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Abstract 
 

Background 
Studies have shown the health benefits of adequate fruit and vegetable consumption with regards to 

prevention of chronic diseases. To encourage their consumption, health organizations and governments 

have initiated projects as well as set goals as regards the daily intake recommended per person. Results 

from the national dietary surveys in Norway show that consumption of fruits and vegetables have been on 

the increase but the proportion that meets the recommended daily intake is low. The aim of this study was 

to examine the predictors of fruit and vegetable intake at baseline, the predictors of the change in fruit and 

vegetable intake from baseline to second measurement as well as to estimate the proportion of women who 

met the recommended daily intake at baseline and second measurement among participants in the 

Norwegian Women and Cancer study (NOWAC). 

Methods 
A prospective study was performed in the NOWAC cohort. Data on dietary, lifestyle, socioeconomic and 

health-related factors were collected by mailed questionnaires. The change in fruit and vegetable 

consumption among 49,888 women aged 40 – 70 years was investigated using two measurements taken at 

intervals of 4–6 years. We used linear regression analyses to describe the change in fruit and vegetable 

consumption. 

Results 
At baseline, higher education, income and level of physical activity as well as alcohol intake, dieting and 

not living with children were all associated with higher intakes of fruit and vegetable while lower BMI and 

smoking were associated with lower intake of fruit and vegetable. Predictors of increase in fruit intake 

include more years of education, higher physical activity, dieting, and living with children. These factors, 

with the exception of dieting, were also associated with an increase in vegetable intake, in addition to high 

income, high BMI, alcohol consumption and being a former smoker. Older age, alcohol consumption, high 
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income and smoking were associated with a decrease in fruit intake, whereas older age was associated with 

a decrease in vegetable intake. BMI was not a significant predictor of the change in fruit intake, while 

dieting was not a significant predictor of the change in vegetable intake. Region of residence was not a 

significant predictor of the change in fruit or vegetable intake. The proportion of women that met the 

recommended daily intake of fruits increased from 27% at baseline to 35% at second measurement while 

that of vegetable intake increased from 10% to 20%. 

Conclusions 

Fruit and vegetable consumption as well as the proportion of women who met the recommended daily 

intake among participants in the NOWAC study showed an increase over the period studied. The intake of 

fruit and vegetables was influenced by lifestyle, socioeconomic and health related factors. These 

influencing factors should be considered when designing health promotion programs aimed at increasing 

fruit and vegetable intake. 

Key words 

Fruit and vegetable consumption, socioeconomic determinants, lifestyle factors, repeated measurements, 

Norway, women 
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1   Introduction 
 

Fruit and vegetable consumption is an essential component of a healthy diet, and epidemiological evidence 

suggests a relationship between high fruit and vegetable consumption and the prevention of major chronic 

diseases such as heart disease, type II diabetes, obesity and certain cancers (1, 2). What counts as fruits and 

vegetables vary between countries and has also undergone some modification over time with some foods 

being dropped based on nutrient contents and lack of scientific evidence. Juice is sometimes excluded from 

the fruit and vegetable recommendation in some countries (Belgium and Spain) but included with limitation 

in others (Norway) (3). It has however been suggested that since the end goal of increasing fruit and 

vegetable consumption is to improve human health, it might be logical to exclude certain foods that are 

technically fruits and vegetables if their consumption is actually counterproductive to the goal (4). Our 

definition of fruits and vegetables in this thesis will be based on that of Helsedirektoratet, the Norwegian 

Directorate of Health, which excludes potatoes, legumes, nuts and seeds, spices and herbs (5). 

As dietary guidelines are evolving from a primary focus on providing adequate intake of essential nutrients 

in order to prevent nutritional deficiency to an emphasis on reducing the prevalence of chronic diseases 

including cardiovascular disease, cancer, type II diabetes, and obesity (6), fruit and vegetable intake may 

play a more prominent role. To this end, health organizations and governments have set goals as regard the 

daily intake of fruits and vegetables recommended per person, but studies indicate that intakes remain well 

below recommended levels (7).  

In the light of the association between fruit and vegetable intake and health and disease, evaluating current 

intakes of fruits and vegetables in a population including determining what proportion of a population meets 

a set goal intake of fruits and vegetables should be a public health priority (8).  

1.1 Health potentials of fruits and vegetables 
A wide variety of mechanisms have been postulated for the potential disease-preventive effects of 

vegetables and fruit (9). Antioxidant activity, modulation of detoxifying enzymes, stimulation of the 
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immune system, decrease in platelet aggregation, alteration in cholesterol metabolism, modulation of 

steroid hormone metabolism, blood pressure reduction and even antibacterial and antiviral activity have 

been hypothesized as mechanisms (10). Although the exact mechanisms through which fruits and 

vegetables play a role in disease prevention have not been fully defined, the benefits are generally credited 

to the additive and synergistic effects of the phytochemicals found in them (11). Fruits and vegetables are 

an excellent source of important nutrients in the diet, including potassium, folate, vitamin A, vitamin C, 

vitamin E, fiber and many phytochemicals (5). A critical review on vegetable and fruit in the prevention of 

chronic diseases noted that there was convincing evidence that increased consumption of fruits and 

vegetables reduces the risk of hypertension, CHD and stroke (2). Furthermore, it reported that there was 

probable evidence that the risk of cancer in general is inversely associated with the consumption of fruits 

and vegetables. It concluded that a high daily intake of these foods promotes health (2). A positive link 

between vegetable and fruit consumption and bone health has also been suggested (12). Also, higher 

vegetable but not fruit consumption may be associated with slower rate of cognitive decline with older age 

(13).  

