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Age is an issue of mind over matter. If you don't mind, it doesn't matter.
Mark Twain
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Abstract

Background: Few studies exist on the validity of food frequency questionnaires (FFQs)
administered to elderly people. An FFQ on dietary intake during three different periods of
life, adolescence (14-19y), midlife (40-50y) and current old age, was developed for the
Age/Gene Environment Susceptibility (AGES) Reykjavik Study. Assessing the validity of the
AGES-FFQ is important for its use in studies on diet-related disease risk and health outcomes,
as incorrect information may lead to false associations between dietary factors and diseases.

Milk is an important source of calcium and cod liver oil is a traditional source of
vitamin D in Iceland. Consumption of both milk and cod liver oil is recommended for people
of all ages in Iceland, not the least for the sake of bone health. However, whether and to what
extent, lifelong consumption is associated with bone mineral density (BMD) in old age, the
time of greatest risk of osteoporotic fractures, is unclear.

The aim of the present thesis was to assess the validity of questions of the AGES-FFQ
on midlife and current consumption. Furthermore, to assess the association between lifelong
consumption of milk and cod liver oil and hip BMD in old age among participants of the
AGES-Reykjavik Study. Also, the association between current intake of cod liver oil and
serum 25(OH)D was assessed.

Methods: Data was gathered from three different cohorts. For assessing the validity of
questions on midlife diet, retrospective intake of 56-72-year old individuals was estimated
using the AGES-FFQ and results compared with detailed dietary data, gathered from the same
individuals 18-19 years previously, i.e. in midlife, as a part of a national dietary survey.
Validity of questions on current intake was assessed by comparing answers from healthy
elderly individuals (>65y) to data obtained from 3-day weighed food records completed by
the same individuals. Participants of the AGES-Reykjavik Study, age 66-96 years (N=4798,
44% male), answered the complete AGES-FFQ, including questions on milk and cod liver oil
intake in adolescence, midlife and current old age. BMD of femoral neck and trochanteric
area was measured by volumetric quantitative computed tomography (QCT), and serum
25(OH)D concentration measured by means of a direct, competitive chemiluminescence
immunoassay. A series of covariates from the AGES Reykjavik Study, as well as the
Reykjavik Heart Study were also used in the analysis.



Results: The AGES-FFQ (on midlife and current diet) was found suitable to rank individuals
according to intake of several important foods and food groups. Higher correlations were
generally found for men than women. Questions on milk and cod liver oil consumption were
among those with the highest correlation to the reference methods.

When assessing the association between milk intake at different periods of life and hip
BMD in old age, the strongest association was found for midlife consumption, those with
consumption of >once/day compared with <once/week having significantly higher hip BMD
in old age. Women with current consumption of >once/day also had significantly higher BMD
for trochanter compared with women consuming milk <once/week. Consumption in
adolescence showed a similar trend, though insignificant. Associations were generally
stronger for men than women.

Retrospective intake of cod liver oil in adolescence and midlife did not show a
significant association with hip BMD in old age, neither did current intake for men. However,
women with daily intake in current old age, had significantly higher BMD than those with
intake of <once/week. Current cod liver oil intake was also associated with serum 25(OH)D
concentration, showing increased concentrations with increased frequency of intake.

Conclusion: The AGES-FFQ can be used to rank individuals according to level of intake of
several important foods and food groups, including cod liver oil and milk. When assessing the
association between milk intake at different periods of life and hip BMD in old age, the
strongest association was found for midlife milk intake, and stronger for men than women.
Retrospective cod liver oil intake was not associated with hip BMD in old age, neither was
current intake for men, while women with daily intakes had significantly higher hip BMD
compared to those with intake of <once/week. Current intake was also positively associated
with serum 25(OH)D.

Our results underline the importance of identifying critical dietary factors and time
periods strongly associated with bone health in old age. Efficient preventive and health
promoting measures may thus be developed, improving health, quality of life and
independence in old age.

Keywords: Food frequency questionnaire, retrospective intake, current intake, validity,
elderly, milk, cod liver oil, bone mineral density, 25(OH)D.



Ritgerd fyrir doktorsvorn i naeringarfraedi vio Haskola Islands 2012
Agrip

Inngangur: Faar rannsoknir hafa beinst ad gildi adferda til ad meta mataradi aldradra, hvort
heldur niverandi neyslu peirra eda faeduvenjur fyrr & lifsleidinni. Sérstakur spurningalisti var
unninn fyrir Oldrunarrannsékn Hjartaverndar med spurningum um mataradi 4 unglingsarum
(14-19 ara), 4 midjum aldri (40-50 ara) og niiverandi mataradi aldradra. Mikilveegt er a0 meta
gildi listans til ad koma i veg fyrir ad rangar alyktanir verdi dregnar um samband mataradis
og heilsufarspatta.

Mjolk er mikilvaegur kalkgjafi og lysi veitir storan hluta af D-vitamini { fedu
Islendinga. I radleggingum um mataraedi er meelt med reglulegri neyslu beggja fadutegunda
fyrir folk & ollum aldri, ekki sist til ad studla ad heilbrigdi beina. Hins vegar er ekki 1jost
hversu sterkt samband er milli neyslu & mismunandi @viskeidum og beinpéttni 4 efri arum,
pegar mestar likur eru 4 alvarlegum beinpynningarbrotum. Einnig er 1itid vitad um samband
naeringar og beinpéttni medal karla, par sem fyrri rannsoknir hafa beinst a0 konum.

Markmid pessarar rannsoknar var ad meta gildi spurninga um mataradi & midjum aldri
og nuverandi mataredi. Nidurstodur um mjolkur- og lysisneyslu & mismunandi aviskeidoum
voru sidan nyttar til a0 kanna tengsl naringar vid beinpéttni 4 efri arum medal patttakenda i
Oldrunarrannsokninni.

Adferdir: Gogn rannsoknarinnar eru fengin Ur premur mismunandi rannséknarhépum. Vid
mat 4 gildi spurninga um mataredi 4 midjum aldri var spurningalistinn lagdur fyrir
fyrrverandi patttakendur Gr Landskonnun 4 mataradi arid 1990, sem nu voru 4 aldrinum 56-
72 éra. Nidurstoour listans voru sidan bornar saman vid pa itarlegu faedissogu sem safnad
hafoi verid fyrir pessa somu einstaklinga 18-19 arum fyrr, p.e. pegar peir voru 4 midjum aldri.
Vio mat 4 gildi spurninga um nuverandi matareedi var videigandi listi lagdur fyrir hop eldra
folks (65 ara og eldri), og nidurstodur bornar saman vid priggja daga matardagbok, par sem
sému einstaklingar hofou skrad og vigtad alla neyslu. I rannsokn & beinpéttni svorudu
patttakendur Oldrunarrannsdknarinnar 6llum hlutum spurningalistans, auk pess sem beinpéttni
peirra var metin i vinstri mjédm (narenda laerleggs) med magnakvardandi sneidmyndatdku
(QCT), og styrkur D-vitamins (25(OH)D) i blodvokva meeldur.

Nidurstoour: Spurningalistinn var metinn hafur til ad rada einstaklingum eftir neyslu margra
mikilvaegra faedutegunda. Fylgni milli adferda var yfirleitt harri medal karla en kvenna.
Spurningar um mjdlkur- og lysisneyslu voru medal peirra sem hofou hvad hasta fylgni vid
samanburdaradferdir.

Vid mat 4 sambandi mjdélkurneyslu & mismunandi @viskeidum vid beinpéttni { mjodm
a efri arum, fundust sterkustu tengslin fyrir neyslu 4 midjum aldri. Badi karlar og konur sem
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neyttu mjolkur einu sinni 4 dag eda oftar 4 midjum aldri voru med marktaekt heerri beinpéttni
en pau sem neyttu aldrei mjolkur eda sjaldnar en einu sinni i viku. Tengsl beinpéttni vid
naverandi neyslu voru adeins marktek meodal kvenna. Einnig fundust jakvaed tengsl milli
mjolkurneyslu a unglingsarum og beinpéttni pott pau vaeru ekki marktek. Samband
mjoélkurneyslu og beinpéttni var yfirleitt sterkara medal karla en kvenna.

Ekki fundust marktaek tengsl milli lysisneyslu 4 unglingsarum eda midjum aldri og
beinpéttni i mjoodm & efri arum. Naverandi lysisneysla tengdist hins vegar heerri beinpéttni hja
konum, en ekki hja kérlum. Samsvorun var milli lysisneyslu aldradra og styrks D-vitamins {
blodvokva, par sem baedi karlar og konur sem téku lysi einu sinni { viku eda oftar hofou ad
medaltali marktakt haerri styrk en pau sem toku aldrei lysi eda sjaldnar en einu sinni i viku.

Alyktun: Spurningalistinn var metinn haefur til ad rada einstaklingum eftir neyslu margra
mikilvaegra fadutegunda, par & medal mjolkur- og lysisneyslu. Samband mjolkurneyslu a
lifsleidinni og beinpéttni var jakveett og sterkustu tengslin voru fyrir neyslu 4 midjum aldri og
sterkari medal karla en kvenna. Tengslin milli lysisneyslu og beinpéttni virdast minni, en
adeins saust marktek tengsl milli niverandi neyslu og beinpéttni medal kvenna. GO
samsvorun var milli nuverandi lysisneyslu og D-vitaminstyrks 1 bléovokva.

Mikilvaegt er ad kanna patt mataredis & mismunandi aviskeidum fyrir beinheilsu
aldradra. Med auknum skilningi er haegt ad préa og efla forvarnir sem geta skilad sér i baettri
heilsu og auknum lifsgaeedum & efri arum.

Lykilord: Tidnispurningalisti um mataraedi, mismunandi aviskeid, mjolkurneysla,
lysisneysla, beinpéttni aldradra, D-vitaminstyrkur 1 bl6di
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1. Introduction

The aim of this dissertation is to increase knowledge on the significance of lifelong diet,
particularly consumption of milk and cod liver oil, for bone health in old age. The Icelandic
diet has traditionally been characterized by relatively high consumption of milk and dairy
products and common use of cod liver oil. Data gathered in the Age/Gene Environment
Susceptibility - Reykjavik (AGES-Reykjavik) Study provides a unique opportunity to assess
the association between consumption of milk and cod liver oil at different periods of life and
bone status in old age.

During the last century life expectancy has risen sharply in populations worldwide [1].
Consequently more people are reaching older age and the increase is not only in number but
also as proportion of elderly individuals. The increase seen in the oldest age group, 80 years
and older, is most striking, in Europe alone this group is expected to grow from 21.4 million
individuals in year 2000 to 35.7 million by 2025 [2], and to 400 million worldwide by 2050
[3]. This development is likely to increase demand for both healthcare and social service
systems, as the prevalence of chronic and degenerative diseases rises with increasing age
[2,4].

One of the most prevalent diseases and major causes of disability in old age is
osteoporosis and associated bone fractures. The number of hip fractures alone, the fractures
that have the most impact on the individual and the highest medical cost, are expected to rise
from 1.7 million in year 1990 to 6.3 million in 2050 [2], and worldwide cost of all
osteoporosis fractures reaching 76.7 billion Euros in 2050 [5-7].

Various factors affect the risk of developing osteoporosis, such as age, gender,
ethnicity and family history. These are beyond our reach, while others, including physical
activity, smoking, alcohol consumption and last but not least dictary intake are largely under
our control and can be modified to enhance the probability of healthy ageing.

While several dietary factors can affect bone health, the two most critical nutrients are
considered to be calcium and vitamin D [8-10]. These nutrients are particularly important
during periods of rapid growth in childhood and adolescence so that optimal peak bone mass
may be achieved, and in old age to keep age-related bone loss to the minimum [11-14]. The
main source of dietary calcium in Iceland is milk and dairy products, and cod liver oil is a
traditional source of vitamin D [15-17].

There are few studies available on lifelong consumption of milk and cod liver oil, and
the long-term association with bone health in old age is unclear. Furthermore, studies on
elderly men are lacking in this area. A positive association between milk intake in
childhood/adolescence and bone health in adulthood and even old age for women has been
reported in both cross-sectional and cohort studies [18-24]. Despite being an excellent source
of vitamin D, cod liver oil intake in childhood has been suggested to be adversely associated
to bone health in old age [25].
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More information is needed to better understand and assess the strength of the
relationship between lifelong milk and cod liver oil intake and bone health in old age, when
serious and debilitating osteoporotic fractures are most likely to occur.
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2. Background

Various environmental factors can affect the development of chronic diseases and health in
old age [1]. Eating habits and dietary intake play one of the key roles in this context [1,2,26],
and are especially important as they can be modified to enhance, not only present health, but
also the likelihood of healthy aging [26].

As life expectancy has increased considerably, the burden of various age related
chronic diseases, including osteoporotic bone fractures, is expected to increase. Therefore it is
more important than ever to identify factors that are strongly associated with bone mineral
density (BMD) in old age, and develop efficient preventive and health promoting measures
that are likely to improve health, quality of life and independence in old age [7,27].

2.1  Lifelong nutrition and health in late life

Studies have shown that nutrition in early life and throughout the lifespan can be related to
development of chronic diseases and health in old age. Among associations seen are early life
nutritional status and cognitive function in old age [28], restricted energy intake in childhood
or early adulthood and reduced risk of ovarian cancer in elderly women [29], and milk intake
in adolescence and increased risk of advanced prostate cancer among elderly men [30].

Bone mass in old age is determined by peak bone mass in early adulthood, and
subsequent age related bone loss, both factors possibly affected by dietary intake and
nutritional status [31]. The risk of suffering from osteoporosis and osteoporotic fractures in
late life can thus be associated with nutritional adequacy from childhood and throughout the
life span.

2.2 Osteoporosis

2.2.1 Definition

Osteoporosis is a chronic, progressive disease and has been defined by the World Health
Organization (WHO) to be characterized by low bone mass and microarchitectural
deterioration of bone tissue, leading to bone fragility and a consequent increase in risk of
fracture [32]. Osteoporosis can be classified into either primary or secondary osteoporosis.
Primary osteoporosis is caused by age related bone loss in both genders and loss of gonadal
function in men, while secondary osteoporosis is bone loss due to medical conditions,
medications or nutritional deficits [33].

The following four diagnostic criteria can be used for assessing bone mass when
measured with DXA. These criteria were set for postmenopausal white women [34], but can
also be used for men age 50 years and older [34,35].

- Normal: BMD or bone mineral content (BMC) within lstandard deviation (SD) below
the young adult reference mean.
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- Osteopenia: Low bone mass, when BMD or BMC is between 1SD and 2.5SD below the
young adult mean.

- Osteoporosis: BMD or BMC 2.5SD or more below the young adult mean.

- Severe osteoporosis: BMD or BMC 2.5SD or more below the young adult mean and at

least one osteoporotic fracture.

2.2.2 Risk factors

Main risk factors for osteoporosis include age, gender, ethnicity, family history and previous
fractures, as well as body weight, exercise, smoking, alcohol consumption, use of
medications, and dietary intake [2,27,36,37]. The latter ones are of special interest as they are
factors that can be modified to enhance the likelihood of healthy ageing.

In relation to dietary intake, the two nutrients most strongly associated to bone mass
are calcium and vitamin D, and inadequate intakes have been linked to reduced bone mass
and increased risk of osteoporosis [8,38,39,40].

While it is known that environmental factors, including nutrition, are related to the
acquisition of bone mass during childhood, adolescence and early adulthood, the extent to
which these factors can be modified to influence the risk of osteoporosis in old age is unclear
[41].

2.2.3  Prevalence

Osteoporosis is the most common bone disease in humans, it affects both men and women
and the prevalence increases with increased age [33]. Women are however affected earlier
than men and are approximately three times more likely to get osteoporosis [27]. The higher
prevalence seen among women is partly due to their lower peak bone mass as well as bone
loss related to hormonal changes at menopause [27,42-46]. During menopause, estrogen
production decreases, resulting in bone loss through increased rate of bone remodelling and
calcium resorption from bone [42,43,45,46]. The fall in estrogen production can also decrease
intestinal calcium absorption and increase urinary loss, causing even greater bone loss [44].

The risk of osteoporosis and osteoporotic fractures is different between different races;
white women generally have lower BMD (less skeletal mass) than black women and higher
fracture rates [47,48]. For white women, approximately 40% of 70-79 year olds, and 70% of
women 80 years and older are expected to suffer from osteoporosis [34]. Furthermore, there
also appears to be a difference within races, and white women of Northern Europe, especially
Scandinavian, tend to have particularly high fracture rates [49-51].

Even though osteoporosis is often considered a women’s disease, it is increasingly
recognized as a significant cause of morbidity and mortality in men, with high numbers of
affected men. Data from the 3™ National Health and Nutrition Examination Survey
(NHANES III) indicate that 3-6% (1-2 million) of men 50 years old or older in the US suffer
from osteoporosis and 28-47% (8-13 million) have osteopenia [52].

Adult bones have two types of tissue, cortical outer bone, which is more compact and
is remodeled less frequently than the inner, spongy trabecular bone [27,53]. With advancing
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age, men are generally thought to lose 15-45% of trabecular bone and 5-15% of cortical
bone, whereas women lose 35-50% of trabecular bone and 25-30% of cortical bone [34].

As early bone loss and osteoporosis is generally asymptomatic, cases are often not
diagnosed until after a fracture occurs [27] and prevalence is more likely to be underestimated
than overestimated.

2.2.4  Fractures

The morbidity of osteoporosis is generally not caused by the bone loss itself, but the fractures
sustained due to the lower bone mass and microarchitectural deterioration of the bone tissue
[27, 34]. Osteoporotic fractures occur after low trauma, e.g. falling from standing height or
less, or even after coughing, sneezing, or sudden movements [33]. These fractures are most
common in the wrist, spine and hip, and increase exponentially with age — especially hip
fractures, which are also the fractures that have the most impact on the individual and the
highest medical cost [34]. Women have higher lifetime risk of osteoporotic fractures [54], and
an increase in fracture incidence is seen at younger age for women than men [34,55].
Nevertheless, osteoporotic fractures also cause substantial morbidity among men, and men
tend to have worse outcomes after fractures, including hip fractures, where men have higher
excess annual mortality than women, comparing age- and sex-matched individuals with and
without fractures [56,57]. The number of hip fractures alone are expected to rise from 1.7
million in 1990 to 6.3 million in 2050 (WHO 2002), with worldwide cost of all osteoporosis
fractures reaching 76.7 billion Euros [5-7].

