unit increase in “the nutrient
of interest” while holding all other variables in the model constant but allowing for
concomitant decreases in carbohydrate intake as all sources of macronutrients sum to
100% of energy intake. A key assumption for any substitution analysis is that the
total consumption of different nutrients under substitution is known and constrained
to a certain level for each individual since the effect has to be assessed on the basis of
equal amount of replacement.?’!

Supplementary analyses evaluated models adjusted for age, sex and energy
intake, with additional adjustments for HDL cholesterol, LDL cholesterol,
triglycerides, glucose, systolic blood pressure, diastolic blood pressure, and BMI; and
with additional adjustments for diabetes mellitus, hypertension, family history of MI,
statins, oral hypoglycemics (including metformin) and insulin, and anti-hypertensive
medications; and additional adjustments for smoking, physical activity, alcohol
consumption in E%, and education. In additional supplementary analyses, we
stratified intake of SFA on smoking habits and we also evaluated associations
between carbohydrates and SFA from other specific food groups and CHD risk. Also,
sensitivity analyses were conducted where we excluded the first 2 years of
observation following the baseline assessment in all of the above analyses.

Further, adjustment for energy-adjusted nutrients were performed but not
included in the final models. In carbohydrate analyses adjustment for fiber from
bread, fruit and vegetables were evaluated, while in SFA analyses adjustment for
intake of cholesterol, PUFA and protein were evaluated. Due to the relatively few
events, multivariable analyses with dietary factors were performed by including
standard nondietary risk factors with two dietary factors at a time. This made it
possible to evaluate whether they have no independent association with CHD and that

the association with the primary nutrient remains.?**
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Paper 111 Dietary vitamin K and risk of coronary heart disease in the prospective

Hordaland Health Study

In Paper III we excluded from the analyses 27 men and 35 women who reported
extreme energy intakes (below the 1% percentile: or above the 99 percentile).
Further, we excluded 22 men and 5 women who had prior CHD. Additionally, 4 men
and 19 women with missing information on self-reported MI from the Homocysteine
Study (1992-93) were excluded. Further, we excluded one man and one woman who
reported use of Warfarin and 2 men and 4 women with missing measurement on
dietary vitamin K intake.

Even though vitamin K does not contribute with energy, it is correlated with total
energy intake. The spearman correlation coefficients between total energy intake and
total vitamin K, vitamin K1 and vitamin K2 were 0.47, 0.43 and 0.59, respectively.
We therefore decided to use energy-adjusted residuals as exposure in the main
analyses. Energy-adjusted residuals were obtained from linear regression models with
total energy intake as independent variable and K1 or K2 as dependent variables.

Residuals were then categorized into sex-specific quartiles.

The residuals measure the difference between actual intake and expected intake
predicted by total energy intake and thereby provides an assessment of K1 and K2
intake relative to energy consumed. The residuals will have a mean of zero and

includes negative values (Figure 8).3¢

Figure 8. Nutrient residuals.
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One possible caveat with nutrient residuals is that they assume that a given residual
indicates the same effect across the spectrum of energy intakes (i.e., from small to
large body sizes requiring greater energy intake). Willett emphasized, however, that
among specific age-sex groups variations in body size and total energy are not
large.3¢ In this paper, the age range was narrow, and sex-specific quartiles were used,
so this is not a major issue.

The coefficient and the standard error from the residual model in continuous
analysis is identical to that from the standard multivariable model where only total
energy intake is included.® In conducting categorical analyses, however, the
interchangeability of the two methods does not apply, and statistical power will be
higher with the residual method. The range in unadjusted vitamin K intake will be
wider than for energy-adjusted vitamin K intake, and due to the collinearity between
vitamin K and total energy intake, the CIs will be wider.%¢

Follow-up time was defined as time from baseline in 1997-99 until they
experienced CHD, death from other causes, emigration, or at 31.12.2009, whichever
occurred first. Multivariable Cox proportional hazard regression estimated HRs and
95% Cls for quartiles of both sex-specific energy-adjusted and absolute intake of K1
and K2. K1 and K2 were also evaluated per 10pg increments. Test for linear trends
across quartiles was performed by using the median residuals for each quartile group
as a continuous independent variable in the regression models.

In Cox regression with penalized spline the functional form of the association
between absolute K2 intake and risk of CHD was estimated by smoothing splines, in

which the estimated smooth functions were used to plot the relative hazards of CHD.

Data packages
In Paper 1, statistical analyses were performed using STATA version 14 (Stata Corp.

LP. College Station, TX), SPSS, version 21 (IBM SPSS, Armonk, NY:IBM) and R
version 3.1.0 (https://www.r-project.org/), The R Foundation for Statistical
Computing, Vienna, Austria. In Papers II and 111, statistical analyses were performed
using Stata version 15 (Stata Corp LP, College Station, TX) and R version 3.4.0
(https://www.r-project.org/), The R Foundation for Statistical Computing, Vienna,

Austria.
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In all three papers, a two-sided p-value <0.05 was considered statistically significant.

3.5 Ethical considerations/approval

The HUSK study was performed in accordance with the Declaration of Helsinki. All
participants provided written informed consent. The Regional Committee for Medical
Research Ethics (REC number: 14580) approved the study protocol. HUSK is
registered in ClinicalTrials.gov (Clinical trial number: NCT03013725).
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4. Results

4.1 Summary of results in Paper |

We followed 2935 men and women from 1997-99 through 2012, giving a median
follow-up of 13 years and the average age at start of follow-up was 72.4 years.

During follow-up, 648 men and 511 women died. Compared to the stable-
weight groups, Kaplan-Meier failure curve for the weight loss groups increased more
rapidly for both sexes. The curves for the weight stable and weight gain groups
followed each other closely the first few years, especially among women. The Log
rank test showed significant differences in hazard between the three weight change
groups in both sexes.

In the Cox proportional hazard regression model adjusted for age, sex,
smoking, physical activity, MI and/or stroke, diabetes mellitus and being under
treatment for hypertension, the HR was 1.59 (95% CI 1.35, 1.89, p<0.001) when
comparing the weight loss group to the weight stable group. The excess mortality risk
associated with weight loss was similar in men and women in the fully adjusted
model. When evaluating weight gain in the fully adjusted model, weight gain was not
associated with increased mortality risk, when compared to the weight stable group,
HR 1.07 (95% CI1 0.90, 1.28, p=0.453). Also when stratifying for sex, there were no
associations between weight gain and mortality in the fully adjusted models.

When stratifying weight change by BMI categories (<25 kg/m?, 25-29.9 kg/m?, and
>30 kg/m?), the fully adjusted model showed that increased risk of mortality
associated with weight loss persisted in participants with a BMI of <25 kg/m? and 25-
29.9 kg/m?, but not in participants with a BMI of >30 kg/m?. The total group with
weight gain did not have increased risk of mortality compared to stable weight also
when stratified by BMI. The multivariable adjusted Cox regression with penalized
spline of the relationship between weight change and mortality illustrated that both
major weight gain and minor weight loss was associated with increased mortality in

comparison with stable weight.
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4.2 Summary of results in Paper Il

We examined 1282 men and 1713 women from 1997-99 through 2009, providing a
mean follow-up time of 10.8 years, and 112 incident CHD events. Median baseline
age was 48 years.

Higher intake of carbohydrates was associated with higher risk of CHD when
adjusted for age, sex, energy intake, smoking habits and physical activity and
comparing the fourth to the first intake quartile (HR 2.10; 95% CI 1.22, 3.63, p-trend
0.003). Also, continuous analyses (per 2E%) showed higher risk of CHD with higher
intake of carbohydrates (HR 1.12; 95% CI 1.05, 1.20) in the fully adjusted model.
Plotting the data with multivariable adjustments indicated a linear relationship.

A high intake of SFA was associated with lower risk of CHD in the model
adjusted for age, sex, energy intake, smoking habits and physical activity when
comparing the fourth to the first quartile (HR 0.44; 95% CI 0.26, 0.76, p-trend 0.002).
Also, continuous analyses (per 2E%) showed lower risk of CHD with higher intake of
SFA (HR 0.78; 95% CI 0.66, 0.92) in the fully adjusted model. When plotting the
data and performing multivariable adjustments, lower risk of CHD with a higher
intake of SFA were illustrated until an intake of about 13E%, after which the curve
levelled off. When examining the association between SFA from various food items,
only SFA from cheese was significantly associated with a lower risk of CHD.

We further evaluated the association between SFA and CHD after excluding
the SFA contribution from cheese and found that intake of SFA after exclusion of
cheese was associated with lower risk of CHD when comparing the fourth to the first
quartile (HR 0.58; 95% CI 0.34, 0.98, p-trend 0.030), after adjustment for age, sex,
energy intake, physical activity and smoking habits. Results from the continuous
analyses (per 2E%) were in the same direction as the quartile analyses, but we
observed deviations from linearity in the association between SFA intake and CHD
risk after excluding SFA from cheese.

Substitution of 5% of total energy intake from carbohydrates with SFA was
associated with lower risk of CHD (HR 0.74; 95% CI 0.40, 1.36) in the fully adjusted



58

model. A substitution of carbohydrates with total fat was also associated with lower

risk of CHD (HR 0.75; 95% CI 0.62, 0.90).

4.3 Summary of results in Paper IlI

We followed 1279 men and 1708 women from 1997-99 through 2009, resulting in a
mean follow-up time of 10.8 years and 112 incident CHD events. Median baseline
age was 48 years.

When adjusting for age, sex, total energy intake, physical activity, smoking habits
and education, and comparing the fourth to the first quartile of K1 intake, there was
no association between intake of K1 and CHD (HR 0.92; 95% CI 0.54, 1.57, p-trend
0.64). Results were similar when evaluating energy-adjusted K1 intake as a
continuous variable (per 10pg increase). Additional adjustments for energy-adjusted
fiber and folate did not materially change the results. Results were consistent with the
above analyses when evaluating sex-specific quartiles of absolute K1.

When adjusting for age, sex, total energy intake, physical activity, smoking
habits, and education and comparing the fourth to the first quartile, higher K2 intake
was associated with lower risk of CHD (HR 0.52; 95% CI 0.29, 0.94, p-trend 0.03).
Consistency in results were observed in analyses of K2 intake as a continuous
variable (per 10pg increase). Additional adjustments for energy-adjusted SFA and
calcium attenuated the risk estimates for the association between K2 intake and CHD
(HR 0.58; 95% CI1 0.28, 1.19, p-trend 0.16).

When evaluating sex-specific absolute K2 intake, HRs were similar to those
observed in the energy adjusted analyses when comparing the fourth to the first
quartile (HR 0.72; 95% CI 0.36, 1.45, p-trend 0.25), although the association was
weaker. Similarly, the penalized spline figure for absolute K2 intake and its
association with CHD adjusting for age, sex, total energy intake, physical activity,
smoking habits and education showed a tendency toward lower risk of CHD with

higher K2 intake.
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5. Discussion

5.1 Summary of findings

This project evaluated weight change among older people and nutrients among
middle-aged people as predictors of total mortality and CHD, respectively.

In Paper I, we found that in older people, both major weight gain and minor
weight loss were associated with increased mortality in comparison with stable
weight.

In Paper 11, there was an inverse association between dietary SFA and CHD
risk among middle-aged people. For carbohydrates, the opposite pattern was
observed. When evaluating the association between sources of SFA and
carbohydrates with CHD, only SFA from cheese associated with lower CHD risk.

In Paper 111, we found no association between dietary vitamin K1 and CHD,

while there was a lower risk of CHD associated with higher intakes of vitamin K2.

5.2 Methodological considerations

5.2.1 Study design

All three papers are prospective cohort studies, considered to be the strongest
observational study design. A cohort study follows a defined group of people over a
given period of time, prospectively into the future. A subgroup is identified who is,
has been, or in the future may be exposed, or exposed to different degrees, to a factor

(exposure) hypothesized to influence the occurrence of an event (endpoint).?!
Two characteristics of observational studies will be addressed: precision and validity.

5.2.2 Precision
Precision is a relative lack of random error and can be evaluated by the standard
error, the standard deviation or Cls around the effect estimate. Precision can be

232 In

improved by increasing the study population or improving the study design.
Paper I, the exposure (weight change) was measured (rather than self-reported) and

there was a relatively large number of participants experiencing total mortality,
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yielding relatively narrow Cls. The ClIs were relatively wider in Papers II and III, due
to the relatively small number of participants experiencing CHD (n=112). When
stratifying on confounders the precision weakened even more, and stratification
became problematic. Further, precision could also have been higher if diet had been
measured more than once at baseline in Papers II and III, and also with more than
only one measurement method. Most dietary assessment methods will have errors due
to unsystematic day-to-day, diurnal, or seasonal variation in a person's diet.?*?
However, FFQ used in these papers have lower random within-person variation than

other methods since it assesses average usual intake over the past year, that is also the

exposure time of etiologic interest for CHD.?**

5.2.3 Validity

Internal validity is the degree to which a study is free from systematic error.?!” In
studies with a large study population, almost all errors of concern are systematic
errors such as selection bias, information bias, and confounding.?'®

Measures of validity are positive predictive value (PPV), negative predictive value

(NPV), sensitivity and specificity.?*

Selection bias

Selection bias results from systematic differences in characteristics between those
who participate in the study and those who do not participate and occurs when the
association between exposure and disease differs between those who participate and
not.2!8 It may result from procedures used to select subjects and from factors that
influence participation.?*>

In HUSK invitations were sent to individuals born between 1925-27 (Paper I) and
1950-51 (Papers 1I and III), and who had earlier participated in a population study in
Hordaland between 1992-93.1%%

Individuals who do not respond to an invitation to participate in community-
based studies are often over-represented by people of lower social classes, single-
households, immigrants, receivers of social security benefits, and people with poor
self-reported health and an unhealthy lifestyle, and when a considerable number of

invitees decline to participate, the study may be distorted by selection bias.>*® Large



61

prospective cohort studies are generally robust against bias arising from non-
participation.*” In our study, participation rate was 79% for men and 76% for women
in Paper I, while in Papers II and III, participation rate was 77% in total, and 87% of
the participants completed a semi-quantitative FFQ.2°° However, characteristics of
participants and non-participants in HUSK based on data obtained in 1992-93 have
been compared in a previous PhD thesis, where non-participants in 1997-99 had a
greater proportion of smokers and no regular physical activity in 1992-93 compared
to the participants in 1997-99.2%8 Further, a report from HUSK 1997-99 found that the
educational level was higher among the participants relative to the non-participants,
for both men and women.?*

In all three papers there was a small number of participants who emigrated during the
follow-up period (6 participants in Paper I and 15 participants in Papers II and III),
and they were evenly distributed between the exposure categories. Also, in Papers II
and III, they contributed with follow-up time until they emigrated. Loss to follow-up

was therefore not a problem in either of the papers.

In all three papers, missing data on covariates were handled with listwise deletion.
This can introduce bias in both estimates of exposure-outcome associations, Cls and
p-values if the variables are not missing completely at random.??” Further, when
regression analyses of models with different covariates are carried out, the available
cases will differ between the analyses, and differences in results may be both due to

the effect of different covariates and also due to different sets of observations.??’

Information bias

Information bias may occur during data collection if the information collected about
or from study participants is erroneous. One type is misclassification, and
misclassification of participants can be differential meaning that the misclassification
differs according to the value of other study variables or nondifferential, meaning that
it is unrelated to other study variables.”'® Non-differential misclassification may
reduce the observed effect estimate, while differential misclassification can lead both

to increased and decreased effect estimates.?*°
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In all three papers, covariates were derived from questionnaires filled out by
the participants, which may introduce misclassification since participants may give
the answers they think are the most accepted by the community.?*! Especially, in
Papers II and III, when participants answered on their dietary habits, but also in all
three papers when answering on smoking habits, underreporting bias may occur.?*!
Further, in Papers II and III where the FFQ was used, the number of foods recalled
tends to be correlated with total intake of both energy and nutrients, thus differential
misclassification may occur between those with good and poor memories.**?

In order to evaluate the precision of anthropometric measurements in Paper I,
Bland-Altman plot was used. This is a method of data plotting used to analyze the
agreement between two methods of clinical measurement, *** and in Paper I it was
used to analyze the agreement between the height measurements of men participating
in 1992-93 and 1997-99. The plot showed that these differences for most of the
participants were within £2SD. Most of the men outside this limit were at the minus
part, as expected due to height reduction in older people. This indicates that
information on anthropometric values measured with standardized methods®"” in
Paper I, seems not to include information bias.

In Papers II and III, regression dilution bias may happen because of
fluctuations in the measured values of exposure, caused by longer-term within-person
fluctuations. It often results in underestimations of the strength of the real association
between the “usual” long-term average level of intake of that nutrient during a
particular exposure period and subsequent CHD risk.?** Processing of nutritional data
from observational studies is challenging. Dietary variables are hardly ever
dichotomous and rigid, usually every person is “exposed” to some degree, and dietary
habits and food composition changes over time. Also, errors in nutrient estimation
from food composition tables may occur as they often do not account for the fact that
the nutrient content of food varies with season, location of production, growing
conditions, storage, processing, and cooking techniques.?**2** Inter-individual
variation in bioavailability due to genetic predisposition and the influence of other
dietary compounds due occur, but is also not considered when estimating nutrient

intake from food tables.?*° Systematic sources of variation include omission of foods
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consumed due to a lack of the specific food item in food lists used in the studies and
over- or under-reporting because of socially perceived norms.?*> 24 Underreporting
bias due to underreporting of dietary food intake seems to be largest among women
and obese persons.®® However, underreporting of total energy intake seems not to be a
problem when dietary composition is evaluated.??* In addition, correlates of
underreporting such as age, sex and adiposity are often accounted for during
statistical adjustments.

In Paper 11, assessment of whole grain intake may have been particularly
problematic since consumers may have difficulties identifying products containing
whole grain.?*’

Nevertheless, FFQs have been shown to have acceptable validity when
compared to reference measures,?*? with correlation coefficients for individual
nutrients ranging from 0.4 to 0.7. 2** Relevant to Paper 11, a validity study of a similar
FFQ to that used in HUSK found that the Spearman correlation coefficients between
intake of SFA and carbohydrates estimated by the FFQ versus weighed food records
were 0.44 and 0.57, respectively.?! Unfortunately, this validity study did not evaluate
the validity of K1 and K2 intake. In previous studies, the validity of FFQs have
shown to be better for K2 than for K1,2*® while when Zwakenberg et al validated a
Dutch FFQ containing questions on past year average consumption of 79 food items,
they found that FFQ is reproducible to rank subjects for both K1 and K2 intake, and
further that the relative validity compared to 24-h dietary recalls, to estimate intake of
K1 and short-chain K2 was low, but that the relative validity for long-chain K2 was
good.®

In HUSK, information on exposure came from a 169-item semi-quantitative
FFQ providing many food items adapted to Norwegian consumption behaviors, and
information was obtained all year round, and also the large number of participants
may have offset many of the previously mentioned difficulties when measuring
nutrient intake.

Categorization of exposure, performed in all three papers, may introduce non-
differential misclassification, while differential misclassification is not a problem as

the endpoints are hard, and collected independently of baseline information.>*
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Nutrient biomarkers may be a more objective measures of nutrient status
compared to FFQ as they also reflect metabolism.?>° However, none of the dietary
exposures in Papers II or III have valid biomarkers that can be assessed. There is an

251 and plasma

absence of objective biomarkers for assessing carbohydrate intake,
concentrations of SFAs may also reflect carbohydrate intake.>>? Further, circulating
levels of K2 are usually nondetectable,'** and K1 levels correlate with triglycerides

and vary according to recent intakes.?*?

Confounding

Confounding occurs when the effect of the exposure is mixed with the effect of
another variable, a confounder.?'® A confounder is associated with both the exposure
and outcome but is not caused by either, and when not accounted for, it introduces
confounding.?** Recognition of confounders requires knowledge about the causal
network where exposure and outcome are part,?!® and selection of confounders that
do not integrate knowledge about the topic may introduce bias in the effect
estimate.?>* 25° Even though confounders may be accounted for, there will always be
unmeasured confounding, and causality can therefore not be established in cohort
studies.?*

In Paper I we adjusted for age, sex, physical activity, smoking, diabetes
mellitus, hypertension, and previous MI or stroke. In Paper Il we adjusted for age,
sex, total energy intake, physical activity and smoking habits, while in Paper 111 we
adjusted for the same variables as in Paper II in addition to education. Several of the
covariates were categorical, and a crudely categorized covariate may not fully
account for the effect of that variable, resulting in possible residual confounding.??*
Further, people with a “healthy” diet are more likely to have higher education, have
higher income, exercise more, have normal BMI and be non-smokers,?*” and the
combined effects of such characteristics may not be fully accounted for in
adjustments.

Reverse causation refers to the possibility that individuals who are at risk for
CHD change their behaviour with respect to the risk factor under study.?' In Papers

IT and I1I, it may be that those at risk for CHD at baseline had changed their dietary



65

practices. While reverse causation is difficult to address, we did adjust for family

history of MI and covariates related to health.

External validity

External validity refers to how well results of a study may be generalized to other
populations in other settings, often referred to as generalizability.>*> Internal validity
is a prerequisite for external validity. If e.g. non-participation selection bias is
present, the study population might not be representative of the target population,
further lowering the external validity.?*

The HUSK study population is relatively homogenous, which in terms of the risk of
confounding is a strength, but the results may not be generalizable to populations of a
different race or ethnicity, obese or people with specific genetic disorders. Further, all
three papers included cohorts with a small age range (46-49 or 70-74 years) and
generalizability to other age groups may be low.

In Paper I, participants were community-living at baseline in 1997-99, but we
had no information on whether they moved into an institution during follow-up.
When comparing results from Paper I to a recently published meta-analysis including
30 studies on weight loss and 27 studies on weight gain, we got very similar
estimates,?! indicating reasonably good external validity of our results.

In 1997-99, the NORKOST?2 survey was used to gather knowledge about
intake of macronutrients in the general Norwegian population.?®® They used a FFQ,
although slightly different from the one used in HUSK. The intake of macronutrients
in HUSK used as exposures in Paper II, is overall comparable with intake in
NORKOST?2 (Table 4), which may support external validity of the exposure data.
However, there is no external validity without internal validity, so it also suggests
that the bias when estimating intake of macronutrient density in HUSK is
unproblematic.?*! Further, similarly as in NORKOST2, intake of carbohydrates was
highest among women, while intake of total fat was highest among men, although
intakes were quite similar. Also, in both studies there were no difference between
intake of SFA among men and women. However, in 2004 Drevon et al evaluated

intake of vitamin K in NORKOST2.>° Table 4 shows that intake of vitamin K is
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estimated to be distinctly lower in NORKOST?2 then in HUSK, illustrating the

difficulties with estimation of vitamin K intake.?*®

Table 4. Evaluation of nutrient intake in NORKOST2?*° and HUSK
Mean intake NORKOST?2 HUSK
Proteins, E% 15.9 15.8
Carbohydrates, E% 51.6 49.1

Total fat, E% 30.6 32.6

SFA, E% 12.1 12.6
Vitamin K, pg/day, men/women | 48.3/39.1 152.2/150.0

5.2.4 Effect modification

Effect modification means that the association an independent variable has with the
dependent variable varies with the value of a third variable. In this study, this could
mean that the associations between weight change and total mortality, or nutrients
and CHD, vary in different strata of the third variable, for example sex.??