However, recent results regarding fruit and vegetable intake and health is less clear cut. While increased 

consumption of vegetables, fruits and berries was associated with a delayed risk of all-cause mortality and 

of mortality due to cancer and stroke in a Norwegian paper (14), a systematic literature review concluded 

that the protective effect of fruits and vegetables on certain cancers is either probable or limited (15). 

Although there have been suggestions that fruit and vegetable intake may be important in weight 

management because they promote satiety, decrease energy intake and possibly reduces fat intake (16, 17), 

a recent systematic review and meta-analysis showed that increased fruit and vegetable intake alone without 

a compensatory reduction in total energy intake had no discernible effect on weight loss (18). With the 

suggestion that increased fruit and vegetable consumption can be used as a strategy to decrease the burden 

of several chronic diseases (2), we wish to examine the change in the intake of fruits and vegetables among 
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participants in the Norwegian women and cancer study (NOWAC) and also identify the significant 

predictors of change. 

1.2 Recommended daily intake of Fruit and Vegetable and current intake in Norway 
 

The WHO recommends consumption of vegetables and fruit (excluding potatoes and other tubers) of at 

least 400 g per day (19). The World Cancer Research Fund recommend 400-800 g per day, or 5 or more 

portions a day, of a variety of vegetables and fruits, all year-round (20). This recommendation excludes 

pulses (legumes) and starchy vegetables and fruits (tubers, starchy roots and plantains). In 1996, the 

Norwegian health authorities recommended at least 2 servings of fruit and berries and 3 servings of 

vegetables (including potatoes) per day, or about 750 g of fruit, vegetables and potatoes per day (21). This 

has since been reviewed, with the current recommendations for adults being a daily intake of 500 g of 

vegetables, fruits and berries (including a maximum of 100 g of juice per person for fruits and berries) with 

potatoes excluded. The optimal ratio is unclear but it is recommended that about half should be vegetables 

and the other half fruits and berries (including a maximum of 100 g of juice per person) (22). 

The Norwegian health authorities conduct national dietary surveys such as Norkost periodically and assess 

the proportion of the population that meet its set goal for intake of fruits and vegetables. In the third national 

dietary survey (Norkost 3) conducted during 2010-2011, the recommended level of vegetable intake was at 

least 250 g per day per person and that of fruits and berries (including a maximum of 100g of juice) was at 

least 250 g per day per person. Diet was assessed in 862 men and 925 women aged between 18 and 70 

years, the mean intake of vegetables, fruits, berries and juice were 363 g per day for men and 387 g per day 

for women. 34% of the male participants and 41% of the female participants met the recommended level 

of intake of fruits and berries. The recommended level of vegetables was achieved by about 15% of men 

and women (23). On the other hand, a previous cross sectional study based mainly on the first national 

dietary survey (Norkost 1) conducted in 1993-1994 reported that on average, only 8% of women and 10% 

of men had an absolute intake of at least 750 g/day of potatoes, vegetables, fruits, berries and juice which 
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was recommended then by the Norwegian Nutrition Council (24). The Norkost 2 survey conducted in 1997 

among 1,298 men and 1,374 women reported that only 12% had intakes of at least 750 g/day. The average 

daily intake was 453 g and 448 g respectively among men and women which was significantly lower than 

the recommended intake (25). The frequency of consumption and intake in grams per day was found to be 

highest in the oldest age groups of women. 

1.3 National promotion activities 
Over the past twenty years, a variety of campaigns have been conducted to inform individuals of the benefits 

of fruit and vegetable consumption, with health policy objectives and international and national dietary 

guidelines serving as foundation for these campaigns (26). Campaigns now advise people to eat five 

portions of fruit and vegetables daily, adopting the well-known simple message of ‘5 A Day’, initiated in 

the United States and extended to several countries (27). The ‘fem om dagen’ was first launched in 1996 in 

Norway by the National Nutrition Council and updated in 2011 encourage individuals to eat 5 portions of 

fruits, berries and vegetables every day. It has however been suggested that since different types of fruit 

and vegetables have different nutritional attributes. For example, avocado is an excellent source of vitamin 

E, but is also high in fat, consumers need to be encouraged to eat fruits and vegetables with a range of 

nutritional characteristics by emphasizing variety, e.g. by stating “eat five different fruits and vegetables a 

day” (28). Evaluations of the 5-a-day program show that it has increased the consumption of fruit and 

vegetables (29, 30) but results in Norway are not ambiguous (31).  

Other national initiatives to promote fruits and vegetable consumption in Nordic countries include projects 

such as ‘fruits and vegetables against cancer’, ‘Fruits and vegetables at school’ and ‘Green canteens’ at 

worksites (9). 

 

1.4  Predictors of fruit and vegetable consumption 
Certain variables have been shown to influence the consumption of fruits and vegetables. The influence of 

these variables on fruit and vegetable intake may differ in cross sectional (baseline) and longitudinal 
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(change) analyses. Below are some variables that have been examined in other studies and shown to 

influence fruit and vegetable intake.  