2.2.5 Prevention

Considering preventive measures, main focus has been on the role of lifestyle factors such as
diet, exercise, avoidance of smoking, and limited alcohol consumption, as well as hormonal
status, use of medications, and maintenance of healthy body weight [27,34,37,58]. It is
however possible that the importance of different lifestyle factors may vary between life
stages [27], and it is therefore important to assess them separately.

In relation to diet, calcium and vitamin D have been shown to be particularly
important when it comes to osteoporosis prevention [27]. The risk of osteoporosis in old age
is strongly influenced by peak bone mass, which is partly determined by adequate calcium
and vitamin D intake in childhood and adolescence [31]. Sufficient intake from childhood and
throughout life is therefore likely to be important when it comes to maintaining bone mass
and lowering the risk of osteoporosis and osteoporosis related fractures in old age. Calcium
and vitamin D supplementation among elderly individuals may also lower fracture risk,
especially in previously deficient individuals [59-62].

While preventive measures for those with low absolute fracture risk generally focus on
lifestyle factors, those with higher fracture risk may also require pharmacological
interventions [27]. The availability of medications that effectively reduce the risk of
osteoporotic fractures has increased in recent years. Clinical trials have shown certain oral
bisphosphonates to be able to decrease the risk of vertebral and hip fractures by 50-60% in
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postmenopausal women [63-65], as well as reducing fracture rates in men with osteoporosis
[66].

2.3  Calcium and vitamin D, roles in the body and dietary sources

2.3.1 Calcium, vitamin D and bone

Calcium is the most prevalent mineral in the body and 99% of it is stored in bone and teeth
[67]. Calcium deposition into the skeleton is critical for its structure and is necessary for
tissue rigidity, strength, and elasticity. The skeleton also functions as a source of minerals,
like calcium, and is critical for homeostasis. Serum calcium concentration is tightly regulated
by parathyroid hormone (PTH), calcitriol (1,25 dihydroxyvitamin D, the active form of
vitamin D), and calcitonin [68,69]. It is important to maintain optimal calcium levels, as they
are needed for mineralisation of bone, muscle contraction, nerve conduction and many other
cellular functions [53]. If calcium concentration lowers slightly the parathyroid glands secrete
PTH, which activates bone resorption and stimulates the production of calcitriol. Calcitriol in
turn increases intestinal calcium absorption, and together with PTH stimulates bone resorption
[70]. Thirdly, calcitriol and PTH act on the renal distal tubule to reabsorb calcium for
maintaining normal calcium levels [71]. PTH secretions then decreases as calcium levels
increase [53].

Adequate intake of calcium is critical for normal growth and achieving optimal peak
bone mass as well as for modifying the rate of age-related bone loss [12-14]. The main source
of dietary calcium in Iceland is milk and dairy products [15-17].

Inadequate intake of calcium has been linked to reduced bone mass and increased risk
of osteoporosis [8]. If vitamin D is also insufficient, this can further increase fracture risk
[8,38-40], as active calcium absorption is then reduced and secretion of PTH increases, which
can lead to increases bone turnover and bone loss [39,59,61]. If however vitamin D levels are
adequate, it is possible to achieve calcium absorption at lower intake levels, compared to
when vitamin D levels are insufficient [72].

Chronic vitamin D deficiency is known to cause rickets among children and
osteomalacia among adults [53].

2.3.2 Milk

Consumption of milk and dairy products is a good indicator of calcium intake in Iceland, both
during present and earlier times. Traditionally, consumption of milk and dairy products has
been high in Iceland, although there has been a decrease in consumption over the last decades.
In 1990 the average consumption of milk and dairy was approximately 600ml/d, not including
cheese, in 2002 it was around 400ml/d, and 300ml/d in 2011 [15-17]. The consumption of
cheese was relatively low in earlier times, but has been rather stable over the past two
decades, with average consumption of approximately 35-40g/d. Despite the decrease in milk
and dairy consumption, average consumption is still quite high and adult Icelanders receive
65% of their dietary calcium from milk, dairy products and cheese [17]. In previous Icelandic
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National Dietary Surveys (INDS) the percentage used to be even higher or approximately
70% [15,16].

Other sources of calcium have been limited, such as calcium depleted water supply
(4.8mg/L), and minimal consumption of green vegetable or calcium rich small fish, such as
sardines [15-17]. Furthermore, calcium fortification of foods has not been common, and was
virtually non-existent for the most part of the 20" century. Therefore it can be assumed that
individuals consuming little or no milk or dairy products most likely had low calcium intakes.

Reflecting the high milk intake in Iceland, average calcium intake has in previous
INDSs been quite high and above the recommended 800mg daily intake (RDI) for adults of
both genders and in all age groups [15,16]. According to INDSs average calcium intake was
approximately 1300mg/d in 1990 and 1100mg/d in 2002 [15,16]. In the most recent INDS
average intake was slightly over 900mg/d and was above RDI for all groups except the oldest
group of women, 60-80y, which had an average intake of approximately 700mg/d [17].

Milk and dairy products are nutrient dense foods, not only supplying calcium, but also
providing other nutrients and factors that may promote bone growth and calcium accretion,
such as proteins, peptides, phosphates, potassium and magnesium, as well as growth factors
and other hormones [73,74]. It is also probable that milk contains other components yet to be
identified that affect bone density. It should be noted that milk is generally not fortified with
vitamin D in Iceland.

2.3.3 Cod liver oil

Vitamin D can be synthesized in the skin when it is exposed to sunlight of the appropriate
wavelength. However, due to the latitude of our country, reaching from 64-66°N, dermal
production of vitamin D is limited approximately from October to April [75]. Intake of
vitamin D containing supplements is therefore recommended, and cod liver oil is the one most
traditionally used in Iceland.

Cod liver oil is rich in vitamin D, vitamin A (in the form of retinol), and essential
omega-3 fatty acids. Around the mid 20" century there was limited control over the amount of
vitamin A and D in cod liver oil and the ratio between the vitamins probably reflected that of
the pure cod liver (83:1) [76]. In later years and up until 2002, cod liver oil contained
approximately 30.000:250ug/100g of vitamins A and D respectively (equalling 120:1).
Subsequently the concentrations of vitamin A were lowered, and today the amounts are
5.000png and 200pg/100g of vitamin A and D respectively. Before this change the
recommended spoonful per day (approximately 5g) of cod liver oil contained 1650ug of
vitamin A and 12.5pg of vitamin D, but now contains 250pg and 10pg of vitamin A and D
respectively. Recommended daily intake (RDI) of vitamin A is 700pg for women and 900ug
for men and 10ug of vitamin D for adults and 15ug for elderly individuals [77].

Some epidemiological studies have linked high intake of vitamin A/retinol to adverse
effects on bone health and increased risk of osteoporosis and osteoporotic fractures [78-82],
particularly if serum (25(OH)D) is also low [83].

Cod liver oil is a traditional source of vitamin-D in other Nordic countries as well and
regular consumption is recommended. The cod liver oil in commercial use in Norway also
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contained high concentration of vitamin A in earlier timers but the concentration was
decreased from 20,000p1g/100ml to 5,000ng/100ml, same as in Iceland [25]. A follow-up
study of 50-70 year-old women in the Norwegian Nord-Trendelag Health Study, found an
association between childhood consumption of cod liver oil and current forearm BMD, where
women reporting any intake in childhood had significantly lower BMD then those with no
intake [25]. The association appeared to be a negative dose-response as they found an
increasing odds ratio for low BMD with increasing regularity of childhood cod liver intake.
The researchers concluded that the previous high concentration of vitamin A in cod liver oil,
when added to an already vitamin A rich diet, may have lead to total intake reaching harmful
levels.

However, as studies are few, it is still not clear whether vitamin A from cod liver oil,
with its high vitamin D content, has adverse effects on bone health. In a British case-control
study of women over 75 years of age, Barker et al [84] found that intake of cod liver oil or
multi-supplements (most multi-supplements in UK contain retinol) was associated with lower
risk of any fracture. Sigurdsson et al [85] also found no adverse association between intake of
preformed retinol (mostly derived from cod liver oil and multivitamins) and BMD at different
skeletal sites in a cross-sectional study of 70 year old women in Iceland. Neither of these two
studies involved intake in adolescence or at young age, however, and it is possible that the
growing bone may be differently affected than adult bone.

2.3.4  Assessing vitamin D status; 25-hydroxyvitamin D (25(OH)D), association with dietary
vitamin D and optimal levels

Calcitriol, or 1,25-dihydroxyvitamin D, is the active form of vitamin D, however, it is not
considered a good indicator of vitamin D status as its half-life is relatively short and
concentrations are tightly regulated [86]. There is however a general consensus that serum 25-
hydroxyvitamin D (25(OH)D), or calcidiol, is currently the best available indicator when it
comes to assessing vitamin D status, as it is well suited to reflect total amount of vitamin D,
both that ingested as a part of the diet (including supplements), as well as that from dermal
production [87].

According to the Institute of Medicine [53] data suggest that individuals are at risk of
vitamin D deficiency when serum levels of 25(OH)D are below 30nmol/L, and some may be
at risk for inadequacy at levels between 30 and 50nmol/L. Serum levels of >50nmol/L should
be sufficient for majority of people.

Serum 25(OH)D increases in response to increased intake of vitamin D, and according
to a meta-regression analysis an increase of 1-2nmol/L was found for each additional 100IU
(2.5ng) of vitamin D [88,89]. However, dose-response relationship can differ as this
relationship seems to be affected by several factors, such as baseline value of 25(OH)D and
duration of supplementation in supplemental studies [67,90-92], e.g., it requires higher
amounts of vitamin D to increase a 25(OH)D serum level which is already above 50nmol/L,
compared to levels below 50nmol/L [90]. Furthermore, supplementation studies have shown
that the rise in 25(OH)D levels for a given dose tends to stabilize with time [91,92].
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2.4  Intake of milk/calcium and cod liver oil/vitamin D during different periods of life
and association with bone health in old age

2.4.1 Early life

Dietary requirements for calcium vary throughout the life stages, as they are determined by
the needs for bone development and maintenance, with greater needs e.g. during rapid growth
in childhood and adolescence, and in old age to keep age-related bone loss to the minimum
[11-14]. As bone mass in old age relies partly on peak bone mass achieved in early adulthood,
good bone health in old age is to some extent dependent on adequate calcium intakes during
childhood and adolescence [12,74].

Although intervention studies have shown that calcium supplementation in childhood
and adolescence can modestly increase bone mass, this increase is generally found to be
transient [93-95] and is likely to benefit mainly children with low habitual intakes of calcium
[96]. Conversely, both cross-sectional and cohort studies have reported a positive association
between milk intake in childhood and/or adolescence and bone health in adulthood and even
old age for women [18-24].

In adolescence adequate vitamin D is important as bone accretion can be extensive due
to rapid growth. This is reflected in the increased conversion of 25(OH)D to calcitriol, the
active form of vitamin D, at the start of puberty [53]. Even after growth ceases, our bones
constantly undergo remodelling and adequate vitamin D is therefore important at all ages.

It is well known that vitamin D deficiency can cause rickets in children [67], but it is
also possible that marginal deficiency during early life may contribute to osteoporosis risk in
later life [87].

Intake of a vitamin D containing supplement is recommended in Iceland for people of
all ages, and cod liver oil is traditionally used. Cod liver oil was even given to children in
most schools in the 1930s and up until around 1970. Although cod liver oil is largely
recommended for bone health, the association between intake of cod liver oil in childhood and
bone health in old age is not well studied. It has even been suggested that childhood
consumption in earlier decades might even be associated with adverse affect on bone health in
current old age, as cod liver oil used to have extremely high levels of vitamin A [25]. More
studies are needed to clarify this relationship.

2.4.2  Adulthood/midlife
Throughout most of our adulthood bone formation and resorption is balanced and calcium
requirements are stable [53]. Consequently bone mass is relatively stable until the onset of
menopause in women, when hormonal changes result in rapid bone loss. Men also start to lose
bone minerals from all skeletal sites when age-related bone loss sets in, at approximately 50
years of age. This loss is however more gradual than in women [97,98].

Some studies have suggested calcium interventions to be more effective during the late
postmenopausal period compared to the peri-menopausal period in women [99]. Others have
nevertheless found a positive association between milk intake in early adulthood and midlife
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and bone health among elderly women [19-21]. As an example, in a cohort study by Soroko et
al [21] a graded significant association was found between midlife milk consumption and
BMD of elderly women. Murphy et al [20] also reported an insignificant, upward trend in
BMD in elderly women, associated with increased milk consumption during adulthood and
middle age.

As our bones are constantly undergoing remodelling, vitamin D is important at any
age, and middle age is no exception. There is however a lack of studies on intake of vitamin D
and cod liver oil in midlife and possible association to bone health in old age.

2.4.3 Oldage

In old age dietary calcium intake generally decreases, while calcium requirements increase
with increasing age, partly because of decreased intestinal absorption [12,33]. This may result
in reduced supplies of calcium which again can be associated with decreased bone mass and
increased risk of osteoporosis [8]. Controlled trials have shown that calcium supplementation
in elderly women can reduce age-related bone loss [100,101]. Additionally, milk
supplementation has been found to diminish bone turnover among postmenopausal women
[102].

Adequate intake of both calcium and vitamin D is important for preservation of bone
mass and prevention of osteoporosis [8], and for those who already suffer from osteoporosis,
vitamin D insufficiency may amplify bone loss and further enhance fracture risk [8]. In old
age we rely even more on dietary vitamin D as dermal production of vitamin D is reduced in
old age [33].

Intervention studies on vitamin D (often also including calcium supplements) have
found an association with increased BMD of the femoral neck [103] as well as decrease bone
loss [104-106], fall risk [107] and risk of osteoporotic fractures [62,104-106,108] among
elderly individuals. Still it is unclear how much vitamin D is needed for beneficial effects.

2.5  Assessment of dietary intake methods

In order to study the association between diet and various health related factors, we need high
quality health data and valid methods for measuring dietary intake. Food intake can be
assessed on three different levels; national, household and individual level. Data collected on
an individual level is the only data that can provide information on average intake of various
foods and nutrients and their distribution in well defined groups of individuals [109,110].
Such data can also be used to estimate adequacy of dietary intake and to assess the
relationship between diet and health [111,112]. Several different methods can be used to
collect data on an individual level and each method has its strength and limitations. Data can
be collected either retrospectively or prospectively and the methods most commonly used are
twenty-four-hour recall, diet history, food frequency questionnaires, and food records. When
choosing an appropriate method for a study, several factors have to be taken into account,
such as aims of the study, characteristics of the study group/population, and practical issues
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such as various resources (funding, man power etc). Assessing dietary intake is always a
challenge, and perhaps even more so when assessing intake among the elderly. Various
factors related to older age, such as declined cognitive function, fading memory, impaired
hearing and/or vision, may possibly affect the ability to give reliable information on dietary
intake [113-117].

2.5.1 Food records
When this method is used, either the respondent, or an observer, records in detail all food and
beverages consumed over a specified period of time, usually including brand names and meal
preparation methods. Foods can be either weighed accurately using a household scale, or
estimated using household measurements such as glasses, bowls and spoons [110,118,119].
As recording is done at every mealtime, this method does not rely on the recorder’s memory.
A food record of 3-4 consecutive days, and usually no more than 7 days, is generally
recommended, as studies have shown that incomplete records get more frequent as the
number of days increases, this has been referred to as respondent fatigue [110,112,120]. If
more days are needed, repeated recordings can be collected. When it comes to assessing
dietary intake, weighed food records have often been considered as the “gold standard” as
they can provide relatively accurate quantitative information on consumption [110,118,119].
However, this method has rather high participation burden, and the recording can also alter
usual dietary behaviour and affect both the types of food and amounts being consumed
[110,118,119]. Processing the data is also expensive and time consuming [118].

Elderly participants have proved to be capable of keeping food records with acceptable
levels of compliance and completion [121], and food records have been found to provide valid
intake data for free-living elderly individuals [122].

2.5.2  24-hour recall

In the 24-hour recall interview the respondent is asked to remember and report all food and
beverage consumed during the previous 24 hours or the previous day [110,118]. As day to day
variability can be great, data from single 24-hour recalls should not be used to estimate usual
diets of individuals or prevalence of high or low intakes, for that purpose repeated recalls are
needed [110,112,119]. Single 24-hour recalls can however be used to assess average intake of
populations, and are commonly used in national nutrition surveys [16,17,124,125]. By using
the 24-hour recall, a relatively low burden is placed on the respondent, and the method does
not affect the dietary choices of the participants. The major limitation of this method however,
is that it relies on the respondent’s memory, both regarding food items and portion sizes.

2.5.3 Diet history

The diet history usually involves a combination of methods, including a detailed interview,
and a food frequency questionnaire, incorporating frequency as well as quantity of foods
[110,126,127]. This method can provide detailed information on food intake, along with usual
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meal patterns, eating habits, preparation of meals and meal composition [118,119]. Carrying
out this method requires skilled staff, and is both time consuming and expensive, with a
relatively high respondent burden. The diet history also partly relies on memory. Since the
diet history often consists of rather long interviews and questionnaires, it may not be the most
appropriate method to use for older individuals [116].