We evaluated possible effect modification in all three papers, but analyses of
the effect of the exposure in strata of the different covariates showed few events in
several of the categories, especially in Papers II and III. Due to this, the CIs were
large, making interpretations difficult. In Paper I, when performing interaction
analyses, there were no significant interactions with any of the covariates examined.
In Papers II and III we evaluated possible interactions of age, sex, smoking habits,
diabetes mellitus, hypertension, physical activity, education, and family history of
infarction. We found a borderline significant interaction between SFA and diabetes
mellitus in Paper II. Similarly, in Paper III, we found a significant interaction
between intake of K2 and diabetes mellitus, but only in model 1. As we had few
individuals with diabetes mellitus and since diabetes mellitus may be an intermediate
factor between nutrients and CHD, we found it not appropriate to stratify on this

variable.
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5.3 Discussion of main findings

Paper I: Association between weight change and mortality in community
living older people followed for up to 14 years. The Hordaland Health
Study (HUSK)

In Paper I we reported that both major weight gain and minor weight loss were
associated with increased mortality in comparison with stable weight in older people,
in agreement with results of other studies.?! Whether weight loss is associated with
increased mortality also in overweight and obese older people is unclear. Paper I
found weight loss to be associated with increased mortality among overweight
participants, while among the obese participants the association went towards
increased risk. Previous studies have also shown weight loss to be associated with
higher mortality independent of baseline BMI in older people.**>! However, it is still
unclear whether weight loss in obese older people should be recommended due to
few studies and the few participants with BMI >30kg/m? in this and previous studies.
32,51
We found that the weight gain had to be relatively large to increase the risk of
mortality. Previous studies have shown diverse results on weight gain, indicating that
a weight gain has to be of at least a certain amount in order to be associated with total
mortality in older people 2! 3031, 33, 35, 37-42, 45,46, 48-50 The trajectory of the weight gain
in HUSK was unknown, therefore participants who died may have experienced a
continuous weight gain, a large weight gain during a short time, or a combination.
Information on weight cycling may have strengthened the association as it has
also been shown to be related to increased mortality.">*%3* We also did not
distinguish between intentional and unintentional weight change as this information
was not available. Unintentional weight loss seems to be clearly associated with
increased risk of mortality in older people,?®® but it is still unclear whether intentional

weight loss is just as hazardous.?* 3¢
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Paper Il: Intake of carbohydrates and saturated fatty acids and risk of
coronary heart disease in middle-age adults. The Hordaland Health
Study (HUSK)

In Paper II we report that a higher intake of carbohydrates and a lower intake of SFA
was associated with higher risk of CHD.

Praagman et al also reported a decreased risk of CHD with higher intake of
SFA,!*! while meta-analyses have concluded on no association between dietary SFA
and risk of CHD.!**!%5 Overadjustment may have explained the lack of an
association, since a number of the included studies adjusted the effect of SFA on
CHD for intermediate factors.!*3 26! In Paper Il intermediate factors were only
adjusted for in the supplementary analysis and did not materially influence the
results. This may be explained by the fact that the intermediate factors were measured
only once in HUSK, in a relatively young population. Few participants were taking
medications for intermediate factors (0.5% for diabetes mellitus and 1.7% for
hypercholesterolemia), and the median levels of both HDL cholesterol and
triglycerides were within the recommended levels.?®? Further, as in the study by
Praagman et al,"! the intake ranges were small and there was a high mean intake
level of SFA, while in the earliest cross-sectional studies that found a positive
association between SFA intake and CHD, there were large variations in average
SFA intake.'®

Since the effect estimate of SFA or carbohydrates in the energy-adjusted
model has a substitution interpretation,® the effect of either nutrient can be assessed
only in relation to other nutrients.* Therefore, although we provide some evidence
that carbohydrates increase risk of CHD more than SFA, we cannot predict whether
carbohydrates promote CHD or whether SFA prevent CHD independent of the
substituting nutrient.* The fact that the replacement nutrient for SFA is of importance
in the relation between SFA and CHD, and that the fat-containing foods contain more
than only SFA,?%*2% may explain why we found an inverse association between SFA
and CHD.

Replacement of SFAs with refined carbohydrates has shown to exacerbate
atherogenic dyslipidemia.'*® A change to carbohydrates may also influence other

important biomarkers of CHD risk,”® !> 115152 and with the current epidemics of
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265 sugar-rich carbohydrate sources may be a larger threat with regard to CHD

obesity,
than SFA.”° The national guidelines on dietary habits to reduce risk of CHD
emphasize that among people with a high level of blood glucose and triglycerides, a
reduction in intake of sugar and refined carbohydrates is of largest importance in
order to reduce risk of CHD.?% In our study, it is a weakness that it was not possible
to separate between different kinds of carbohydrates as exposures.

When an association with CHD is found for SFA and carbohydrates, it would
lend support to the nutrient findings if the major food sources of these nutrients are
also related to risk of CHD.??* Only SFA from cheese associated with decreased risk
of CHD, and we found no clear associations between sources of carbohydrates and
risk of CHD. However, the evaluation of each source of carbohydrates separately

does not control for intake of other sources of carbohydrates nor intake of total

carbohydrates.

Even though no single source of carbohydrates was associated with CHD when
evaluated separately, we found that the higher intake quartiles contained more sugar-
rich sources than the lower intake quartiles. The g/day per 1,000 kcal provides an
indication of dietary habit differences by quartiles. Comparing the lowest to the
highest quartile of carbohydrate intake, the intake of bread was 77 vs. 98 g/day/1,000
keal, respectively, while vegetables and fiber intakes were comparable.
Corresponding results for sugar drinks/soft drinks were 18 vs. 34 g/day per 1,000
kcal, and juice 12 vs. 23 g/day per 1,000 kcal, respectively. This and other items
suggest that a higher carbohydrate intake reflects greater intake of low fiber
carbohydrates and a relatively higher intake of sucrose/fructose carbohydrate sources.
The latter finding may further partly explain both the positive association between
carbohydrates and CHD, and also the negative association between intake of SFA and
CHD. Further, when food sources of carbohydrates in European adults in the 1990s
were evaluated, the highest percentage of sugar sweetened beverage consumption

was seen among women in the North and West of Norway.!%!
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Table 5. Number of participants in the different carbohydrate and saturated fatty
acids intake quartiles
Carbohydrate Saturated fatty acids
Quartile 1 Quartile 2 | Quartile 3 | Quartile 4
Quartile 1 40 98 208 403
Quartile 2 74 186 252 237
Quartile 3 168 270 216 94
Quartile 4 467 195 72 15

Table 5 illustrates that those with the highest intake of carbohydrates were
mainly those with the lowest intake of SFA and vice versa. As expected, based on
this assumption, substitution analysis found that substitutions of carbohydrates with
both total fat and SFA were associated with decreased risk of CHD, although not
significant for SFA. Substitution analyses function best when ranges of intakes

between the nutrients evaluated are reasonably comparable,?!

which may explain the
weaker association for SFA. Substitution models gives a better insight into the health
implication of changing a diet compared with models that assume a change also in
energy intake or are unspecific regarding the replacement of the dietary exposure.?°

In previous studies, 13! 132

residual confounding due to underestimated TFA
intakes may be present.?®’ Also in our study, we were unable to measure intake of
TFA, and margarine was an important contributor to both TFA and unsaturated fat at
the time just before HUSK baseline.?®® We therefore could not reliably include
unsaturated fat in the analyses, which is a limitation of the study.

Paper II contributes to an already comprehensive research field. However, it
contains a comprehensive discussion of the importance of the interplay between SFA

and carbohydrates and also of the sources of the macronutrients when evaluating the

association between SFA and carbohydrates with CHD.

Paper llI: Dietary vitamin K and risk of coronary heart disease in the
prospective Hordaland Health Study

In Paper III we found dietary K2 to be associated with reduced risk of CHD, while
we found no association between dietary K1 and risk of CHD, in accordance with

two previous cohort studies.'®”- ' In contrast, two studies found K1 to be associated
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with risk of CHD or CVD mortality.'®® 1! However, K1 intake is an indicator of a
healthy diet, and it may be difficult to disentangle the effect of K1 from a generally
healthy lifestyle on CHD outcomes.!** Similarly, K2 correlates with intake of other
food products also associated with reduced risk of CHD, as for instance cheese and
yoghurt.!6%26% 270 The relatively weak association for K2 may partly be explained by
the narrow difference in K2 intake between the highest and lowest categories of
intake, as the potential protective influence of such differences is uncertain.?*

Unfortunately, intake of vitamin K was not validated in the validation study of
a similar FFQ, mentioned earlier. However, vitamin K2 are mainly consumed
together with fat and the spearman correlation coefficient for intake of total fat
estimated by the FFQ versus weighted food records was 0.46.2!° (For comparison,
when evaluating the validity of other vitamins in the same study, the spearman
correlation coefficient ranged from 0.46 for vitamin E until 0.62 for vitamin A.2!%) A
low validity of K1 assessment with FFQ is found in previous studies,?*® and dietary
K2 intake is especially difficult to assess since there are limited food composition
data both for total K2 and for certain K2 subtypes.?*® Further, studies have shown
diverse content of vitamin K2 among similar food products but from various
countries.?’! 272 Also, when it comes to the analyses of vitamin K2, it is a weakness
that we did not have data on specific types of vitamin K2.

The study reported in Paper I1I is one of very few studies that has evaluated the
association between dietary K1 and K2 with incident CHD and thus contributes to a

growing field of research.
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6. Conclusions

In Paper I we report that a weight loss of 5% or above was associated with increased
mortality in older individuals. Further, linear models revealed that both major weight

gain and minor weight loss were associated with increased mortality in older people.

In Paper II we report that a higher intake of carbohydrates and a lower intake
of SFA were associated with higher risk of CHD in middle-aged adults. Also,
substituting carbohydrates with total fat was associated with decreased risk of
incident CHD. When evaluating sources of SFA and carbohydrates, only SFA from

cheese showed a clear association with decreased risk of incident CHD.

In Paper III we report that in middle-aged adults, dietary K2 was associated
with reduced risk of incident CHD, while there was no association between dietary

K1 and risk of incident CHD.

The thesis adds meaningfully to the literature in several ways and speaks to

possible directions for future research and clinical best practice.
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7. Future perspectives

Based upon the results reported in Paper I, an early evaluation of weight loss in older
individuals would be worthwhile in order to detect possible underlying causes and to
identify opportunities for hindering further weight loss and it’s health consequences.
The paper, however, could not thoroughly evaluate the association between weight
loss and mortality in older overweight and obese individuals given the small number
of overweight/obese participants and events in the study. Future studies should aim to
evaluate study populations with sufficient sample size across a wide spectrum of BMI
and weight changes as they relate to total mortality. Furthermore, studies

ascertaining whether weight change is voluntary or involuntary are needed.

Results from Paper II demonstrate that the pattern of macronutrient intake and
the specific sources of macronutrients are of importance when evaluating associations
between single macronutrients and incident CHD. Dietary advice is complex and an
overly zealous attempt to limit intake of one nutrient or macronutrient may
inadvertently result in risks associated with the substituting source of calories. Our
findings support the new direction in nutritional recommendations that focus on foods
and dietary patterns rather than single nutrients. Additional studies on the association
between whole food groups and hard endpoints such as CHD are needed to further

develop dietary recommendations for CHD prevention.

Based on results reported in Paper III we conclude that more research should
be performed on the association of vitamin K1 and K2 with incident CHD. Future
research on the content of vitamin K in food products and the metabolism of vitamin
K would be valuable as it will contribute to improvements in nutritional assessments,
cohort study design, and in the interpretation of results. Paper III and the current body
of knowledge regarding K2 suggests that vitamin K status may become an important
component of nutritional guidance. However, greater research is needed. Carefully
constructed dietary advice regarding diet composition and individual food
consumption has the potential to be an inexpensive and safe intervention to improve

vascular health.
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8. Errata

Paper I: Figure 1 should have been labeled Kaplan-Meier failure curves instead of Kaplan-Meier

cumulative hazard curves.
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Abstract

Objective: Limiting SFA intake may minimise the risk of CHD. However, such
reduction often leads to increased intake of carbohydrates. We aimed to evaluate
associations and the interplay of carbohydrate and SFA intake on CHD risk.
Design: Prospective cohort study.

Setting: We followed participants in the Hordaland Health Study, Norway from
1997-1999 through 2009. Information on carbohydrate and SFA intake was
obtained from a FFQ and analysed as continuous and categorical (quartiles) var-
iables. Multivariable Cox regression estimated hazard ratios (HR) and 95 % CIL.
Theoretical substitution analyses modelled the substitution of carbohydrates with
other nutrients. CHD was defined as fatal or non-fatal CHD (ICD9 codes 410-414
and ICD10 codes 120-125).

Participants: 2995 men and women, aged 46—49 years.

Results: Adjusting for age, sex, energy intake, physical activity and smoking, SFA
was associated with lower risk (HRo4 . o1 0-44, 95 % CI 026, 0-76, Pyena = 0-002).
For carbohydrates, the opposite pattern was observed (HRq4 5. o1 2:10, 95 % CI
1:22, 3:63, Pyena = 0-003). SFA from cheese was associated with lower CHD risk
(HRe4 o 1 0-44, 95 % CI 0-24, 0-83, Pyena = 0-006), while there were no associa-
tions between SFA from other food items and CHD. A 5 E% substitution of carbo-
hydrates with total fat, but not SFA, was associated with lower CHD risk (HR 0-75,
95 % CI 0-62, 0-90).

Conclusions: Higher intake of predominantly high glycaemic carbohydrates and
lower intake of SFA, specifically lower intake from cheese, were associated with
higher CHD risk. Substituting carbohydrates with total fat, but not SFA, was asso-
ciated with significantly lower risk of CHD.

Keywords
Cohort

SFA
Carbohydrates
(HD

According to Ancel Keys ‘diet-heart’ hypothesis, a habitu-
ally high intake of SFA may increase the risk of CHD due
to increases in serum total cholesterol (TC)*?. Mensink
& Katan® published a meta-analysis in 1992, including
twenty-seven controlled trials, concluding that the most
favourable lipoprotein profile for CHD was achieved if
SFA were replaced by unsaturated fatty acids, keeping
the intake of total fat unchanged.

*Corresponding author: Email Teresa. Haugsgjerd@uib.no

The discovery of the additional pathways leading from
diet to CHD has made the ‘diet-heart’” hypothesis more
complex®. Advice to reduce SFA as a means to prevent
CHD may have, indirectly, increased the intake of carbohy-
drates®®. While carbohydrates have been considered a
basis of a healthy diet, with grain products at the base of
the Food Guide Pyramid™, a diet rich in added sugars
and refined grains promotes visceral adiposity and reduces

© The Author(s), 2020. Published by Cambridge University Press on behalf of The Nutrition Society. This is an Open Access article, distributed under
the terms of the Creative Commons Attribution licence (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted re-use, distri-
bution, and reproduction in any medium, provided the original work is properly cited.
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energy expenditure®™'?, raising concerns of the potential
for increased CHD risk. On the other hand, if dietary carbo-
hydrates are replaced by fat, the postprandial rise in blood
glucose and insulin decreases while glucagon secretion
increases, resulting in lower CHD risk!1-1%,
among adults with obesity, Hall et al."> found that restric-
tion of dietary fat was associated with a slightly larger body
fat loss than restriction of dietary carbohydrates. Also of
twenty-nine diets with different macronutrient composi-
tions tested in mice, only high-fat diets led to overconsump-
tion and weight gain'®. A review indicated that greater
high glycaemic index carbohydrate intake was associated
with a higher risk of CVD compared with SFA intake!”.
Further, recent prospective studies and reviews as well
as meta-analyses have shown inconclusive associations
between self-reported intakes of either SFA or carbohy-
drates and fatal and non-fatal CHD!8-29,

Given the inconsistencies in the literature, the objective
of the current study was to evaluate the associations of
carbohydrate and SFA intakes with incident CHD in a sam-
ple of middle-age community-dwelling Norwegian adults,
where the intake of carbohydrates varied from 21 to
74 energy percentage (E%) with a median intake of 49 E%,
and where the intake of SFA varied from 4 to 25 E% with a
median intake of 13 E%.

However,

Participants and methods

Study population
The current study is a prospective cohort study of partici-
pants in the community-based Hordaland Health Study
(HUSK) (https://husk-en.w.uib.no/). The recruitment was
based on a cohort from 1992 to 1993 (The Hordaland
Homocysteine Study). In 1997-1999, all living cohort mem-
bers born 1950-1951 and residing in the city of Bergen
or the neighbouring suburban municipalities were invited
to participate in HUSK. The baseline examinations for the
current study were conducted during 1997-1999 as a
collaboration between the National Health Screening
Service (now The Norwegian Institute of Public Health),
The University of Bergen and local health services.
The participation rate was 77 %. Participants underwent
a brief health examination and provided a non-fasting
blood sample. Information on lifestyle was collected
via self-administered questionnaires. A semi-quantitative
FFQ was completed by 87 % of the participants. A total of
3107 participants aged 46-49 years who answered the
FFQ were eligible to be included in the current study.
We excluded twenty-two men and five women who
reported prior CHD, and four men and nineteen women
due to missing information. Further, we excluded twenty-
seven men and thirty-five women who reported extreme
energy intakes (below the 1st percentile: <4707-8 kJ
for men and 2951-8 kJ for women; or above the 99th

TR Haugsgjerd et al.

percentile: >18907-9k] for men and >14944-0kJ for
women). The final study population thus included 2995
participants.

Dietary assessment
Information on food intake was obtained at baseline
(1997-1999) using a 169-item past-year semi-quantitative
FFQ, a slightly modified version of a previously described
FFQ®®. The validity study of the previous version of the
FFQ in a younger population found that the Spearman cor-
relation coefficients between intake of SFA and carbohy-
drates estimated by the FFQ v. weighed food records
were 0-44 and 0-57, respectively®”. The FFQ was handed
out on the day of the health examination, filled out at home
and returned by mail to the HUSK project centre. It includes
frequency alternatives (from once a month to several times/
d), the number of units eaten and portion sizes (e.g., slices,
glasses and spoons) to capture the habitual diet during the
past year. The information is presented as individual food
or beverage items, food groups and nutrients. Daily
nutrient intakes were computed from a database and soft-
ware system developed at the Department of Nutrition,
University of Oslo (KBS, version 3 .2). The nutrient data-
base is primarily based on the official Norwegian food
composition table®®”. During dietary data collection in
1997-1999, margarine was undergoing rapid composi-
tional changes where large amounts of trans-fatty acids,
an important contributor to unsaturated fat2%
being reduced due to legislation in Norway?®. Further,
prospectively, there were other changes to unsaturated
fat sources®; thus, unsaturated fat was not evaluated
as a primary dietary exposure in the current study.
Measurements used as independent variables in the cur-
rent study are the total dietary amount of SFA and carbohy-
drates, as well as intake of SFA and carbohydrates from
different food items. All are expressed as E%.

, were

Health examination and bealth bhabits
Baseline examinations included measurements of height,
weight, waist circumference, blood pressure and non-
fasting blood samples. After at least 2 min seated rest, sys-
tolic blood pressure and diastolic blood pressure were
measured three times (Dinamap 845 XT equipment
(Criticon)). Serum samples of TC, HDL-cholesterol, TAG
and glucose were analysed within 7 d at the Department
of Clinical Chemistry, Ulleval University Hospital, Oslo,
using enzymatic methods with reagents from Boehringer
Mannheim (Roche). The Friedewald equation was used
for the calculation of LDL-cholesterol. Information on edu-
cational level and medication use was self-reported.
Hypertension was considered present if the mean
of at least two consecutive measurements of systolic
blood pressure was >140 mmHg or diastolic blood
pressure > 90 mmHg or if the use of medication for
hypertension was self-reported.
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Participants taking diabetes medications or reported
having been diagnosed with diabetes were defined as
having diabetes. Also, participants with a serum glucose
level >7 mmol/l who had not eaten a meal during the last
8h, or with a glucose level >11-1 mmol/l and <8 h since
their last meal, were defined as having diabetes. Pre-diabetes
was defined as having glucose levels between 5:6 and
7 mmol/l at least 8 h after their last meal or between
7-8 and 11 mmol/l <8 h after their last meal.

Participants answered one question on past-year
vigorous physical activity resulting in sweating or shortness
of breath (none, <1, 1-2 or >3 h/week). This variable was
treated as a categorical variable with none as the reference.

Participants were classified as either non-smokers,
former smokers or current smokers with non-smokers
as the reference.

Outcome

The study endpoints were incident (first time) hospitalisa-
tion with CHD (ICD9 codes 410-414 and ICD10 codes
120-125) as primary or secondary diagnosis or death with
CHD as the underlying cause of death. Participants
were followed from baseline through 31 December 2009
for CHD events through the Cardiovascular Disease in
Norway project (CVDNOR, http://www.cvdnor.no)?”-?
and The Cause of Death Registry. There were 107 non-fatal
and five fatal episodes. Follow-up time was calculated as
time from participation until CHD, death from other causes,
emigration or 31 December-2009, whichever occurred
first.

Statistical analyses

Descriptive characteristics include numbers with percent-
ages and medians (25th, 75th percentiles) for categorical
and continuous variables, respectively. Spearman’s rank
correlation (rho, p) was used to evaluate correlations
between quartiles of carbohydrate intake and SFA intake
with baseline characteristics. In addition, Spearman corre-
lations of intake of carbohydrates with total fat and SFA
were evaluated. To evaluate linear trends in baseline char-
acteristics across quartiles of carbohydrate and SFA intakes
as percentage of total energy intake, we used ordinal
logistic regression for categorical outcome variables, logis-
tic regression for dichotomous outcome variables and lin-
ear regression for continuous outcome variables where
median intake as E% within each quartile group was used
as the independent variable in the analyses. Cox propor-
tional hazard models were used to calculate adjusted haz-
ard ratios (HR) with 95 % CI for CHD associated with
continuous and quartile intake of carbohydrates and SFA.
The included covariates were potential confounders asso-
ciated with the intake of carbohydrates and SFA and with
CHD, which also modified the association of either SFA
or carbohydrate with CHD when included in the

3

multivariable model. Two primary analyses are presented:
model 1 adjusted for age (continuous (years)), sex and total
energy intake (continuous (kcal/d)); model 2 additionally
adjusted for vigorous physical activity (none v. <1 h/week,
1-2 h/week or >3 h/week) with none as the reference and
smoking habits (non-smokers v. previous smokers and
non-smokers v. current smokers). The following additional
confounders were also evaluated, but inclusion of the var-
iables did not materially alter the associations of SFA or
carbohydrates with CHD: family history of myocardial infarc-
tion, educational level and alcohol intake (E%). Further,
carbohydrate analyses also evaluated consistency in results
after adjustment for energy-adjusted fibre from bread, fruit
and vegetables. SFA analyses were further adjusted for
energy-adjusted intake of cholesterol, PUFA and protein.