Age: While some studies have demonstrated that fruit and vegetable consumption increased with age (32-

34), other studies reported that prevalence of low fruit and vegetable consumption tended to increase with 

age (35, 36).  

Education: Studies have reported a positive association between fruit and vegetable consumption and 

education (37-40). 

Income: Income is an important determinant of the consumption of fruits and vegetables. It has been shown 

that people living in households with higher income had a greater fruit and vegetable consumption (40, 41). 

It is generally assumed that because low-income families have more restricted budgets for food, their 

priorities are energy dense foods; therefore, fruit and vegetables may be overlooked (32). But it has been 

reported that in regions where fruit and vegetable consumption is more common, the lower social classes 

tend to consume more of these than the higher social classes as the former may have better access to cheaper 

fruits and vegetables (42). Another study reported that the significant association between income and fruit 

and vegetable consumption disappeared after the effect of education was taken into account (43). 

Living with children: Living with children has been shown to have a positive influence on consumption of 

fruits and vegetables (44). 

Region of residence: Place of living within a country is also an important determinant of fruit and vegetable 

consumption (26, 40, 45). This within country variation in fruit and vegetable consumption has been linked 

to structural characteristics such as availability (42). 

Smoking status: A consistent pattern of greater intake of fruit and vegetable among non-smokers have been 

reported (32, 45-49). It has been suggested that this association could be due to the tendency of healthy and 

unhealthy habits to cluster, in particular, heavy smokers have shown the most unhealthy dietary profiles 

(50). 
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BMI: BMI has been shown to be significantly and inversely associated with fruit and vegetable 

consumption, so that fruit and vegetable consumption increased with decreasing BMI (32, 51). 

Physical activity: Individuals who are physically more active have higher frequency of fruit and vegetable 

consumption than others (24, 32, 39, 52). This may be part of a general health consciousness trend (53). 

Alcohol intake: A mixed association was observed. While higher consumption of fruits and vegetables was 

found among non-drinkers (38), other studies found that never drinkers had lower fruit and vegetable intake 

compared to regular and occasional drinkers (32, 54). 

Dieting: While studies have shown the efficacy of high fruit and vegetable intake on weight management 

in overweight individuals and obese dieters beyond the effects of change in macronutrient consumption, 

energy intake and fiber content (55, 56), it has been suggested that further prospective investigations are 

necessary to elucidate the independent role of fruits and vegetables on weight control (56).  

Other variables not included in our study: Meal type play an important role in fruit and vegetable intake 

with dinner being the most important meal for intake of vegetables while snack meals were the most 

important for the intake of fruits (57). Consumption of fruits and vegetables was also found to be higher 

among subjects who paid attention to a healthful diet (24). Consumption of fruits and vegetables have also 

been shown to vary across neighborhoods suggesting that factors such as socioeconomic status, 

psychological and social factors are important in shaping these behaviors (58). Social involvement (also 

referred to as social participation) and community garden participation have been reported to be 

significantly associated with fruit and vegetable consumption in different populations (45, 59-61). 

Furthermore, it has been shown that women have higher consumption of fruit and vegetables than men, 

which may be a result of their higher level of nutritional knowledge, as well as them being more health 

conscious (61). Household structure is also an important determinant of fruit and vegetable consumption 

(40). While it was observed that single/never married individuals consumed more fruits and vegetables 

compared to other marital groups (32), other studies demonstrated that married people consume more fruit 
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and vegetables (44, 51), while another study found no relationship (35). The manual social class and those 

in receipt of benefits were negatively associated with fruit and vegetable consumption (45). 

1.5 Differences and trends in fruit and vegetable consumption in Europe 
Fruit and vegetable intake still varies considerably between countries, in large part reflecting the prevailing 

economic, cultural and agricultural environments (26). In a study in 2002 to compare the consumption of 

fruit and vegetable among men and women from the centres participating in the European Prospective 

Investigation into Cancer and Nutrition (EPIC), the highest consumption of fruit and vegetables was seen 

in Spain (721 g/day for men in Murcia) and Italy while the lowest consumption was found in Sweden (225 

g/day for men in Umea), followed by the Netherlands, Norway, the United Kingdom and Denmark (26). 

The study observed that women consume similar amounts of fruit and vegetables to men, except in Greece, 

Italy and Spain, where men have appreciably higher consumption. Within-country variation in intake, 

which appears to be larger in men than for women, have also been reported (26). These differences range 

between 36 g/day in Norway and 67 g/day in Finland for women and up to 200 g/day for men in Spain (26). 

In 2014, a study was carried out to estimate total fruit and vegetable consumption for forty-five countries 

across eastern, central and western Europe using the food balance sheet data. Of the forty-five countries, 

twenty-five had fruit and vegetable consumption equal to or greater than the WHO recommended daily 

intake of 400 g/day and twenty had less than that amount (62). The average amount of fruit and vegetables 

consumed ranged from 192 g/day in Latvia to 824 g/day in Greece. Norway was ranked 24th on the hierarchy 

with a consumption of 417 g/day (62). 