2.5.4 Food frequency questionnaire

A food frequency questionnaire (FFQ) is essentially a list of food items and suitable response
categories, where the respondent is asked about frequency of consumption of listed items
[110,112,119,128]. FFQs can be limited to frequency of consumption, or may also include
estimated portion sizes, in which case they are termed semi-quantitative FFQs [110,118]. The
structure of an FFQ is crucial, number of questions and responses need to be appropriate, and
they should be designed for, or adapted to, the intended study population [110]. FFQs are
widely used in epidemiological studies as they are easily completed and both data collecting
and processing are relatively inexpensive. The main limitation of this method is that it relies
on the respondents’ memory. Also, many details are not measured and little information is
generally collected on cooking and combination of meals [118]. While short FFQs lack the
detail of longer questionnaires or food records, they have nevertheless been found to
adequately assess the intake of specific foods and rank individuals according to level of
consumption [129-132].

It has been suggested that FFQs may be a more appropriate dietary assessment method
for older people than, for example, 24 hour recalls [116,133] as older individuals may have
more problems with short-term than long-term recalls, as well as more difficulties with open-
ended recalls than with structured ones [117]. The length of interviews and questionnaires is
also crucial as older people may require longer time to answer and may become more fatigued
and frustrated than younger people [116]. Long and extensive FFQs may contribute to lower
response rates among elderly people [115] and shorter FFQs may therefore be more
appropriate.

Food frequency questionnaires have become key research tools in nutritional epidemiology

and assessing their validity is essential, as incorrect information may lead to false associations
between dietary factors and diseases [134].
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3. Aims

The aim of this dissertation was to increase knowledge on the significance of lifelong diet,
particularly consumption of milk and cod liver oil, for bone health in old age.

Specific aims were to:

e Assess the validity and ability of the AGES-FFQ on midlife diet to rank individuals
according to intake of selected foods and food groups, and to distinguish between
individuals with high versus low intake.

e Assess the validity and ability of the AGES-FFQ on intake in current old age to rank
individuals according to intake of selected foods and food groups, and to distinguish
between individuals with high versus low intake.

e Investigate whether, and to what extent, retrospective self-reports on milk
consumption in adolescence and midlife, as well as current consumption, is associated

with hip BMD in elderly men and women of the AGES-Reykjavik Study.

e Assess the association between retrospective self-reports on cod liver oil intake in
adolescence and midlife and hip BMD in old age.

e Assess the association between current cod liver oil intake and hip BMD in old age.

e Assess the association between current intake of cod liver oil and serum 25(OH)D
concentration in old age.
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4. Methods

4.1 Study design

The first part of this thesis is on validity of a food frequency questionnaire designed and used
in the AGES-Reykjavik Study, the AGES-FFQ. The AGES-FFQ includes questions on
frequency of consumption at three different periods of life; adolescence, midlife and in
current old age. Validity of questions on midlife and current intake is assessed here. In the
second part of the thesis, association between milk and cod liver oil consumption at different
periods of life and hip BMD in current old age is assessed. Also, the association between
current cod liver oil intake and serum 25(OH)D concentration was investigated.

4.2  The AGES-Reykjavik Study

The AGES-Reykjavik Study is conducted by the Icelandic Heart Association and the National
Institute on Aging Intramural Research Program. AGES-Reykjavik originates from the
Reykjavik Study, a large population-based cohort study initiated in 1967. All men and women
born in 1907-1935 (n=30,795) and residing in Reykjavik and nearby communities in 1967
were selected, equalling roughly 35% of this age-specific population in Iceland at that time.
Thereof 27,281 were invited to participate and 19,381 attended (71%) [135-138]. Of the
11,549 cohort members still alive in 2002, 8,030 individuals were randomly chosen and
invited to participate in the AGES—Reykjavik Study. At the end of the enrolment period in
2006, 5,764 individuals (66-96y; 42% male) had been examined.

The AGES—Reykjavik study was designed to examine risk factors, such as genetic
susceptibility and gene/environment interaction, including diet, in relation to disease and
disability in old age. Extensive data were collected during clinical examinations, e.g. on
physical and cognitive function, anthropometry, health history, and food history during
adolescence, midlife and current old age. Participants also underwent quantitative
computerized tomography (QCT) scanning and were asked to bring to the clinic all
medications and supplements used in the previous two weeks, representing present usage
[136,139]. The AGES—Reykjavik examination was completed in three clinic visits within a 4-
to 6-week time window.

4.3  Study population
This thesis consists of data from three different study cohorts: 1) A subsample of former
participants of the 1990 Icelandic National Dietary Survey (INDS), 2) A subsample of elderly

individuals taking part in another geriatric study, the IceProQualita Study, 3) Participants of
the AGES-Reykjavik Study.
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4.3.1 Cohort 1 — Validation of retrospective food frequency questions

In 1990 a large national dietary survey was carried out in Iceland (1990 INDS). The sample
for that survey included 1725 individuals, aged 15-80, selected randomly from the national
registry of that time. Detailed dietary history was gathered and participation rate was 72%.
Characteristics of that study population have been described elsewhere [15]. As the aim of the
first study (paper I) was to assess validity of retrospective questions on dietary intake in
midlife (40-50y), individuals who were middle aged at the time of the 1990 INDS were
invited to participate in the validation study. A total of 305 individuals, born 1937-1952, were
in the original sample and were contacted in 2008-2009 and sent the AGES-FFQ on midlife
diet. Of these, 174 returned completed questionnaires (57%), 107 women and 67 men. Their
average age at the time of the 1990 survey was 44 years. Results from the AGES-FFQ were
then compared to the detailed dietary data gathered in the 1990 INDS.

4.3.2  Cohort 2 — Validation of food frequency questions regarding consumption in current
old age
Subjects in Cohort 2 were healthy, elderly people, 65 years and older (58.6% female), and
were a subsample of participants of the IceProQualita study. Participants were recruited into
the IceProQualita by advertisements posted in community centres and residential care homes
in the capital area of Iceland. Exclusion criteria for the study were cognitive function <19
points on the Mini Mental State Examination (MMSE) [140], uncontrolled coronary heart
disease, pharmacological interventions with exogenous testosterone or other drugs known to
influence muscle mass, and major orthopaedic disease. Participant also had to be free of any
musculoskeletal disorders, had to be weight stable and all women postmenopausal. Details of
the IcePeoQualita study have been described elsewhere [141-143].

Our subsample consisted of the first 137 participants enrolled into the IceProQualita
Study by March 2009, when data analysis for the present study began. Data from nine
participants were not considered adequate; hence data from 128 individuals was included.
Average age of participants was 74 years. Our subsample did not differ from the whole study
group of the IceProQualita study regarding age, anthropometric measurements, physical
performance test, and outcome of various questionnaires on, e.g., general health, quality of
life, and the MMSE. Results from the AGES-FFQ on intake in current old age were compared
to dietary data obtained from 3-day weighed food records completed by the same individuals.

4.3.3  Cohort 3 — Association between lifelong consumption of milk and cod liver oil and hip
BMD in old age.

Characteristics of participants of the AGES-Reykjavik Study have been described in detail
elsewhere [135,136]. Of the 5,764 participants of the AGES-Reykjavik Study, 933 individuals
did not undergo the QCT scanning and additionally 33 individuals did not give adequate
dietary information. Therefore data from 4,798 individuals, average age 76 years (44% male),
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were used when assessing the relationship between lifelong consumption of milk and cod
liver oil and BMD in old age in the present studies.

4.4 Data collection

4.4.1 The diet history — paper I

In the 1990 INDS dietary information was gathered using detailed dietary history, focusing on
the last three months. Each participant met with an interviewer in an hour-long interview
taken in the participant’s home, work place or a local clinic. The interviewers (n=32) were
teachers or students of nutrition or food sciences. They took a ten-day course prior to the
survey for training and synchronizing methods. When assessing usual diet, the interviewer
asked about each meal/snack of the day, which food groups/items were usually consumed,
how often and in what quantities, also which cooking methods were commonly used
(baked/boiled/fried, etc.). Quantities were estimated using photographs of different portion
sizes, as well as measurement glasses and bowls. Consumption was recorded as times per
month, and daily intake of food (grams per day) calculated accordingly. The 1990 INDS has
been described in detail in Steingrimsdottir et al. [15].

4.4.2  The 3-day weighed food record — paper 11
In the IceProQualita Study each participant met with a researcher at baseline, and was
provided with a household scale (PHILIPS Essence HR 2393) and a structured booklet for
recording his or her intake for three consecutive days (Thursday-Saturday or Sunday-
Tuesday). Participants received detailed oral instructions on how to weigh and record their
intake and were shown how to use the household scale. Written instructions were also
incorporated in the booklets, along with contact information, in case any questions arose
during recording. The importance of maintaining their regular diets and weighing and
recording all food and drink consumed was emphasized.

The number of recorded days was limited to three, as longer recordings were
considered too demanding for the elderly participants.

4.4.3 The food frequency questionnaire

The food frequency questionnaire used in the present studies was developed especially for the
participants of the AGES-Reykjavik Study. The questionnaire is divided into three parts,
asking about intake at different periods of life; 16 questions on adolescent intake (14-19y), 17
questions on midlife intake (40-50y) and 30 questions on intake in current old age. The
questions are on average frequency of intake of major food groups, e.g., milk and dairy
products, meat, fish, bread, fruits and vegetables, and on selected foods, such as rye bread,
blood/liver sausage, oat meal porridge and cod liver oil. Foods and food groups were selected
for the questionnaire on basis of their contribution to absolute intake of elderly Icelanders
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according to National Nutrition Surveys [15], as well as their unique nutritional qualities and
suspected connection to the development of various diseases in later life.

Majority of the questions have the same possible response categories, ranging from
“Never” to “More than once a day” (Figure 1), as the questionnaire was designed to be simple
and easily completed by elderly individuals. Questions on coffee, tea and sugar in coffee/tea
differ in that way that they ask about daily frequency rather than weekly frequency of
consumption. Additionally, questions related to types of products, such as low fat vs. high fat,
and salt perception also have different response categories; the validity of these questions was
not assessed in the present studies.

The AGES-FFQ was used to assess frequency of consumption of different foods and
food groups in order to rank individuals according to their level of intake.

Subjects in Cohort 1 answered the part of the AGE-FFQ on midlife diet, subjects in
Cohort 2 answered the part of the AGES-FFQ on present diet and subjects of Cohort 3, the
participants of the AGES-Reykjavik Study, answered the complete AGES-FFQ.

Figure 1. Example question from the AGES-FFQ

On average, how often did you drink milk or eat dairy

products when you were middle aged (40-50y)?

Never

Less than once a week
1-2 times a week

3-4 times a week

5-6 times a week

Daily

O0Ooooaoaono

More than once a day

4.4.4  Bone variables — papers Il and IV

QCT measurements, providing true volumetric density, were performed on the left hip using a
4-detector CT system (Sensation, Siemens Medical Systems, Erlangen Germany). Scans were
acquired using a standardized protocol and encompassed the proximal femur from a level 1ecm
above the acetabulum to a level Smm inferior to the lesser trochanter with Imm slice
thickness. Further procedures and quality assessments have been described in detail elsewhere
[136,144].

The variables used in the present study are volumetric integral BMD (g/cc), reflecting
both trabecular and cortical bone mass, of both femoral neck and trochanteric area,
encompassing both trochanters. Individuals who were not able to lie supine, were over 150kg,
or had undergone hip replacement surgery, were excluded from the QCT hip scans.
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BMD of the hip was chosen over other skeletal sites due to the great impact hip
fractures generally have on the elderly, their quality of life and life expectancy, as well as
their substantial cost for the health care systems [2].

4.4.5 Measurements of serum 25-hydroxyvitamin D — paper IV

Measurement of 25(OH)D was conducted by means of a direct, competitive
chemiluminescence immunoassay using the DiaSorin LIAISON 25(OH)D TOTAL assay
(DiaSorin, Inc., Stillwater, Minnesota).

4.4.6 Other data collected in the AGES-Reykjavik Study — papers Il and IV

Extensive data were collected in the AGES-Reykjavik Study during clinical examinations,
e.g. on physical and cognitive function, physical activity at different periods of life,
anthropometry, alcohol consumption, and smoking habits. Participants were also asked to
bring to the clinic all medications and supplements used in the previous two weeks,
representing current usage [136,139].

To obtain history of physical activity, participants were asked how much time
(hours/week) they spent on moderate to vigorous activities in four different periods of life;
young adulthood (20-34y), early middle age (35-49y), late middle age (50-64y) and current
physical activity. Both weight bearing and non-weight bearing exercises were included.
Consumption of alcohol was measured by asking about current consumption, converted into
grams per week using 14g of alcohol as a standard drink.

Data on midlife BMI, which had been collected in the Reykjavik-Study [135], was
also used.

4.5 Data management and statistical analysis
4.5.1 Data management

4.5.1.1 Paper [

To assess correlation between the 1990 dietary data and the answers from the AGES-FFQ on
midlife diet from Cohort 1, the 1990 data was transformed into times per week, agreeing with
the classification of the answers from the AGES-FFQ. Predetermined portion sizes were used,
taking into consideration both average daily consumption from the 1990 INDS and
recommended portion sizes from the Public Health Institute of Iceland (Table 1). The part of
the questionnaire on midlife diet contains seventeen questions, eleven of which were assessed
here. The remaining six questions were either not directly on frequency of intake (type of
milk, type and amount of bread spread commonly used) or intake was too low or sporadic
according to the AGES-FFQ to be compared to the 1990 INDS data (fish toppings,
salted/smoked meat/fish).
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For the cross-classification, data was split into five groups with graded level of intake,
and the proportions of subjects falling into the same groups by the two methods was assessed.
Since distribution of reported intake according to the AGES-FFQ was skewed, subjects could
not be divided into quartiles or quintiles. For that reason the two lowest possible answers of
the AGES-FFQ were combined, as well as the two highest ones. That left 5 levels of intake:
level 1 —lowest intake, never or less than once a week; level 2 - equalling 1-2 times per week;
level 3 - equalling 3-4 times per week; level 4 - equalling 5-6 times per week and level 5
being the highest level - equalling daily intake or more than once per day. Data from the 1990
INDS was also transformed into categories agreeing with the 1-5 classification of the AGES-
FFQ answers.

Table 1. Portion sizes used in paper 1.

Food/food group g/portion
Meat meal 150
Fish meal 150
Potatoes 120
Fruits 100
Blood-/liver sausage 70
Rye bread/flatbread 40
‘Whole-wheat bread (2 slices) 54
Oatmeal/muesli 100
Vegetables 100
Milk/dairy products (1 portion each) 400
Cod liver oil (1 tablespoon) 13

4.5.1.2 Paper I

The part of the questionnaire on present diet includes 30 questions, 21 of which were assessed
here. The remaining nine questions, not assessed in the present study, are on the frequency of
hot meals, type of milk and dairy products most commonly used, type and amount of bread
spread commonly used, and finally there are four questions related to salt consumption
(perception of saltiness, consumption of salted meat, salt fish, and added salt to prepared
meals).

Data on the participants’ intake according to the 3-day weighed food records (gathered
from Cohort 2) were entered into an interview-based nutrient calculation program, ICEFOOD,
designed for the national dietary survey of The Icelandic Nutrition Council [16]. Individual
intake in grams per day for each food/food group was calculated from 452 food recipes,
which are based on 1148 food items from the National Nutritional Database, ISGEM.

Gender-specific portions were estimated taking into account actual intake in grams and
eating occasions from the food diaries, as well as predetermined portion sizes used in our
previous validation study on questions on midlife diet (Table 2). The gender-specific portions
were then used to calculate intake in grams from the AGES-FFQ. Correlation was then
calculated between grams of food intake according to the two methods, the 3-day food record
and the AGES-FFQ.
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Table 2. Portion sizes used in paper II.

Men Women
Food/food group g/portion  g/portion
Meat 200 135
Fish 170 130
Fish toppings 45 70
Potatoes 110 85
Fresh fruit 110 120
Blood/liver sausage 80 60
Rye bread/flatbread 50 60
Whole wheat bread 50 45
Oatmeal/muesli 190 150
Cocked vegetables 90 90
Fresh vegetables 90 80
Cakes and cookies 70 60
Candy 35 30
Dairy products 205 170
Milk 165 135
Pure fruit juice 160 160
Soft drink and sweet juice 345 225
Fish liver oil 5.6 7.2
Coffee 210 195
Tea 220 240
Sugar in coffee/tea 5 5

4.5.1.3 Papers IIl and IV
Milk and cod liver oil consumption was categorized a priori into three groups: < once/week,
1-6 times/week, and daily (cod liver oil) or >once/day (milk).

Due to the approximate normal distribution of the source BMD variables in our
population they were transformed into sex-specific z-scores, reflecting the number of standard
deviations (SD) from age-related mean BMD.

4.5.2  Statistical analysis

4.5.2.1 Papers | & 11

Statistical analysis was done using the computer program SPSS (version 11.0; Chicago, IL,
USA). Kolmogorov-Smirnov tests were used to assess normal distribution of data. Simple
descriptive statistics were used to describe general characteristics of the study groups. To
assess differences between groups, student t-tests, Mann-Whitney U-test and Chi-square test
were used. Spearman’s rank correlation test was used to assess correlation between answers
from the AGES-FFQ and reference methods. To further assess association between dietary
methods, cross-classification was used in paper I, assessing proportion of individuals falling
into the same, adjacent or opposite category according to intake in the two methods. In paper
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II data from the AGES-FFQ was however split into 2-4 groups depending on distribution of
answers from each question, data from food records was split into comparable groups, and
Kendall’s tau-b rank correlation coefficient or Chi-Square test was used to further examine
association between the two methods. Additionally, in paper II, the computer program SAS
version 9.1 was used to perform a nonparametric Jonckheere-Terpstra trend test, to see if
categories according to the AGES-FFQ ranked mean intake from the food record in an
anticipated, graded order. Significance level was set at p < 0.05.