Supplementary analyses evaluated models adjusted
forage, sex and energy intake (model 1), with additional
adjustments for HDL-cholesterol, LDL-cholesterol, TAG,
glucose, systolic blood pressure, diastolic blood pressure
and BMI (model 2); with additional adjustments for
diabetes/prediabetes, hypertension, family history of myo-
cardial infarction, statins, oral hypoglycaemics (including
metformin) and insulin and anti-hypertensive medications
(model 3) and with additional adjustments for smoking,
physical activity, alcohol consumption in E% and educa-
tion (model 4) (see online supplementary material,
Supplemental Table S1). To test for linear trends across
intake quartiles, median intake as E% within each quar-
tile group was used as the independent variable. We also
evaluated SFA from cheese and SFA when excluding the
contribution from cheese for their associations with inci-
dent CHD. In additional supplementary analyses, we
stratified intake of SFA on smoking habits (see online
supplementary material, Supplemental Table S2) and
we also evaluated associations between carbohydrates
and SFA from other specific food groups and CHD risk
(see online supplementary material, Supplemental
Tables S3 and S4). Missing data were handled with list-
wise deletion.

The proportional hazard assumption was evaluated
using Schoenfeld’s test.

To evaluate the continuous association between expo-
sure and outcome, and assess potential non-linear associ-
ations, smoothed penalised splines were plotted®”.

We used theoretical substitution analyses to model the
substitution of carbohydrates with SFAG?. Variables for the
E% (per 5 E% unit increments) of all macronutrients except
carbohydrates (SFA, monounsaturated fat, PUFA, protein
and alcohol) were included in a Cox model with adjustment
for total energy intake, age, sex, physical activity and smok-
ing habits. The HR for SFA is then interpreted as the change
in estimated risk for each 5 E% unit increase in SFA while
holding all other variables in the model constant but
allowing for concomitant decreases in carbohydrate intake
as all sources of macronutrients sum to 100 % of energy
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intake. The same approach was used to evaluate the theo-
retical substitution of carbohydrates with other macronu-
trients: total fat, protein and PUFA intake per 5E%
unit increase in a model with other macronutrients except
carbohydrates®®.

Sensitivity analyses were conducted where we excluded
the first 2years of observation following the baseline
assessment in all of the above analyses.

Statistical analyses were performed using Stata version
15 (StataCorp LP) and R version 3.4.0 (https://www.r-
project.org/), The R Foundation for Statistical Computing.
P-values <0-05 were considered statistically significant.

Results

Characteristics of the study population

At baseline, mean age was 48 (sp 0-7) years, median BMI
was 24-9 (25th, 75th percentiles 22-8, 27-4) kg/m?, 33-5 %
smoked daily, 45-9 % reported at least 1 h vigorous physi-
cal activity per week and 25-3 % had indications of reduced
metabolic health defined as having hypertension, pre-
diabetes or diabetes. Intake of total fat ranged from 14 to
53 E% with a median intake of 33 E%. Intake of total carbo-
hydrates ranged from 21 to 74 E% with a median intake of
49 E%. Less than 1 and 6 % had an intake of carbohydrates
at or below 30 and 40 E%, respectively, while 3 and <1 %
had an intake of carbohydrates at or above 60 and 70 E%,
respectively. Intake of protein ranged from 6 to 30 E% with
a median intake of 16 E%, while intake of SFA ranged from
4to 25 E% with a median intake of 13 E%. Less than 1 % had
an intake of SFA at or below 6 E%, while 14 % had an intake
at or above 15 E%.

During a mean 10-8 (s 1-3) years of follow-up, repre-
senting 32 449 person-years among 2995 participants
(1282 men and 1713 women), we documented 112 incident
CHD events. Due to missing values (2:1 % for smoking
habits and 3-8 % for physical activity), multivariable-
adjusted analyses included 2820 participants (1224 men
and 1596 women) and 105 CHD events. Sixty participants
died due to other causes during follow-up. When evaluat-
ing Spearman correlations between carbohydrate quartiles
and baseline characteristics, all correlations (p) were
between —0-2 and <0-1. However, evaluation of baseline
characteristics by quartiles of carbohydrate intake identi-
fied that the proportion of participants performing at least
1h vigorous physical activity per week was higher in
higher quartiles, while the proportions of men, daily smok-
ers and participants with glucose intolerance were lower in
higher quartiles (Table 1). Also, waist circumference, serum
levels of TC, LDL-cholesterol and HDL-cholesterol were
lower in higher carbohydrate quartile groups. Intakes of
total fat, protein and alcohol were lower with higher
quartiles of carbohydrate intake. Bread was the major con-
tributor to carbohydrates in this population. While intake
(g/d per 1000 kcal) of bread, sweetened beverages, juice,
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and fruit and berries (both fresh and canned/preserved)
was higher with higher quartiles of carbohydrate intake,
there were less noticeable differences for other carbohy-
drate sources across quartiles. Vegetable and fibre intakes
(g/d per 1000 kcal), for example, were similar in the various
carbohydrate intake quartiles (Table 1).

When evaluating Spearman correlations between SFA
quartiles and the baseline characteristics, all thos (p) were
between -0-1 and <0-1. However, the percentage daily
smokers were higher with higher quartiles of SFA intake,
while the percentage of participants who were men,
performed at least 1 h vigorous physical activity per week
or had hypertension was lower with higher quartiles
(Table 2). Also, BMI, waist circumference and TAG levels,
as well as the percentage taking medications for hypercho-
lesterolaemia, were lower with higher SFA quartiles. While
intake of cheese was higher with higher quartiles of SFA
intake, there were less noticeable differences for other
SFA sources across quartiles. Family history of myocardial
infarction did not differ between quartiles of carbohydrate
(Pirend 0-95) or SFA (Pena 0-23) intake as percentage of total
energy.

Associations bet intake of carbobydrates and
SFA and incident CHD

Higher intake of carbohydrates was borderline significantly
associated with higher risk of CHD in model 1 (adjusted for
age, sex and energy intake) (HRoquariterd ». o1 1:63, 95 % CI
096, 276, Pyena=0:056) (Table 3). This association
became stronger and significant after further adjustment
for smoking habits and physical activity (model 2)
(HRoi 4. o1 210, 95 % CI 1.22, 3-63, Pyena =0-003).
Also, continuous analyses (per 2E%) showed signifi-
cantly higher risk of CHD with higher intake of carbohy-
drates (HR 112, 95 % CI 1-05, 1-20), after adjusting for
age, sex, energy intake, smoking habits and physical
activity. Further adjustments for intermediate factors,
relevant medications and potential confounders did
not materially influence the association (see online sup-
plementary material, Supplemental Table S1).

Plotting the data adjusting for model 2 covariates indi-
cated a linear relationship (Fig. 1(a)).

When examining the association between carbohy-
drates from various food items, we found no associations
with risk of CHD (see online supplementary material,
Supplemental Table S3).

A high intake of SFA was significantly associated with
lower risk of CHD in the model adjusted for age, sex and
energy intake (model 1) (HRq4 ,. o1 0-53, 95 % CI 0-32,
0:90, Pyena=0-013) (Table 3). This association became
stronger after further adjustment for smoking habits and
physical activity (model 2) (HRqs », o1 044, 95 % CI
0-26, 0-76, Pyena = 0-002). Also, continuous analyses (per
2 E%) showed significantly lower risk of CHD with higher
intake of SFA (HR 0-78, 95 % CI 0-66, 0-92), after adjusting
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for age, sex, energy intake, smoking habits and physical
activity. Further adjustments for intermediate factors,
relevant medications and potential confounders did not
materially influence the association (see online supple-
mentary material, Supplemental Table S1).

Figure 1(b) illustrates lower risk of CHD with a higher
intake of SFA until an intake of about 13 E%, after which
the curve levelled off, after adjustment for model 2
variables.

When stratifying on smoking habits, there was a ten-
dency of lower risk of CHD with higher intake of SFA in
all groups, but less so among current smokers (see online
supplementary material, Supplemental Table S2).

When examining the association between SFA from
various food items, we found that only SFA from cheese
was significantly associated with a lower risk of CHD
(Table 3). The median intake of SFA from cheese ranged
from 0-5E% (QD) to 41E% (Q4). After adjustments for
age, sex, energy intake, physical activity and smoking hab-
its (model 2), SFA from cheese was significantly associated
with lower risk of CHD in the quartile analyses (HRo4 ». o1
0-44, 95 % CI 0-24, 0-83, Pyena=0-000). Results from the
evaluation of SFA from cheese as a continuous variable
(per 1 E%) were similar.

We further evaluated the association between SFA and
CHD after excluding the SFA contribution from cheese, and
in the quartile analyses, we found that intake of SFA after
exclusion of cheese was associated with lower risk of
CHD (HRoy4 5 o1 0-58, 95 % CI 0-34, 0-98, Pyrena = 0-030),
after adjustment for age, sex, energy intake, physical activity
and smoking habits (model 2, Table 3). Results from the con-
tinuous analyses were in the same direction as the quartile
analyses. Upon further evaluation (Fig. 1(c)), we observed
deviations from linearity in the association between SFA
intake and CHD risk after excluding SFA from cheese.

Higher intake of total carbohydrates correlated signifi-
cantly with lower intake of SFA (p = —0-6, P< 0-001) and
lower intake of total fat (p = —0-8, P < 0-001). Results from
the theoretical substitution analyses are shown in Fig. 2.
Substitution of 5 % of total energy intake from carbohy-
drates with SFA was associated with a 26 % lower risk of
CHD (model 2 HR 0-74, 95 % CI 0-40, 1-36), although not
statistically significant. A substitution of carbohydrates with
total fat was also associated with lower risk of CHD (model
2HR0-75, 95 % CI 0-62, 0-90). To further evaluate whether
substitution analyses of carbohydrates with SFA or with
total fat could be attributed to an underlying beneficial
effect of PUFA, we evaluated results of analyses substitut-
ing carbohydrates with PUFA in which we found a non-
significant association with incident CHD (model 2 HR
1-42,95 % CI 0-82, 2-47). Further, the substitution of carbo-
hydrates with protein was not associated with the risk of
CHD (model 2HR 1-09, 95 % CI1 0-71, 1-68). When adjusting
for age, sex and energy intake only, results of all substitu-
tion models were in the same direction as in the fully
adjusted model, but were non-significant.

7

Exclusion of events occurring during the first 2 years of
follow-up yielded no material differences in results.

Discussion

In this community-based study population, high intake of
carbohydrates and low intake of SFA were associated with
higher risk of incident CHD. Intake of SFA from cheese was
significantly associated with lower CHD risk. When evalu-
ating SFA intake after excluding the contribution of SFA
from cheese, the association became weaker, but remained
significant. Substituting 5 % of total energy intake from car-
bohydrates with SFA and total fat was associated with lower
CHD risk (HR of 0:74 and 0-75, respectively), but was sta-
tistically significant only for total fat. The lack of a sta-
tistically significant finding for SFA may reflect, in part,
the narrower range of SFA intake compared with total fat
and carbohydrate intake.

Carbohydrates reflect a variety of sources including
sucrose, fructose and refined cereals, as well as fibre-rich
whole grains, vegetables and legumes. Refined carbohydrates
and added sugar accounted for a large part of carbohydrate
intake in the Norwegian diet at the time of HUSK baseline
in 1997-1999®. Even today, few Norwegians comply with
the Nordic nutrition recommendations for fibre intake®!32.
Per capita sales data indicate that intake of sugar-containing
foods and beverages peaked at the end of the 1990s®. In
addition, a nationwide diet survey among men and women
16-79 years of age (1997-1999) found that their diet con-
tained inadequate amounts of food products rich in fibre
and that the intake of added sugar was 10 and 9 E% among
men and women, respectively®®. When evaluating baseline
characteristics in this cohort, the intake of fruit and berries,
sugar-sweetened beverages and juice doubled from the low-
est to the highest quartile of carbohydrate intake. In contrast,
intake of rice, pasta, flour and cereals was only modestly
higher and vegetable intake did not differ across quartiles
of total carbohydrate intake. Also, while recommended intake
of fibre is >25g/d in women and >35g/d in men®, the
median intake of fibre in the total study population was
24 g/d and the median fibre intake in the highest quartile
of carbohydrate intake was 26 g/d. However, FFQ are
affected by systematic errors and do not precisely estimate
dietary intake; therefore, these data should be interpreted
with caution.

Previous cohort studies and meta-analyses have shown
diverse results regarding the association between intake of
carbohydrates and CHD when evaluating total carbohy-
drates. A study of men and women 30-59 years of age
found that carbohydrate intake was associated with a lower
CHD mortality risk (RR 0-96, 95 % CI 0-94, 0-99)3%. However,
a large cohort study of individuals aged 35-70 years found
that higher carbohydrate intake was not associated with
the risk of CVD (HR 1-01, 95 % CI 0-88, 1-15) or myocardial
infarction (HR 0-90, 95 % CI 0-73, 1-10)*®. Carbohydrate
intake was not consistently associated with CHD when
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Table 3 Associations between macronutrients and risk of incident CHD, The Hordaland Health Study. Mean follow-up time 10-8 years

CHD Model 1t Model 2%
Intake of macronutrients (range in E%)* n n % HR 95 % Cl HR 95 % Cl
Carbohydrates 2995 112
Q1 (21, 45) 749 23 3.1 1 (ref) 1 (ref)
Q2 (45, 49) 749 25 33 111 0-63, 1-96 1.09 0-60, 1-98
Q3 (49, 53) 748 29 39 1-30 0-75, 2:24 1-67 0-96, 2-89
Q4 (53, 74) 749 35 4.7 1.63 0.96, 2.76 210 1.22, 3-63
Piend§ 0-056 0-003
Continuous (per 2 E%) 2995 112 1.08 1.01, 1-15 112 1-05, 1-20
Saturated fat 2995 112
Q1 (4, 11) 749 44 5.9 1 (ref) 1 (ref)
Q2 (11, 13) 749 24 32 0-55 0-34, 0-91 0-46 0-27,0-78
Q3 (13, 14) 748 23 31 0-55 0-33, 0-92 0-47 0-28, 0-79
Q4 (14, 25) 749 21 2:8 0-53 0-32, 0-90 0-44 0-26, 0-76
Prrena§ 0013 0-002
Continuous (per 2 E%) 2995 112 0-82 0-70, 0-97 0-78 0-66, 0-92
Saturated fat from cheese 2995 112
Q1 (0, 1) 749 45 60 1 (ref) 1 (ref)
Q2(1,2) 748 28 37 0-68 0-43,1-10 0-78 0-49, 1.27
Q3 (2, 3) 749 25 3:3 0-64 0-39, 1.04 0-60 0.-35, 1.03
Q4 (3, 18) 749 14 1.9 0-38 0-21, 0-70 0-44 0-24, 0-83
PirendS 0-002 0-006
Continuous (per 1 E%) 2995 112 0-84 0.74, 0-97 0-87 0.75, 0-99
Saturated fat after excluding saturated fat from cheese 2995 112
Q1 (3,9 748 34 4.6 1 (ref) 1 (ref)
Q2 (9, 10) 750 29 39 0-85 0-51, 1-39 0-71 0-42, 1-20
Q3 (10, 12) 748 20 2.7 0-56 0-32, 0-98 0-46 0-26, 0-81
Q4 (12, 21) 749 29 39 0-81 0-49, 1.34 0-58 0-34, 0-98
PirendS 0-277 0-030
Continuous (per 2 E%) 2995 112 0-94 079, 1-12 0-85 0.71, 1.02

E%, energy percentage; CHD, incident CHD; n, number of participants; HR, hazard ratio; Q, quartile.

*Minimum and maximum intake of the macronutrient.

tCox proportional hazard regression analysis adjusted for age, sex and energy intake.

tAdjusted in addition for physical activity and smoking habits.

§Prena, to test for linear trends across quartiles, we modelled the median intake of each quartile as a continuous variable.
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Fig. 1 Cox proportional hazards regression with penalized splines, The Hordaland Health Study. Distribution of partial hazard (black
line) with 95% CI (shadow) for CHD across the distribution of a) intake of carbohydrates in E%, b) intake of saturated fatty acids (SFA)
in E% and c) intake of SFA after excluding contribution from cheese in E%. The model includes age, sex, energy intake, physical
activity and smoking habits. Intake above the 5Mth percentile and below the 95! percentile is included in the figure

different sources of carbohydrates were considered sepa-
rately. Li et al.®> found in a cohort study that higher intake
of carbohydrates from whole grains was associated with
lower risk of incident CHD (HR 0-90, 95 % CI 0-83, 0-98),
while carbohydrates from refined starches/added sugars
were positively associated with higher risk of CHD
(HR 110, 95 % CI 1-00, 1-21).

Fung et al.®® studied the association between con-
sumption of sugar-sweetened beverages and the risk of
CHD in the Nurses’ Health Study and found that regular
consumption of sugar-sweetened beverages was associ-
ated with a higher CHD risk. In addition, a meta-analysis
of cohort studies reported that intake of sugar-sweetened
beverages was associated with increased risk of myocardial
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Fig.2 Theoretical substitution analyses, illustrating an isocaloric substitution of 5E% from carbohydrates with total fat, saturated fatty
acids (SFA), polyunsaturated fatty acids (PUFA) or protein and its association with CHD. Adjusted for age, sex, energy intake, physi-
cal activity and smoking habits. Mean 10-8 years follow-up of the Hordaland Health Study participants

infarction®”. In randomised controlled trials, dietary sugar
intake has been found to increase blood pressure and
serum TAG, TC and LDL-cholesterol®®. While we did
not identify any one particular source of carbohydrates
to contribute to the overall carbohydrate association with
CHD, we did note differences in the quality of carbohydrate
sources between low to high carbohydrate intake quar-
tiles where intake of fibre, vegetables and many carbo-
hydrate sources remained essentially stable, while
bread, sugar-sweetened beverages, juice, and preserved
and fresh fruit and berries increased across the quartiles of
carbohydrate intake. Thereby indicating that increased
carbohydrate intake in the current study population rep-
resented increases in low-fibre and higher sucrose/fruc-
tose carbohydrates.

SFA intake in our study population came primarily from
dairy products, especially cheese. The intake of cheese
more than doubled from the lowest to the highest quartile
of SFA intake, and cheese was also the main contributor to
SFA intake in the highest quartile. As dairy products are
important contributors of SFA, the general recommenda-
tion in Norway has been to reduce the intake of high-fat
dairy products®®. However, studies do not consistently
support that this recommendation would reduce risk of
CHD“-%2_ A systematic review and meta-analysis did
not report a statistically significant association between
total dairy intake and CHD (Summary RR 091, 95 % CI
0-80, 1-09)“Y. Further, the only dairy product significantly
associated with lower CHD risk was cheese (Summary RR

082, 95 % CI 0-72, 0:93)“V. In addition, Qin et al“?
reported no association between dairy intake and CHD
(RR 0-94, 95 % CI 0-82, 1-07), and CHD risk was lowered
by cheese consumption also in this study (RR 0-84, 95 %
C1 071, 1-00).

We found that intake of SFA from cheese was the only
food source associated with a lower risk of CHD. Under-
lying mechanisms for a potential CHD protective effect
of cheese may relate to (i) fermentation which may influ-
ence dairy fat’s contribution to LDL-cholesterol®® and
(i) menaquinones (vitamin K,) which comes primarily
from cheese in European diets“™?. Geleijnse et al.> found
that menaquinone intake was inversely associated with
serum TC and aortic calcification and positively associated
with serum HDL-cholesterol. Menaquinones transported
together with SFA may, therefore, be associated with lower
CHD risk. Also, as most cheeses are not homogenised, they
still contain milk fat globule membranes. Rosqvist et al.“®
reported that intake of milk fat enclosed by milk fat globule
membranes did not impair the lipoprotein profile when
compared with butter oil. When evaluating the association
between SFA and CHD after excluding the contribution
from cheese, intake of SFA was still associated with lower
risk of CHD. The penalised spline illustrates almost the
same pattern as for total SFA, but with a tendency of higher
risk at higher intakes.

A systematic review and meta-analysis found that when
comparing the highest v. lowest intake of SFA, there was
no association observed between SFA intake and CHD
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(RR 1-03, 95 % CI 0-98, 1-07)"®. Another meta-analysis of
cohort studies found that the highest v. lowest quintile
intake of SFA had a weak association with the risk of
CHD (RR 1-06, 95 % CI 0-95, 1-17)"?. However, the quality
of the documentation was regarded as very low, and in an
analysis not adjusted for cardiovascular risk factors such as
serum cholesterol, there was a significantly higher risk of
CHD mortality comparing the highest v. lowest intake of
SFA (RR 120, 95 % CI 1-02, 1-41)"%.

Our results differ from these meta-analyses and likely
reflect that, in the current study population, cheese was
the predominant contributor to SFA, there was a narrow
range of median SFA intake in the four quartiles, and there
was an inverse association between SFA and carbohydrate
intake.

Theoretical substitution analyses

Analysing the effect of one nutrient when considering the
nutrients it substitutes provides another means of under-
standing the observed associations®”. Another study sug-
gested that reducing the intake of carbohydrates from
refined grains and added sugars may produce beneficial
metabolic effects that may decrease the risk of CHD??,
Jakobsen et al.*" showed that when substituting 5 E%
from SFA by carbohydrates, there was no association with
fatal CHD (RR 0-96, 95 % CI 0-82, 1-13), but a statistically
significant increase in the overall CHD risk (RR 1-07,
95 % CI 1-01, 1-14). When separately evaluating carbohy-
drates with high and low glycaemic index, only a substitu-
tion of SFA with high glycaemic index carbohydrates was
associated with a higher risk of myocardial infarction
(HR 1-33, 95 % CI 1-08, 1-69)?%. Chen et al.“” evaluated
the association between dairy fat and CHD in US adults
and found no significant benefit of replacing dairy fat with
the same energy intake from refined starch and added
sugar. However, the substitution of 5 % of energy from
dairy fat by carbohydrates from whole grains was associ-
ated with a significantly lower risk of CHD (RR 0-66,
95 % CI 062, 0-70).

The tendency for a lower risk of CHD when replacing
carbohydrates with total fat and SFA may reflect a combi-
nation of the beneficial association observed between
cheese consumption and CHD as well as the deleterious
association between low-fibre carbohydrate intake and
CHD. Total fat and SFA intake in the context of high-cheese
consumption may not be generalisable to total fat and SFA
intake in a low-cheese consumption context.

Strengths and limitations

Strengths of our study include a community-based sample
of men and women with a relatively long follow-up time.
Only sixty participants died due to other reasons until
2009; therefore, there was minimal competing risk from
other causes of death. Linkage to the CVDNOR project
database assured as good as complete follow-up. Also,

TR Haugsgjerd et al.

we had information on health status, medication use, health
habits and history of CHD at baseline, enabling us to evalu-
ate incident CHD. Further, the FFQ captured the major
sources of carbohydrates and SFA expected in the current
study population, and energy adjustment of the statistical
models is a well-established approach for reducing the bias
related to self-reported dietary data.