In general, fruit and vegetable consumption was highest in southern Europe (600 g/day) followed by 

northern Europe (434 g/day) and western Europe (387 g/day), and lowest in eastern Europe (310 g/day) 

(62, 63). 
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1.6  Aims of the study 
 

This thesis is a prospective study which seeks to describe the change and predictors of change in fruit and 

vegetable intake between 1996-2005 among participants in the Norwegian women and cancer study 

(NOWAC) using a repeated measures design. The use of a repeated measures design provide an opportunity 

to understand the stability and direction of the change in diet of a population using data on the individual 

level. The knowledge generated can inform public health actions to increase the intake of these healthy 

food items. 

The aims of this master thesis are to examine: 

1. The predictors of fruit and vegetable intake at baseline.  

2. The predictors of change in fruit and vegetable intake from baseline to second measurement.  

3. The proportion of women that met the daily recommendations for fruits and vegetables at baseline 

and second measurement based on the current dietary guideline of 500 g/day of fruits, berries and 

vegetables. 
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2   Material and Methods 
 

The NOWAC study is a national, population-based prospective cohort study which was initiated in 1991 

(64). The primary aim of this large cohort study was to investigate the association between oral 

contraceptive use and breast cancer risk, but it has been expanded to other outcomes and risk factors. The 

study is based on sampling from the national population register of Norway to ensure representativeness 

and adequate external validity to estimate relative risks and population attributable fractions (65). The 

selected women received letters of invitation together with the questionnaire. The cohort includes 172,478 

women aged 30–70 years at recruitment. Some of the women have repeated collection of information after 

4-6 years (2 or 3 measurements including baseline) (64, 66).  

Participants were enrolled in three main waves in a stepwise manner (appendix 1). The first participants 

were enrolled in 10 mailings in 1991. The second wave of enrollment took place between 1995 and 1997, 

and the third wave in 2003-2007. In the period 1998-2002 those in the first 24 mailings were invited to 

answer a second questionnaire. A third questionnaire was sent to parts of the cohort in 2004-2005 and 2011. 

Written reminders were sent once or twice within each mailing. Details of the NOWAC study, its scientific 

rationale, design, and baseline characteristics have been published elsewhere (64). The response rates for 

the first, second and third questionnaires were 57.5%, 81% and 79% respectively.  

2.1  Subjects 
 

For this study we included participants who had answered at least two questionnaires (two measurements) 

on fruit and vegetable consumption. The questionnaires used as the first measurement for this study were 

those completed by participants during the period 1996 –1998 (first or second questionnaire). The 

questionnaires used as second measurement for this study were the follow-up questionnaires completed by 

the same participants during the period 2002–2005 (second or third questionnaire). This was done because 

all of the first questionnaires did not contain a comprehensive set of fruit and vegetable questions. 
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Fig.2.1 Selection of the Study Population 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

172,478 

Cohort size 

101,321 

Had information on total 
fruit and vegetable intake 
in baseline questionnaire 

88,172 

Eligible and invited 
for second wave 

62,631 

Had information on fruit 
and vegetable intake at 

both measurements 

49,888 

Included in the study 

71,157 

No fruit and vegetable information in 
baseline questionnaire 

5,583 

Declined participation in second wave 

7,566 

Dead or emigrated before second 
wave 

25,541 

Non-responders 

11,568 

Excluded for missing information on 
covariates 

8,814 

Had information 
on dieting 

 

1,175 

Excluded due to implausible daily 
energy intake 



 

12 
 

Figure 2.1 shows the selection of the study population. A total of 101,321 participants were available for 

inclusion in the present study based on the availability of information on fruit and vegetable consumption 

in their baseline questionnaires. Of this number, 88,172 were invited for the second wave. Others were 

either dead or emigrated (7,566) or declined to participate (5,583). We excluded 25,541 participants who 

were non-responders. After further exclusions of 11,568 women for baseline missing information on 

selected covariates, and 1,175 women due to implausible daily energy intakes (<2,500 KJ, >15,000 KJ) 

49,888 women were finally included in the present analyses. We also performed separate analyses in a sub-

group of 8,814 women who had information on dieting.  

2.2  Measurement of Fruit and Vegetable Intake 
  

Fruits and vegetables are commonly grouped together when discussing nutrition and health but it may be 

preferable to discuss them separately (57) as we have done. This is because while fruits are most commonly 

eaten raw, vegetables are consumed either raw or cooked. Besides, intake patterns for fruits and vegetables 

have been shown to differ in that they are consumed in different meals (57, 67). Also, studies have shown 

that the proportion that meet the recommended daily intake of fruits and vegetables differ (23). Furthermore, 

it has been reported that the determinants of fruit and vegetable consumption differ (67). 

Intake of fruits and vegetables can be assessed in many ways, such as with use of dietary biomarkers, 

frequency of consumption or amount consumed (68, 69). Fruit and vegetable intake in our study was 

assessed using a semi-quantitative food frequency questionnaire (FFQ) which contains detailed questions 

on dietary habits. It consisted of a long list of specific food items and assessed the frequency with which 

each item was consumed and often the usual portion size consumed. The portion size was assessed by 

means of natural units and household measures. The participants were asked to record how often they 

consumed various kinds of fruits and vegetables per day during the preceding year. Seven responses were 

possible for fruit intake, ranging from ‘never/seldom’ to ‘two or more times per day’. For each vegetable, 

seven options were available ranging from ‘never/seldom’ to ‘6-7 times per week’. Three or four portion 
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sizes specific to each vegetable were specified and participants were asked how much they eat each time. 