4.5.2.2 Papers lIl & IV

Statistical analysis was done using SAS (version 9.2; SAS Institute Inc., Cary, NC, USA).
Characteristics of study participants were described using mean and standard deviation of
normal variables, median and interquartile range for skewed variables and percentages for
dichotomous variables. Univariate and multivariate linear regression was used for examining
the association between milk/cod liver oil intake at different periods of life and hip BMD in
old age. The lowest intake group (< once/week) was in all cases used as referent and results
are represented as difference in z-score (A) with higher frequency of consumption compared
to the referent. Student’s t-test was used to test whether BMD was linearly related to
consumption (ordinal values). Visual inspection of model residual suggested that use of z-
scores was justifiable.

Data are presented unadjusted and adjusted for age, past and present physical activity,
alcohol consumption, and midlife or current BMI. Midlife BMI was chosen as a covariate for
the retrospective data, and current BMI for current data. Alcohol consumption was divided
into <25g/week, 25-50g/week, and >50g/week. Furthermore, in paper III we also adjusted for
cod liver oil intake at the same period of life, and in paper IV we adjusted for milk
consumption.

For stability analyses individuals taking medication known to affect bone health at the
time of AGES examinations, 435 men (21%) and 992 women (37%), were excluded. The
medications that resulted in exclusion for this secondary analysis were antiepileptic
medication, calcium supplements, oral estrogens, glucocorticoids, osteoporosis drugs, prostate
disease drugs, proton pump inhibitors, oral steroids and thyroid agonists.

4.6  Approvals

For the first validation study, participants handed in signed informed written consent along
with their completed AGES-FFQs.

Data for the second validation study was gathered in the IceProQualita study, which was
approved by the Icelandic National Bioethics Committee (VSNb2008060007/03-15).

The AGES-Reykjavik Study was approved by the Icelandic National Bioethics Committee
(VSN: 00-063) and the MedStar IRB for the Intramural Research Program, Baltimore, MD.
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5. Results and discussion

5.1.  Validity of questions on recalled diet

Detailed dietary data gathered from middle aged individuals in the 1990 INDS was used to
assess the validity of questions on recalled diet in midlife (AGES-FFQ), answered by the
same individuals 18-19 years later. The part of the AGES-FFQ on midlife diet contains
seventeen questions, eleven of which were assessed here. Association between intakes
according to the two methods is shown in Table 3. Answers to questions on meat, fish,
potatoes, milk and dairy products and cod liver oil were found to have an acceptable
correlation to the reference method (r=0.26-0.56) for both genders. The strongest correlation
was seen for cod liver oil for both genders and milk/dairy for men (r > 0.4). Additionally,
questions on whole-wheat bread, oatmeal/muesli and blood/liver sausage were found to be
reasonably acceptable for men (r=0.28-0.40) as well as the question on fresh fruit
consumption for women (r=0.31; p=0.001). The questions on rye bread and vegetable
consumption were not valid for either gender.

The frequency and pattern of consumption seem to greatly affect how people
remember past diet, and foods consumed daily/several times per day (e.g., milk) may be
reported more accurately than those consumed sporadically/several times per month/week
(e.g., poultry). Also, consumption of dietary supplements with special characteristics (such as
cod liver oil) may be recalled especially well [145]. As reported in the 1990 INDS the diet of
Icelanders in that time was characterized by high intake of animal-based products, such as
meat, fish, milk and dairy products, a common intake of cod liver oil, and relatively low
intake of fruits, vegetables and cereals rich in fibre [15]. The results in the present study were
therefore in line with expected results.

Although we did not find the question on vegetable to be valid for either gender, and
the question on fruit consumption only had acceptable correlation for women, previous
studies on present intake among Icelanders, both children and adults, have yielded better
results [129,146]. However, low intake and limited distribution of answers to the AGES-FFQ
may have contributed to the low correlation seen between the methods here. Another possible
reason for the low correlation may be due to the extreme weight difference between certain
types of vegetables, such as leafy vegetables and tubers.
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Table 4. Cross-classification of participants according to midlife intake, proportion in same/adjacent
group or grossly misclassified.

Same category Same or adjacent Grossly misclassified
% (N) category % (N) % (N)
Men Women Men Women Men Women
Meat 20.0 (13) 40.8 (42) 53.9 (35) 85.4 (88) 1.5(1) 1.0 (1)
Fish 323 (21) 48.6 (51) 78.5(51) 91.4 (96) 0(0) 1.0 (1)
Potatoes 58.7 (37) 35.6 (37) 81.0 (51) 70.2 (73) 1.6 (1) 1.0 (1)
Fruits 31.7 (20) 22.8(23) 65.1 (41) 56.4 (57) 6.3 (4) 4.0 (4)
Blood/liver sausage 60.9 (39) 51.0 (53) 53 (82.8) 89.4 (93) 3.1(2) 1.9 (2)
Rye bread 15.6 (10) 22.3(23) 62.5 (40) 54.4 (56) 1.6 (1) 7.8 (8)
Whole-wheat bread 47.7(31) 47.6 (50) 53 (81.5) 72.4 (76) 3.1(2) 1.9(2)
Oatmeal/muesli 49.2 (32) 41.9 (44) 66.2 (43) 68.6 (72) 9.2 (6) 10.5(11)
Vegetables 18.5(12) 19.8 (21) 52.3 (34) 43.4 (46) 7.7 (5) 8.5(9)
Milk/dairy products 43.1(28) 32.0 (33) 72.3 (47) 62.1 (64) 1.5(1) 4.9 (5)
Cod liver oil 50.0 (31) 46.6 (48) 64.5 (40) 61.2 (63) 12.9 (8) 13.6 (14)

To further assess the relationship between the two methods, cross-classification was
performed, comparing individuals categorized into five different groups depending on level of
consumption according to the two different methods (Table 4). The percentage of participants
classified into the same group by both methods was 16-59% (average 37%), 43-91% (average
69%) into the same or adjacent group and 0-14% (average 4%) were grossly misclassified
into the opposite group. Interestingly, cod liver oil, which was most highly correlated to the
reference method, was also most likely to be grossly misclassified in the cross-classification.
Participants commonly reported daily intake according to the AGES-FFQ while the 1990
INDS revealed no intake. A plausible explanation is that cod liver oil is used seasonally by
many Icelanders, as a source of vitamin D during the dark winter months. The diet history
gathered in the 1990 INDS was designed to reflect the diet during the past 3 months, while the
AGES-FFQ should reflect the usual diet during a whole decade. It is therefore plausible that
participants interviewed in the summer of 1990 were not taking cod liver oil at that time,
thought it may have been a part of their daily diet most of the year.

5.2 Validity of questions on current diet

Answers to questions on current diet were compared to data from the reference method, the 3-
day weighed food record (Table 5). The foods showing the highest correlation were not in all
cases the same for men and women, and men generally had higher correlations. For women,
correlation > 0.4 was found for rye bread, oatmeal/muesli, raw vegetables, candy, milk and
dairy products, pure fruit juice, coffee, tea and cod liver oil (r=0.40-0.61).
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Table 5. Correlation between grams of intake from food records and calculated intake from the
AGES-FFQ on current diet.

Food record g/d AGES-FFQ g/d
P10 median P90 P10 median P90 correlation p-value
Men (n=53)
Meat 7 90 248 43 100 100 0.21 0.124
Fish 20 77 190 36 85 114 0.23 0.098
Fish toppings 0 0 23 2 10 23 0.23 0.146
Potatoes 22 74 174 24 86 110 0.46 <0.001
Fresh fruits 0 87 226 24 86 110 0.50 <0.001
Blood/liver sausage 0 0 13 0 3 17 0.05 0.746
Rye bread/flatbread 0 17 59 2 25 50 0.17 0.219
Whole-wheat bread 11 45 73 11 50 50 0.19 0.169
Oatmeal/muesli 0 0 227 0 95 190 0.46 0.001
Cooked vegetables 0 29 113 3 19 60 0.17 0.221
Raw vegetables 0 33 150 3 19 90 0.33 0.015
Cakes and cookies 0 51 137 10 15 70 0.41 0.002
Candy 0 0 13 0 8 18 0.40 0.003
Dairy products 0 84 241 7 103 205 0.55 <0.001
Milk 0 133 560 0 83 264 0.49 <0.001
Pure fruit juice 0 192 0 34 160 0.50 <0.001
Soft drink and sweet juice 0 134 0 12 231 0.19 0.177
Cod liver oil 0 8 0 6 6 0.51 <0.001
Coffee* 87 357 793 105 735 1155 0.63 <0.001
Tea* 0 0 200 0 110 330 0.71 <0.001
Sugar in coffee/tea* 0 0 11 0 0 8 0.53 <0.001
Women (n=75)

Meat 21 59 151 29 29 68 0.11 0.361
Fish 21 55 137 28 65 102 -0.02 0.873
Fish toppings 0 0 28 0 3 35 0.37 0.001
Potatoes 18 60 116 18 67 85 0.01 0.969
Fresh fruits 39 127 316 60 120 240 0.36 0.001
Blood/liver sausage 0 0 14 0 2 13 0.37 0.001
Rye bread/flatbread 0 7 40 2 30 60 0.42 <0.001
Whole-wheat bread 1 35 76 10 45 45 0.28 0.017
Oatmeal/muesli 0 52 159 3 75 150 0.48 <0.001
Cooked vegetables 0 25 90 3 45 90 0.20 0.089
Raw vegetables 0 53 141 17 40 80 0.40 <0.001
Cakes and cookies 0 36 123 2 30 60 0.20 0.087
Candy 0 0 23 1 6 30 0.43 <0.001
Dairy products 0 100 217 6 85 170 0.50 <0.001
Milk 0 113 369 0 29 135 0.45 <0.001
Pure fruit juice 0 0 167 0 34 160 0.49 <0.001
Soft drink and sweet juice 0 0 148 0 8 48 0.19 0.104
Cod liver oil 0 2 9 0 7 7 0.42 <0.001
Coffee* 67 283 647 98 293 683 0.44 <0.001
Tea* 0 0 363 0 360 840 0.61 <0.001
Sugar in coffee/tea* 0 0 3 0 0 0 0.30 0.008

* portions per day

39



Furthermore, a correlation between 0.3 and 0.37 was found for fish toppings, fresh fruit,
blood/liver sausage, and sugar in coffee/tea. The correlation for whole-wheat bread was
lower, but still significant (r=0.28, p=0.017). For men a correlation > 0.4 was found for
potatoes, fresh fruits, oatmeal/muesli, cakes/cookies, candy, milk and dairy products, pure
fruit juice, cod liver oil, coffee, tea and sugar in coffee/tea (r=0.40-0.71) and a correlation of
0.33 for raw vegetables. The correlation was not significant for fish, meat, cooked vegetables
and soft drinks/sweetened juices.

The association between the dietary intake methods was further assessed using a
Pearson Chi-Square/Kendall's tau-b (Table 6) and a Jonckheere-Terpstra trend test (Table 7a-
b). Results from these tests were largely in agreement with the Spearman’s rank test,
exceptions being that both tests also showed a significant association for fish topping for men.

Table 6. Association between the two different dietary assessment methods using Chi-Square or
Kendall’s tau-b.

Men Women
p-value p-value
Meat” 0.389 0.762
Fish" 0.226 0.449
Fish toppings” 0.034 0.008
Potatoes” <0.001 0.370
Fresh fruits™ <0.001 0.007
Blood/liver sausage” 0.488 0.001
Rye bread/flatbread” 0.084 <0.001
Whole-wheat bread” 0.226 0.005
Oatmeal/muesli” 0.015 <0.001
Cooked vegetables™ 0.150 0.226
Raw vegetables™ 0.204 0.001
Cakes and cookies™ 0.004 0.226
Candy” 0.257 0.003
Dairy products” <0.001 <0.001
Milk"™ 0.001 <0.001
Pure fruit juice” <0.001 0.002
Soft drink and sweet juice” 0.105 0.170
Cod liver oil" <0.001 <0.001
Coffee”” <0.001 0.009
Tea® <0.001 <0.001
Sugar in coffee/tea”” 0.001 0.015

* Pearson Chi-Square
** Kendall’s tau-b
¥ Daily consumption

40



Additionally the Jonckheere-Terpstra test showed a significant trend for cooked vegetables
for women, and no association was detected between the methods for consumption of raw
vegetables and candy for men when using Chi Square/Kendall’s tau-b. Limited and/or skewed
distribution of answers from the AGES-FFQ may contribute to these differences.

Table 7a. Average consumption in g/d (SD) for men depending on answers given in the AGES-FFQ
on current diet.

Frequency of consumption

Men 1 2 3¢ 4 51 trend”

Meat 73 (59) 93 (62) 108 (91) 207 (74) 0.300
n=2 n=19 n=28 n=4 n=0

Fish 0() 76 (41) 93 (69) 156 (94) 0.093
n=1 n=15 n=32 n=>5 n=0

Fish topping/salad 1(4) 7(12) 14 (23) 0() 5(8) 0.025
n=21 n=19 n=28 n=1 n=3

Potatoes 54 (63) 52(22) 87 (56) 113 (51) <0.001
n=0 n==6 n==6 n=16 n=25

Fresh fruit 0() 40 (63) 60 (49) 165 (93) 153 (95) <0.001
n=2 n=28 n=15 n=9 n=18

Blood/liver sausage 3(13) 7(22) 0() 0() 14 () 0.534
n=38 n=12 n=1 n=1 n=1

Rye bread 7(12) 22(23) 23 21) 36 (28) 26 (39) 0.108
n=9 n=14 n=17 n=4 n=28

Whole wheat bread 15 (21) 40 (28) 48 (42) 41 21) 50 (28) 0.036
n=2 n==6 n=9 n=28 n=27

Oatmeal/muesli 6 (24) 51(61) 40 (52) 83 (63) 115 (128) 0.001
n=14 n=28 n=10 n=4 n=17

Cooked vegetables 33 (58) 38 (45) 57 (63) 33 (28) 92 () 0.112
n=10 n=26 n=11 n=4 n=1

Fresh vegetables 10 (15) 57 (57) 47 (56) 66 (29) 102 (78) 0.011
n=7 n=20 n=15 n=>5 n==6

Cakes and cookies 38 (40) 42 (39) 55 (54) 116 (95) 112 (86) 0.012
n=12 n=14 n=10 n==6 n=10

Candy 0(1) 9(15) 12 (31) 3(4) 0.009
n=24 n=15 n=10 n=4 n=0

Dairy products 20 (49) 64 (62) 88 (54) 80 (44) 249 (145) <0.001
n=7 n=14 n=15 n=7 n=10

Milk 90 (103) 184 (105) 209 (232) 132 (115) 285 (222) 0.001
n=20 n=>5 n=7 n=2 n=19

Pure fruit juice 8 (30) 20 (60) 45 (86) 129 (155) 126 (114) <0.001
n=24 n=9 n=7 n=3 n=9

Soft drink/sweet juice 65(218) 49 (61) 113 (58) 60 (70) 0() 0.073
n=34 n=9 n=4 n=4 n=1

Cod liver oil 0(0) 0() 6() 0.1(0.2) 3(3) <0.001
n=14 n=1 n=1 n=3 n=34

Coffee 122 (95) 298 (169) 450 (211) 529 (310) 792 (227) <0.001
n=28 n=14 n=23 n=>5 n=3

Tea'" 30 (58) 154 (114) 206 (123) <0.001
n=39 n=11 n=3 n=0 n=0

Sugar'' 1(4) 18 (21) 0() <0.001
n=46 n==6 n=1 n=0 n=0
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Table 7b. Average consumption in g/d (SD) for women depending on answers given in the AGES-

FFQ.
Frequency of consumption

Women 1 2f 3* 4® 51 trend”™

Meat 52 (68) 73 (48) 70 (41) 92 (37) 0.236
n=6 n=36 n=30 n=3 n=0

Fish 16 (23) 71 (48) 68 (40) 57 (49) 0.874
n=2 n=28 n=37 n=38 n=0

Fish topping/salad 3 (10) 7 (16) 12 (13) 45 (7) 36 (1) <0.001
n=45 n=22 n=4 n=2 n=2

Potatoes 72 (61) 74 (34) 54 (39) 73 (34) 58 (32) 0.631
n=3 n=3_8 n=23 n=18 n=23

Fresh fruit 0 (0) 78 (45) 100 (47) 111 (46) 175 (122) 0.002
n=1 n=>5 n==06 n=13 n=50

Blood/liver sausage 2 (10) 7 (16) 16 (17) 0.001
n=57 n=15 n=3 n=0 n=0

Rye bread 7 (16) 4(7) 28 (28) 18 (21) 23 (16) <0.001
n=16 n=18 n=20 n=3_8 n=13

Whole wheat bread 26 (46) 51 (46) 32 (20) 34 (37) 47 (29) 0.012
n=>5 n=3_8 n=14 n=9 n=39

Oatmeal/muesli 12 (26) 27 (34) 62 (50) 198 (137) 92 (67) <0.001
n=14 n=12 n=16 n=3 n=28

Cooked vegetables 44 (43) 24 (32) 28 (34) 41 (28) 73 (56) 0.049
n=10 n=25 n=24 n==6 n=10

Fresh vegetables 20 (21) 50 (39) 46 (41) 90 (55) 93 (64) 0.003
n=>5 n=19 n=21 n=15 n=15

Cake and cookie 36 (45) 49 (31) 39 (55) 42 (33) 71 (49) 0.1214
n=13 n=23 n=17 n==6 n=16

Candy 1(2) 9(21) 11 (15) 7(5) 13 (11) <0.001
n=24 n=24 n=15 n=4 n=3_8

Dairy products 22 (37) 88 (76) 123 (92) 114 (74) 159 (83) <0.001
n=10 n=19 n=13 n=15 n=18

Milk 95 (132) 107 (80) 126 (25) 8 (11) 225(123) <0.001
n=29 n=11 n=4 n=2 n=29

Pure fruit juice 3(8) 39 (71) 26 (47) 73 (86) 101 (93) <0.001
n=25 n=15 n=10 n=9 n=16

Soft drink/sweet juice 32 (71) 45 (75) 108 (74) 0.081
n=>61 n=10 n=4 n=0 n=0

Cod liver oil 0.2 (0.5) 0() 11(13) 505 0.004
n=11 n=0 n=1 n=4 n=56

Coffee' 125 (105) 307 (164) 376 (214) 522 (350) <0.001
n=11 n=230 n=30 n=4 n=0

Tea'" 23 (51) 189 (169) 249 (294) 133 () <0.001
n=36 n=30 n=_8 n=1 n=0

Sugar'’ 12) 5(9) 0.025
n=71 n=3 n=0 n=0 n=0

* 1: never or less than once a week

T2:1-2 times a week
1 3: 3-4 times a week
§ 4: 5-6 times a week

9] 5: daily or more than once a day
** Jonckheere-Terpstra trend test
T1 Consumption in times per day instead of per week
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Part of the explanation for low or no correlation in general seen between the two dietary
intake methods may be the inability of a 3-day food record to adequately reflect individuals’
intake of foods that are consumed infrequently, such as the soft drinks/sweetened juices in the
present study. As the food in question may not show up on the 3-day food record the AGES-
FFQ might reflect more accurate intake, and may be better suited to rank individuals
according to level of consumption. A longer period of food recording, or repeated recordings,
might have increased the likelihood of finding a correlation to such questions.