Theoretical substitution analyses were performed, mod-
elling the substitution of carbohydrates with PUFA, SFA,
protein and total fat. Another strength is the robustness
of the results which were similar from model to model after
various adjustments.

Limitations include the relatively small number of
participants and events limiting stratified analyses and
multivariable adjustments.

Another limitation is the lack of information on possible
changes over time in diet, medications and other risk fac-
tors. Both dietary habits and food products have changed
during the study period, due to the recommendations on
reducing intake of SFA as the source of fat and increasing
intake of whole grains as the source of carbohydrates®H4®,
Intake of cooking oil has tripled from the late 1990s to about
2013, and the consumption of vegetables also increased,
while intake of margarine and sugar-containing food
decreased according to per capita sales data®.

Blood samples were non-fasting. Since postprandial
TAG remain elevated for several hours, and the
Friedewald equation, used for the calculation of LDL-
cholesterol, assumes fasting TAG values, LDL-cholesterol
may be underestimated“?. Also, most reference values for
serum lipids and glucose are established on fasting blood
specimen.

Further, a common problem with FFQ is systematic
under- or overreporting of nutrient and energy intake, limit-
ing the estimation of absolute intake. However, the FFQ is
well suited to rank participants by dietary intake for evalu-
ation of associations with health endpoints®®. Given that
FFQ are not optimal for determining absolute nutrient
intake, caution is required in the interpretation of the theo-
retical substitution models®?.

There may also be other limitations. A large proportion
(75 %) of the participants reported zero intake of butter,
likely reflecting underreporting. Also, we did not have
extensive information on carbohydrate quality particularly
for bread due to lack of historical food recipes, lack of
food label details and type of carbohydrate content for
the recipes from the dietary database at the end of
the 1990s.

Nevertheless, when we adjusted for estimated fibre from
bread, vegetables and fruit intake, total carbohydrate intake
remained a statistically significant predictor of higher CHD
risk. Another limitation of the current study is that the
results cannot be generalisable to populations with a
greater range in carbohydrate or SFA intake. In the current
study, the intake of SFA varied from 4 to 25 E% and the
intake of carbohydrates varied from 21 to 74 E% resulting
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in a narrower range of intake when we evaluated the
median intake between the lowest and highest quartiles
(i.e., 10-15E% for SFA and 43-56 E% for carbohydrates),
precluding our ability to generalise to lower and higher
intake values. The current study can therefore not be com-
pared with previous studies that have shown higher all-
cause and cause-specific mortality associated with much
lower carbohydrate intakes than our study population®>%%,
Finally, the available data were not appropriate for studying
unsaturated fat, given the changing trans-fatty acid compo-
sition of unsaturated fat during the study period.

While reverse causation is a general concern in observa-
tional studies of dietary habits and disease outcomes, we
noted a similar percentage of participants with a family
history of CHD and similar baseline BMI values across
quatrtiles of carbohydrate and SFA intake. Further, adjusting
for family history of CHD and BMI did not alter our findings.
Although we performed multivariable analyses, residual
confounding may still be present.

Lastly, it is of note that at the end of follow-up, partici-
pants’ age was generally lower than the mean age of acute
myocardial infarction in Norway which is 73-8 years for
men and 79-1years for women®?. Thus, our findings may
reflect mechanisms involved in early-onset CHD and may
not necessarily be generalisable to older populations.

Conclusion

The focus of the current study was to evaluate the impor-
tance of the interplay between SFA and total carbohydrates,
including SFA sources, when evaluating the association
between SFA and CHD. A high intake of carbohydrates,
reflecting low-fibre and relatively higher sucrose/fructose
dietary sources, and a low intake of SFA were associated with
higher CHD risk in the current study population. Substituting
carbohydrates with total fat was associated with lower risk.
Also, SFA from cheese was associated with lower risk of CHD.

Further research evaluating potential benefits of dairy
products and their nutritional constituents is warranted.
Also, there is a need to clarify the relative health trade-offs
between replacing carbohydrate intake with fat intake in
study populations with diverse dietary habits and a wider
range in carbohydrate and SFA intakes. In addition, results
of our study suggest that dietary guidelines development
and their communication to the public, especially regard-
ing reductions in certain foods and nutrients, need to con-
sider the potential health impact of alternative sources of
energy.
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ABSTRACT

Objective The role of vitamin K in the regulation of
vascular calcification is established. However, the
association of dietary vitamins K1 and K2 with risk of
coronary heart disease (CHD) is inconclusive.

Design Prospective cohort study.

Setting We followed participants in the community-based
Hordaland Health Study from 1997 - 1999 through 2009
to evaluate associations between intake of vitamin K and
incident (new onset) CHD. Baseline diet was assessed by
a past-year food frequency questionnaire. Energy-adjusted
residuals of vitamin K1 and vitamin K2 intakes were
categorised into quartiles.

Participants 2987 Norwegian men and women, age
46-49 years.

Methods Information on incident CHD events was
obtained from the nationwide Cardiovascular Disease in
Norway (CVDNOR) Project. Multivariable Cox regression
estimated HRs and 95% Cls with test for linear trends
across quartiles. Analyses were adjusted for age, sex, total
energy intake, physical activity, smoking and education. A
third model further adjusted K1 intake for energy-adjusted
fibre and folate, while K2 intake was adjusted for energy-
adjusted saturated fatty acids and calcium.

Results During a median follow-up time of 11 years,

we documented 112 incident CHD cases. In the adjusted
analyses, there was no association between intake of
vitamin K1 and CHD (HR,,,,, = 0.92 (95% Cl 0.54 to
1.57), p for trend 0.64), while there was a lower risk of
CHD associated with higher intake of energy-adjusted
vitamin K2 (HR, .., = 0.52 (0.29 to 0.94), p for trend
0.03). Further adjustment for potential dietary confounders
did not materially change the association for K1, while the
association for K2 was slightly attenuated (HR,,,,, = 0.58
(0.28 to 1.19)).

Conclusions A higher intake of vitamin K2 was
associated with lower risk of CHD, while there was no
association between intake of vitamin K1 and CHD.

Trial registration number NCT03013725

INTRODUCTION

Vitamin K is a fat-soluble vitamin including
vitamin K1 (KI; phylloquinone) from green
leafy vegetables and vegetable oils as the

Strengths and limitations of this study

» The study had a long follow-up time with minimal
competing risk from other causes of death.

» Linkage to a nationwide database assured complete
cohort follow-up.

» We had information on history of coronary heart dis-
ease (CHD) at baseline which enabled us to evaluate
incident (new onset) CHD.

» The Food Frequency Questionnaire was not validat-
ed for intake of vitamin K.

» It was not possible to differentiate the various sub-
types of vitamin K2.

main dietary sources, and vitamin K2 (K2;
menaquinones) from dairy products, meat
and egg yolk as the main dietary sources in
Europe.'™ K2 has a longer halflife in the
circulation than K1.* Both are absorbed
from the small ileum and jejunum. K1 and
K2 are incorporated into chylomicrons and
delivered to the liver. K2 is also transported
via low-density lipoprotein and high-density
lipoprotein (HDL) particles to extrahepatic
tissue.

Vitamin K functions as a cofactor for the
enzyme gamma-glutamyl carboxylase which
converts protein-bound glutamate residues
into gammacarboxyglutamate (Gla).’ 7 Gla-
containing proteins are involved in, for
example, the coagulation of blood,® inhi-
bition of arterial calcification (Matrix Gla
Protein) and vascular smooth muscle cell
apoptosis and movement that is considered
protective against vascular injury (Gas-6).’
Matrix Gla Protein is involved in both medial
and intimal calcification, and low vitamin K
status has been associated with both types
of calcification.'*'* In addition, a study that
examined the effect of warfarin (a vitamin
K antagonist) on medial and intimal plaque
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calcification in apoE”~ mice concluded that warfarin
accelerates both medial and intimal calcification of
atherosclerotic plaque.'® Patients with both medial and
intimal calcification have a higher cardiovascular risk
when compared with similar patients without calcifi-
cation.'® 7 Therefore, an inverse association between
vitamin K intake and coronary heart disease (CHD)
could be expected. Results from observational studies
on the association between intake of vitamin K and CHD
are inconsistent."** Among the identified studies, three
found reduced risk of CHD in multivariable adjusted
analyses at higher dietary K2"# or K1.**

Nordic Nutrition Recommendations include a provi-
sional recommended intake of vitamin K of 1 pg/kg body
weight per day,” while adequate intake is 90 pg/day for
women and 120 pg/day for men.” However, these recom-
mendations may not be sufficient to attain complete
carboxylation of extrahepatic vitamin K-dependent

proteins.? 7
Given the limited number of epidemiological
studies,lg_24 and the fact that dietary vitamin K sources and

content differ between countries,” ™ further research is
warranted. The purpose of the current study was to eval-
uate the association between intake of both K1 and K2
and subsequent CHD events among community-living
middle-age adults in Norway.

SUBJECTS AND METHODS

Study population

The current study is a prospective, community-based
cohort study of participants living in Hordaland County,
Norway (known as The Hordaland Health Study (HUSK);
https://husk.w.uib.no/). The recruitment was based on a
cohort from 1992 - 1993 (The Hordaland Homocysteine
Study), where eligible subjects (Hordaland County resi-
dents born 1950-1951) were identified from the National
Population Register on 31 December 1992.%% In 1997-
1999, all living Homocysteine Study cohort members
born 1950-1951 and residing in the city of Bergen or
the neighbouring suburban municipalities were invited
to participate in HUSK. The baseline examinations were
conducted during 1997-1999 as a collaboration between
the National Health Screening Service (now The Norwe-
gian Institute of Public Health), The University of Bergen
and local health services. Participation rate was 77%.
Participants underwent a brief health examination and
provided a non-fasting blood sample. Information on life-
style was collected via self-administered questionnaires. A
semiquantitative Food Frequency Questionnaire (FFQ)
was completed by 87% of the participants yielding 3107
men and women age 47-49 years eligible for the current
study.

We excluded from the analyses 27 men and 35
women who reported extreme energy intakes (below
the first percentile: <1125kcal for men and <705kcal
for women; or above the 99th percentile: >4519kcal for
men and >3571kcal for women). Further, we excluded

27 participants (22 men and 5 women) who had prior
CHD based on self-reported information and/or prior
CHD hospitalisations during 1994-1999. Additionally,
those with missing information on self-reported myocar-
dial infarction from the Homocysteine Study (1992-
1993; 4 men and 19 women) were excluded. Further, we
excluded two participants (one man and one woman)
who reported use of warfarin and six participants (two
men and four women) with missing measurement on
dietary vitamin K intake. The final study population thus
included 1279 men and 1708 women.

Patient and public involvement

Participants were not involved in designing the research
question, conducting the study, or in the interpretation,
or writing of the results. There are no plans to involve
participants or relevant patient communities in dissemi-
nation of results. Results are disseminated to study partic-
ipants via website (https://husk.w.uib.no).

Dietary assessment

Information on food intake was obtained at baseline
(1997-1999) using a slightly modified version of a previ-
ously described™ pastyear 169-item semiquantitative
FFQ. The FFQ was handed out on the health examination
day, filled out at home and returned by mail to the HUSK
project centre. The questionnaire included frequency
alternatives (from once a month to several times per day),
the number of units consumed and portion sizes (eg,
slices, glasses, spoons) to capture the habitual diet during
the past year. The dietary information presented includes
individual food or beverage items, food groups and
nutrient intakes. Daily nutrient intakes were computed
from a database and software system developed at the
Department of Nutrition, University of Oslo (KBS, V.3.2).
The nutrient database is primarily based on the offi-
cial Norwegian food composition table®™ and available
literature.” Data for K1 are mostly developed by public
authorities in Finland,36 Sweden®” and USA.* For some
Norwegian food products, analyses were performed using
high performance liquid chromatography of fermented
foods.™ K2 was evaluated as one entity with no distinction
between the different menaquinones. At time of study,
the most commonly used dietary supplements in Norway
did not contain vitamin K. Thus, vitamin K intake reflects
only dietary sources. Measurements used as independent
variables in this study are the total dietary amount of K1
and K2, expressed as energy-adjusted residuals.*’

Health examination and health habits

Baseline examinations included measurements of height,
weight, waist circumference, resting blood pressure
(Dinamap 845 XT equipment (Criticon)) and non-fasting
venous blood samples for evaluation of serum lipids and
glucose. Serum samples of total cholesterol, HDL choles-
terol, triglycerides and glucose were analysed within
7 days at the department of Clinical Chemistry, Ulleval
University Hospital, Oslo, using enzymatic methods with
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reagents from Boehringer Mannheim (Roche, Basel,
Switzerland).

Information on educational level and medication use
was collected through self-administered questionnaires.

Hypertension was considered present if the mean of
at least two consecutive measurements of systolic blood
pressure was >140mm Hg or of diastolic blood pres-
sure 290 mm Hg or if use of medication for hypertension
was reported.

Diabetes was diagnosed according to diagnostic criteria
at the time of the screening/survey. Participants taking
diabetic medications or who reported a diagnosis of
diabetes were defined as having diabetes mellitus. Also,
participants with a serum glucose level >7mmol/L who
had not eaten a meal during the last 8hours, or with
glucose level >11.1 mmol/L and less than 8hours since
their last meal, were defined as having diabetes. Pre-
diabetes was defined as having glucose levels between
5.6 and 7mmol/L at least Shours after their last meal or
between 7.8 and 11 mmol/L less than 8 hours after their
last meal.

Participants answered one categorical question on past-
year vigorous physical activity resulting in sweating or
breathlessness (none, <1 h/week, 1-2h/week, or 23h/
week). This variable was treated as a categorical variable
with none as the reference.

Participants were classified as non-smokers, former
smokers or current smokers and this variable was treated
as a categorical variable with non-smokers as reference.

Outcome

The study endpoints were incident (first time) hospital-
isation with CHD (International classification of diseases
(ICD)9 codes 410-414, ICD10 codes 120-125) as primary
or secondary diagnosis or death with CHD as the under-
lying cause of death. Participants were followed from base-
line through 31 December 2009 for CHD events through
the Cardiovascular Disease in Norway project database
(CVDNOR, www.cvdnor.no)*' # and The Cause of Death
Registry. Follow-up time represented time from baseline
(1997-1999) until CHD, death from other causes, emigra-
tion or 31 December 2009, whichever came first. During
follow-up, there were 107 non-fatal and 5 fatal events of
interest while 60 participants died due to other causes
and were censored at date of death.

Statistical analyses
Energy-adjusted residuals were obtained from linear
regression models with total energy intake as indepen-
dent variable and K1 or K2 as dependent variables. The
residuals measure the difference between actual intake
and expected intake predicted by total energy intake*’
and thereby provides an assessment of K1 and K2 intake
relative to energy consumed. Residuals were then catego-
rised into sex-specific quartiles.

Descriptive  characteristics included counts with
percents and medians (interquartile range) for cate-
gorical and continuous variables, respectively. Trends in

dichotomous, categorical and continuous baseline char-
acteristics across energy-adjusted quartiles of K1 and K2
were evaluated using logistic, ordinal logistic and linear
regression analyses, respectively. The median residuals
for each quartile group was specified as a continuous
independent variable in the regression models.

Cox proportional hazards models were used to calcu-
late adjusted HR and 95% CIs for CHD associated with
sex-specific energy-adjusted quartiles and per 10 pg incre-
ments of K1 or K2 intake. The covariates included were
cither those associated with intake of K1 or K2 and with
CHD, or those that modified the association of either
K1 or K2 with CHD when included in the multivari-
able model. Analyses included adjustments for sex, age
(years) and total energy intake (kcal/day) (model 1),
with additional adjustment for categories of vigorous
physical activity (none vs <l hour/week, 1-2hours/week
and 23 hours/week), smoking habits (previous smokers
and current smokers, respectively vs non-smokers) and
education (high school or vocational school, and any
college or university, respectively vs primary school (<10
years)) (model 2). In a third model, K1 was adjusted addi-
tionally for energy-adjusted intake of fibre (g/day) and
folate (mg/day); K2 was additionally adjusted for energy-
adjusted intake of saturated fatty acids (SFA)(g/day)
and calcium (mg/day) (model 3). The following addi-
tional potential confounders were also evaluated but not
included in the tables as they did not noticeably alter the
vitamin K1 or K2 coefficients for CHD: family history of
myocardial infarction and energy-adjusted alcohol intake
(g/day). Further, adjusting for the following intermediate
factors: body mass index (BMI, kg/ m2), diabetes mellitus
(pre-diabetes and diabetes, respectively, vs no diabetes),
hypertension, serum total cholesterol (mmol/L) and
statin use, only attenuated the association to a small
degree.

To test for linear trends across energy-adjusted quartiles
of K1 and K2 intakes, the median value of the residuals
within each quartile group was entered as a continuous
independent variable. Supplementary analyses re-evalu-
ated K1 and K2 intake as sex-specific quartiles of absolute
intake rather than energy-adjusted residuals.

Missing data on physical activity (3.8%), education
(0.8%) and smoking habits (2.1%) were handled with
listwise deletion in all analyses included in the main
manuscript. In supplementary analyses, missing values for
physical activity, smoking and education were imputed
using ordinal logistic regression as the imputation model
in MICE (multiple imputation using chained equation)
with 20 imputations. All variables in the Cox regression
models were included as imputation variables together
with total cholesterol, HDL cholesterol, triglycerides and
BMI as auxiliary variables due to their correlation with
physical activity, smoking and education.

The proportional hazards assumption was evaluated
using Schoenfeld’s test and log—log test.

In Cox regression with penalised splines, the functional
form of the association between absolute K2 intake (not
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residuals) and risk of CHD was estimated by smoothing
splines, in which the estimated smooth functions were
used to plot the relative hazards of CHD.* Intakes above
the 95th percentile and below the 5th percentile are
excluded in the figure.

To test for sex interactions between Kl and K2, we
compared models with and without an interaction term
using likelihood-ratio test.

Statistical analyses were performed using Stata V.15
(Stata Corp LP) and R V.3.4.0 (https://www.r-project.
org/, The R Foundation for Statistical Computing,
Vienna, Austria). P<0.05 were considered statistically
significant.

Consent to participate
All subjects gave their written consent to participate in
the study.

RESULTS

Reported intake of energy-adjusted Kl ranged from 8 to
1063 ng/day/1000 kcal (median 48pg/day/1000 kcal)
and were higher for women compared with men. Intake
of energy-adjusted K2 ranged from 1 to 31pg/day/1000
kcal (median 7pg/day/1000 kcal) and were slightly
higher for women compared with men.

The major dietary sources of K1 were vegetables (64%),
fruits and berries (6%) and milk and milk products (6%),
while sources of K2 were cheese (40%), other dairy prod-
ucts (14%), meat (24%) and eggs (13%).

In the evaluation of baseline characteristics associated
with K1 intake, the concentration of HDL cholesterol and
the proportion of participants who were highly educated
and reported at least 1 hour of vigorous physical activity
per week were higher with higher quartiles of K1 intake
(table 1). Further, intakes of energy-adjusted total vitamin
K, folate and fibre were higher with higher K1 intake
quartiles. In contrast, a lower proportion with a family
history of CHD and lower energy-adjusted K2, SFA and
carbohydrate intakes were noted with higher Kl intake.
In addition, intake of fruit and berries and vegetables
were higher with higher K1 intake quartiles, while intake
of cheese, milk and milk products and soft drinks with
sugar were lower with higher intake quartiles of energy-
adjusted K1 intake.

Evaluation of baseline characteristics by quartiles of
energy-adjusted K2 intake identified that the proportion
of participants highly educated, and the concentration
of HDL cholesterol were higher with higher quartiles of
K2 intake, while the concentration of triglycerides was
lower (table 2). Further, intake of energy-adjusted total
fat, SFA and calcium was higher with higher K2 intake
quartiles. In contrast, lower intake of energy-adjusted K1
and carbohydrates was noted with higher K2 intake. In
addition, intake of butter, eggs, cheese, meat and minced
meat were higher with higher quartiles, while intake of
soft drinks with sugar and fruit and berries were lower
with higher quartiles of energy-adjusted K2 intake.

Association between dietary vitamin K1 and CHD

During amean 10.8 (SD 1.3) years follow-up, representing
32 362 person years among 2987 participants, we docu-
mented 112 incident CHD events. Due to listwise dele-
tion of missing values (2.1% for smoking habits, 0.8% for
education and 3.8% for physical activity), multivariable-
adjusted analyses included 6.5% fewer participants
compared with model 1 analyses (ie, 2792 (1213 men and
1579 women) participants and 100 CHD events).

When adjusting for age, sex and total energy intake,
there was no association between intake of energy-
adjusted K1 and CHD comparing the fourth to the first
quartile and there was no trend (table 3, model 1). The
results were similar when further adjusting for physical
activity, smoking habits and education (HR,, .,=0.92
(0.54 to 1.57), p for trend 0.64; table 3, model 2). In anal-
yses of energy-adjusted K1 intake as a continuous variable
(per 10 pg increase), there was no association between K1
and CHD in the adjusted analysis (table 3, model 2). Addi-
tional adjustments for energy-adjusted fibre and folate
did not materially change the results (table 3, model
3). In supplementary analyses, where missing data were
handled with multiple imputation, results were similar to
those presented in table 3 (online supplementary table 1,
models 2 and 3).

Results were consistent with the above analyses in the
supplemental analyses evaluating sex-specific quartiles of
absolute Kl intake rather than energy-adjusted residuals
(online supplementary table 2).

Association between dietary vitamin K2 and CHD

When adjusting for age, sex and total energy intake,
there was a lower risk of CHD with energy-adjusted K2
in the fourth compared with the first quartile (HR,
Q1=0'50 (0.28 to 0.88), p for trend 0.02; table 3, model
1). Results were consistent when further adjusting for
physical activity, smoking habits and education (HR,
Q1:0.52 (0.29 to 0.94), p for trend 0.03; table 3, model
2). Consistency in results was observed in analyses of
K2 intake as a continuous variable (per 10pg increase;
HR=0.74 (0.52 to 1.05), p=0.09). Additional adjustments
for energy-adjusted SFA and calcium slightly attenuated
the risk estimates for the association between K2 intake
and CHD (HRQMQI:O.BS (0.28 to 1.19), p for trend 0.16;
table 3, model 3). Similar results were found in supple-
mentary analyses where missing data were handled with
multiple imputation (model 2: HR . =0.70 (0.50
to 0.98), p=0.04) (online supplementary table 1, models
2 and 3).