We applied standard portions for other vegetables and onion. Standard portions were used for fruits, and 

only frequency of consumption was assessed. The final quantity derived from the frequency and portion 

size was calculated to give the daily intake in grams. The weights and portions used were derived from the 

Norwegian weights and measures table (70).  

The fruits assessed in the NOWAC questionnaires include apples/pears, oranges, bananas, strawberries, 

other berries and other fruits while the vegetables include carrots, cabbage, tomatoes, onions, swede, 

cauliflower, mixed salad, mixed vegetables, and other vegetables. Berries were added to the fruit questions 

in more recent questionnaires while tomatoes and onions were added for vegetables (71). 

The NOWAC FFQ has been thoroughly validated by 24-hour dietary recalls (72), a test-retest study (73) 

along with a study of how to handle missing values in dietary intake calculations (74) and against serum 

phospholipid fatty acid composition as biomarkers of fatty fish consumption (75). In a validation study 

comparing diet measures from a FFQ with measures from repeated 24HDR, the median calibration 

coefficient calculated by regression of the 24HDR data on the FFQ data was 0.57 for foods and 0.38 for 

nutrients. This shows that the NOWAC FFQ has good ability to rank subjects according to food eaten 

frequently and macronutrients expressed as percentage of energy intake (72). 

2.3       Statistical Analysis 
 

The statistical analyses were performed with IBM SPSS version 21. All p-values below 0.05 were 

considered statistically significant. Some independent variables had to be transformed before inclusion in 

the analyses-: 

We calculated BMI using self-reported weight in kilograms divided by the square of self-reported height in 

metres. Physical activity was measured by a 10-scale categorical measure of total physical activity. In order 

to classify the women as never, current and former smokers, the women were asked “Have you ever 

smoked”, and next “If yes, are you currently a daily smoker?”. The women were also asked the number of 
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years of education completed. The variable ‘living with children’ was generated by combining the existing 

variables; ‘household size’ and ‘marital status’. Women who were married/living with a partner, and 

reported no more than two people in the household or women who were single, widowed or divorced and 

reported one person in the household were categorized as ‘not living with children’. Women categorized as 

‘living with children’ were the single, widowed or divorced who reported at least two persons in the 

household, and the women who answered that they were married or cohabiting and reported more than two 

persons in the household. The median alcohol intake among drinkers in our study was 4.3 g/day. Alcohol 

intake was thus categorized into three (non-drinker, median and below intake, and above median intake).  

The independent variables examined were income ( <150,000; 150,000-300,000; 301,000-450,000;  

451,000–600,000, >600,000 Norwegian Kroner (NOK)), education (≤9, 10-12 and ≥13 years), age (40–49, 

50–59, >60 years), region of residence (Oslo (capital), North Norway, South Norway, East Norway, West 

Norway, Mid Norway), smoking status (never, former, current), body mass index (BMI [Kg/m2]: ≤ 19.99: 

underweight, 20-24.99: normal weight, 25-29.99: overweight, ≥30: obese), physical activity (1-3: low, 4-

7: moderate, 8-10: high), living with children (yes/no), dieting (yes/no), alcohol intake (non-drinker, median 

and below intake and above median intake).  

For baseline data on lifestyle and socioeconomic characteristics, the intake of fruits and vegetables were 

presented as median intakes with their corresponding percentiles (5th and 95th). Statistical comparison 

between groups of the independent variables were made using Mann-Whitney U test for variables with two 

categories and Kruskal-Wallis test for variables with more than two categories. Median consumption of 

each fruit and vegetable was also computed. Finally, we computed the proportion (%) of women who ate 

at least 250 g day-1 of fruits and vegetables (taken separately) at each measurement; this is the minimum 

recommended intake in Norway.   

Linear regression analyses with 95% confidence intervals (CI) were performed separately for intake of 

fruits and vegetables in both age-adjusted and multivariable models where all variables were mutually 

adjusted to examine the predictors of change. Intake of fruits or vegetables at second measurement was the 
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dependent variable in the linear regression analyses. All regression analyses were adjusted for fruit or 

vegetable intake at baseline respectively, and thus providing equal estimates as for change in fruit/vegetable 

intake as the outcomes. For instance; 

Let Y= fruit and vegetable intake at second measurement 

X1 = fruit and vegetable intake at first measurement 

X2,…,Xk are predictors 

Then  

Y-X1 = change in fruit and vegetable intake 

 

The regression equation using change as dependent variable 

Y-X1 = β0 +  β1X1+ β2X2+ … + βkXk 

 Y = β0 + (β1
 + 1)X1+ β2X2+ … + βkXk     (1) 

 

The regression equation using fruit and vegetable intake at second measurement 

Y = β0
’ +  β1

’X1+ β2
’X2 + … + βkXk  (2) 

 

Comparing (1) and (2) gives that the regression parameters are equal for the two models except for X1, 
where β1

’ = β1 + 1 

Thus, the estimated regression coefficients for all the predictors will be equal when the models are adjusted 
for fruit and vegetable intake at first measurement. 