Meat, fish and cooked vegetables were however not consumed infrequently (average
of 2-4 times per week), but a possible explanation for the insignificant correlation to the
reference method may lie in the lack of distribution of answers to the AGES-FFQ. Regarding
the questions on meat and fish consumption, almost 90% of our participants marked either of
two options — 1-2 times a week or 3-4 times a week — as did 70% when it came to the question
on cooked vegetables. Global questions, chosen for the sake of simplicity, may thus limit the
validity of the AGES-FFQ. The questions with narrow distribution of answers, such as for
meat, fish and vegetables, could presumably be improved by increasing frequency options to
improve distribution, as well as by splitting them up into separate questions e.g., on types of
meat, fish, etc.

The reference method used for assessing the validity of questions on midlife diet may
have been better able to detect correlation for food consumed <2-3 times a week than the 3-
day weighed food recording used here. In the previous study there was a significant
correlation between methods for fish and meat consumption (r=0.25-0.30), along with a
stronger correlation for cod liver oil. Part of the explanation for higher correlation in some
cases might be due to the fact that the reference method, the detailed dietary history, reflects
long-term diet. Another possible explanation might be that both dietary assessment methods
can be subject to similar sources of error, such as bias to overestimate foods considered
healthy, and to underestimate foods considered unhealthy. No clear sign of over-
/underestimation was found in the present study, neither related to gender nor foods/food
groups considered healthy/unhealthy. However, foods consumed infrequently according to the
AGES-FFQ may not have shown up in the 3-day food records and lead to the perception of
overestimation according to the AGES-FFQ.

5.3  Association between lifelong milk consumption and bone mineral density in old
age

Possible confounders are shown in Table 8 in relation to category of milk consumption in
adolescence, midlife and current old age. Average frequency of milk consumption was high at
all periods of life, although the proportion of participants reporting any intake decreased with
age. Only 1.5% reported no intake in adolescence, 3.5% in midlife and 14% reported no
current consumption. Daily consumption decreased from 77% in adolescence to 59% in
midlife and 49% in current old age (data not shown).

Integral BMD (g/cc) of the femoral neck and trochanter, is shown in Table 9.
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Table 9. QCT measurements of left femoral neck and trochanteric area.

Men Women
P10 P50 P90 P10 P50 P90
Femoral neck integral BMD (g/cc) 0.19 0.25 0.32 0.18 0.24 0.31
Trochanter integral BMD (g/cc) 0.19 0.25 0.32 0.17 0.22 0.29

5.3.1 Association between milk consumption and BMD

Both midlife and current milk consumption was highly correlated to the reference methods
according to the validation studies. BMD of individuals with medium and high frequency of
milk consumption was compared to those with low frequency of consumption and difference
in BMD shown as difference in Z-scores.

The association between milk intake and hip BMD is shown in Tables 10 and 11. Data
is shown separately for men and women and both unadjusted and adjusted for confounders.
Individuals with the highest frequency of consumption in adolescence (>once/day) had Z-
scores approximately 0.08-0.15 higher in old age, compared to those with the lowest
frequency of consumption (<once/week), the difference was insignificant for both femoral
neck and trochanter, and in both genders. Men with the highest frequency of milk
consumption during midlife had significantly higher Z-scores by 0.21 and 0.22 for femoral
neck and trochanter respectively, compared to those with the lowest frequency of
consumption. Comparable differences in Z-scores for women were 0.20 and 0.18 for femoral
neck and trochanter respectively. Those women with midlife consumption of 1-6 times/week
also had significantly higher Z-scores for femoral neck compared to women in the lowest
intake group. For current consumption, individuals with the highest frequency of consumption
had Z-scores approximately 0.09 higher than those with the lowest frequency of consumption.
While the difference was only significant for trochanter for women, the trend was significant
for both femoral neck and trochanter for men.

The stronger association seen for men compared to women was somewhat surprising,
as bone loss is generally thought to be more gradual for men than women [97,98]. It is
possible that the stronger association might be related to the validity of the AGES-FFQ, as
men’s answers to questions on milk consumption were of greater validity than those for
women. The association seen for men may therefore reflect an even more accurate
relationship than for women. It is likely that calcium supplementation and/or increased milk
consumption among men has comparable effect as among women, but intervention studies
have shown that calcium supplementation in elderly women can have a small benefit on age-
related bone loss [100,101], and milk supplementation may diminish bone turnover among
postmenopausal women [102].
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Table 10. Difference in Z-scores, derived from femoral neck BMD, between individuals consuming
milk consumption of 1-6 times/week and >once/day compared to <once/week.

Femoral neck

Men Women
AZ 95% CI AZ 95% CI
Unadjusted
Adolescence
<once/week referent - - -
1-6 times/week 0.11 -0.21;0.44 0.10 -0.11;0.30
>once/day 0.15 -0.16 ; 0.46 0.08 -0.12;0.27
p for trend 0.29 0.85
Midlife
<once/week referent - - -
1-6 times/week 0.17 -0.02;0.35 0.17 0.02;0.31
>once/day 0.20 0.02;0.37 0.17 0.03;0.30
p for trend 0.05 0.09
Current
<once/week referent - - -
1-6 times/week -0.01 -0.13;0.12 0.06 -0.05;0.16
>once/day 0.08 -0.02;0.19 0.06 -0.03;0.15
p for trend 0.08 0.23
Adjusted*
Adolescence
<once/week referent - - -
1-6 times/week 0.11 -0.21;0.43 0.11 -0.08 ; 0.30
>once/day 0.15 -0.16 ; 0.45 0.12 -0.06 ; 0.30
p for trend 0.29 0.31
Midlife
<once/week referent - - -
1-6 times/week 0.15 -0.02;0.33 0.14 0.002 ; 0.27
>once/day 0.21 0.04;0.38 0.20 0.07 ;0.33
p for trend 0.02 0.002
Current
<once/week referent - - -
1-6 times/week -0.02 -0.14;0.10 0.06 -0.03; 0.16
>once/day 0.09 -0.01;0.20 0.07 -0.01;0.16
p for trend 0.04 0.12

*Data adjusted for age, past and present physical activity, alcohol consumption, cod liver oil intake at the same
period, midlife BMI for adolescence and midlife consumption and current BMI for current consumption
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Table 11. Difference in Z-scores, derived from BMD of trochanteric area, between individuals
consuming milk 1-6 times/week and >once/day compared to <once/week.

Trochanteric area

Men Women
AZ 95% CI AZ 95% CI
Unadjusted
Adolescence
<once/week - - - -
1-6 times/week 0.02 -0.30;0.34 0.10 -0.11;0.30
>once/day 0.09 -0.22;0.40 0.09 -0.10;0.28
p for trend 0.19 0.68
Midlife
<once/week - - - -
1-6 times/week 0.16 -0.03;0.34 0.17 0.03;0.31
>once/day 0.20 0.02;0.37 0.15 0.01;0.28
p for trend 0.04 0.23
Current
<once/week - - - -
1-6 times/week 0.05 -0.07;0.17 0.09 -0.02;0.19
>once/day 0.09 -0.02;0.19 0.08 -0.01;0.17
p for trend 0.11 0.11
Adjusted*
Adolescence
<once/week - - - -
1-6 times/week 0.004 -0.31;0.32 0.11 -0.08;0.29
>once/day 0.08 -0.22;0.38 0.13 -0.04;0.31
p for trend 0.17 0.17
Midlife
<once/week - - - -
1-6 times/week 0.15 -0.03;0.32 0.13 -0.004 ; 0.26
>once/day 0.22 0.05;0.38 0.18 0.05;0.30
p for trend 0.008 0.007
Current
<once/week - - - -
1-6 times/week 0.03 -0.09;0.15 0.09 -0.002;0.18
>once/day 0.09 -0.01;0.20 0.09 0.01;0.17
p for trend 0.05 0.04

*Data adjusted for age, past and present physical activity, alcohol consumption, cod liver oil intake at the same
period, midlife BMI for adolescence and midlife consumption and current BMI for current consumption

5.3.2  Clinical relevance

It has been estimated that a 1 SD decrease in hip BMD is associated with approximately 2.5
fold increased risk of hip fracture [147,148]. Thus the difference of 0.2 Z-scores (equal to 0.2
SD) seen between individuals with high versus low frequency of milk intake in midlife may
be considered of great clinical significance, possibly associated with a 20-30% increased risk
for those in the lowest intake group, assuming linear relationship between BMD and fracture
risk.

47



8y

A)1SUOP 2U0Q J99JJE 0} UMOUY UOTJEIIPAW JO ILIUT JUILINY) :SUOTIBIIPIA 4 4 ‘9SUEI o[)renbIojur pue uerpaw

%6'SE %P bE %1°6€ AR .
1'ce 0 .
%00°1S %9°LE %9' 1% Q\M?m mwmw w ”.M A
. B . . Q
«(S'1) 500 «(S'1) 500 «(S'1) 500 #(5°6) 500 (s1)s00 D 5o o fred
«(S'1) 00 «(S'1) $0°0 «(S'1) 00 (s1)s00 *ﬂ . . «(S71) 500 Yoor/SINOY “Ape-07 Vd
(S 1) S0°0 «(S'T) S0°0 (51 S0°0 *AW.C e * m.: W0.0 (S 1) 500 Noam/sinoy ‘AeH-S€ Vd
(1) 500 1) 500 (50)0°0 LD 2 +81) 500 (D) 500 Joomysmnoy 4g9-0s Va
0991 vy 0) 0°C #(S1) 00 (1) S0°0 +(S1) 500 YooM/SINOY JUSLING Y
o) eor *A - %@m *A@ wv 91 (90 ¥'9 (840 el «(r97) 8 Yoom/3 ‘Joyoory
* * 92 €9) €17 €9 e iy
L) 1T 69) ThT H&.E i Mww WWM Mww MWM Mﬁ.ww N.R AW/3Y TN JudLIn)
(s9)T9L @9 ¥'sL 99 1°9L (€9)99L 1o ves Aw.w N.mm /B TNE PN
%5°9¢ %E'8E %¢€'9¢ %I'1T %361 e AroBy - juarm)
%E°09 %0'TS %LES %€°69 0L Te _w w.mm #xSUOLUIIPIN
. B . . ja)
«S'D) 500 51 500 (51 500 (579 50 (D S0°0 "y e e i Afre
«(S'1) 00 «(S'1) $0°0 «(S'1) 00 (s9)s00 *ﬂ . . «(S71) 500 }oor/SINOY “ApE-07 Vd
(S 1) S0°0 «(S'T) 00 «(51) 00 *AW.C e * m.: W0.0 (S 1) 500 Noam/sinoy ‘AgH-S€ Vd
«(S'1) $00 «(S1) 00 «(5°0) 00 *Am.C . .o *Am.: mo.o «($'1) 500 Yoom/smoy ‘A9-0S Vd
0991 w9 ¢ 0o #(SD) S0°0 #($'1) S0°0 (51 500 YooM/SINOY JUDLING Y
e 08 TE 08) 91 (90 v'9 {590 0'8 {90 8% oom/3 0
#(8'6) 99T #(19) 792 09 1°LT (99 ¥'9z 890L Y1 e
() T «(€'7) 8°€C #(9'7) 94T ¢ ¥'sT (1¢) EM Mo.vw ot A
(s9) £°9L (€9)9'sL ©°9) 1°9L (1) 99L (9 el AM.MV M.mm /B TNE PN
%0°LE %9°5¢ %l'LE %9°0¢ %s61 e ﬁ OBV PN
%6'€8 %I'TL %0°1L %LV %TcL fﬁ.m ##SHUONTOIPIN
. B . . =)
(S 1) 00 (D) 00 (ST) 00 (579 €0 (%) 500 o . sperun (i Areq
LS €00 D <00 "D 200 e *A . . «($1) $0°0 yoom/SIOY Kpe-07 Vd
(S 1) S0°0 «(S'T) S0°0 «(51) S0°0 *AW.C e * m.: W0.0 (S 1) 500 Noam/sinoy ‘AeH-S€ Vd
«(S1) $00 «(S1) 00 (S 00 *Am.C mo.o *Am.: mo.o «($'1) 500 Yoom/sImoy ‘A9-0S Vd
#0891 #0891 #0891 *A 1'v0) w.m *Mm v vm 00 +($71) $0°0 NOM/SINOY YUBLIND V]
o * 90 0’8 90 ‘
H(L9) LT «(L'S) 79T «(T9) 8'9C Lo Lot 0D oL ooy o TRl
() vrT (TP L€T #(9'7) ¥'¥C (re)sse (€¢) EM Mw.a ver o
@.»@ L (€6) 9L (L'9) 19L ('s) 99L (£79) 09L Am.w M.WM e oy
red M99M/SoWI) Q- 3 ‘93y 99U OpPY
5:530 ! Y99M/30U0> Aeq v_uaa\m“w:_\m 9-1 H99A4/90U0>

S . n *(9,) uonzodoad 10 ‘(YOI) uerpaur
umoys eje( "a3e p[o JuLnd pue (K)S-0f) P ‘(AG1-11) 90UISI[OPE UL UL [I0 IDAI] POO 0} UOIIB[I Ul SI0}0B) SUIpUNOju0d o_@_mmom.ww— Q_MMN



5.4  Cod liver oil intake, bone mineral density, and serum 25(OH)D in old age.

Possible confounding factors in relation to cod liver oil intake at different periods of life can
be seen in Table 12. Intake of cod liver oil was fairly common and there was a clear trend in
cod liver oil consumption with age, proportion of participants reporting any intake being
61%-70%-74% in adolescence, midlife, and current old age respectively, and 33%-43%-60%
reported daily intake. This trend is similar to that seen across age groups in INDSs, e.g., in the
2010-1011 INDS 14% of the 18-30year-old, 22% of the 31-60year-old and 34% of the 61-
80year-old took cod liver oil daily [17]. The most likely explanation for the lower proportion
of elderly individuals with daily intake of cod liver oil in the 2010-2011 INDS compared to
the present study is that the AGES-FFQ asks of consumption of both liquid cod liver oil and
cod liver oil capsules, while numbers from the INDS are on liquid cod liver oil consumers
only.

5.4.1 Retrospective intake of cod liver oil and association with hip bone mineral density in
old age

The association between retrospective intake of cod liver oil and difference in Z-scores,
calculated from BMD of femoral neck and trochanteric area in old age, are shown in Table
13. Data is shown separately for men and women and both unadjusted and adjusted for
confounders. We did not find the intake of cod liver oil during adolescence or midlife to be
associated with BMD of either femoral neck or trochanter. It should be noted that we did not
have any information on supplement use during midlife, and could therefore not analyse the
data separately without supplement users. Hence, we do not know if such an analysis might
have yielded different results.

Cod liver oil is not only a generous source of vitamin D, but also of vitamin A in the
form of retinol. In the early and mid 20™ century cod liver oil was not a standardized product
and retinol levels were commonly high. Even up until 2002 cod liver oil in Iceland contained
approximately 30.000png of retinol /100g, while today’s levels are 5000pg and 200ng/100g of
retinol and vitamin D respectively. High intakes of retinol have repeatedly been linked to
adverse effects on bone health and even increased risk of osteoporosis and osteoporotic
fractures [78-82].

Cod liver oil is a traditional source of vitamin D in other Nordic countries as well as
Iceland, and concentrations have generally been similar [25]. A Norwegian follow-up study of
elderly women showed cod liver oil intake in childhood to be associated with significantly
lower current forearm BMD, compared to those with no childhood intake [25]. The
researchers concluded that the previously high concentration of retinol in cod liver oil, when
added to an already vitamin A rich diet, may have lead to total intake reaching harmful levels.
We however did not find any indication that the intake of cod liver oil during adolescence or
midlife was associated with adverse effects on hip BMD in old age. It should be noted that
these two studies use different methods of measuring BMD, as well as measuring different
bones, and it is possible that forearm and hip bones respond differently.
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5.4.2  Cod liver oil intake in current old age and association with hip bone mineral density
and serum 25(OH)D concentrations

The association between cod liver oil intake in current old age and Z-scores, calculated from
BMD of femoral neck and trochanteric area in old age, is shown in Table 14. Intervention
studies have shown that vitamin D supplementation can be associated with increased BMD of
elderly individuals [103,104]. The few studies existing on cod liver oil intake in old age and
BMD have not found an association however [149,150]. In the present study, there was no
significant difference in hip BMD in relation to frequency of current cod liver oil intake for
men, while women with daily intakes had Z-scores approximately 0.1 higher than those with
intake of < once/week. Supplement users were excluded from the analysis. The weak
association found between current cod liver oil intake and hip BMD in our study may possibly
be explained by the relatively high serum 25(OH)D levels in our population, possibly
masking any putative benefit of cod liver oil intake.