When evaluating sex-specific absolute K2 intake rather
than energy-adjusted residuals, HRs were similar to those
observed in the primary analyses (HR,, =0.72 (0.36
to 1.45), p for trend 0.25; online supplementary table 2,
model 2). Similarly, the penalised spline figure for abso-
lute K2 intake and its association with CHD adjusting for
model 2 covariates showed a tendency towards lower risk
of CHD with higher K2 intake (figure 1).
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Total P trend*

o
2
Q
N
2
o
S

Age, years 48 (47 to0 48) 48 (47 to 48) 48 (47 to 48) 48 (48 to 49) 48 (47 to 49) 0.135
Any college and/or university 1136 (38.3) 265 (36.0) 288 (38.9) 289 (38.8) 294 (39.6) 0.018
education

Smoking habits 0.104

Current smokers 978 (33.5) 239 (32.8) 231 (31.4) 261 (35.7) 247 (34.0)

None 741 (25.8) 198 (27.8) 201 (28.0) 188 (26.0) 154 (21.4)

1-2hours/week 907 (31.6) 207 (29.0) 239 (33.3) 226 (31.3) 235 (32.6)

Hypertension 707 (23.7) 172 (23.1) 176 (23.6) 185 (24.7) 174 (23.3) 0.945

Pre-diabetes 66 (2.2) 24 (3.2) 12 (1.6) 14(1.9) 16 (2.2)

Body mass index, kg/m? 24.9(2281027.4) 250(22.81027.4) 25.0(22.81027.6) 24.9(22.9t027.5) 247 (2261027.2)  0.148
Waist ircumference, om  850(77.010940) 850(77.010940) 850(77.0t0940)  850(77.010930)  850(76.010980) 0266
Serum cholesterol, mmol/L 5.65(5.06 10 6.30) 5.58(5.05t06.25) 570 (5.11106.44)  5.66 (5.05t06.27)  5.65(5.03106.25)  0.331
‘SeumlDLC,mmoll  356(301t0417) 353(9Blo414) 365@0610420) I6EM 04T 354410410 0072
Serum HDL-C, mmol/L 1.28(1.06t01.53) 1.27 (1.04t01.52) 1.28(1.07t0o1.51)  1.27 (1.05 to 1.53) 1.31(1.07t0 1.58)  0.004
Serum trighcerdes, MmO/l 140(10110208)  143(101t0202)  139(100t01.99)  139(104102.11)  138(09810205) 04e2
Energy intake, kcal/day gggg)u 690 to 2152 (171210 2671) 1944 (1608 to 2353) 2032 (1627 to 2485) 2171 (1775 t0 2687)  <0.001

Total vitamin K, pg/day 120 (85 to 175) 78 (58 to 99) 95 (76 to 118) 137 (111 to 161) 234 (189 to 301) <0.001

Vitamin K2, pg/day 15 (11to 21) 16 (12 to 22) 14 (11 to 20) 15 (11 to 20) 15 (12 to 20)

Vitamin K1, pg/day 103 (69 to 157) 61 (44 to 77) 81 (63 to 101) 121 (99 to 143) 218 (172 t0 282) <0.001

Total fat, E% 32 (29 to 36) 32 (28 to 35) 33 (29 to 36) 33 (30 to0 37) 33 (29 to 36) <0.001

PUFA, E% 7 (6to8) 6(5t07) 7 (6to8) 7(@6t09) 7 (6to09) <0.001

16 (14 to 17) 16 (14 0 17) 16 (14 to 17) 16 (15 to 18) <0.001

Protein, E% 16 (14 to 17)

Alcohol, E% 1(0to3) 1(0to3) 1(0to3) 2(0to3) 2(1t03) 0.001

Fibre, g/day/1000 kcal 11 (10to 13) 10 9to 12) 11 (10to 13) 11 (10to 13) 13 (11 to 16) <0.001
nakeoffooditems gidayt000keal
Buttert 0(1.2) 0(1.3) 0(1.1) 0(1.1) 0(1.2) 0.749
| Magane 8@y 2(109 3@ @I 3@y <0001
Cheese 13 (7 to 21) 15 (8 to 24) 13 (7 to 22) 12 (7 to 19) 12 (6 to 20) <0.001
S Yegt 501y 6Ow2) 5019 601 sELI) o070
Milk and milk products 129 (65 to 205) 157 (86 to 230) 134 (71 to 220) 127 (57 to 193) 105 (51 to 174) <0.001
CSasages 20049 (4 f8(ito4n  21(08) 21608 0067
Meat 55 (41 to 70) 54 (39 to 68) 55 (42 to 73) 56 (43 to 70) 53 (40 to 67) 0.651
Continued
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Table 1 Continued

Total Qi Q2 Q3 Q4 P trend*
Minced meat 24 (16 to 34) 25 (15 to 35) 25 (16 to 35) 25 (16 to 34) 22 (14 to 31) <0.001
Soft drinks with sugar 25 (0 to 65) 31 (3to 76) 28 (2 to 69) 24 (0 to 61) 18 (0 to 51) <0.001
Fruit and berries 104 (65 to 154) 91 (56 to 132) 103 (67 to 150) 105 (68 to 167) 114 (71 to 164) <0.001
Vegetables 85 (54 to 131) 49 (35t0 72) 74 (53 to 101) 98 (67 to 134) 154 (104 to 212) <0.001

Values are presented as N (%) and median (interquartile range) for continuous and categorical data, respectively.
*Logistic regression for dichotomous categories, ordered logistic regression when more than two categories and linear regression for continuous variables where median residuals

within each quartile group was used as the independent variable in the analyses.
tMean (median) are reported due to a large proportion with zero intake.

CHD, coronary heart disease; E%, energy per cent; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; MUFA, monounsaturated fatty acids;

PUFA, polyunsaturated fatty acids; Q, quartile; SFA, saturated fatty acids.

DISCUSSION

Among community-dwelling middle-age adults in Western
Norway, a higher energy-adjusted reported intake of
K2 was associated with a lower risk of subsequent CHD
events, whereas intake of K1 was not associated with inci-
dent CHD. Similar direction of associations was observed
when further adjusting for potential dietary confounders.

Strengths and weaknesses

Strengths of our study include a long follow-up time with
minimal competing risk from other causes of death in
this relatively young study population. Linkage to the
CVDNOR project database assured complete follow-up.
In addition, we had information on several possible
confounders including baseline health status, medication
use, health habits and history of CHD which enabled us
to evaluate incident CHD.

Weaknesses include self-reported information on
dietary intake, health habits and medication use which
may lead to misclassification in covariates used in the
analyses. Furthermore, we lack information on changes
in diet including intake of vitamin K, medications and
risk factors over time. Inherent problems with FFQs are
systematic under-reporting and over-reporting. However,
the FFQ is well suited to rank individuals when adjusting
for total energy intake.** This FFQ is not validated specif-
ically for intake of vitamin K. Vitamin K content of foods
differs according to production conditions, and the
bioavailability is dependent on preparation, fat content of
meals, the food matrix and subtypes of vitamin K. There-
fore, although the rank ordering of participants may be
valid, the absolute vitamin K intake based on FFQ is likely
inaccurate.” ¥ % * In addition, K2 can be produced
by intestinal gut microbiota, but little is known about
its contribution to vitamin K status since the majority is
located in bacterial membranes in the colon and is prob-
ably not available for absorption.”

Further, vitamin K2 intake may be underestimated in
this study population since much of the information on
vitamin K content of food used in this study comes from
a Dutch study,28 and recent research have shown that
Norwegian cheeses are especially rich in vitamin K2.%*7
In addition, we could not differentiate the subtypes of
vitamin K2" in our study.

Although we performed multivariable analyses, residual
confounding may still be present.

Results in relation to other studies

This study did not find an association between intake
of K1 and CHD, in line with results from most previous
studies.'” 2 2 2 However, Erkkilid et al concluded that
high K1 intake may be a marker of low CHD risk, but that
dietary patterns associated with K1 intakes, rather than
intake of K1 itself might account for this association.”'
Similarly, Juanola-Falgarona et al studied the association
between dietary K1 and K2 with mortality in a cohort with
high cardiovascular disease (CVD) risk, and found that an
increase in dietary intakes of both K1 and K2 were associ-
ated with a reduced risk of all-cause mortality, while only
K1 was associated with a reduced risk of CVD mortality.”*
However, since participants came from a Mediterranean
country in which the consumption of fruit, vegetables
and vegetable oils was quite high, K1 could be regarded
as a marker of adherence to a healthy diet.”*

Regarding vitamin K2, Geleijnse et alfound a 41% lower
risk of CHD comparing the highest with the lowest tertile
of K2 intake in the Rotterdam study,” similar to our
results. Gast ef al found a dose-response relationship with
a 9% lower CHD risk with each 10pg higher K2 intake,
with the strongest association shown for long-chain K2.'
Opposite from this study where the association atten-
uated when further adjusting for SFA and calcium, the
association became stronger in both these studies in their
multivariable models."” ** Adjusting for SFA and calcium,
however, may be an overadjustment as dairy products
rich in SFA and calcium are also major sources of K2.**
Zwakenberg et al found that only intake of long-chain K2
(per10pg) was borderline significantly inversely associated
with CHD mortality (p for trend 0.06).” This discrepancy
compared with our study may be because lifestyle factors
such as diet may have a larger impact on total CHD events
(fatal and non-fatal) given the underlying mechanisms of
reducing calcification. Treatment, however, is probably of
larger importance for CHD mortality.*®

In the western diet, cheese is the most important source
of long-chain K2, and hard cheese is, in general, richer
in K2 than soft cheese.®* Fu et al showed that vitamin K
concentrations in cheese ranged from 40 pg to 850 pg per
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Total P trend*

o
=
Q
N
2
@
2

Age, years 48 (47 to 48) 48 (47 to 49) 48 (47 to 48) 48 (47 to 49) 48 (47 to 48) 0.600

Any college and/or university 1136 (38.3) 261 (35.3) 272 (36.8) 284 (38.3) 319 (42.9) 0.001
education

Smoking habits 0.267

Current smokers 978 (33.5) 239 (32.7) 244 (33.5) 240 (32.7) 255 (34.9)

None 741 (25.8) 185 (25.8) 181 (25.5) 194 (26.9) 181 (25.0)

1-2 hours/week 907 (31.6) 214 (29.8) 244 (34.4) 224 (31.0) 225 (31.1)

Hypertension 707 (23.7) 185 (24.8) 180 (24.1) 184 (24.6) 158 (21.2) 0.100

Pre-diabetes 66 (2.2) 18 (2.4) 15 (2.0) 17 2.3) 16 (2.2)

Body mass index, kg/m? 249 (22.81027.4) 24.8(22.7 to 27.4) 25.1 (23.0 to 27.5) 250(229t027.3)  24.8(22.6t1027.4)  0.830

Serum cholesterol, mmol/L 5.65 (5.06 t0 6.30)  5.66 (5.02 to 6.30) 5.64 (5.07 to 6.36) 5.7 (5.1 t0 6.32) 5.57 (5.05 to 6.20) 0.124

Serum HDL-C, mmol/L 1.28(1.06 10 1.53)  1.27 (1.03 to 1.52) 1.27 (1.07 to 1.54) 1.30 (1.06 to 1.55) 1.30(1.06t0 1.54)  0.043

Energy intake, kcal/day 2057 (1690 to 2550) 2098 (1682 to 2645) 1976 (1603 to 2398) 2014 (1653 t0 2469) 2215 (1795 t0 2637)  0.002

Total vitamin K, pg/day 120 (85 to 175) 119 (82 to 179) 116 (78 to 169) 114 (83 to 165) 133 (94 to 186) 0.728

Vitamin K2, pg/day 15 (11 to 21) 10 (8 to 13) 13 (11 to 16) 16 (14 to 19) 24 (21 10 29)

Vitamin K1, pg/day 103 (69 to 157) 109 (72 to 167) 101 (67 to 155) 97 (67 to 149) 104 (71 to 156) 0.329

Total fat, E% 32 (29 to 36) 30 (27 to 34) 31 (29 to 35) 33 (30 to 36) 35 (32 to 38) <0.001

PUFA, E% 7 (6t08) 7(6to9) 7 (6t08) 7 (6t08) 6 (6 to 8) <0.001

Protein, E% 16 (15 to 17) 16 (15 to 18) <0.001

16 (14 to 17) 15 (13 to 16) 16 (14 t0 17)

Alcohol, E% 1(0to3) 1(0to3) 1(0to3) 1(0to3) 10to3) 0.387

Fibre, g/day/1000 kcal 11 (10 to 13) 12 (11 to 15) 12 (10 to 13) 11 (9 t0 13) 11 (9to 12) <0.001

Buttert 0(1.2) 0(0.5) 0(1.0) 0(1.3) 0(1.9) <0.001

Egg 8 (4to11) 5(3to8) 8 (5to 11) 8(5to0 12) 8 (4to11) <0.001

Yoghurt 5(0to 18) 4(0to 15) 5(0to17) 6 (0 to 19) 5(0to 19) 0.456

Continued
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Table 2 Continued

Total Q1 Q2 Q3 Q4 P trend*
Sausage 20 (2 to 49) 21 (2 to 53) 22 (3 to 53) 21 (3 to 50) 17 (2 to 42) <0.001
Meat 55 (41 to 70) 47 (33 to 58) 56 (43 to 71) 61 (46 to 77) 58 (42 to 76) <0.001
Minced meat 24 (16 to 34) 19 (12 to 28) 24 (16 to 33) 27 (18 to 37) 27 (17 to 36) <0.001
Soft drinks with sugar 25 (0 to 65) 29 (1to 72) 26 (0 to 66) 26 (2 to 64) 23 (0 to 54) <0.001
Fruit and berries 104 (65 to 154) 116 (74 to 174) 105 (67 to 162) 100 (64 to 149) 93 (57 to 135) <0.001
Vegetables 85 (54 to 131) 85 (50 to 133) 90 (58 to 139) 82 (55 to 125) 84 (53 to 122) 0.006

Values are presented as N(%) and median (interquartile range) for categorical and continuous variables, respectively.
*Logistic regression for dichotomous categories, ordered logistic regression when more than two categories and linear regression for continuous variables where median residuals

within each quartile group was used as the independent variable in the analyses.
tMean (median) are reported due to a large proportion with zero intake.

CHD, coronary heart disease; E%, energy per cent; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; MUFA, monounsaturated fatty acids;

PUFA, polyunsaturated fatty acids; Q, quartile; SFA, saturated fatty acids.

100 g, and that reduced-fat products contained 5%-22%
of the vitamin K found in fullfat equivalents.”” K2 in
cheese originates from bacterial processes present at the
start of the cheese-making process.”® As different lactic
acid bacteria are used in cheese making, a large variability
in K2 content is found. Cheeses from Norway are among
those with the highest long-chain K2 content.” "/

A meta-analysis including only two published studies of
sufficient quality did not conclude that there is a lower
risk of cardiovascular events with higher intake of K2.*
However, a systematic review and meta-analysis found that
supplementation with vitamin K (K1 and K2) significantly
reduced vascular calcification, but not vascular stiffness,
compared with controls.”’ However, Shea et al studied

Table 3 Associations between intake of energy-adjusted vitamin K1 and vitamin K2 and incident coronary heart disease

(CHD)*
Model 1 Model 2 Model 3
Intake, pg/day HR (95% CI)t HR (95% CI)t HR (95% CI)1l

Exposure mean (SD) N CHD, N(%) n=2987 n=2792§ n=2792§
Vitamin K1

2987 112
Qi 63 (25) 746 33 (4.4) 1 (ref) 1 (ref) 1 (ref)
Q2 83 (27) 747 18 (2.4) 0.47 (0.27 t0 0.85) 0.50 (0.27 to 0.93) 0.48 (0.26 to 0.89)
Q3 122 (32) 748 31 (4.1) 0.84 (0.51 to 1.39) 0.89 (0.53 to 1.51) 0.83 (0.49 to 1.41)
Q4 269 (191) 746 30 (4.0) 0.91 (0.55 to 1.49) 0.92 (0.54 to 1.57) 0.69 (0.38 to 1.27)
P for trend** 0.64 0.64 0.59
Continuous, per 1.00 (0.99 to 1.02), 1.00 (0.99 to 1.02), 0.99 (0.97 to 1.01),
10ug p=0.57 p=0.62 p=0.27
Vitamin K2

2987 112
Q1 10 (4) 746 35 (4.7) 1 (ref) 1 (ref) 1 (ref)
Q2 13 (4) 747 30 (4.0) 0.79 (0.48 to 1.29) 0.79 (0.47 to 1.34) 0.83 (0.49 to 1.43)
Q3 17 4) 747 29 (3.9) 0.77 (0.47 to 1.26) 0.77 (0.45 to 1.31) 0.84 (0.47 to 1.48)
Q4 26 (8) 747 18 (2.4) 0.50 (0.28 to 0.88) 0.52 (0.29 to 0.94) 0.58 (0.28 to 1.19)

P for trend**

Continuous, per
10pg

0.02

0.71 (0.50 to 0.99),
p=0.04

0.03

0.74 (0.52 to 1.05),
p=0.09

0.16

0.82 (0.51 to 1.30),
p=0.39

Sex-specific quartiles with 1279 men and 1708 women. The Hordaland Health Study.

*HR are presented as Q2 versus Q1, Q3 versus Q1, Q4 versus Q1.

TCox proportional hazards regression analysis adjusted for age, sex and total energy intake.

FAdjusted in addition for physical activity, smoking habits and education.

§Analyses were based on a reduced number of participants (n=2792) and CHD events (n=100) due to listwise deletion when covariates were missing.
{lVitamin K1 is adjusted in addition for energy-adjusted fibre and folate, while vitamin K2 is adjusted in addition for energy-adjusted calcium and

saturated fatty acids.

**P trend, to test for linear trends across quartiles, we modelled the median intake of each quartile as a continuous variable.

N, number of participants; Q, quartile.
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Figure 1 Cox proportional hazards regression with

penalised splines, The Hordaland Health Study. Distribution
of partial HR (solid line) with 95% CI (shadow) for coronary
heart disease across the distribution of dietary vitamin K2

in pg per day (not energy-adjusted residuals). The model
includes adjustment for age, sex, total energy intake, physical
activity, smoking habits and education. Intakes above the
95th percentile and below the 5th percentile are excluded in
the figure.

supplementation with K1 on coronary artery calcifica-
tion progression in older men and women and found no
difference between the control and treatment groups in
the main analyses. Less progression of coronary artery
calcification was found in participants who were 285%
adherent to supplementation and in those with pre-
existing coronary artery calcification.”

Potential mechanisms

The lower risk of CHD with a high intake of K2 may have
different explanations. Jakobsen e al showed that intake
of SFA seems to be preferable compared with intake of
carbohydrates with high glycaemic index in order to
reduce risk of myocardial infarction.”® Further, intake
of K2 correlates positively with intake of SFA, especially
dairy sources as cheese, and negatively with intake of
carbohydrates, especially sugar-rich sources as soft drinks
with sugar and fruit and berries (both fresh and canned).
Further, cheese has been associated with lower risk of
CHD,”® and the median intake of cheese more than
triples between the first and fourth quartile of K2 intake.
This may also partly explain why adjusting for SFA and
calcium attenuated the association between intake of K2
and CHD (table 3, model 3).

The lower risk of CHD with a high intake of K2 may
further be explained by carboxylation of vascular Matrix
Gla Protein and consequently less arterial calcification.”
Intimal calcification starts in the inner layer of large
arteries, is associated with dyslipidaemia and may cause
ischemia and arterial infarction, while calcification of the

medial layer occurs even in small arteries and may lead to
arterial stiffness, hypertension and left ventricular hyper-
trophy that further increases risk of CHD.”

The observed association for K2 only may be due to the
fact that in addition to being cleared by the liver, it is also
transported to extrahepatic tissues.” However, extrahe-
patic vitamin K-dependent proteins seem to be of lower
priority compared with those in the liver.® * Thus, one
hypothesis is that intake of vitamin K has to be of a certain
magnitude in order to have an effect on CHD. The
different results on K1 and K2 may also be due to biolog-
ical differences between Kl and K2 or to lower ability of
the FFQ to estimate K1.* % Due to different bioavail-
ability, the contribution of K2 to vitamin K status is at least
equal to that of K1 even though dietary K1 contributes to
the majority of the total vitamin K intake, 20 1657

Alternatively, our findings may reflect that K2 may be a
marker of another nutrient or food constituent that has
heart-healthy properties.

Implications and future research

Our findings contribute to the sparse literature relating
dietary vitamin K to future CHD risk. Current dietary
guidelines are based on insufficient knowledge with
regard to vitamin K metabolism and the different char-
acteristics of K1 and K2. Therefore, our results indicate a
need for more studies on the association between K2 and
CHD. In addition, more knowledge about the absorption,
transport and bioactivity of K2 is warranted.

Conclusion

In this Norwegian community-based study population, we
observed that intake of K2 was associated with lower risk
of CHD, while there was no association between intake of
K1 and CHD. These results are considered generalisable
to other middle-aged Western populations in which dairy
products are the primary source of K2.
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Appendix A

The Hordaland Homocystein Study questionnaire



| | Far De smerter eller ubehag i brystet nar De:

FAMILIE

F REYKING

Har en eller flere av foreldre eller sasken hatt

| VET,
JA NEJIKKE

Reyker De
Sigaretter daglig? .

hjerteinfarkt (sar pa hjertet) eller angina

pectoris (hjertekrampe) ?............ 12

tharsdrulkst aller 1:|br|kk!ramsl|lba)

EGEN SYKDOM

Har De. gller har De hatt:

Hjerteinfarkt? . ... ... 1%
Aonging pectorus[hjer!ekrampol'? 14
Hlemaslan . . . o S s L
Sukkarsyka'?.............................m

Hvis De har sukkersyke, i hvilket ar
| ble diagnosen stllet? ..o i 17

Sigarer eller serutterr‘spgarlllos daghg'? S
Pipe daglin? .
Hvis De ikhe royker daglig na, besvar da:
Har De raykl daglio tdligers? ... ...
Hvis De svarte «lAx, hvor lenge er det
siden De sluttet?
Mindre enn 1 ac?
Mes-enn Larl el g,

Besvares av dem som reyker na eller
som har raykt tidligers:

Er De under medikamentell behandling
for hayt blodirykk?.

SYMPTOMER

Gdr i hakker, trapper eller
| fort pd flal mark? _. ...
Giar oovanhg bakl ps flat mprk’?

.20

Dersom De tar smarter eller vondt
i brystet ved gange, pleler De da a:
Stoppe? ... %
Sakine fartcn'? A
Fartsatle | samme 1ak!9 S
Dersom De stopper eller sakiner [armn
farsvinner smartens da:
Etter mindra enn 10 minuttar?
Etter mar ann 10 minutter?

Har De vanligvis:
Hoste om margenen? .

Oppepylt fra brystet am mar\g@n@n’? -
Bevegelse og kroppsliy anstrengelse | Deres
fritied. Hvis aktiviteten varierer meget feks. mel-
lom sommer og vinter. 5a ta &t gjennomsnitt.
Sporsmalel gjelder bare'det siste drel
Sett lryss i den ruta buor )b pesser beat
Leser, ser gpa fiernsyn eler annen
stillesittende beskjeftigelse? ... ... ..

Sgasener, sykler aller beveger Cam pd
annen mate minst 4 tmer i uka .
(Her skal De ogad regne mad gang eller
sykliog Hl arbeidsatede!, sendagstarer mom)

Criver mosjonsidrett, lvngre hagearbeid el? |
(hderk al akbvieien skal vare minst
4 i i ke

Trenar harct sller driver konkurransaidratt
regelmessig og flere ganger i uka? ...