 

Separate multivariable analyses were also performed for women with information on dieting. The 

dependent variable was tested for normal distribution and was normalized by log-transformation because 

of skewness of the data distribution. Because of the zero values in the data distribution, a constant (100) 

was added to all the numbers during the log transformation. Results were presented as estimates (∆) of the 

increase/decrease in fruit or vegetable intake per defined unit of change in the independent variable with 

corresponding 95% CI and P-values (76). These represent the percentage change in intake from first to 



 

16 
 

second measurement per unit change in the independent variable. The values were back-transformed from 

log values. 

Tests for multicollinearity, outliers, normality, linearity and homoscedasticity in our linear regression 

analysis showed these assumptions were not violated.  

2.4 Ethical Consideration and Consent 
 

The Regional Ethical Committee of North-Norway and the Norwegian Data Inspectorate approved the 

NOWAC study. The women included in the NOWAC study gave informed consent.   
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3   Results  
The mean age of the women at inclusion was 50 years. The baseline median intake of fruits and vegetables 

of the women in our study was 163 g/day (P5-P95: 23-472) and 120 g/day (P5-P95: 34-300) respectively, 

while that of the entire cohort was 167 g/day (P5-P95: 17-486) and 119 g/day (P5-P95: 27-310) 

respectively. Apples and pears (measured together) were the most frequently eaten fruits among the women 

while carrot was the most frequently eaten vegetable (appendices 5 and 6). Tests using Pearson correlation 

showed a significant, fair and positive correlation between fruit and vegetable intake (r = 0.32, p ≤ 0.001) 

3.1 Predictors of fruit and vegetable intake at baseline 
 

Table 3.1.1 shows the fruit and vegetable intake by health-related, lifestyle and demographic baseline 

information from participants. Median intakes of fruits and vegetables showed that higher education, 

income and level of physical activity as well as alcohol intake, dieting and not living with children were all 

associated with higher intakes of fruit and vegetable. The underweight group had the lowest intake of fruit, 

while the overweight (and the normal weight) had the highest intake. Although significant, the difference 

in vegetable intake between the BMI-groups was less than five grams. Current smokers had the lowest fruit 

and vegetable intake, larger difference were seen for fruit than for vegetables. The median intake of fruits 

and vegetables was highest among the age group 50-59. Median intake of fruits was lowest in the age group 

40-49 while the median intake of vegetables was lowest among women 60 years and older (Table 3.1.1). 

Women living in the north of Norway had the lowest median intakes of fruits and vegetables while the 

women living in the West of Norway and the capital, Oslo had the highest median intakes of fruits and 

vegetables respectively. 

For all variables mentioned above, the differences between the categories were statistically significant. The 

difference in daily intake between the highest and lowest ranked categories of income, physical activity, 

and between the never smokers and current smokers was about ½ of a fruit. While the difference in daily 

intake between the highest and lowest consumers of fruit in the variables age, education, and region of 
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residence was about ¼ of a fruit, the difference in daily intake between the highest and lowest consumers 

in the variables living with children, BMI, alcohol intake and dieting was less than ¼ of a fruit.   

The difference in daily intake of vegetables between the highest and lowest ranked categories of income 

and physical activity was well over ¼ of a vegetable whereas that observed in the categories of education, 

region, and alcohol intake was about ¼ of a vegetable. The difference observed between the highest and 

lowest consumers in the categories of dieting, BMI, living with children, and age was much less than ¼ of 

a vegetable. 
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Table 3.1.1. Median intake (g/day) of fruits and vegetables by health-related factors, lifestyle factors 
and demographic information of study participants (N = 49,888) at baseline 

  Fruit intake  Vegetable intake 
Variable  n Median (P5-P95) 

  
Median (P5-P95) 

Age (Years) 
  40-49 22,622 147 (20-434) 118 (34-295) 
  50-59 22,714 174 (23-486) b 122 (33-311) b 
  ≥60 4,552 163 (17-436) 105 (25-268) 
Education (Years) 
  ≤9 11,582 141 (16-432) 103 (24-283) 
  10-12 17,088 158 (23-467) b 116 (32-296) b 
  ≥13 21,218 173 (27-486) 130 (40-312) 
Income (,000) NOK 
  <150 3,778 134 (7-431) 100 (19-287) 
  151-300 14,731 150 (19-456) 110 (29-292) 
  301-450 14,515 158 (23-456) b 118 (35-296) b  
  451-600 10,607 170 (26-477) 126 (40-304) 
  >600 6,257 184 (32-491) 142 (45-325) 
Living with children 
  No  25,810 168 (20-486) c 120 (31-304) c 
  Yes  24,078 154 (23-442) 118 (35-297) 
Region  
  Oslo  4,389 167 (17-486) 131 (33-324) 
  East  17,080 167 (23-483) 124 (37-308) 
  South  2,282 161 (23-473) b 120 (38-303) b 
  West  10,372 174 (26-486) 125 (36-311) 
  Mid  3,745 161 (23-455) 117 (35-293) 
  North  12,020 141 (17-423) 114 (25-271) 
Smoking status 
  Never  19,333 174 (32-486) 119 (36-291) 
  Former  16,514 173 (27-486) b 124 (35-312) b 
  Current  14,041 126 (14-399) 113 (27-299) 
BMI category 
  Underweight  3,236 142 (14-463) 116 (29-299) 
  Normal weight 27,675 163 (23-472) b 119 (34-298) b 
  Overweight  14,618 167 (23-477) 120 (34-300) 
  Obese  4,359 151 (17-472) 120 (28-322) 
Physical activity 
  Low  6,212 134 (14-424) 103 (24-279) 
  Moderate  36,602 163 (23-462) b 119 (35-293) b 
  High  7,074 181 (23-508) 134 (36-345) 
Alcohol intake 
  Non-drinker 9,932 154 (17-474) 106 (24-286) 
  Median intake & below 25,581 166 (23-473) b 117 (33-300) b 
  Above median intake 14,375 162 (21-472) 131 (40-311) 
Dietinga 
  Yes  2,943 208 (33-492) c 155 (50-372) c 
  No  5,871 194 (23-491) 142 (41-337) 