Current cod liver oil intake was related to serum 25(OH)D concentration (Table 15),
those with medium or high intake of cod liver oil (> once a week) having significantly higher
levels compared to those with the lowest intake (never or less than once a week). Median
25(OH)D concentration in the lowest intake group was 40.2nmol/L and 37.8nmol/L for men
and women respectively, and 61.9nmol/L and 56.4nmol/L for men and women in the highest
intake group. When excluding supplement users, the main difference was seen in the median
serum 25(OH)D levels in individuals with the lowest cod liver oil intake, concentrations being
37.2nmol/L and 31.9nmol/L for men and women respectively. The association between
current frequency of intake and serum 25(OH)D concentrations may be considered as further
validation of the question on cod liver oil in the AGES-FFQ, as concentrations increased with
increased frequency of intake of cod liver oil.

5.4.3 Clinical relevance

As mentioned previously (5.3.2), 1 SD decrease in hip BMD is estimated to be associated
with approximately 2.5 fold increased risk of hip fracture [147,148]. Thus the difference of
0.1 Z-scores (equal to 0.1 SD), seen between women with daily intake of cod liver oil versus
<once/week, may possibly be of clinical relevance.
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6. Limitations

When assessing the validity of questions on current intake, the inability of a 3-day food record
to adequately reflect individual intake of foods that are consumed infrequently, may partly
explain cases of low or no correlation between the two methods. For such foods the 3-day
food record may not be the ideal reference method and the AGES-FFQ data might even be
closer to true intake in these cases. Furthermore, global questions such as those on fish and
meat consumption, chosen for the sake of simplicity, may have limited the validity of the
AGES-FFQ. Validity of those questions could presumably be improved by splitting them up
into separate questions on types of meat, fish, etc. as well as increasing the number of
frequency choices in order to increase the distribution of answers.

Although the results from the validation studies show that the AGES-FFQ is able to
rank individuals according to their intake of several important food groups, one should always
be aware of the limitations of the method and the different results seen for different food
items. It should also be noted that the AGES-FFQ is only appropriate for ranking individuals
according to level of intake of selected foods and food groups, and not for assessing total
intake, energy or specific nutrients.

In relation to the assessment of milk and cod liver oil consumption and hip BMD in old age,
the main limitation is that we are partly using retrospective data with 60 years of temporal
separation on average, which is always going to be imprecise and is likely to mask any
potential modest or weak association. However, studies have shown that there is not
necessarily a clear decline in accuracy of reports with increased time lag, and recalled diet
from childhood, with 50 years of temporal separation, may be fairly accurate [145].
Furthermore, foods eaten daily, as well as foods, meals or supplements with special
characteristics (such as cod liver oil), can be recalled particularly well [145].

When it comes to assessing the association between milk and cod liver oil intake and
hip BMD in old age, the inability to accurately assess amounts consumed is also a limitation.
Still, the comparisons being made between the lowest intake group (<once/week) and the
highest (daily or >once/day) can be of practical relevance and ranking individuals according
to intake is a common practice in epidemiologic research.

Also, when assessing association between current intake and hip BMD, as well as
associations between cod liver oil intake and serum 25(OH)D, we are using cross-sectional
data, and it can be expected that several factors, not accounted for in the analysis, affect the
association.
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7. Conclusion and future studies

The AGES-FFQ can be used to rank individuals according to their intake of several important
food groups, including milk and cod liver oil, making it possible to assess association with
important health-related outcomes.

Our findings regarding milk consumption at different periods of life and hip BMD in
old age, suggest that regular consumption throughout life, from adolescence to old age, is
associated with higher BMD in old age. The strongest association was seen for midlife milk
consumption, and was stronger for men than women.

The relationship between cod liver oil intake and BMD is less clear. Retrospective
intake, in adolescence or midlife, does not appear to be associated with hip BMD in old age;
neither does current intake for men. Current intake was however positively associated with
BMD in old age for women. The weak association observed between current cod liver oil
intake and hip BMD may possibly be explained by the relatively high average serum
25(0OH)D levels in our population. Any putative benefit of cod liver oil intake may therefore
possibly be masked by these relatively high serum concentrations.

The interest in milk and cod liver oil consumption and its association to BMD is
primarily due to the relationship between BMD and osteoporosis and fracture risk. The
available data, already gathered as a part of the AGES-Reykjavik study, provides an
opportunity to further study possible relationships between intake and health-related
outcomes. The association between cod liver oil, serum 25(OH)D concentration and health-
related variables, such as muscle strength, physical function and last but not least, fracture
risk/incidence, may be further studied. Also, the association between fractures and milk
consumption, as well as the association with specific dietary patterns.

The AGES-Reykjavik Study was designed to examine risk factors, including genetic
susceptibility and gene/environment interaction, in relation to disease and disability in old
age. As it is known that the active form of vitamin D takes part in regulating expression of
several genes associated with bone and mineral homeostasis [151] it would be of interest to
assess the possible association between serum 25(OH)D concentration, BMD, food intake,
including milk and cod liver oil, and genetic make-up.

Furthermore, the significance of cod liver oil intake in childhood and adolescence for
bone health warrants further study. Taking into account factors such as total intake of both
vitamin A and D, as well as physical activity and sunlight exposure, might help elucidate the
association between intake and BMD in early life.
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Abstract: Objectives: Limited information exists on the validity of dietary information given by elderly people
on their past diet. Here we test the relative validity of a food frequency questionnaire asking older persons about
their midlife diet. Design: Retrospective food intake of 56-72-year-old subjects was estimated using a food
frequency questionnaire designed for the AGES-Reykjavik Study (AGES-FFQ), an epidemiological study of
older individuals. Results were compared with detailed dietary data gathered from the same individuals 18-19
years previously, i.e., in midlife, as part of a national cohort. Spearman correlation and cross-classifications were
used to assess the ability of the AGES-FFQ to rank subjects according to their intake. Setting: Nationwide,
Iceland. Participants: Subjects, born 1937-1952 (n=174), who participated in the 1990 Icelandic National Dietary
Survey. Measurements: Dietary intake, estimated by the AGES-FFQ (2008-2009), and dietary history obtained
from the 1990 Icelandic National Dietary Survey as a reference method. Results: The strongest correlation
between the AGES-FFQ and the reference method was found for cod liver oil, r=0.53, p<0.001 and r=0.56,
p<0.001, for men and women, respectively. For men the corresponding correlation coefficient for milk and dairy
products was r=0.43, p<0.001. The correlation coefficients were lower but within a reasonably acceptable range
(r=0.26-0.40) for meat, fish and potatoes for both genders, as well as fresh fruits and milk/dairy products for
women and whole-wheat bread, oatmeal/muesli and blood/liver-sausage for men. No correlation was found
between the AGES-FFQ and the dietary history for rye bread and vegetable consumption. Subjects were
categorized into five groups according to level of consumption by the two methods. Cross-classification showed
that 16-59% were classified into same group and 43-91% into same or adjacent group, 0-14% were grossly
misclassified into opposite groups. Conclusion: The AGES-FFQ on midlife diet was found suitable to rank
individuals by their intake of several important food groups.

Key words: Food frequency questionnaire, validity, midlife diet, elderly.

Introduction

With aging populations, demand on healthcare and social
service systems is expected to increase, due to higher
prevalence of chronic and degenerative diseases among older
age groups (1-3). Investing in healthy ageing and studying
determinants of health in older age groups can therefore have
significant advantages for society as well as the aged.

Various environmental factors can affect health in late life
(4), food habits and dietary intake being among the strongest
(1, 4). As most lifestyle-related diseases develop over long
periods before being detected (5), successful aging may
partially be determined by eating habits and dietary choices
made decades earlier (6, 7).

Studies on the relationship between diet earlier in life and
healthy aging are of special interest in this regard. However,
few methods studies have been able to examine information on
remote intake from dietary studies of elderly cohorts, making
the use of recalled diets from years back an interesting field of
research. Information is limited on the validity of elderly
people’s answers when asked about remote diet. Studies

Received May 19, 2010
Accepted for publication September 7, 2010

suggest that past diet may be recalled with acceptable accuracy
up to 10 years prior, though greater uncertainty exists beyond
this period (5, 6, 8-10). Various factors influence our ability to
recall past diet. Even though time is an important factor,
frequency and pattern of consumption of individual foods may
be even more important, and may affect the way people
remember and report past diet (11).

A good way to assess the validity of remotely recalled diet
is resurveying individuals who have provided detailed dietary
information in the past. Two different dietary assessment
methods should ideally be used, the former being a detailed
one, while the latter should be suitable for epidemiological
studies, such as a food frequency questionnaire (5).

The food frequency questionnaire being assessed here is
used in the Age/Gene Environment Susceptibility - Reykjavik
Study (AGES-Reykjavik), conducted by the Icelandic Heart
Association and the NIA (National Institute on Aging)
Intramural Research Program. The study, initiated in 2002,
includes 5,764 participants born 1907-1935. It was designed to
examine risk factors, such as genetic susceptibility and
gene/environment interaction, including diet, in relation to
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disease and disability in old age. Extensive health-related
variables have been gathered for all participants, along with
information on lifestyle and food intake (AGES-FFQ). The
study was approved by the Icelandic National Bioethics
Committee (VSN: 00-063) (12) and the MedStar IRB for the
Intramural Research Program, Baltimore, MD.

In the present study, a detailed dietary history gathered 18-
19 years previously presented a unique opportunity to test the
validity of questions on remote diet. The objective of the study
was to test the relative validity, i.e. the ability of the questions
to acceptably rank individuals according to intake. Assessing
the validity of the AGES-FFQ is essential for studying the
relationship between health and diet at different periods of life
in this large study, here focusing on the middle-aged (40-50y).
Furthermore, it may shed important light on the limitations and
use of recalled diet in epidemiologic studies of older
individuals.

Subjects and methods

Subjects

The subjects were eligible participants in the Icelandic
National Dietary Survey (INDS) conducted in 1990, for which
detailed dietary information exists, gathered 18-19 years before
the present study. The sample from 1990 included 1725
individuals, aged 15-80, selected randomly from the national
registry of that time. The participation rate was 72%.

The present study aimed at assessing whether the AGES-
Reykjavik food frequency questionnaire could acceptably rank
individuals according to dietary intake in midlife
(approximately 40-50 years of age). We therefore chose to
include only participants who were 38-53 years of age at the
time of the 1990 INDS. This slightly wider age bracket was
chosen to enlarge the sample size (to approximately n=300) and
increase the study’s power.

Altogether 326 individuals were in the original sample;
thereof fifteen individuals were deceased, and six had moved
abroad. An invitation letter and the AGES-FFQ were sent to the
305 eligible participants, 167 women and 138 men, in October-
December 2008. Of these, 174 returned completed
questionnaires (57%), 107 women and 67 men. Their average
age at the time of the 1990 survey was 44 (+4.6y).

Methods

The validity of the AGES-FFQ was assessed by comparing
the answers to the questions on remote diet to the dietary data
from the 1990 INDS.

The 1990 INDS gathered dietary information with a detailed
dietary history focusing on the last three months. Each
participant met with an interviewer in an hour-long interview
taken in the participant’s home, work place or a local clinic.
The interviewers (n=32) were teachers or students of nutrition
or food sciences. They took a ten-day course prior to the survey
for training and synchronizing methods. The participants
answered questions on usual diet as well as on socioeconomic

810

factors and personal issues, i.e., age, height, weight, smoking
habits, exercise, employment, working hours, education, family
type and income. When assessing usual diet, the interviewer
asked about each meal/snack of the day, which food
groups/items were usually consumed, how often and in what
quantities, also which cooking methods were commonly used
(baked/boiled/fried, etc.). Quantities were estimated using
photographs of different portion sizes, as well as measurement
glasses and bowls. Consumption was recorded as times per
month, and daily intake of food (grams per day) calculated
accordingly (13).

The food frequency questionnaire

The food frequency questionnaire was developed for the
AGES study and contains a total of 17 questions on midlife diet
(40-50y). The questions ask the average frequency of intake of
general food groups, e.g., milk and dairy, fish, meat, bread,
fruits and vegetables. Foods and food groups were selected for
the questionnaire on the basis of their importance in Icelanders’
diet, according to former National Nutrition Surveys, or based
on their unique nutritional qualities. Figurel shows an example
question from the AGES-FFQ. The AGES-FFQ was used to
rank individuals according to level of intake of general food
groups.

Statistical analysis

Statistical analysis was done using the computer program
SPSS version 11.0. Kolmogorov-Smirnov tests for normal
distribution of data showed that the distribution of the data from
the AGES-FFQ was not normal; neither was most of the 1990
data for intake of food groups.

In assessing how well the participants represented the study
sample in relation to average dietary intake, student t-tests or
Mann-Whitney U tests were performed depending on
distribution of data.

To assess correlation between the 1990 data and the answers
from the AGES-FFQ, the 1990 data was transformed into times
per week, agreeing with the classification of the answers from
the AGES-FFQ. Predetermined portion sizes were used, taking
into consideration both average daily consumption from the
1990 INDS and recommended portion sizes from the Public
Health Institute of Iceland (Table 2). The Spearman’s rank
correlation test was used to assess correlation. The correlation
gives an idea of the validity of the FFQ.

A question was considered to reasonably rank individuals
according to their intake of food groups when correlation
between the two methods was =0.25. For nutrients the
correlation coefficient >0.3 has been suggested to be
satisfactory when validating present diet (5, 14). Also,
validation studies have suggested a correlation of =0.4, or even
0.5-0.7 to be optimal (5, 15) when comparing measurements of
food intake; however, these studies have been on present diet.
Jia et al. (16) validated a food frequency questionnaire on
present diet in free-living older people and found a correlation
coefficient of =0.2 to be reasonably valid. Taking these points
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into consideration, the correlation coefficient of =0.25 (p<0.05)
was considered acceptable in the present study, as the aim was
to assess the validity of past diet. The number of participants
was within the reference sample range for validation studies
(100-200 persons), as found by Willet (5).

As the distribution of reported intake was skewed in the
AGES-FFQ, it was not possible to divide subjects into quartiles
or quintiles. For that reason the two lowest possible answers of
the AGES-FFQ were combined, as well as the two highest
ones. Answers to the questionnaire were then given values 1-5
according to recorded level of intake, level 1 being the lowest
intake, never or less than once a week; level 2 equalling 1-2
times per week; level 3 equalling 3-4 times per week; level 4
equalling 5-6 times per week and level 5 being the highest,
equalling daily or more than once per day. Data from the 1990
INDS was also transformed into categories agreeing with the 1-
5 classification of the AGES-FFQ answers.

Cross-classification was then used to compare answers to the
AGES-FFQ and data from the 1990 INDS to see the proportion
of individuals falling into the same, adjacent or opposite
category according to intake in the two surveys (using levels 1-
5).

Results

Average food intake in 1990 was compared between the
participants and the whole sample. No significant difference
was found between average intake reported in the 1990 INDS
of the whole sample (n=305), and intake of the 174 participants
(Table 1).

Table 1
Comparison of consumption in the 1990 survey between whole
sample and final participants. Consumption shown as median
consumption along with 10th and 90th percentile

Sample (n 30_5) Participants (n 174)

P10 median P90 P10 median P90  p-value
Men
Meat 62 145 278 57 138 249 0476
Fish 30 85 160 21 89 155 0.823
Potato 63 150 286 58 146 314 0.889
Fruit 0 18 155 0 14 145 0.735
Blood-/liver sausage 0 0 43 0 0 45 0.514
Rye bread/flatbread 0 0 36 0 0 33 0.968
Whole-wheat 21 76 161 27 78 169 0367
Oatmeal/muesli 0 0 96 0 0 97 0.733
Vegetable 7 41 110 8 33 111 0.521
Milk and dairy 113 485 1007 112 509 1022 0.748
Fish liver oil 0 0 13 0 0 13 0.442
Women
Meat 30 82 146 41 85 147 0593
Fish 27 54 97 28 57 96 0.878
Potato 30 91 180 29 92 183 0.854
Fruit 0 55 184 0 69 215 0.120
Blood-/liver sausage 0 0 28 0 5 30 0.263
Rye bread/flatbread 0 1 32 0 3 35 0.674
Whole-wheat 19 60 108 19 60 109 0.786
Oatmeal/muesli 0 0 53 0 0 75 0.495
Vegetable 12 55 135 18 64 163 0302
Milk and dairy 74 341 662 74 336 677 0861
Fish liver oil 0 0 13 0 0 13 0.150

In table 2, average daily intake in the 1990 INDS is
compared with reported intake from the AGES-FFQ. Data is
shown separately for men and women. The frequency of intake
is similar between men and women according to the AGES-
FFQ, but average consumption in grams from the 1990 INDS
was different between the genders. As previously reported, the
main characteristics of the Icelandic diet in 1990 were high
intake of animal-based products, such as fish, meat, milk and
dairy products, as well as relatively low intake of fruits,
vegetables and cereals, especially cereals rich in fibre (13).

Validity of eleven of the seventeen questions in the AGES-
FFQ was tested. Questions about certain foods could not be
tested as information from the two methods could not be
compared; consumption was either too low or sporadic, or the
questions were not directly on frequency of intake. Six
questions could not be tested for these reasons, i.e.,
consumption of fish bread toppings and salted/smoked fish and
meat, type of milk commonly used, type of butter/margarine
commonly used and amount of butter/margarine used per slice
of bread.

Five of the eleven questions tested were found to be
acceptable for ranking individuals according to level of food
intake. Slight variation in results was found between genders.
The strongest correlation was found for cod liver oil for both
genders and milk and dairy products for men (r=0.43-0.56).
The correlation coefficient was lower (r=0.26-0.35) for meat,
fish and potatoes for both genders, and milk and dairy products
for women. Furthermore, the question on fresh fruit
consumption was found to be reasonably acceptable among
women (r=0.31; p=0.001) but not men (r=0.18; p=0.168), and
the questions on whole-wheat bread, oatmeal/muesli and
blood/liver sausage were found to be reasonably acceptable
among men (r=0.40; p=0.001; r=0.28; p=0.026; and r=0.34;
p=0.007, respectively) but not women (r=0.05; p=0.582;
r=0.22; p=0.027 and r= 0.21; p=0.029, respectively). The
questions on rye bread and vegetable consumption were not
valid for either gender.