SALT/FETT |

Hwor ofte bruker De salt kjott |

elier salt fisk til middag?

Sell kryss | oen ik hor i passer best
Aldri eller s;elclnere [=ala =] gang
i maneden e &
Cpphl en ganr__] i Uk$ e
Cppstil o ganger | uka .
Mer snn to ganger i uka .,

Hwor ofte pleier De stro ekstra salt

pa middagsmaten? |

Sl st 0 odon ruka bvor sJfe passer Besl |
Sjelden eller aldri ... ..
Avoog L aller ofte . ey
Allted eller neslen alilld oo .

Hwa slags margarin aller smar bruker De til

vanllyg pa brad?

Boft kryss §den ruba bvor oJbe pagser best
Bruker ikke smer eller margann pa bred .
Smear .
Hard margarm :
iyl (Soft) ma.rgann ;
Srer Smargarin blarding .

Huva slags fett blir til vanlig brukt tif
matlaging | Deres husholdning?
Satt kryss § den ruts hvor wJAe passar best
Smer eller hard margarin. . ... .............
bk (Softy mamgarin eller olje . ..
Smer,/margarin blanding ... ... ..

[

]

Bt

Huor mange &r tilsammen har
De rovkt daglig? ... ...

Hvor mange sigarstier reyker aller
avkle De daghg?

Oppai fallet pa sigaretter daghg .. ... ... ..
thandrullet = fabrikkiramatilts)

Hvor mange kopper kaffe drikker De

vanligvis daglig?

Sett kryss §den ruta hver wlAe passer best
Drikkar ikke lkaffe, eller mindre
enn an kopp
Tl RSP i o A e T
G-8 kopper
2 eller flere kODDer 3

Hva slags kaffe drikker De vanllq\ns daghq"
Kokekaffe .
Filterkaffa ... ...
Pukverkaffe .........
Foffainfri kaife .. .. ..
Drikker ikke kaffe

Har De i det siste aret hatt:

Satt kryss i dan rota owor wJAe passer best
For del meste stillesitlenda arbeid?. . ..
e, shrvepborlsirec, urmakerarieid, monle|
Arbeid som krever at De gir mye?
ihoks, chapaditerarts, lell indushiart, lII'IdE"\ISHII'IFI]
Arbeid bvor De gar og lafter m
ileks, poslod, tynore industriacb., bv‘;aninrlsamaid?

Tungt kroppsarbeid? .
ks, skogsarn, tungt prdbruksnrb |ungi h;gnmh_l

Har De | Deres arbeid noen gang vaert |

hartakt rsd:
Ashesksten® 5 o0 e SRR s
KEr R B e e L S T b

Har De vanligvis skiftarbeid elar nattarbesa?. .
Er husarbeid i hiemmet hovedyrket Deres? ...

v + beiis nnot arbaeid olenom
buzartoicd or 18 fimer aller mer pro ubel

Har De deglig omsorg for syhke eller
funksjonshemmeade | familien?. .. . ... ... ...

Har De i lopet av de siste 12
maneder fatt arbeidsledighetstrygd? .

Er De for tiden sykmeldt, eller
far De atiforingspenger? ... ..

Har De full gller dehas ufsrapsnsjon? |

ETTERUNDERSZKELSE

Er to ellzr flers av dine besteforeldre
av finsk aett?

Er to eller flcrc an
sv samigk =tt?

a n-:slplorol r

Hvis denne helseundersekelsen viser at

du ber undersckes nmrmers:

Hvilken almenpraktiserende lege/kommunelege
onsker du da a bli henvist til?

Shrte navrel pd legen har —;

Ingen apesiell lege. .. ...

H ARBEID

Ja[HE
at
a2 | :
3 |
oa f T ]
a3 1
1.
Al
a8
aa
4z X
2.
|
4
43
a4
ag
ai
ar

21
[ &
.
[ g
JA [ NEI VET

KK

a |

e |
JA[NE

5t

oz (@[ |

sa (il |

sa (@ [ |

e | [ ]

se (L1 ]

WET
ul m IKKE
st | [ |
ki

Iska sk har




Appendix B

The Hordaland Health Study (HUSK) questionnaire
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Appendix C

Food Frequency questionnaire in

The Hordaland Health Study



HVA SPISER DU?

| dette skjemaet spgar vi om dine spisevaner slik de vanligvis er.
Vi er klar over at kostholdet varierer fra dag til dag. Prov derfor

sa godt du kan a gi et "gjennomsnitt" av dine spisevaner. Ha det
siste aret i tankene nar du fyller ut skjemaet. Der du er usikker,
ansla svaret.

Skjemaet skal leses av en maskin, og derfor er det viktig at du
setter et tydelig kryss i avmerket rute.

Riktig markering er slik: &

Bruk helst blgt blyant. Feil kan da rettes med viskeleer.
Kulepenn og svart tusjpenn kan ogsa brukes.

Av hensyn til den maskinelle lesingen pass pa at arkene ikke blir brettet.

Alle svar vil bli behandlet strengt fortrolig.




EKSEMPEL PA UTFYLLING AV SPORSMAL 1.

Kari Nordmann spiser daglig 5 skiver bragd og ett
knekkebrgd. Hun spiser vanligvis kneippbred, men i helgene
blir det en del loff. | tillegg spiser hun ett knekkebrad hver
dag. Hun fyller ut farste spersmal slik:

.HVOR MYE BR@D PLEIER DU A SPISE?

Legg sammen det du bruker til alle maltider i lopet av en dag.
(1/2 rundstykke = 1 skive, 1 baguett = 5 skiver, 1 ciabatta = 4 skiver)
Antall skiver pr. dag

0121 2 3 4 5 6 7 8 9 10 11 12+

Fint brod

(loff, baguetter, fine rundstykker o.1.) OO0 XOOOoOOoOooooooaod
Mellomgrovt brad

(lys helkorn, lys kneipp, lyst hj.bakt o.1.) 000 oOoOoxXxoOoDDoDoooaoao
Grovt bred

(fiberkneipp, mark kneipp, markt hj.bakt o.1.) X OOOOoOOooooooooaod
Knekkebrod

(kavring, grov skonrok o.l.) OO0OXODODODDOOoooooaoao

Sum skiver pr. dag = 6
Antall skiver pr.uke: __6x7 =_42 Tallet brukes i sparsmal 5.




B 1.HVOR MYE BRQOD PLEIER DU A SPISE?

Legg sammen det du bruker til alle maltider i lgpet av en dag.

(1/2 rundstykke = 1 skive, 1 baguett = 5 skiver, 1 ciabatta = 4 skiver)

Fint bred 0 12
(loff, baguetter, fine rundstykker o.1.) O o
Mellomgrovt brgd

(lys helkorn, lys kneipp, lyst hj.bakt o.l.) O O
Grovt bred

(fiberkneipp, merk kneipp, markt hj.bakt o.1.) o O
Knekkebrad

(kavring, grov skonrok o.l.) o O
Sum skiver pr. dag =

Antall skiver pr. uke: X7= . Tallet brukes i spgrsmal 5.

1
O

N

3
O

a

4
O

a

Antall skiver pr. dag

5 6 7

@

O oo

O
O

Oo0O0o

|
|

Oo00oad

Oo00oad

2.HVA PLEIER DU A SM@RE PA

BRODET?

Merk av bade for hverdag og helg, selv
om du bruker det samme.

3.0M DU BRUKER
FETT PA BR@D, HVOR
MYE BRUKER DU?

En porsjonspakning pa 12 g

©

~

10 11 12+

o a

o 0O

8+

Hverdager Lerdager, sendager
- Bruker ikke 0 rekker til antall skiver
Smer (meierismor)
1.0
O Bremykt, Smgregod O
2 0O
O Brelett O
3 O
O Soft, soyamargarin (pakke, beger) O
4
O Solsikke O =
O Oliven O ° O
O Vita O
O Olivero O
O Omega a
O Soft light O
O Vita lett O
O Annen margarin O
4 MELK SOM DRIKK
(1 glass =1,5dl) Drikker Antall glass pr. dag
sjelden/
ikke 1/2 1 2 3 5 6
Helmelk, set, sur O O O O O O
Lettmelk, sat, sur O m] | | O O O O
Lettmelk, ekstra lett O O O O O O O O
Skummet melk, set, sur O O O O O O O O
H 3

O

O

61852



I 5.PALEGGSSORTER

Bruk sum skiver pr. uke fra spersmal 1.

Brun ost, prim

Hvit ost, helfet, 27% fett (Jarlsberg,
Norvegia o.l., smareost; eske, tube)

Hvit ost, halvfet, 16% fett (Jarlsberg,
Norvegia o.l., smareost; eske, tube)

Ost med mer enn 27% fett
(kremoster, Normanna, Ridderost)

Leverpostei, vanlig

Leverpostei, mager
Servelat, vanlig

Lett servelat, kalverull,
kokt skinke, okserull o.l.

Salt polse, spekepolse
(farepglse, salami o.l.)

Kaviar

Makrell i tomat, rakt makrell
Sardiner, sursild, ansjos o.l.
Laks, grret

Reker, krabbe

Syltetay, marmelade, frysetoy
Honning, sirup,
sjokolade-, ngttepalegg

Grennsaker som palegg
(agurk, tomat o.l.)
Frukt som palegg (banan, eple o.l.)

Salater med majones
Majones pa smerbrod

Til antall skiver pr. uke

6-7 8-14 15-21 22-28 29-35 36+

6.EGG

(kokt, stekt, eggerare, omelett)

0 1/2 1 2-3 4-5

O O O O O O
O O O O O O O O
O O O O O O O O
a O a a O O O O
0 1/2 1 2-3 4-5 6-7 8-14 15-21
O O O O O O O
O O O O
O O O O O
O O O O O O O O
O O O O O O O O
0 1/2 1 2-3 4-5 6-7 8-14 15-21
O O O O O O O O
O O O O O O O O
O O O O O O O O
O O O O O O O O
O O O O O O O O
0 1/2 1 2-3 4-5 6-7 8-14 15-21
O O O O O O O
O O O O O O O O
0 1/2 1 2-3 4-5 6-7 8-14 15-21
O O O O O O O O
O O O O O O O O
O O O O O O O O
O O O O O O O O

Mindre Antall pr. uke
0 ennt 1 2 34 56 7 8+
o 0O O O o O O O
4

O

a

a

22-28 29-35 36+

O O
O O
O O
O O
O O
22-28 29-35
O a
O a
O O
O a
O a
22-28 29-35
O a
O a

a
a
a

a

O

36+
a

O 0o oaag

36+

22-28 29-35 36+

a

a
a
a

O

O
O
O

O

O
O
O

61852



B 7. FROKOSTGRYN, GRGT OG YOGHURT H

Svar enten pr. maned eller pr. uke. <1 betyr sjeldnere enn 1 gang.

Gang pr. maned Gang pr. uke Mengde pr. gang
i 0 <1 1 2 3 |1 2-3 45 67 8+

Havregryn, kornb!.an.dlnger 1 112 2 34
(4-korn, usetet misli o.l.) O O 0O O Oolo o o o o O oo o O
Cornflakes, puffet ris, 1 112 2 34
havrengtter o.l. O O O O Oolo o o o o @ Ooo o O
1-2 3-4 56 7+

Havregrot O OO0 o0 o|lo o o o o W ooo o
) 1 2 34 5+

Sukker til frokostgryn,gret o o o o olo o o o o @« O O O O
1721 112 2+

Yoghurt, naturell, frukt O O O o o|lo o o o oO®ge) oo o O
121 112 2+

Lettyoghurt O O O O O|0 O O O O®ge) oo o O
Go’morgen yoghurt 1721 112 2+
inkl. masli O 0O O O olo o o o o®eee) oo o o
Melk sat, sur pa gryn, a4 1 2 3+
gret og dessert O O O O Oo|l0 o o o o O oo o o

8. KAFFE OG TE
(1 kopp kaffe =1,2dl 1 kopp te =2 dl)
Antall kopper pr. dag

Drikker

ikke/ikke

daglig  1/2 1 2 34 56 7-8 910 11+
Kaffe, kokt O O O O O O O O O
Kaffe, traktet, filter O O 0O O 0O 0 0 0 0
Kaffe, pulver (instant) O o 0O o O O O o O
Kaffe, koffeinfri g o o o o o o o o
Te O O O O O O O O O
Nypete, urtete O O O O O O O O O

Antall teskjeer eller biter pr. kopp

o 12 1 2 3 4
Sukker til kaffe O o o o o 0O
Sukker til te o o o o o o
Kunstig setstoff til kaffe eller te o o O o O O
Flgte til kaffe o o O o o O



Il °. ANDRE DRIKKER?

Svar enten pr. maned eller pr. uke. < 1 betyr sjeldnere enn 1 gang.
Merk at porsjonsenhetene er forskjellige. 1/3 liter tilsvarer en halvflaske gl
og 2/3 liter tilsvarer en helflaske.

Gang pr. maned Gang pr. uke Mengde pr. gang
0 <1 1 2 3 1 2-3 45 6-7 8+ 12 1 2 3 4 5+
Vann O O O O O|0 O O O Of(@ess) OOOdoOoO o
L 172 1 2 3 4 5+
Appelsinjuice O O o o oo O O O @ess) OO OO QOad
P 12 1 2 3 4 5+
Annen juice, most, nektar 0O O O oO|O O O DO@ass) OO0O0OOO
Saft, solbaersirup e 1 2 3 a4 s
m. sukker O oo oo O@ess) 00000 O
. 12 1 2 3 4 5+
Saft, kunstig setet O 0O 0o o olo O O OWass) OOOOO O
Brus, Cola, Solo o.l., 174 13 12 23 1 112+
med sukker O O 0O O O|0o O 0O O O3ty OOOO0OO
Brus, Cola, Solo o.l., 14 U3 12 23 1 1172+
kunstig setet 0O O 0O O O|0 O O O O (te) goooaoo
) 174 13 12 2/3 1 1172+
Farris, Selters,Sodao.l. 0 o O O oOlo o o O O (Gten OO OO O O
Alkoholfritt al, verteral, 14 13 12 23 1 11/2+
lettol 0O O 0O O O|0 O O O O (e goooOoao
. . 174 1/3 12 2/3 1 11/2+
Pilsnerol o oo o o|lo oo oo gogpooooao
. | 1 2 3 4 5 6+
Vin O OO O O|0 O o o o®ssopgopooodo
1d 1 2 3 4 5 6+
Brennevin, liker O 0O O 0|0 o o O o (=4r§|r)” Oo0ooooao
10. MIDDAGSRETTER
Vi sper bade om middagsmaltidene og det du spiser til andre maltider. Tell til slutt
sammen antall retter du har merket for og se om summen virker sannsynlig.
En "dI" tilsvarer omtrent mengden i en suppegse. Med "ss" menes en spiseskje.
Gang pr. maned Mengde pr. gang
0 <11 2 3 4 56 78 9+
. . 12 2/3 1 11/2 2+
Kjettpolse, medisterpalse O O OO O O O O (Kettpelse) 0 OO O O
1 2 3 4 5+
Hamburger, karbonader o.. 0 OO0 0o o O (stk) OO0 o o0
. . 1 2 4
Grill- og wienerpglse OO o o OO o o Eelse) 5 g é O 55
ll:)lerlnmtéLrjrger-, polsebrod, 1 2 3 4 54
p o e s s Y Y s A A R Ooo0oan
Kjettkaker, medisterkaker,
kjottpuddin e gL
Jotip g O00ODODDOOOOOoOO O 6k O0O000aod
Kjettdeigretter (saus eller gryte 1 2 3 4 54
med kjottdeig, lasagne o.l. OO0OO0OO0Oo0oOaoao o (dl) OO0 o o
. 1 2 3 4 5+
Taco (med kjott og salat) O O O (stk) OO0oOoano
1 2 3 4 5+
Pastaretter OO0 00O O0 O O (dly Oo0ooOooao
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u Gang pr. maned Mengde pr. gang l

0 <1 1 2 3 4 56 78 9+ e e e 4 1
. +
Pizza (500-600 g) OO0 oo OO0 ((zzad O0OOO O
. . 12 1112 2 21/2+
Biff (alle typer kjgtt) O 0000 O o o (stk) O000O0
12 1112 2 21/2+
Koteletter (lam, okse, svin) O 0Oo0Oooooogo (stk) OO0 0ooag
1-2 3-4 5-6 7-8 9+
Stek (lam, okse, svin) R Y Y o s O e O o O o (O (skive) OO0 oOoaog
. 1-2 3-4 5-6 7-8 9+
Stek (elg, hjort, reinsdyro.l) O O O 0O O O O O O (skive) Oo0ooao

Gryterett med helt kjott,

! it med 12 3-4 56 7-8 9+
frikassé, farikél o.l. O 0OO0OO0O0o0Oooao o (d) Oo0ooao
Lapskaus, suppelapskaus, 1-2 3-4 56 7-8 9+
betasuppe O OO0 O0Oogo oo g (dI) Ooooao
1-2 3-4 56 7-8 9+

Bacon, stekt flesk O 00 oO0oOo o o o (skive) OO o0Oo o
) 14 1/3 1/2 3/4 1+
Kylling, hene O 0OO0OO0OOo0Doooao (stk) O 0O0oao
12 3-4 56 7-8 9+

Leverretter 0O 00 O0O0ODo0oOao o (skive) OO0o0Ooao
Eiskekaker, fiskepudding, 0 <11 2 3 4 5678 9+ 1 2 3 4 5+
fiskeboller Y T o T o i Y o O o A (kake) OO0 0Ooog
] i 1-2 3-4 5-6 7-9 10+
Fiskepinner 0O 00000 oOao o (stk) OO0 o0Ooao
) 1 2 3 4 5+

Torsk, sei, hyse (kokt) O0OO0OO0OO0OOOoOa oo (stk) OO0O0O0O0
. 1 2 3 4 5+

Torsk, sei, hyse (stekt,panert) o 0 o o o o o o O (stk) OO0 oao
) 1 2 3 4 5+
Sild (fersk, speket, rokt) O 0ODO0O0O0OO0OO0OoOaOo o (filet) Oo0Oo0ooao
12 1112 2 3+

Makrell (fersk, rokt) 00O DO0ODO0DO0OOOaOoao (filet) 0O0O00ao
. 1 2 3 4 5+

Laks, orret (sjo, oppdrett) o e e Y s e Y o A s A s R (skive) Ooooao
Fiskegryte, -grateng, suppe 10 3-4 56 7-8 9+
med fisk 0O 00000 oOao o (d) Oo0ooao
1 2 3 4 5+

Reker, krabbe OO0 DO0OD0DO0ODO0O OT-DO DO @rnsety OO OODO
0 <1 1 2 3 4 56 7-8 9+ 12 3.4 5678 or

Risgret, annen melkegrot O oo o o o 0 (dl) OO o0Oo o
1-2 3-4 56 7-8 9+

Pannekaker O 0000 o0oaoao (sth) O0O000
Suppe (tomat, blomkal, 1-2 34 56 7-8 9+
ertesuppe o.l.) O OO0 o0oo oo g o (dly OO0 0oood
Vegetarrett, vegetarpizza S ooooooo o , BEuey

gronnsakgrateng, -pai (bitl)

) 0 <1 1 2 3 4 56 7-8 9+ 12 1 11/22 21/2+
Brun/hvit saus O OO0 0o o O O (d OO0OO0Ooao
$meltet margarin, smer 12 3.4 56 7-8 9+
til fisk O 00O O0OOQOo oo g (ss) Oo0oooao

. 1 2 3 4 5+
Bearnaisesaus o.l. O 0OO0ODO0DO0OO0OaQgQao o (ss) OO0o0oaog

1 2 3 4 5+

Majones, remulade O 0OoooOooaood (ss) E] E Da E‘]l E
"

Ketchup OO0Oo0Oo0ooooad (ss) Oo0Oooao
61852
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Il 11. POTETER, RIS, SPAGHETTI, GRONNSAKER

Svar enten pr. maned eller pr. uke. <1 betyr sjeldnere enn 1 gang.
Disse spgrsmalene dreier seg ferst og fremst om tilbeher til middagsretter, men
spiser du for eksempel en réa gulrot eller salat til lunsj, skal det tas med her.

Gang pr. maned

o

<1

Poteter, kokte O 0O

Pommes frites, stekte
poteter o O

Potetmos, -stuing,
gratinerte poteter O 0O
Ris

Spaghetti, makaroni,
pasta

|
|

Gulrot

Hodekal

Kalrot

Blomkal

Brokkoli

Rosenkal

Grennkal

Lok

Spinat, andre bladgrenns.

Sopp
Avocado
Paprika
Tomat

Tomatbgnner, benner/linser
Mais

Erter, frosne grennsak-
blandinger

Salatblandinger

00000 ooooooooooao
00000 ooooooooooao

Dressing
Rogmme

O 0O oo
O 0O oo

Hvor mange ganger om dagen spiser du vanligvis
gronnsaker utenom grennsakene du spiser til middag?

1
a

0o 0000 00000 Oog oooo o

O 0O oo

2

o ad

O00o0oODoO oooooboooaoao

O 0O oaag

w

0o 0000 00000 Oog oooo o

O 0O oo

0o 0000 00000 Oog oooo o

O 0O oo

Gang pr. uke
2-3 45 6-7
o O
o 0o O
o o0 O
o 0o O
o 0o O
o O o4
o O o4
o 0o O
o 0o O
o 0o O
o 0o O
o o0 O
o 0o O
o 0o O
o 0o O
o 0o O
o 0o O
o 0o O
o 0o O
o 0o O
o o0 O
o 0o O
o 0o O
o 0o O

0

a

-

8+

Oooooo0 ooooooooooo O

O o oo

(stk)

(di)

(d)

(dl)

(dl)

(stk)

(skalk)

(skive)

(bukett)

(bukett)

(stk)

(dll)
(ss)

(di)

(stk)

(stk)

(stk)

(d)

(ss)
(dll)
(dl)

(ss)

(ss)

DI\J

(strimmel)

0w

Mengde pr. gang

1
O

o=

Opo-—

44
sO%

o-o-=+0d

0605

o-O0-=0-0

2 0%

Ox0-~050-0

Oo-0-—

O=z0=
NN

O+

2
O

EJ‘J.;’EJ"’ am

@
N

B

N

Di[]“’[]”[j“’[]‘f’[]‘f’[]‘f’ grg™dMOo-Od

e
=
N

o_.go_grge Di[]"’[]—‘[]"’[]

F

3 4
o O
3 4
o O
3 4
o 0O
5-6 7-8
o O
56 7-8
o O
112 2
o O
3 4
o O
3 4
o O
56 7-8
o O
56 7-8
o O
56 7-8
o O
3 4
o O
3 4
o O
3 4
o 0O
56 7-8
o O
34 1
o O
3 4
o O
112 2
o O
3 4
o 0O
56 7-8
o O
3 4
o O
3 4
o O
2 3
o O
2 3
o O
61852
-
| |

5+

9+

9+

3+

5+
5+

9+

9+

9+

5+

5+

5+

9+

11/4 +

5+
3+
5+

9+

5+
5+
4+

4+



B 12 TYPE FETT TIL MATLAGING

Smgr/margarin Oljer

O Smer (meierismer) Olivenolje
O Bremykt Soyaolje
O Melange, Per Maisolje
O Soft-, soyamargarin (pakke, beger) Solsikkeolje
O Solsikke Valngttolje
O Oliven Andre oljer
O Annen margarin

13. FRUKT

Svar enten pr. maned eller pr. uke. < 1 betyr sjeldnere enn 1 gang.