aN=8,814  bp<0.05 in Kruskal-Wallis test for significant differences in fruit or vegetable intake between groups 

cp<0.05 in Mann-Witney U test for differences in fruit or vegetable intake between groups 

P5-P95: 5th-95th percentile 
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3.2 Predictors of change in fruit and vegetable intake from baseline to second 
measurement 
 

Table 3.2.1 Percentage change (∆) in fruit intake from baseline to second measurement in 
age-adjusted linear regression analysis by baseline characteristics. The NOWAC study1.  

Lifestyle, socioeconomic and health-related  
variables 

∆ 95 % CI 
 

p-value *R2 
 

 
Adjusted for fruit intake at baseline2 
Age (Years) (Ref. 40 – 49) 
  50 - 59 -3 -3 -2 <0.001 0.30 
  ≥60 -8 -9 -7 <0.001  
Adjusted for age and fruit intake at baseline 
 
Education (Years) (Ref. ≤9) 
  10 - 12 2 1 3 <0.001  
  ≥13 4 3 5 <0.001 0.30 
 
Income (NOK) (ref. 301,000 – 450,000) 
  <150,000 -5 -7 -3 <0.001  
  151,000-300,000 -1 -2 0 0.07  
  451,000 – 600,000 1 0 2 0.16 0.30 
  >600,000 -3 -4 -1 <0.001  
 
Living with children (ref. No) 
 2 1 3 <0.001 0.30 
Region of residence (Ref. Oslo) 
  East (except Oslo) 1 0 3 0.07  
  South 2 0 5 0.04  
  West 3 1 4 <0.001 0.30 
  Mid -1 -3 1 0.41  
  North 1 -1 2 0.43  
 
Smoking status (Ref. Never) 
  Former -3 -3 -2 <0.001 0.31 
  Current -9 -10 -8 <0.001  
 
BMI (Ref. Normal) 
  Underweight  -2 -3 0 0.05  
  Overweight -1 -1 1 0.34 0.30 
  Obese -1 -3 1 0.14  
 
Physical activity (Ref. Moderate) 
  Low -3 -5 -2 <0.001 0.30 
  High  0 -1 1 0.55  
 
Alcohol intake (ref. Non-drinker) 
  Median intake and below -2 -3 -1 <0.001 0.30 
  Above median intake -3 -5 -2 <0.001  
 
Dieting (ref. No)3 
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Lifestyle, socioeconomic and health-related  
variables 

∆ 95 % CI 
 

p-value *R2 
 

 
 -4 -6 -3 <0.001 0.29 

1n=49,888. ∆ Estimates are reported as percentage change in fruit intake per defined unit of change in 
lifestyle/socioeconomic/dietary variable. The percentage change estimates were derived from regression with log-transformed 
dependent variable. The results shown are back-transformed from log values. 

2The dependent variable was fruit intake at second measurement. Intake at second measurement adjusted for baseline intake = 
change 

3n=8,814 

P, significance value, CI, confidence interval; BMI, body mass index; ref., reference (∆=0) 

NOWAC: The Norwegian women and cancer study 

*R2 Variation in intake of fruit explained by variables. 

 

 

Table 3.2.1 and Table 3.2.2 show the regression estimates (∆) indicating the percentage change in fruit 

intake per defined unit of fruit intake per category of dietary, lifestyle or socioeconomic variable with the 

corresponding 95% CI and P values in age-adjusted and multivariable linear regression analysis 

respectively. From Table 3.2.1, being in the age group 50-59 or ≥60 years at baseline was associated with 

a decrease in fruit intake compared to being in the age group 40-49, the larger decrease was for the age 

group ≥60 years. More years of education was associated with an increase in fruit intake. The highest and 

lowest income groups were associated with a decrease in fruit intake compared to the income group 

301,000-450,000 NOK. Living with children was associated with an increase in fruit intake compared to 

not living with children. Living in the South or West of Norway was associated with an increase in fruit 

intake compared to living in the capital Oslo. Being a former or current smoker was associated with a 

decrease in fruit intake compared to never smokers, but the decrease was larger for current smokers. 

Engaging in low level of physical activity was associated with a decrease in fruit intake compared to 

engaging in moderate level of physical activity. Consumption of alcohol and dieting were both associated 

with a decrease in fruit intake.   
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Table 3.2.2 Percentage change (∆) in fruit intake from baseline to second measurement in 
multivariable linear regression analysis by baseline characteristics. The NOWAC study1. 