Data from the 1990 INDS was transformed into categories
agreeing with the 1-5 classification of the AGES-FFQ answers
to see the proportions of subjects falling into the same groups
by the two methods using cross-classification (Table 3).

The percentage of participants classified into the same group
was 16-59% (average 37%) and 43-91% (average 69%) into the
same or adjacent group. Between 0-14% (average 4%) were
grossly misclassified into the opposite group. Individuals were
most likely to be classified into same/adjacent category in
relation to their fish and blood/liver sausage consumption and
most likely to be grossly misclassified in relation to their
vegetable and cod liver oil consumption.
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Table 2
Consumption of participants in the 1990 survey compared to reported consumption according to the AGES-FFQ

1990 g/d 1990 times per week F_FQ times per week
P10 median P90 g per P10 median P90 P10 median P90 correlation p-value
portion

Men

Meat 57 138 249 150 2.6 6.5 123 1.5 35 55 0.298 0.016
Fish 21 89 155 150 1.1 38 78 15 35 35 0.260 0.037
Potato 58 146 314 120 34 85 183 43 70 70 0.348 0.005
Fruit 0 14 145 100 0 0.8 9.8 03 1.5 47 0.176 0.168
Blood-/liver sausage 0 0 45 70 0 0 45 03 03 15 0.335 0.007
Rye bread/flatbread 0 0 33 40 0 0 5.8 03 1.5 55 0.154 0.224
‘Whole-wheat bread 27 78 169 54 35 10 22.0 35 55 70 0.395 0.001
Oatmeal/muesli 0 0 97 100 0 0 6.8 0 03 70 0.277 0.026
Vegetable 8 33 111 100 0.6 23 78 03 1.5 55 0.153 0.222
Milk and dairy 112 509 1022 400 1.8 8.8 18.5 15 70 14.0 0432 0.000
Cod liver oil 0 0 13 13 0 03 70 0 35 70 0.534 0.000
Women

Meat 41 85 147 150 1.8 37 6.7 1.5 35 55 0.255 0.009
Fish 28 57 96 150 1.1 23 44 1.5 35 35 0.281 0.004
Potato 29 92 183 120 1.7 54 10.7 35 70 70 0.259 0.008
Fruit 0 69 215 100 0 50 15.1 03 35 7.0 0313 0.001
Blood-/liver sausage 0 5 30 70 0 05 3.0 03 03 1.5 0214 0.029
Rye bread/flatbread 0 3 35 40 0 05 6.1 03 35 70 0.066 0.507
Whole-wheat bread 19 60 109 54 25 78 14.2 35 70 7.0 0.054 0.582
Oatmeal/muesli 0 0 75 100 0 0 53 0 1.5 70 0215 0.027
Vegetable 18 64 163 100 12 45 114 03 35 70 0.079 0418
Milk and dairy 74 336 677 400 1.1 58 120 03 70 70 0.290 0.003
Cod liver oil 0 0 13 13 0 0 7.0 0 3.5 7.0 0.563 0.000

Data from the 1990 survey in grams/day and transformed into times per week using predetermined portion sizes. Data from the AGES-FFQ shown as times per week

Table 3
Cross-classification of participants, portion in same/adjacent group or grossly misclassified

Same category N (%) Same or adjacent category N (%) Grossly ‘misclassified N (%)
Men ‘Women Men ‘Women Men Women
Meat as a main meal 13 (20.0) 42 (40.8) 35(53.9) 88 (85.4) 1(1.5) 1(1.0)
Fish as a main meal 21(32.3) 51 (48.6) 51(78.5) 96 (91.4) 0(0) 1(1.0)
Potatoes 37 (58.7) 37 (35.6) 51(81.0) 73 (70.2) 1(1.6) 1(1.0)
Fruits 20 (31.7) 23 (22.8) 41 (65.1) 57 (56.4) 4(6.3) 4(4.0)
Blood/liver sausage 39 (60.9) 53 (51.0) 53(82.8) 93 (89.4) 2@3.1) 2(1.9)
Rye bread 10 (15.6) 23 (223) 40 (62.5) 56 (54.4) 1(1.6) 8(7.8)
Whole-wheat bread 31 (47.7) 50 (47.6) 53(81.5) 76 (72.4) 2(3.1) 2(1.9)
Oatmeal/muesli 32(492) 44 (41.9) 43 (66.2) 72 (68.6) 6(92) 11(10.5)
Vegetables 12 (18.5) 21(19.8) 34 (52.3) 46 (43.4) 5(7.7) 9(8.5)
Milk/dairy products 28 (43.1) 33 (32.0) 47(72.3) 64 (62.1) 1(1.5) 5(4.9)
Cod liver oil 31 (50.0) 48 (46.6) 40 (64.5) 63 (61.2) 8 (12.9) 14 (13.6)
Discussion meat, fish and potatoes for both genders, as well as fresh fruits

Information is limited on the reliability of elderly people’s
answers to questions about their diet years or even decades
earlier. In the present study we used detailed data from 1990 on
the diet of middle-aged people to assess the validity of a
questionnaire on remote diet. The frequency of intake of
different food items, reported by the AGES-FFQ was found to
correlate most strongly with the reference method for cod liver
oil and milk and dairy products for men. The correlation
coefficients were lower, though within an acceptable range, for
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and milk and dairy products for women, and whole-wheat
bread, oatmeal/muesli and blood/liver-sausage for men. The
questions on rye bread and vegetable consumption were not
found to be acceptable for either gender.

Even though the consumption of fruits and vegetables
among Icelanders has increased in recent decades, the
consumption is still low and far from reaching recommended
levels of =500g/d (17, 18). When compared to other
Northern/European countries, Icelanders’ consumption is
especially low (18-20). In the present study, the question on
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vegetable consumption was not found to be valid; neither was
the question on fresh fruits for men. A plausible explanation
might be the low intake and limited distribution of intake in this
age group. An alternative hypothesis is that the extreme weight
difference between individual vegetable types, such as leafy
vegetables versus tubers, may contribute to the observed lack of
relationship between the frequency of consumption and grams
per day of this food group.

Figure 1
Example question from the AGES-FFQ

32. On average, how often did you eat fish or a fish dish for a
main meal when you were middle aged (40-50y)?

Never

Less than once a week
1-2 times a week

3-4 times a week

5-6 times a week
Daily

More than once a day

[ o e

However, validating questions on fruit and vegetable intake
as part of Icelanders’ present diet has yielded better results, in
studies of both adults and children (21, 22).

The frequency and pattern of consumption seem to greatly
affect how people remember past diet. Food consumed
daily/several times per day (e.g., milk) may be reported more
accurately than foods consumed sporadically/several times per
month/week (e.g., poultry). Conversely, food consumed quite
rarely, e.g., only on holidays, can also be remembered and
reported fairly accurately (11). The present study verified these
factors, formerly pointed out by Dwyer and Coleman. Both
studies underline the importance of validation measures and
studies for retrospectively collected intake data on food groups
and special food items. The present study found that
consumption of milk and dairy products, potatoes and cod liver
oil (foods often consumed daily) was generally more accurately
reported than, e.g., fresh fruits and vegetable, eaten several
times per week on average. Inconsistency was also found in the
reported intake of bread, especially rye bread, which is much
less common in the Icelandic diet than wheat bread. Dwyer and
Coleman (11) also stated that consumption of dietary
supplements with special characteristics (such as cod liver oil)
might be recalled especially well, which was also the case in
the present study.

Reported consumption of cod liver oil had the strongest
correlation to reported actual intake from 1990 (r>0.5 for both
genders). The reason is perhaps that cod liver oil was generally
consumed either every day or not at all; very few subjects
consumed cod liver oil sporadically. Interestingly, cod liver oil
was also most frequently grossly misclassified, as
approximately 13% of participants were classified into the

opposite category when comparing the AGES-FFQ to the 1990
data, subjects most commonly reporting daily intake according
to the AGES-FFQ, while the data from 1990 reveal no intake.
A likely explanation for this seeming discrepancy is that cod
liver oil is taken seasonally by many Icelanders, to provide
vitamin D during the dark winter months. The reference dietary
history method from 1990 was designed to reflect the diet
during the past 3 months, while the AGES-FFQ should reflect
the usual diet during a whole decade. Therefore, some
individuals interviewed in the summer of 1990 may not have
been taking cod liver oil at that time, although it may have been
a part of their daily diet for most of the year.

The AGES-FFQ on midlife diet was found to quite well
represent intake of cod liver oil and thereby intake of vitamin
D. The northern latitude of Iceland results in limited production
of vitamin D3 during wintertime (23) and consequently very
low 25(OH)D levels in adults not taking vitamin D supplements
(24, 25). Cod liver oil is traditionally used in Iceland as a
vitamin-D source, and the dietary intake of vitamin D from
other sources is very limited. The acceptable validity of the
AGES-FFQ regarding cod liver oil consumption makes it
possible to estimate association between the consumption of
cod liver oil and vitamin D intake with several important
health-related endpoints.

It should be noted that the correlation coefficient of 0.25 was
considered reasonably acceptable in the present study.
Although the results show that the AGES-FFQ on remote diet
is able to rank individuals according to their intake of several
important food groups, one should always be aware of the
limitations of the method and the different results seen for
different food items. The present study highlights the
importance of testing the validity of questions on different food
groups, and assessing each question in the questionnaire
separately, as validity might differ greatly between questions.

Due to the perception that healthy aging relies to some
extent on a healthy and well-balanced diet in earlier life, the
ability to recall remote diet is of great interest. With better
understanding of the factors most strongly influencing the
development of various diseases and having the strongest
relations to health and quality of life in the elderly, special
preventive measures could be promoted or strengthened and the
likelihood of healthy ageing enhanced.

Acknowledgements: The authors wish to thank the Icelandic Nutrition Council and
Holmfridur Thorgeirsdottir, project manager at The Icelandic Public Health Institute. We
thank the AGES-Reykjavik Study executive committee and the Icelandic Heart
Association for their contributions to this study. Funding was provided by the Nordforsk
NCoE Programme HELGA and the Icelandic Research Fund for Graduate Students.

References

1. World Health Organization. Keep fit for life. Meeting the nutritional needs of older
persons. World Health Organization and Tufts University, School of Nutrition and
Policy. Geneva, Switzerland: 2002.

2. Nordic Council of Ministers. Nordic Nutrition Recc dations 2004,
nutrition and physical activity, 4th edition. Copenhagen, Denmark. Norden; 2004:
199-211.

3. World Health Organization. Towards Policy for Health and Aging. Fact sheet.

813

o



05 STEINGRIMSDOTTIR-c-p_04 LORD_c 09/12/11 10:22 Page814

%

The Journal of Nutrition, Health & Aging©
Volume 15, Number 10, 2011

VALIDITY OF RETROSPECTIVE DIET HISTORY

Geneva, Switzerland: 2009.

World Health Organization. Aging. Exploding the Myths. Ageing and Health
Programme. Geneva, Switzerland: 1999.

Willett WC. Nutritional epidemiology, 2nd edition. New York: Oxford University
Press; 1998.

Rohan TE, Potter JD. Retrospective assessment of dietary intake. Am J Epidemiol.
1984:120(6):876-887.

Ambrosini GL, van Roosbroeck SAH, Mackerras D, Fritschi L, de Klerk NH, Musk
AW. The Reliability of Ten-Year Dietary Recall: Impli for Cancer R h.J
Nutr. 2003;133(8):2663-2668.

van Staveren WA, West CE, Hoffmans MD, et al. Comparison of contemporaneous
and retrospective estimates of food consumption made by a dietary history method.
Am J Epidemiol. 1986;123(5):884-893.

Byers T, Marshall J, Anthony E, Fiedler R, Zielezny M. The reliability of dietary
history from the distant past. Am J Epidemiol. 1987;125(6):999-1011.

Willett WC, Sampson L, Browne ML, et al. The use of a self administered
questionnaire to assess diet four years in the past. Am J Epidemiol.
1988:127(1):188-199.

Dwyer JT, Coleman KA. Insights into dietary recall from a longitudinal study:
accuracy over four decades. Am J Clin Nutr. 1997;65(4s):1535S-1585S.

Harris TB, Launer LJ, Eiriksdottir G et al. Age, Gene/Environment Susceptibility-
Reykjavik Study: Multidisciplinary Applied Phenomics. Am J Epidemiol.
2007;165(9):1076-1087.

Steingrimsdottir L, Sigurdsson G, Sigurdsson G. Nutrition and serum lipids in
Iceland. Scand J Nutr. 1995;39(4):138-141.

Cade J, Thompson R, Burley V, Warm D. Development, validation and utilisation of
food-frequency questionnaires — a review. Public Health Nutr. 2002;5(4):567-587.
Masson LF, McNeill G, Tomany JO et al. Statistical approaches for assessing the
relative validity of a food-frequency questionnaire: use of correlation coefficients and
the k statistic. Public Health Nutr. 2003;6(3):313-321.

Intensive Course on Agein

16.

20.

21.

22.

23.

24.

25.

Jia X, Craig LCA, Aucott LS, Milne AC, McNeill G. Repeatability and validity of a
food frequency questionnaire in free-living older people in relation to cognitive
function. INHA. 2008;12(10):735-741.

Steingrimsdottir L, Thorsgeirsdottir H, Aegisdottir S. The Diet of Icelanders 1990. I,
Main findings. Icelandic Nutrition Council, Reykjavik. 1991.

Steingrimsdottir L, Thorsgeirsdottir H, Olafsdottir AS. The Diet of Icelanders,
Dietary Survey of the Icelandic Nutrition Council 2002, Main findings. Icelandic
Nutrition Council V, Reykjavik. 2003.

The Norbagreen 2002 study. Consumption of vegetables, potatoes, fruit, bread and
fish in the Nordic and Baltic countries. Nordic Council of Ministers, Copenhagen.
TemaNord. 2003:556.

Wolf A, Yngve A, Elmadfa I et al. Fruit and Vegetable Intake of Mothers of 11-
Year-Old Children in Nine European Countries: The Pro Children Cross-Sectional
Survey. Ann Nutr Metab. 2005:49(4):246-254.

Kristjansdottir AG, Andersen LF, Haraldsdottir J, de Almeida MDV, Thorsdottir I.
Validity of a questionnaire to assess fruit and vegetable intake in adults. Eur J Clin
Nutr. 2006;60(3):408-415.

Haraldsdottir J, Thorsdottir I, de Almeida MDV, Maes L, de Rodrigues C, Elmadfa I,
Anderson LF. Validity and ibility of a ded i ire to assess fruit
and vegetable intake in European 11- to 12-year old schoolchildren. Ann Nutr Metab.
2005:49(4):221-227.

Sigurdsson G, Franzson L, Thorgeirsdottir H, Steingrimsdottir L. Vitamin D status
and seasonal variations in different age groups of Icelandic women. Icelandic
Medical Journal. 1999;85(5):398-405.

Gunnarsson O, Indridason OS, Franzson L, Halldorsdottir E, Sigurdsson G. Vitamin-
D ho i adult Icelandic population. Icelandic Medical Journal.
2004;90(1):29-36.

Steingrimsdottir L, Gunnarsson O, Indridason OS, Franzson L, Sigurdsson G.
Relationship between serum parathyroid hormone levels, vitamin D sufficiency, and
calcium intake. JAMA. 2005;294(18):2336-2341.

Thursday 21" June & Friday 22* June, 2012

Barcelona, Spain

Audiences: student:
ag lated topics wil

professionals, researchers and all
be treated ® Oral communication

Features: all

resented within the framework of sessions (30 minutes) & workshops (60 minutes)

Office & Contact: tel: + 33 (0) 5.61.14.56.39 ® fax: + 33 (0) 5.61.14.56.40 e seynes@cict.fr ® www.iagg.info
Registration : www.ic-ageing.com

814



11






Eysteinsdottir et al. Nutrition Journal 2012, 11:12
http://www.nutritionj.com/content/11/1/12

RESEARCH

NUTRITION
JOURNAL

Open Access

Assessing validity of a short food frequency
questionnaire on present dietary intake of elderly

Icelanders

Tinna Eysteinsdottir®’, Inga Thorsdottir'?, Ingibjorg Gunnarsdottir'? and Laufey Steingrimsdottir'

Abstract

and a Jonckheere-Terpstra test for trend.

Background: Few studies exist on the validity of food frequency questionnaires (FFQs) administered to elderly
people. The aim of this study was to assess the validity of a short FFQ on present dietary intake, developed
specially for the AGES-Reykjavik Study, which includes 5,764 elderly individuals. Assessing the validity of FFQs is
essential before they are used in studies on diet-related disease risk and health outcomes.

Method: 128 healthy elderly participants (74 y + 5.7; 58.6% female) answered the AGES-FFQ, and subsequently
filled out a 3-day weighed food record. Validity of the AGES-FFQ was assessed by comparing its answers to the
dietary data obtained from the weighed food records, using Spearman’s rank correlation, Chi-Square/Kendall’s tau,

Result: For men a correlation > 0.4 was found for potatoes, fresh fruits, oatmeal/muesli, cakes/cookies, candy, dairy
products, milk, pure fruit juice, cod liver oil, coffee, tea and sugar in coffee/tea (r = 040-0.71). A lower, but
acceptable, correlation was also found for raw vegetables (r = 0.33). The highest correlation for women was found
for consumption of rye bread, oatmeal/muesli, raw vegetables, candy, dairy products, milk, pure fruit juice, cod liver
oil, coffee and tea (r = 0.40-0.61). An acceptable correlation was also found for fish topping/salad, fresh fruit, blood/
liver sausage, whole-wheat bread, and sugar in coffee/tea (r = 0.28-0.37). Questions on meat/fish meals, cooked
vegetables and soft drinks did not show a significant correlation to the reference method. Pearson Chi-Square and
Kendall's tau showed similar results, as did the Jonckheere-Terpstra trend test.