Gang pr. maned

0 <1 1 2
Eple O O O O
Appelsin, mandarin,

grapefrukt O o o o
Banan O O O O
Druer O O o g
Eksotisk frukt (kiwi, mango) O O O O
Annen frukt (fersken,

paere m.v.) O O O O
Jordbeer, bringebaer

(friske, frosne) O O O O
Blabeer O O O O
Multer O O O 0O

Hvor mange frukter spiser du vanligvis pr. dag?

O w

o 0o o o

Oo

D_l

o 0o o o

Gang pr. uke

2-3 45 6-7 8+

O

o o o o

e

o O g ¢tk

(stk)
(stk)

(klase)

o 0o o o
o 0o o O
O O o O

(stk)

o o o 6k

o o g

o o g @

EEN
0w
ES
Owm
Do

Mengde pr. gang

1/2
O

o -

O O~ OvO On

12
O
12
O
12
O

1/2
a

Oo-o-0-0-

12 1
O

12
O

1/2
a

12
O

o- 0= 0=

O~
O

61852
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Om

O O O

3+
O

3+
O
3+
O
3+
O

3+
O

3+
O

3+
O

3+
O

3+
O



B DESSERT, KAKER, GODTERI

Svar enten pr. maned eller pr. uke. < 1 betyr sjeldnere enn 1 gang.

Gang pr. maned Gang pr. uke Mengde pr. gang
0 <t 1 2 3|1 23 45 67 8+

) 12 1 2 3+
Hermetisk frukt, fruktgret 0O O O O O|0o o o o O (dl) Oo0oOao
Puddinger (sjokolade, 1 2 3 44
karamell o.l.) 0O OO o ojo o o o o (di) Oooao
Is (1 dl=1pinne =1 1 2 3 4+
kremmerhus) O 0000|000 o000 @ O000
1 2 3 4+

Boller, julekake, kringle O OO0 0o oo oo oo 6k gooao
1 2 3 4+

Skolebrgd, skillingsbolle O O 0O o o|o o o o o @6k Oo0ooaog
: . 1 2 3 44+
Wienerbrad, -kringle o.l. 0O O O O O|lo o o o o 6k gooao
: 1 2 3 4+
Smultrlng, formkake O O O 0O oOlo o O O O (stk) O 0O OO
12 1 2 3+

Vafler 0 OO O O|0 O O O O ke OO0OO
SjOkOladekake, bIthake, 12 1 2 3+
annen fylt kake 0O OO O O|Oo0 O o o o @k 0000
Sot kjeks, kakekjeks 1-2 3-4 5-6 7+
(Cookies, Bixit, HobNobs) 0O O 0O O O|O O O O O G gooao
12 1 2 3+

Sjokolade (60 g) O O 0O 0O O|0 O o g g @Pae) OgQgoaO
) ) 1-2 3-4 56 7+

Drops, lakris, seigmennol. O O O O O |0 O O O O (stk) OoOooao
12 3/4 111/2+

Smaégodt (1 hg = 100g) O oo o o|lo o o oo (o OoOooo
1-2 3-4 5-6 7+

Potetgull (1 pose 100g=7d)0 O O O O |0 O O O O Oooao
Annen snacks (skruer, crisp, 12 3-4 5.6 7+
saltstenger, lettsnackso.l) O O O O O |0 O O O O (di) Oooao
Peangtter, andre ngtter 1 2 3 44
(1 pose 100g = 4 never) O O O O Oo|o O o O O (@meve OOoaoO
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l 15. KOSTTILSKUDD (bs = barneskie, ts = teskje)

Tran
Trankapsler
Fiskeoljekapsler
Multipreparater
Sanasol
Biovit
Vitaplex
Kostpluss
Vitamineral
Annet
Jernpreparater
Ferro C
Hemofer
Duroferon
Duretter
Annet
B-vitaminer
C-vitamin
D-vitamin
E-vitamin

Folat (folsyre)

Kalktabletter
Fluortabletter

Annet

Hele
aret

O o o o o d

O O o o o

Bare vinter-
halvaret

a

a

0o 0O o o g

a

o o 0Oe

O 0O o g oe

O

<1

|

O OO o o ol

Hvis annet, hvilket?

a

a

O

O

<1

a

a

Hvis annet, hvilket?

O O o o o

a

a

o o o o ge

g 0Oe

O

Gang pr. uke Mengde pr. gang
1 2-3 45 6-7 1ts 1bs 1ss
o o o o o 0o 0O
1 2+
O O O 0O kapsler O 0O
1-2 34 56 7+
O O O 0O kepser O 0O 0O 0O

6-7 1 2 3 4+
O bs O o O O
1 2 3 4+

O bs O O O O
1 2 3 4+

O tablett O O O O
1 2 3 4+

O tablett O O O O
1 2 3 4+

O tablett O O O O
1 2 3 4+

O tablett O O O O
6-7 1 2 3 4+
O tablett O O O O
1 2 3 4+

O tablett O O O O
2 3 4+

O tablett O O O O
1 2 3 4+

O tablett O O O O

o o o o o=

o o o-

»
&

o o 0O

-
&

o o 0O

Hvis annet, hVilKet? ...,

6-7 1 2 3 4+

O tablet O O O O
1 2 3 4+

o tablett O O O O
1 2 3 4+

O tablet O O O O
1 2 3 4+

O tablet O O O O
1 2 3 4+

O tablett OO O O O
6-7 1 2 3 4+

O tablett O O 0O O
1 2 3 4+

O tablett [ [ O O
1 2 3 4+

O tablet O O O O
61852
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16. NAR SPISER DU PA HVERDAGER?

HOVEDMALTIDER som frokost, formiddagsmat, middag, kvelds.

Omtrent klokken

6 8 10 12 14 16 18 20 22 24 2

O

MELLOMMALTIDER som kaffe, frukt, godteri, snacks m.v.

Omtrent klokken

6 8 10 12 14 16 18 20 22 24 2

o o o0 oo o000 oo o 0o 0 o0 o o0 o0 o0 a4

17. MENER DU SVARENE | SPGRRESKJEMAET GIR Ja Nei
ET BRUKBART BILDE AV KOSTHOLDET DITT? o O

Er det matvarer/produkter du regelmessig bruker, og som ikke er nevnt i skiemaet?

18. ER DU FORN@YD MED KROPPSVEKTEN DIN SLIK DEN ER NA?
0 Ja
O Nei, jeg gnsker & slanke meg

O Nei, jeg onsker & legge pa meg

Mann Kvinne

19. KUONN O 0

Vennligst se etter at du har svart pa alle spersmal.

Takk for innsatsen!

61852
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Appendix D

Protocol for baseline health examination

and statement of consent
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RUTINER HJERTE-KARLAG

Stasjon 1 - Registrering ( Se ogs protokol tilharende omrédet registrering)

=+(8,07.98_1 Bergen kommune blir det invitert fra hele kommunen fortlepende,
ikke bydelsvis

INN- Kun personer med innkalling skal undersekes.

KALTE: Unntak er personer med fast bopel i fylket, tilherende
aldersgruppene, og som ikke har mottatt inviterte.
Andre som gnsker undersgkelse henvises il
kommunehelsetjenesten.

RENE Lagene fér tilsendt alfabetisk innkallingsliste for orientering.
HK-LAG: Mottatt melding om fraveer registreres ikke pa listen.

FREMMQTTE: Dersom den fremmatte ikke har med originae sperreskjema, leveres
det ut nytt sperreskjema pa stedet. Skjemaet far pafert etikett med
navn, 11 siffret personnummer, adresse, og undersgkelses kommune
i lesbar tekst og strekkode.

Malekortet far paferes etikett med navn og persondata (11 siffer),
i strekkoder og lesbar tekst.
Undersakelses-kommunens nummer / navn.

FOR EKS:
NY- Er personen nylig flyttet til fylket og derfor ikke kommet med
INNFLYTTET pa innkallingslisten, skal sparreskjemaet merkes over feltet
TIL FYLKET:  for kommune: «NYINNFLYTTET FRA ... »

(fylkets navn).
ETIKETT: Etiketter skrives ut maskinelt ved registreringen. De skrives ut i

klartekst og med strekkoder og ligger pa en samenhengende
papirstrimmel.

Etikettene blir automatisk merket for de omrader de skal brukes til, og
etikettene limes pa det materiellet som tilhgrer de deler av
undersekelsen som respondenten skal delta i.

Det har forekommer at etiketter har blitt forvekslet. Hver stasjon

skal derfor kontrollere navn og fedselsdata pa fremmatte for & sjekke
at det er brukt riktig etikett.

BASISMATERIELL som feveres ut ved registreringen:
Far klientene forlater registreringen far alle med seg plastlomme
med: sparreskjema 1, ett malekort, en SST- vacutainer, ett EDTA
plastrer Smil.

DE ulike grupper far i tillegg til basismaterialet:



-Homosysteingruppen far med EDTA 7 mi. plastrar,

-Ett Pony vials plastrgr m/skrukork til plasma,

-Sperreskjema tilherende homosystein,

-Kostholdskjema med plass til etikett pa siste arkets bakside.

-40 ars gruppen far i tillegg utlevert Sparreskjema 2 i den aktuelle
utgave som bestemmes av fadselsdato (se protokoll side. 3)

-Kvinnekohorte-gruppen far i tillegg med seg det informasjon/samtykke
arket som far pafert riktig etikett.

-Osteoporose-gruppen far med seg eget informasjon/samtykke arket
med plass til opplysninger om heyde og vekt

*** 08 07.98-Ungdoms-gruppen undersgkelsen gar ut pa grunn av
gkonomien

-Kognitiv-gruppen far i sin mappe lagt et farget info ark
m/samtykkeerkizering

-Spirometri-gruppen far i sin mappe farget info.ark med plass til etikett,
heyde, vekt og alder i ar.

Samme person kan tilhere en eller flere av disse gruppene.

Stasjon 2 - Heyde/vekt-maling-

T

HBYDE/
VEKT:

ANM:

Hofte/midje maling

Hoyde/vekt males uten sko og yttertey, heyden centimeter, vekten
med én desimal. Det rundes av til nsermeste hele eller halve kilo
(husk alltid nuller til venstre dersom pasienten er under

100 kilo). Ved avvik i malingen kodes posisjon 25 («ANM»)

pé& malekortet etter falgende kodeliste:

Blank = normal maling.
0 = fritatt pga invaliditet
= nekter bade heyde- og vektmaling.
2 = nekter, gravid.
3 = nekter heydemaling.
4 = nekter veiing.
5 = malt med sko, ogsé halte med sko.
6 = malt uten sko, halt.
7 = malt, boyd nakke, ryggkrumning eller bayde kneer.
8 = malt, men annen invaliditet.
9 = malt, gravid.

Resultatet av malingene fares pa malekortet i felter for heyde og



«OK»

vekt.

Skriv «OK» nér falgende verdier er registrert:

H@YDE under 130 - over 205
VEKT under 045 - over 120
HOFTE / MIDJEMAL
Det benyttes staiband.

Males mens deltakeren star med armene hengendes l@st langs siden,
vekten likt fordelt pa begge ben og med hodet horisontalt.
Hofteomkretsen males rundt tykkeste delen av hoften (se figur 1)
Midjeomkretsen.. Be deltageren om & puste normalt. Det males over
navlen ( se figur 2).

Pase ved begge méalinger at malbandet er horisontalt ved a sjekke
malbandet bade foran og bak.(dette er vanligvis sterste arsaken til
feilaktig maling)

Malbandet skal ligge tett, men ikke for stramt over hoften/ midjen.

Maleverdiene noteres i hele cm.p& analysekortet som har eget,
avmerket felt for begge méleverdiene.



~——
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Hoftevidden tas over det tykkeste p setemuskulaturen

FIGUR2

Livvidden tas over navl



Stasjon 3 - Blodtrykksmaling - Kontroli av sperreskiema

SITTE-/ARM-
STILLING:

ARM:

MAN:

APP.NR.:

Sykepleierkoden til den sykepleier som maler BT feres pa
malekortet i hayre svre hjgrne.

Sykepleierkoden til den sykepleier som tar blodpreven ferer pa
maélekortet hoyre nedre hjsrne.

Kontroller at det er brukt etikett som stemmer med person.
Kontroller at hoyde og vekt er riktig pafert, og at verdiene
harmoniserer med personens kroppsbygning.

Den innkalte plasseres avsiappet i stolen med hsyre overarm i
tilnzermet hjertehayde, ikke strammende tay pa armen.

Armen skal ha en posisjon som farer til at:
fossa cubiti har samme hoyde som krysspunktet av medio clav.linjen
og 4de intercostalrommet (1.C.R.) (det skal ikke brukes mm-mal).

Overarmens omkrets males i hele centimeter 10 cm ovenfor
albuebsyen. Resultatet noteres pa malekortet i felt merket «ARM».

Velg riktig mansijett etter falgende reglement:

Armmal 24 cm eller mindre:  Liten mansjett = kode 1
Armmal 25 - 34 cm: Vanlig mansjett = kode 2
Armmaél 35 cm eller mer: Stor mansjett =kode 3

Larmansjett = kode 4

s+ p | -1 10.03.98.( Ved siste innkjep av mansjetter er cm tallene
som er skrevet pA mansjettene ikke helt samsvarende med de
armmal som her star oppfert. Vi forholder oss til hva vi maler. )

Dersom stor mansjett blir for liten, brukes larmansjett.

Dersom riktig mansjett ikke vil sitte pga uvanlig form pa armen,
brukes (og kodes) starre mansjett. Noter i klartekst pa malekortet
om det méa benyttes avvikende mansiett. Dette for at
prosiektkontoret ved rettting av avvik skal kunne vite om det er
feilkodet eller om det ble benyttet annen mansiett.

Kode for mansjett-sterreise skrives i felt merket «MAN».

Mansjetten legges fast, men ikke stramt, med nedre kant ca 2 cm
ovenfor albueb@yen. Midten av ballongen legges over arteria
brachealis, slangene skal komme ut av mansjetten distalt. Pass pa at
det ikke er knekk p2 slangene.

Feltet pa malekortet for ap.nr. skal fylles ut med de 2 siste siffer av

Dinamaps apparatnummer.
Disse numrene star skrevet pa apparatet.

Start stoppeklokken

Respondenten skal hvile i 2 min for BT-malingen starter.



TSM:

rMAL!NG :

| hvileperioden orienteres klienten om at det skal foretas 3
automatiske blodtrykksmalinger, og at det ikke skal snakkes under
malingene.

Sittestillingen mest mulig avslappet, og begge bena parallelt i guivet
(ikke krysset).

Deretter kontrolleres sparreskjemaet, og det sparres om tid siden
siste maltid ble avsluttet. Tiden kodes i felt TSM etter feigende regler:

0 - 59 min =kode 0
1 time - 1 time og 58 min = kode 1
2 timer - 2 timer og 59 min = kode 2 osv
8 timer - 8 timer og 59 min = kode 8
9 timer + = kode 9,

dvs vi runder av ned til naermeste hele time.

Vi har tidligere diskutert hva som er et maltid. Om dette har vi skrevet
at det farst og fremst mé& brukes sunn fornuft. Man har regnet en hel
liten bredskive eller en halv bradskive med palegg som et méltid.
Ogsa te eller kaffe med sukker, et glass melk eller et stykke frukt er
regnet med som et maltid. Kaffe eller te uten sukker er ikke & regne
som maltid.

Demonstrasjonsservering pa undersekelsesstedet styres til etter at

personen har giennomgatt undersekelsen. Dette pa grunn av
glucoseverdiene.

Etter minst 2 minutter ro starter 3 kontinuerlige 1-minutts malinger.

Resultatet skrives i malekortet i felt Maling 1, 2 og 3.
Skriv alltid null (0) til venstre dersom resultatet ikke er 3-sifret.

Avvikende blodtrykksmaling

Dinamap kan fa problemer ved arytmier, pulsus alternans eller
dersom det systoliske blodtrykket er over ca 230. Dersom man
fortsatt ikke far registrert maling 1 pa 3 forsek, avbrytes Dianmap-
malingen, og blodtrykket males 2 ganger med 1 minutts intervall med
vanlig Erca-meter.

Pulsen telles etter siste maling i 30 sekunder, puls pr. minutt angis.
Farste Erca-maling noteres pa malekortet under «Méling 2», annen
Erca-maling og pulsen noteres pa malekortet under «Maling 3».

| dette tilfellet skrives kode 1 i felt for avvikende blodtrykksmaling.

Dersom maling 1 har latt seg registrere, men Dinamap ikke greier
maling 2 pa 2 forsek, avbrytes Dinamap- malingen, og det foretas 2
Erca-malinger med 1 minutts intervall med pulstelling etter siste
maling. Erca-malingene noteres i felt for maling 2 og maling 3.



AVVIK:

STRAKS-
MELDING:

| dette tilfellet skrives kode 2 for avvikende blodtrykksmaling.

Dersom maling 1 og 2 har latt seg registrere med Dinamap, men

maling 3 ikke har latt seg registrere pa 2. forsgk, méles blodtrykket 1

gang med Erca-meter, etterfulgt av pulstelling. Resultatet noteres i

méalekortet i felt for maling 3.

| dette tilfellet skrives kode 3 for avvikende blodtrykksmaling.

Ved ufullstendige BT-maling eller avvikende resultater ma

klienten fa melding om dette av sykepl. Klienten ma ogsa fa

melding om at svarbrevet kan fa denne meldingen:
«Ufullstendige maleresultater».

Klienten ma selv ta kontakt med sin lege for a avtale time
dersom etterundersgkelse blir anbefalt.

Kodeliste for avvikende blodtrykksmaling
Kode 1:  Maling 1 mangler,
- maling 2 og 3 foretatt med Erca. (MAP regnes ikke ut)

Kode 2: Maling 1 foretatt med Dinamap,

- maling 2 og 3 foretatt med Erca. (MAP regnes ikke ut)
Kode 3  Maling 1 og 2 foretatt med Dinmap,

- maling 3 foretatt med Erca.
Kode 4: Maling 1 foretatt, - 2 og 3 mangler,

f.eks. besvimelse.
Kode 5. Maling 1 og 2 foretatt, - 3 mangler,

f.eks. besvimelse.
Kode 6: Maling 1, 2 og 3 foretatt, men uvel, besvimelse.
Kode 7:  Ingen maling er utfort.

Dersom det laveste diastoliske trykk under maling 2 elter 3

er 125 mm Hg eller mer, skal klienten informeres om at lege ber
kontaktes. Avdelingssykepleier er ansvarlig for at klientens lege blir
meddelt resultatet samme dag eller neste morgen i kontortiden. Bruk
eget skiema som klienten tar med til legen. Kopien er en sykepleier-
dokumentasjon som viser at sykepleier har fulgt instruksen.

OBS Vi har i det siste oppdaget at rutinene for innsending av
straksmeldinger ma forandres.pga kontroll opp mot EDB avd.
og utskrift av meldekort.

For ettertiden ber vi om at ett eksemplar av straksmeldingen sendes
«« fortlspende med dagrapporten til prosjektkontoret for
oppbevaring.

“* Samlet antall straksmeldinger noteres pa dagrapporten.

Vi far da kopin med navn og fedselsdata s& personopplysningene
fares ikke pa dagrapporten.

INFO: N&r klienten spar om resultatet av blodtrykksmalingen (BT), gis opplysning om
laveste malte tall for systolisk og diastolisk BT registrert under maling 2 eller 3.
Dersom alle BT under maling 2 og 3 er under de aldersspesifikke grenser som laget
har fatt utdelt, dvs i grenn sone i NSAM’s handlingsprogram versjon 1994, opplyses



det at trykket var normalt.

Dersom BT er s& heyt at laget har varslingsplikt direkte til lege, informeres klienten om
dette. Man regner ellers med at sykepleierne bruker sitt sunne skjgnn og stimulerer til
legekontakt i tilfeller der de far fornemmelse av at 4- 6 ukers ventetid blir for lenge.

Ved sparsmal om hva tallene betyr, svares det at alle undersekte personer fér eget
svarbrev til privat adresse. Svarbrevet gir opplysninger om resultatene fra
undersakelsen og kommentarer il disse verdiene. Viser analyseresultatene behov for
etterundersekelse, vil det bli gitt melding om det i brev.

Klientens lege vil f4 tilsendt de samlede resultater og har dermed mulighet til & gi det
beste svaret pa hva tallene star for.
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SAMTYKKEERKLARINGEN

{ brosjyren “HUSK” er jeg orientert om Hordalands-undersekelsens
formal. Jeg har ogsa sett informasjonsskrivet “HUSK INFO” som bl.a.
omtaler delprosjekter, og er kjent med at undersekelsen bestar av
sperreskjema, blodprover og maling av blodtrykk, heyde, vekt, liv-og
hoftevidde.

Jeg er kjent med at opplysninger om meg blir behandlet strengt
fortrolig og at undersekelsen er vurdert og tilradd av Den regionale
komite for medisinsk forskningsetikk og godkjent av Datatilsynet. Det
er ikke satt noen spesiell tidsbegrensning for hvor lenge
opplysningene kan lagres, men jeg er kiar over at jeg pa hvilket som
helst tidspunkt kan trekke meg fra undersokelsen og kan reservere
meg mot bruk av opplysninger om meg.

1. Jeg samtykker i at resuitater fra blodpreven og andre deler av
undersokelsen, samt resultater fra eventuelle spesialundersokelser,
blir sendt til den legen jeg har oppgitt pa sperreskjemaet.

2. Dersom jeg ikke har oppgitt navn pa lege, eller legen min ikke deltar
i undersakelsen, samtykker jeg i at mine resuitater sendes til
kommunelege 1.

3. Jeg samtykker i at jeg kan fa tilbud om spesialundersekelser, og at
jeg kan bli kontaktet av en lege med tanke pa tilbud om behandling
eller for a forebygge sykdom.

4. jeg samtykker i at mine resultater kan brukes til medisinsk
forskning, eventuelt ved 4 sammenholde opplysninger om meg med
opplysninger fra andre helse-, trygd- og sykdomsregistre, eller med
mine resultater fra tidligere helseundersegkelser i Hordaland. Nar disse
opplysningene sammenbholdes, vil mitt navn og personnummer ikke bli
tatt med.

5. Jeg samtykker i at blodpregve oppbevares. All bruk av denne vil bare
skje etter godkjenning fra Datatilsynet og Den regionale komite for
medisinsk forskningsetikk.

Vennligst stryk det/de avsnitt du reserverer deg mot.

Sted og dato Underskrift



SAMTYKKE:

SVARBREV

11
SAMTYKKEERKLERING

Retningslinjer for koding.

Malekortet inneholder samtykkeerklzeringen. Dette gir muligheter til &
reservere seg for ulike deler av undersgkelsen.