Conclusion: A majority of the questions in the AGES-FFQ had an acceptable correlation and may be used to rank
individuals according to their level of intake of several important foods/food groups. The AGES-FFQ on present diet
may therefore be used to study the relationship between consumption of several specific foods/food groups and
various health-related endpoints gathered in the AGES-Reykjavik Study.

Keywords: Food frequency questionnaire, Validity, Elderly, Nutrition

Background

Food frequency questionnaires (FFQ) are important
research tools in nutritional epidemiology, and assessing
their validity is an essential prerequisite for their use in
studies of diet-related disease risk [1,2]. Few studies
exist on the validity of FFQs administered to elderly
people [3-5], and many of the instruments used were
originally developed for younger subjects. Hence, their
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( BioMed Central

reliability and validity when administered to older sub-
jects is uncertain [6,7].

It is always a challenge to assess dietary intake, and per-
haps even more so when elderly individuals are concerned.
Various factors related to older age, such as fading mem-
ory, declined cognitive function, and impaired hearing
and/or vision may possibly affect the ability to give reliable
information on dietary intake [4-10]. It has been suggested
that FFQs may be a more appropriate assessment method
for older people than, for example, 24 hour recalls [5,6] as
older individuals may have more problems with short-
term than long-term recalls, as well as more difficulties

© 2012 Eysteinsdottir et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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with open-ended recalls than with structured ones [10].
The length of interviews and questionnaires is crucial as
older people may require longer to answer and may
become more fatigued and frustrated than younger people
[5]. Long and extensive FFQs may therefore contribute to
lower response rates among elderly people [4].

Weighed food records are widely used and accepted as
an appropriate reference method when validating FFQs
[11,12]. In spite of inherent weaknesses of any dietary
assessment method, food records have often been consid-
ered as the “gold standard” as they can provide relatively
accurate quantitative information on consumption. Elderly
participants have proved to be capable of keeping food
records with acceptable levels of compliance and comple-
tion [13], and food records have been found to provide
valid intake data for free-living elderly individuals [14].
Generally, a food record consisting of 3-4 consecutive days
is recommended, as studies have shown that incomplete
records get more frequent as the number of days
increases. This is referred to as respondent fatigue [15,16].

While short FFQs lack the detail of longer question-
naires or food records, they have nevertheless been found
to adequately assess the intake of specific foods and rank
individuals with respect to selected nutrients [17-20].
The short food frequency questionnaire (AGES-FFQ)
being assessed here was specially designed for the AGES-
Reykjavik study, with 5,764 elderly participants. The
AGES-Reykjavik study examines risk factors, genetic
susceptibility, and gene/environment interaction, includ-
ing diet, in relation to disease and disability in old age.
Extensive health-related variables have been gathered for
all participants. The AGES-Reykjavik study has been
described previously [9]. The study was approved by the
Icelandic National Bioethics Committee (VSN: 00-063)
and the MedStar IRB for the Intramural Research Pro-
gram, Baltimore, MD. The AGES-FFQ is threefold,
including questions on diet in early life (14-19 y), midlife
(40-50 y) and present diet. The validity of questions on
midlife diet has been assessed in a previous study, where
simple questions on consumption of, e.g., fish, meat,
milk/dairy products, and cod liver oil were found to be
valid [21].

The aim of this study is to assess the validity and ability
of the AGES-FFQ to rank individuals according to intake
of selected foods and food groups and to distinguish
between individuals having high vs. low intake. Assessing
the validity of the AGES-FFQ is essential before studying
the relationship between present diet and health-related
variables in the AGES-Reykjavik Study.

Methods

Subjects and setting

Subjects were healthy, elderly people, 65 years and older
(58.6% female), and were a subsample of participants in
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the IceProQualita study, which focuses on the effects of
training and food supplements on various health factors
and health-related quality of life among the elderly [22].
Participants were recruited into the IceProQualita by
advertisements posted in community centres and resi-
dential care homes in the capital area of Iceland. The
advertisements included information on the study proto-
col and contact numbers. Willing and eligible individuals
phoned in for further information and registration.
A total of 284 individuals were registered and screened;
47 were excluded, leaving 237 participants at baseline.
Exclusion criteria were cognitive function < 19 points on
the MMSE [23], uncontrolled coronary heart disease,
pharmacological interventions with exogenous testoster-
one or other drugs known to influence muscle mass, and
major orthopaedic disease. Participant also had to be free
of any musculoskeletal disorders, had to be weight stable
and all women postmenopausal.

Our subsample consisted of the first 137 participants
enrolled into the IceProQualita Study by March 2009,
when data analysis for the present study began. By that
time these individuals had undergone all baseline mea-
surements, filled out a 3-day food record, the AGES-FFQ
on present diet, and signed an informed written consent.
The IceProQualita study was approved by the Icelandic
National Bioethics Committee (VSNb2008060007/03-15).
Dietary records from nine individuals were considered
incomplete or inadequate and were therefore excluded.
Data from 128 participants were therefore included in this
study. The dropout rate from the IceProQualita study was
12% (n = 29), illness and falls being the most common rea-
son [22]. The dropout did not affect participation in the
present study, however, as all validation data were gath-
ered at baseline.

Furthermore, our subsample did not differ from the
whole study group of the IceProQualita study regarding
age, anthropometric measurements, physical perfor-
mance test, and outcome of various questionnaires on,
e.g., general health, anxiety, quality of life, and the Mini
Mental State Examination (MMSE).

Design
All participants answered the AGES-FFQ and subse-
quently filled out a 3-day weighed food record within
approximately two weeks. Participants also completed
questionnaires on physical activity, health-related quality
of life, and drug, vitamin and herbal medicine intake.
Anthropometric measures were performed; body weight
was measured in light underwear on a calibrated scale
(model no. 708, Seca, Hamburg, Germany), and height
was measured with a calibrated stadiometer (model no.
206; Seca, Hamburg, Germany) [22].

The AGES-FFQ was used to assess frequency of con-
sumption of different foods and food groups in order to
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rank individuals according to their level of intake. Valid-
ity of the AGES-FFQ on present diet was assessed by
comparing its answers to the dietary data obtained from
the weighed food records.

The weighed food record

Before filling out the food records each participant met
with a researcher and was provided with a household
scale (PHILIPS Essence HR 2393) and a structured
booklet for recording his or her intake. Participants
received detailed oral instructions on how to weigh and
record their intake and were shown how to use the
household scale. Written instructions were also incorpo-
rated in the food booklets along with contact informa-
tion in case any questions arose during recording.
Participants were asked to record in the booklet all food
and beverages consumed for three consecutive days
(Thursday-Saturday or Sunday-Tuesday), along with
dates and times of meals. The importance of maintain-
ing their regular diets and weighing and recording all
food and drink consumed was emphasized.

The food frequency questionnaire

The food frequency questionnaire was designed specifically
for the AGES-Reykjavik Study and is divided into three
parts, containing questions on early life diet (14-19 y), mid-
life diet (40-50 y) and present diet. The part of the ques-
tionnaire on present diet includes 30 questions, 21 of
which are assessed here. These are questions on the aver-
age frequency of intake of major food groups, e.g., milk
and dairy products, meat, fish, bread, fruits and vegetables,
as well as questions on selected foods, such as rye bread,
blood/liver sausage, oat meal porridge and cod liver oil.
Foods and food groups were selected for the questionnaire
on the basis of their contribution to the absolute intake of
elderly Icelanders according to former National Nutrition
Surveys, as well as their unique nutritional qualities and
possible connection to the development of various diseases
in later life. The remaining nine questions, not assessed in
the present study, are on the frequency of hot meals, type
of milk and dairy products most commonly used, type and
amount of bread spread commonly used, and finally there
are four questions related to salt consumption (perception
of saltiness, consumption of salted meat, salt fish, and
added salt to prepared meals).

A majority of the questions have the same possible
response categories as the questionnaire was designed to
be simple and easily completed by elderly individuals
(Figure 1 shows an example of question and response
categories from the AGES-FFQ). However, questions on
coffee, tea and sugar in coffee/tea differed in that they
asked about daily frequency rather than weekly frequency
of consumption. The questions not assessed here also
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On average, how often do you drink milk (whole
milk, low-fat milk, skim milk, 1%-low-fat milk)?

Never

Less than once a week
1-2 times a week

2-4 times a week

5-6 times a week

Daily

Oo0Ooooao

a More than once a day

Figure 1 Example of a question from the AGES-FFQ on present
diet and response categories.

had different response categories related to types of pro-
ducts, such as low fat vs. high fat, and salt perception.
Data analysis

Nutritional analysis and data management Data on
the participants’ intake according to the 3-day weighed
food records were entered into an interview-based nutri-
ent calculation program, ICEFOOD, designed for the
national dietary survey of The Icelandic Nutrition Coun-
cil [24]. The amount of foods/food groups was calcu-
lated from 452 food recipes, which are based on 1148
food items from the National Nutritional Database,
ISGEM.

Individual intake in grams per day for each food/food

group was calculated from the food records. Gender-
specific portions were estimated taking into account
actual intake in grams and eating occasions from the
food diaries, as well as predetermined portion sizes used
in our previous validation study of questions on midlife
diet (Additional file 1) [21]. The gender-specific portions
were used to calculate intake in grams from the AGES-
FFQ. The correlation was calculated between grams of
food intake according to the two methods, food records
and the AGES-FFQ.
Statistical analysis Data were entered into the statisti-
cal package SPSS, version 11.0. Kolmogorov-Smirnov
tests were used to test the distribution of data. The
answers from the AGES-FFQ were not normally distrib-
uted; neither were most of the data from the food
records.

Simple descriptive statistics were used to describe gen-
eral characteristics of the study group and the AGES
participants. To assess differences between groups, stu-
dent t-tests, Mann- Whitney U-test and Chi-square test
were used. Correlation between intake according to the
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AGES-FFQ and the food records was assessed using
Spearman’s rank correlation. As the distribution of
reported intake from the AGES-FFQ on present diet
was skewed, subjects could not be divided into quartiles
or quintiles. Data were therefore split into 2-4 groups,
depending on the distribution of answers from each
question of the AGES-FFQ. Kendall’s tau-b rank correla-
tion coefficient and Chi-Square tests were used to
further examine association between the two methods.

Additionally, the computer program SAS version 9.1
was used to perform a nonparametric Jonckheere-Terp-
stra test for trend, to test if the categories according to
the AGES-FFQ ranked mean intake from the food
record in an anticipated, graded order.

The significance level was set at p < 0.05.

Results

Comparing the AGES-FFQ to the reference method
(Table 1), a correlation > 0.4 was found for potatoes, fresh
fruits, oatmeal/muesli, cakes/cookies, candy, dairy pro-
ducts, milk, pure fruit juice, cod liver oil, coffee, tea and
sugar in coffee/tea (r = 0.40-0.71) for men. Furthermore, a
correlation of 0.33 was found for raw vegetables. For
women, correlation > 0.4 was found for rye bread, oat-
meal/muesli, raw vegetables, candy, dairy products, milk,
pure fruit juice, coffee, tea and cod liver oil (r = 0.40-0.61).
A correlation between 0.3 and 0.37 was found for fish top-
ping/salad, fresh fruit, blood/liver sausage, and sugar in
coffee/tea. The correlation for whole-wheat bread was
lower, but still significant (r = 0.28, p = 0.017). Questions
on meat and fish consumption, as well as questions on
cooked vegetables and soft drinks, were not found to have
a significant correlation to the reference method.

The Jonckheere-Terpstra trend test gave comparable
results to the Spearman’s rank correlation, with the excep-
tion of fish topping/salad for men and cooked vegetables
for women, which showed significant trend in spite of
insignificant correlation (Additional file 2).

The Pearson Chi-Square and Kendall’s tau gave simi-
lar results, also showing significant association for fish
topping for men; however, no association was detected
between the methods for consumption of raw vegeta-
bles and candy for men. Results for women were all
comparable to the Spearman’s rank correlation (Addi-
tional file 3).

General characteristics of participants in the present
study are shown in Table 2, along with characteristics of
the participants from the AGES-Reykjavik study, for
which the AGES-FFQ was designed. Participants in the
present study were on average slightly taller and signifi-
cantly heavier, had a higher body mass index (BMI) and
percent body fat than participants in AGES, and were
on average 2.7 years younger than AGES participants.
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Discussion

The present study was conducted to assess validity of a
dietary questionnaire and test its ability to rank indivi-
duals according to the level of intake of specific foods
and food groups.

It has been suggested that when validating a question-
naire on present diet using a reference method, correla-
tion coefficients should be > 0.3 preferably over 0.4 and
optimally in the range of 0.5-0.7 [11,12,25]. Of the 21
questions assessed here, 13 questions for the men and 14
for the women had a correlation > 0.3 thereof 12 ques-
tions for the men and 10 for the women had a correlation
> 0.4 The foods showing the highest correlation were not
in all cases identical for both genders, and men generally
had higher correlations than women. The questions that
had a correlation above 0.3 for both genders were on
fresh fruits, oatmeal/muesli, raw vegetables, candy, dairy
products, milk, pure fruit juice, cod liver oil, coffee, tea,
and sugar used in coffee/tea.

The correlation between the AGES-FFQ and the refer-
ence method was not significant for fish, meat, cooked
vegetables and soft drinks/sweetened juices. Part of the
explanation for low or no correlation in general may be
the inability of a 3-day food record to adequately reflect
individual intake of foods that are consumed infre-
quently. Soft drinks are an example of this possible lim-
itation of the reference method. For such food the 3-day
food record may not be the ideal reference method, as
the food in question may not show up on the food
record. The AGES-FFQ data might even be closer to true
intake in these cases. However, fish, meat and cooked
vegetables were not consumed infrequently (2-4 times
per week on average), and food items less frequently con-
sumed had acceptable correlation between the two meth-
ods. A possible explanation for no correlation for meat
and fish consumption might be the lack of distribution
for answers to the AGES-FFQ, as almost 90% of partici-
pants marked either of two options - 1-2 times a week or
3-4 times a week - reflecting the uniform consumption of
both fish and meat in this age group. Answers to the
question on cooked vegetables were slightly better dis-
tributed even though almost 70% of participants
answered either of the two previously mentioned options.
In such cases, results from the food records may be bet-
ter suited to rank individuals’ intake. The validity of glo-
bal questions with narrow distribution of answers, such
as for meat, fish and vegetables, could presumably be
improved by increasing frequency options to improve
distribution, as well as by splitting them up into separate
questions on types of meat, fish, etc. It is known that glo-
bal questions may underestimate consumption [26], and
affect validity. Global questions, chosen for the sake of
simplicity, may thus limit the validity of the AGES-FFQ.
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Table 1 Correlation between grams of intake from food records and calculated intake from the AGES-FFQ

Food record g/d AGES-FFQ g/d
P10 median P90 P10 median P90 correlation p-value
Men (n = 53)
Meat 7 90 248 43 100 100 021 0.124
Fish 20 77 190 36 85 114 023 0.098
Fish toppings 0 0 23 2 10 23 023 0.146
Potatoes 22 74 174 24 86 110 046 < 0.001
Fresh fruits 0 87 226 24 86 110 0.50 < 0.001
Blood/liver sausage 0 0 13 0 3 17 0.05 0.746
Rye bread/flatbread 0 17 59 2 25 50 0.17 0.219
Whole-wheat bread 1 45 73 1 50 50 0.19 0.169
Oatmeal/muesli 0 0 227 0 95 190 046 0.001
Cooked vegetables 0 29 113 3 19 60 0.17 0221
Raw vegetables 0 33 150 3 19 90 033 0.015
Cakes and cookies 0 51 137 10 15 70 041 0.002
Candy 0 0 13 0 8 18 040 0.003
Dairy products 0 84 241 7 103 205 0.55 < 0.001
Milk 0 133 560 0 83 264 049 < 0.001
Pure fruit juice 0 0 192 0 34 160 0.50 < 0.001
Soft drink and sweet
juice 0 0 134 0 12 231 0.19 0.177
Cod liver oil 0 0 8 0 6 6 051 < 0.001
Coffee* 87 357 793 105 735 1155 0.63 < 0.001
Tea* 0 0 200 0 110 330 071 < 0.001
Sugar in coffee/tea* 0 0 11 0 0 8 0.53 < 0.001
Women (n = 75)

Meat 21 59 151 29 29 68 0.11 0361
Fish 21 55 137 28 65 102 -0.02 0.873
Fish toppings 0 0 28 0 3 35 037 0.001
Potatoes 18 60 116 18 67 85 0.01 0.969
Fresh fruits 39 127 316 60 120 240 0.36 0.001
Blood/liver sausage 0 0 14 0 2 13 037 0.001
Rye bread/flatbread 0 7 40 2 30 60 042 < 0.001
Whole-wheat bread 1 35 76 10 45 45 0.28 0017
Oatmeal/muesli 0 52 159 3 75 150 048 < 0001
Cooked vegetables 0 25 90 3 45 90 0.20 0.089
Raw vegetables 0 53 141 17 40 80 040 < 0.001
Cakes and cookies 0 36 123 2 30 60 0.20 0.087
Candy 0 23 1 6 30 043 < 0.001
Dairy products 0 100 217 6 85 170 0.50 < 0.001
Milk 0 13 369 0 29 135 045 < 0.001
Pure fruit juice 0 0 167 0 34 160 049 < 0.001
Soft drink and sweet
juice 0 0 148 0 8 48 0.19 0.104
Cod liver oil 0 2 9 0 7 7 042 < 0.001
Coffee* 67 283 647 98 293 683 044 < 0.001
Tea* 0 0 363 0 360 840 061 < 0.001
Sugar in coffee/tea* 0 0 3 0 0 0 0.30 0.