Kodingen dekker to hovedomrader: underskrift og samtykke.

Alle skal underskrive, ogsa de som reserverer seg for hele eller deler av
undersekelsen.

Handikappede/psykisk utviklingshemmede

Den som ledsager personer tii undersakelsen utfgrer om ngdvendig
underskriften av samtykkeerkizeringen.
Sykepleieren farer pa sine initialer i tillegg.

Kopi av samtykkeerklaringen

Alle som har skrevet under samtykkeerklzeringen far av sykepleieren
utlevert en kopi av erkleeringen. Dette for at de for ettertiden skal ha et
dokument som viser hva de har skrevet under pa, om de pé et senere
tidspunkt skulle gnske & reservere seg for hele eller deler av
samtykkeerklasringen.

Kopiene er trykt opp i blokker. Det rives av ett og ett eksemplar som levers
til respondentene.

Dersom en person reserverer seg mot 1. + 2. +3. punktene i
samtykkeerkleeringen skal det skrives «Reservert» i rubrikken for
gnsket lege pa sperreskjema. :

Svarbrev med analyseresuitater blir sendt til alle personer som har mett
frem il undersakelsen og som har blodanalyser
ca. 4-6 uker etter undersgkelsen ble utfert.
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Stasjon 4 - Blodproeve i S$ST-vacutaineri0 mi

BLOD:

***27.11.88

Det brukes venestase til venen er punktert, siden slippes stasen opp.
Etter tapping snus glasset opp/ned 5 ganger (ikke rist)

Ulleval ber om at glasset straks settes loddrett i stativ.(
ma ikke legges horisontalt pa bordet)

Vippe skal ikke brukes.
Glasset star til koagulasjon | MINST 30 MINUTTER.
Er det kaldt, m& proven sté lenger. Blodet skal veere koagulert for

sentrifugering. Sentrifugering foretas innen 2 timer pa grunn av
Glukoseverdien.

Prevene pakkes og sendes med fryseelementer daglig til Ulleval.
Forsendelses adr: se side 16.

SENTRIFUGERING

***27.11.98

IKKE
TATT:

KNUST

0BS de ulike typer sentrifuger har sitt eget «g»tabell oppsett

Kopi av brukerveiledningen og oversikt over «g»
verdiene til sentrifugen legges ved sentrifugen Etter
«g»verdien leser en av RPM ( omdreining pr minn J)

Det skal brukes «g» verdi 1010.

Blir det spgrsmal om forandring av sentrifugestyrke er
det «g» verdien en forholder seg til ikke omdreinings-
tallet.

Sentrifuger i minst 10 min etter full hastighet er
oppnadd.

Sentrifugerte prover lagres kjglig til forsendelse ( SST
prevene ma ikke fryse, da gel-klumpen blir lekk).

Klinisk kjemisk avd. Ulleval presiserer sterkt viktigheten av
ordentlig avbalansering ved sentrifugeringen.

Dersom det av forskjellige grunner ikke blir tatt blodpreve, settes
allikevil vacutainer med etikett i blodkassen. Det skrives «ikke tatt
blodpregve» pa malekortet. med stor skrift

(Dette for & markere at blodpreve ikke er vekk.)

Kan blodpraven av ulike grunner ikke benyttes (knust pa laget/Ulleval
har tekn. problemer?),



GLASS:

EDTA plastror
5 ml

EDTA plastror

kan lagene ta ny biodpr@ve noen dager etter farste us-dag. Det
benyttes da nytt malekort ved forsendelsen av denne blodprgven.

Gi melding til prosjektkontoret ved & notere pa dagrapporten hva som
har foregatt, slik at prosjektkontoret kan gjgre ngdvendige tiltak.
Det er ikke nedvendig & ta nye BT-malinger. (EDB-avd. samkjarer)

: Alle personer som mater til undersokelsen skal det i tillegg til
ovenfor nevnte blodprave tappes ett EDTA rgr, 5 ml. av.alle som mater
Prgven skal ikke sentrifugeres. Pakkes i isoporesker, uten
kjzleelement og sendes daglig sammen med plasmargrene til Bergen

7 ml: De som tilharer Homosysteingruppen skal i tillegg tappes ett
EDTA rer, 7 ml. Dette EDTA glasset skal i kjsleskap innen ¥ time og
sentrifugeres innen to timer. Plasma skal sa avpippeteres

umiddelbart etter sentrifugeringen over i eget plastrgr Pony Vials med
skrukork. Plasmargret merkes med dertil merket etikett.
Plasmargrene sendes i spesielle isoporkasser daglig sammen med
EDTA 5 ml glassene.

Forsendelses adr: se «Protokoll» side 10

Bestilling av Pony Vials og isoporesker rettes til:

BLOD-

SMITTE:

Kontaktperson: Marie Vik, samme adr. tif. 55 97 57 41

Laget ma selv avtale (retur av) isoporeskene fra instituttet
Instituttet har bestilt opp ett sterre lager.

Hvis klienten gir opplysninger om at han har hepatitt B eller er
HIV-

positiv, settes en gul “varsellapp” pa vacutainerglasset.

Det skal ikke sperres om slik blodsmitte. Alle som arbeider pa
vare lag skal oppfere seg som om alle fremmotte er smittet av
HiV/hepatitt.
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Verdier som dataprogrammet ikke godtar uten sjekk

Vennlgigst skriv OK nar faigende verdier blir registrert:

H@YDE under 130 cm over 205 cm
VEKT " 45 kg " 120 kg
SYST BT " Q0 " 220
DIAST BT " 50 " 150
PULS " 40 " 140

MAP kan aldri bli sterre enn syst.BT, eller mindre enn diast.BT!

Alle «<merkverdigheter», sa som sterkt avvikende BT- verdier pade
tre malingene (ogsé uten besvimelse), markeres med OK eller
klartekst.

Eks.: Maling 1: 167/120- Maling 2: 218/161- Maling3: 163/115.
Eksempelet er brukt i brev fra spesiallegen hvor han skriver at det er
av interesse & vite om det skjedde noe spesielt i forbindelse med
undersekelsen.

Dersom sykepleieren intuitivt skjgnner at datamaskinen/Med.avd. vil
bli forvirret/usikker pa et svar (at det f.eks. kan veere en skrive-
Ipunchefeil), bar man skrive en «liten norsk stil» til forklaring. Skriv
hvor som helst, bare ikke i datafeltene.

Anmerkninger angaende bruk av Dinamap

Husk at den rgde transportskruen under apparatet (dersom den
finnes) skal skrues fast nér apparatene transporteres, og skal tas ut
nar apparatene brukes (hensikten med transportskruen er at den
fester kompressoren til underlaget). KOFFERTEN SKAL KJ@RES
LIGGENDE (SLIK SOM DEN BRUKES).

Nar apparatet brukes, skal alltid alarmen veere skrudd pa. Tonens
karakter og styrke som reguleres pa baksiden av apparatet, er innstilt
fra Tekn. avd.. Apparatet er innstilt silk at alarem gar dersom MAP
kommer under 50 eller gar over 140. For & unnga for mange alarmer,
kan gvre alarmgrense justeres opp til 170 etter at apparatet er satt
pa, ved & holde alarm- limits- bryteren péa «high» inntil MAP verdien
nar 170. Dersom stremmen slas av, vil alarmgrense igjen automatisk
komme tilbake til 50 og 140.

Veer forsiktig med a baye Iuftslangene- spesielt hvis de er frosne.

Ved tekniske problemer eller dersom et apparat begynner & oppfere
seg unormalt, settes det «pa stallen» og man ringer Tekn. avd.

Alle Dinamap-apparater ber brukes av alle sykepleiere.
Avdelingssykepleier ber derfor lage en rotasjonsliste som man kan
feige.
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STYRT LEGELISTE

«* 08 07.98 Kommunelege tilsvarer Bydelsoveriege i Bergen.
Orienter klienten om dette i de tilfeller hvor det ikke er oppgitt ansket
lege. Meldekortene til de respondenter som ikke har oppgitt snsket
lege, men ikke har reservert seg, vil bli sendt til vedkommende
BYDELSOVERLEGE.

Styrt legeliste betyr at kommunelegen i alle kommuner har fatt i
oppdrag fer undersekelsen starter i fylket a avkiare med sine leger i
kommunen hvem som sier seg villig til & foreta anbefalte
etterundersekelser etter hjerte-/kar-screeningen.

De leger som har sagt seg villige, er listefert av prosjektkontoret.
Klienten kan velge lege ut fra legelisten, ogsé lege fra andre
kommuner.

Finner ikke klienten noen lege han/hun snsker & benytte, vil
eventuelt etterundersekelses-materiale bli sendt til kommunelegen i
hjemkommunen, dersom klienten ikke reserverer seg mot dette.
Kiienten kan da selv ta kontakt med kommunelegen, og de blir enige
om hvem som skal utfgre etterundersekelsen. ikke alle
kommuneleger har selv legepraksis.

Ved a ikke gi samtykke (reserver seg) mot at opplysninger blir
sendt til noen lege, vil klienten selv fa analysesvarene pa sitt
svarbrev. Klienten far da melding PA SVARBREVET om at han/hun
er selv ansvarlig for & oppseke lege om analysesvarene tilsier behov
for etter-undersgkelse.

Begrunnelsen for styrt legeliste er at prosjektkontoret i den senere
tiden har fatt mye materiale returnert p.g.a. at legene ikke kjenner
Klienten, legene ikke har tid til denne type arbeid, osv.

Resultatet er at SHUS sitter med materiale som er knyttet opp til et
samtykke til en bestemt lege som ikke snsker a utfore
etterundersokeises-arbeidet.

DE LEGER SOM STAR PA LEGELISTENE HAR PA DETTE GRUNNLAG FATT
TILDELT LEGEKODE NUMMER.

DETTE KODENR. SKAL F@RES PA SP@RRESKJEMA 1, SISTE SIDEN, VED SIDEN
AV SPL. KODE NR.

KLIENTENE ER SELV ANSVARLIG FOR A TA KONTAKT MED LEGE NAR
SVARBREVET GIR MELDING OM AT DET ANBEFALES
ETTERUNDERS@KELSE.
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SUPPLEMENT ill PR 3.7.90 (L-L)

Det har veert stilt spgrsmal fra sykepleierne om det er nedvendig &
ringe opp de fremmette om noen spersmal er uteglemt, for afa
komplett informasjon til sperreskjema og analysekort.

Utgangspunktet er at alle opplysninger er like viktige og skal paferes
skiema og analysekort som avtalt.

Har noen allikevel glemt & fa alle opplysninger, skal det ikke ringes
opp til pasienten for & fa komplettert skjema og analysekort.

Andre prosedyrer

Noter pa dagrapport 0og malekortet navn og personnummer pa dem
som eventuelt nekter & ta blodpreve eller BT.

Sperreskjema, malekort, kvinnesamtykke samt og ett eksemplar av
dagrapporten sendes samiet til prosjektkontoret. Pakken sendes som
NORGESPAKKE

Blodkassen(ene) og ett eksemplar av en dagrapport(ene)
som angir antall blodprever i den aktuelle blodkasse,
sendes Ullevall. Forsendelsen sendes/adresseres il:

STATENS HELSEUNDERS@KELSER
POSTENS GODSSENTER
0024 OSLO

NB: P3a adresselappen som folger blodkassene, gverst mellom
postmerket og «Norgespakke» skrives undersgkelsessted 0g
dato som blodprgvene er tatt.

Forsendelse av plasmargr og EDTA ror til / fra Haukeland

Her haper vi pa a fa forhandlet oss frem til en avtale med personell
ansatt fra Bergen. Det er & hépe at mot en godtgjerelse pr dag/uke
kan det bli levere/hentet materiell ved Haukeland sykehus.

Internt rapportskiema fra H/K lagene .
SHUS laget sender utfylt skjema med event. tilleggs-skriv fra hvert

undersokelses sted.
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Rekvirering av utstyr
(Etter tIf. samtale den 24.03.med dr. Refsum 24.03.98
MH)

fra Haukeland sykehus, v/ Halvor Bergersen, tif. 55 97 46 78

« Pony vials plasmarer m/skrukork

« Isopor esker til forsendelse

SST red, 10 mi bestilles fra SHUS

EDTA plastrer, 5 mi .og EDTA plastregr, 7 ml bestilles fra SHUS.

Sparreskjemaene tilherende Tilleggsundersgkelsene
vil bli levert/sendt laget fra . HUSK, Bergen i god tid far oppstart i
Fjell kommune.

Forsendelse av de ulike skjemaer som klientene fyller ut pa
stedet.

De fa ekstra skjemaer som blir fylt ut pa stedet, kan laget sende
fortlspende til Haukeland i svarkonvolutt tilherende svarskjemaene.
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SAMTYKKE

Jeg har mottatt brosjyren sammen med innbydelsen til helse.
undersgkelsen, og jeg er inneforstitt med formalet med undersgkelsen.
Jeg samtykker i at resultatene fra undersgkelsen sendes den
- har oppgitt pa skjemaet. Dersom jeg ikke har Oppgitt navnet pi
samtykker jeg i at resultatene istedenfor sendes medisinsk faglig
i min kommune, . '

. Jog samtykker ogsé i at blodpreven blir nedfryst til eventnell scnem
forskning, )

legen jeg:
cgen lege,
ansvarlig lege

——

Underskrift

" Sammen med invitasjonsbrevet har jeg mottatt brosjyren som orienterer om helse-
-undersekelsen. Jeg er derfor orientert om formilet med undersakelsen.

L Jeg sameykker i at mine resultater fra undersokelsen sendes den legen jeg har
oppgitt pa sperreskjemaet.

2. Dersom jeg ikke har oppgitt navn pé lege, samtykker jeg i at mine resultacer
sendes medisinsk ansvarlig Icge 1 min kommune.

3. Jeg samtykker i at minc resultater brukes tl statistikk og forskning og i
forskningseyemed kan kobles ul andre registre som feks. krefuegister og
dodsarsaksregister. _ :
Forutsetningen er ai mitt navn og fodselsnummoer fjernes for data studeres.

Vennligst suryk det/de avsnitt du eventuelt reserverer deg mot.



HUSK INFO

for fodselsirene 1925, 26, 27 og 1950, 51

Takk for at du deltok i den forrige Hordalandsundersgkelsen i 1992/93, og at du ni deltar i
den nye Helseundersokelsen i Hordaland, som har fatt navnet HUSK. Den forrige
undersokelsen fikk frem mye verdifull informasjon, og satte for alvor Bergen og Hordaland
pa verdenskartet for forskning rundt kroniske sykdommer. Spesielt viktig var mélingen av en
ny risikofaktor for hjertekarsykdom: homocystein i blodet (se nedenfor).

Forste fase av HUSK er den undersekelsen du ni far tilbud om 4 delta i. Andre fase bestér i
oppfolging av enkelte utvalg bdde pd kort og lang sikt. Det er ikke satt noen spesiell
tidsbegrensning for hvor lenge opplysningene kan lagres. Dette er fordi det i fremtiden kan
komme ny informasjon som gjer at en vil belyse andre sider av helse og sykdom enn det som
er kjent i dag. Fremtidig kobling til andre helseregistre vil kun skje etter godkjenning fra
Datatilsynet, og slik at ingen opplysninger kan fores tilbake til den enkelte. Opplysningene fra
de ulike delene av undersekelsen vil kunne bli sammenstilt med hverandre, f.eks. vil en kunne
se om de som har god sosial stette har lavere blodtrykk eller blodkolesterol enn de med
mindre god sosial statte, eller om personer som har vart eller er i bestemte yrker er mer utsatt
for eksem enn personer i andre yrker.

Ansvarlige for undersgkelsen - Styringsorganer
En styringsgruppe bestiende av representanter for Statens Helseundersgkelser, HEMIL-
senteret og Institutt for Samfunnsmedisinske fag ved Universitetet i Bergen er ansvarlig for
HUSK. Fylkeslegen i Hordaland er observater til denne gruppen. Koordineringen og den
daglige styringen av prosjektet foregar fra Seksjon for forebyggende medisin, Universitetet i
Bergen.

Okonomisk stotte
Til administrasion og gjennomforing av delprosjekter er vi tildelt midler fra Norges
forskningsrad, Sosial- og helsedepartementet, Kommunal- og arbeidsdepartementet, Det
medisinske fakultet ved Universitetet i Bergen, L. Meltzers hoyskolefond, Rédet for psykisk
helse, Den Norske Kreftforening og Norsk osteoporoseforening. Vi er ogsa tildelt stotte fra
NHOs Arbeidsmiljgfond, Kavlifondet, Dr. Trygve Gythfeldt og frues forskningsfond, Rede
fjeer-aksjonen og farmaseytisk industri. Vi takker alle vare bidragsytere.

DELPROSJEKTER

* Homocystein i blodet er en ny risikofaktor for hjerte- og karsykdom. Den forrige
undersekelsen i 1992/93 gav oss verdifulle resultater. Blant annet ble det vist at noen
forhold som kan fere til heyt homocysteinniva i blodet er royking, heyt kaffeinntak, lite
mosjon og lavt inntak av frukt og grennsaker. Andre studier tyder pa at homocystein kan
vare en like viktig faktor som kolesterol med hensyn til risiko for hjerte- og karsykdom.

husk
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Du inviteres nd til en ny homocystein-undersgkelse. Denne tar sikte pd & studere
sammenhenger mellom kosthold, B-vitaminstatus og faktorer som pavirker
homocysteinnivéet, samt & kartlegge faktorer av betydning for endringer av homocystein.
Videre vil variasjoner for gener som har betydning for omsetningen av B-vitaminer i
kroppen bestemmes. Disse genene er ikke arsak til sykdom, men de kan sannsynligvis
bidra til & forklare hvorfor forskjellige mennesker har ulikt behov for B-vitaminer. Disse
analysene vil vare av stor verdi fordi vi kan da finne ut om noen mennesker kan ha serlig
nytte av et B-vitaminrikt kosthold, eller tilskudd av B-vitaminer. Blodpraven som lagres
vil senere kunne undersekes for andre faktorer knyttet til kroppens omsetning av B-
vitaminer. For & male kostens innhold av B-vitaminer og andre faktorer, ber vi deg om &
fylle ut et sperreskjema om dine kostvaner, samt et skjema som bl.a. omhandler eventuell
sykdom siden forrige undersekelse. Personer med sterkt forhayet homocystein og tegn pa
alvorlig mangel pa B-vitaminene folat eller B-12, vil fa tilbud om etterundersokelse. For de
fleste deltakerne vil det ikke vare noen unormale funn, og det vil ikke bli gitt
tilbakemelding.

* Muskel-skjelett sykdommer. Dere vil ogsé f3 et tilbud om malinger av benmineraltetthet
som mél pd osteoporose (benskjerhet). Osteoporose er en tilstand som rammer svert
mange kvinner etter som de blir eldre, og ogs4 en del menn. Den alvorligste falgen av
osteoporose er benbrudd. I dette prosjektet vil sammenhengen mellom mengde mineraler i
skjelettet og andre faktorer som pévirker osteoporose belyses blant annet vil
kroppssammensetningen, som prosent fett, males. Malingene vil foregéd pd Haukeland
sykehus og er helt ufarlige.

¢ Det vil ogsé gjeres en studie pa forekomsten av Sjogrens syndrom, som er en reumatisk
lidelse, med kartlegging av forskjellige faktorers betydning for denne tilstanden.

¢ Hukommelse og minne. Dette prosjektet gjelder kun for de som er fodt i 1925-27. Mye
tyder pd at homocystein og B-vitaminer i kosten kan ha betydning for hukommelse og
minne etter som vi blir eldre. Gjennom et intervju med en sykepleier/hjelpepleier vil
deltakernes hukommelse, minne, orienteringsevne og forstaelsesevne bli belyst.

* Lungefunksjonstest (spirometri). Her vil deltakernes lungekapasitet bli malt ved en
pusteprave, og forekomsten av astma vil bli kartlagt.

* Arbeidsrelaterte plager i Hordaland. Som falge av liten kunnskap om arbeidsrelaterte
plager i Norge tas ofte avgjerelser m.h.t. forebyggende tiltak pa tildels manglende
grunnlag. Dette prosjektet vil bla. undersoke forekomsten av yrkesrelatert hjerte-
karsykdom, muskel-skjelettplager, vibrasjonsskader, hindeksem og forplantning.

* Subjektiv helse, livskvalitet og sevn skal kartlegge forekomst av og sammenheng mellom
helseplager og livskvalitet, som for eksempel sgvnplager.

e Sosiale prosesser. Her vil man forsgke 4 identifisere hvilke sosiale prosesser som pavirker
helsen. Angst og depresjon vil ogsa bli belyst.

¢ Hemokromatose er en arvelig stoffskiftesykdom som farer til jernoverskudd som kan gi
organskade og sykdom. Undersekelsen tar sikte p4 & kartlegge forekomst, og dernest 4
identifisere behandlingstrengende personer for videre oppfalging.
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HORDALANDSUNDERSOKELSEN "97 - '99 (HUSK)
SAMTYKKEERKL/ERING

I brosjyren "HUSK" er jeg orientert om Hordalands-undersokelsens formdl. Jeg har ogsd sent informasjonsskrivet "HUSK

INFO" som bl.a. omtaler delprosjekter, og er kjent med at undersokelsen bestidr av sperreskjema, blodpreve og miling av
blodirykk, heyde, vekt, liv- og hoftevidde.

Jeg er kjemt med at opplysninger om meg blir behandlet strengt fortrolig og at undersekelsen er vardent og tilridd av Den
regionale Eﬁﬁaﬂi%ﬁ%ﬁgﬁnﬂiﬁﬁgign
for hvor lenge opplysningene kan lagres, men jeg er klar over at jeg pd hvilket som helst tidspunkt kan trekke meg fra
undersokelsen og kan reservere meg mot bruk av opplysninger om meg.

1. Jeg samtykker i at resultater fra blodproven og andre deler av undersokelsen, sami resultater fra eventuelle
spesialundersekelser, blir sendt til den legen jeg har oppgitt pd sperreskjemaet.

2. Dersom jeg ikke har oppgitt navn pa lege, eller legen min ikke deltar i undersokelsen, samtykker jeg i at mine
resultater sendes til kommunelege 1.

3. Jeg samtykker 1 at jeg kan fi ulbud om spesialundersokelser, og at jeg kan bl kontaktet av en lege med tanke pd
tilbud om behandling eller for & forebygge sykdom.

4 Jeg samtykker i at mine resultater kan brukes til medisinsk forskning, eventuelt ved & sammenholde opplysninger
om meg med opplysainger fra andre helse-, trygde- og sykdomsregistre, eller med mine resultater fra tidligere

helseundersokelser i Hordaland. Nér disse opplysningene sammenholdes, vil mitt navn og personnummer ikke bli
tatt med.

. Jeg samtykker i at blodpreve oppbevares. All bruk av denne vil bare skje etter godkjenning fra Datatilsynet og Den
regional komité for medisinsk forskningsetikk.

Vennligst stryk det/de avenitt du reserverer deg mot.

..................................................................................................................................................
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