 

Lifestyle, socioeconomic and health-related  
variables 

∆ 95 % CI p-value 

Baseline fruit intake (100 g)2 
 230 223 238 <0.001 
Age (Years) (Ref. 40-49) 
  50-59 -2 -3 -1 <0.001 
  ≥60 -7 -8 -5 <0.001 
 
Education (years) (Ref. ≤9 years) 
  10-12 1 0 2 0.03 
  ≥13 3 2 4 <0.001 
 
Income (NOK) (ref. 301,000–450,000) 
  <150,000 -3 -5 -2 <0.001 
  151,000-300,000 0 -1 1 0.68 
  451,000–600,000 0 -1 1 0.61 
  >600,000 -4 -5 -2 <0.001 
 
Living with children (ref. No) 
 1 0 2 0.01 
 
Region of residence (Ref. Oslo) 
  East (except Oslo) 1 -1 2 0.41 
  South 1 -2 3 0.59 
  West 1 0 3 0.10 
  Mid -2 -3 0 0.09 
  North 0 -1 2 0.81 
 
Smoking status (Ref. Never) 
  Former -2 -3 -1 <0.001 
  Current -8 -9 -7 <0.001 
 
BMI (Ref. Normal) 
  Underweight  -1 -3 0 0.12 
  Overweight 0 -1 0 0.34 
  Obese -1 -3 0 0.19 
 
Physical activity (Ref. Moderate) 
  Low -3 -4 -1 <0.001 
  High  0 -2 1 0.42 
 
Alcohol intake (ref. Non-drinker) 
  Median intake and below -1 -2 0 0.03 
  Above median intake -3 -4 -1 <0.001 
 
Dieting (ref. No)3 -3 -5 0 0.02 
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1n=49,888. ∆ Estimates are reported as percentage change in fruit intake per defined unit of change in 
lifestyle/socioeconomic/dietary variable. The percentage change estimates were derived from regression with log-transformed 
dependent variable. The results shown are back-transformed from log values. 

2The dependent variable was fruit intake at second measurement. Intake at second measurement adjusted for baseline intake = 
change. 

 P, significance value, CI: confidence interval, BMI: body mass index, NOWAC: The Norwegian women and cancer study; ref., 
reference (∆=0) 

3Separate analysis for dieting n=8,814 

R2 Variation in intake of fruit explained by variables = 0.31 

 

 

 

The factors most strongly associated with a decrease in fruit intake were being 60 years old or more (8%) 

and being a current smoker (9%). The factor most strongly associated with an increase in fruit intake was 

having 13 or more years of education (4%). All the results presented above are statistically significant. BMI 

was not a significant predictor of the change in fruit intake. After mutual adjustment (Table 3.2.2), the trend 

in the results were still similar but weakened and the regions of residence were no longer statistically 

different from the capital, Oslo. Our model explained 31% of the variation in the change in fruit intake. 

Baseline fruit intake was the strongest predictor of the increase in fruit intake at second measurement, with 

each 100 g higher intake of fruits at baseline being directly associated with a 228% higher intake of fruits 

at second measurement. 
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Table 3.2.3 Percentage change (∆) in vegetable intake from baseline to second measurement 
in age-adjusted linear regression analysis by baseline characteristics. The NOWAC study1. 

 

Lifestyle, socioeconomic and health-
related  variables 

∆ 95 % CI 
 

p-value *R2 
 

 
Adjusted for vegetable intake at baseline2 
Age (years) (Ref. 40 – 49) 
  50 - 59 -4 -5 -4 <0.001 0.34 
  ≥60 -16 -17 -15 <0.001  
Adjusted for age and vegetable intake at baseline 
 
Education (years) (Ref. ≤9) 
  10 - 12 5 4 6 <0.001  
  ≥13 9 8 10 <0.001 0.35 
 
Income (NOK) (ref. 301,000 – 450,000) 
  <150,000 -7 -8 -5 <0.001  
  151,000-300,000 -2 -3 -1 <0.001  
  451,000 – 600,000 3 2 4 <0.001 0.35 
  >600,000 6 5 7 <0.001  
 
Living with child (ref. No) 
 1 0 1 0.19 0.34 
Region of residence (Ref. Oslo) 
  East (except Oslo) -1 -2 0 0.14  
  South 0 -2 2 0.88  
  West 0 -1 1 0.95 0.35 
  Mid -1 -3 0 0.06  
  North -9 -10 -8 <0.001  
 
Smoking status (Ref. Never) 
  Former 1 1 2 <0.001 0.34 
  Current -3 -3 -2 <0.001  
 
BMI (Ref. Normal) 
  Underweight  0 -1 1 0.71  
  Overweight 0 -1 1 0.37 0.34 
  Obese 1 0 3 0.02  
 
Physical activity (Ref. Moderate) 
  Low -4 -5 -3 <0.001 0.34 
  High  1 1 2 <0.001  
 
Alcohol intake (ref. Non-drinker) 
  Median intake and below 3 2 4 <0.001 0.34 
  Above median intake 6 5 7 <0.001  
 
Dieting (ref. No)3 
 -1 -2 1 0.39 0.30 
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1n=49,888. ∆ Estimates are reported as percentage change in vegetable intake per defined unit of change in 
lifestyle/socioeconomic/dietary variable. The percentage change estimates were derived from regression with log-transformed 
dependent variable. The results shown are back-transformed from log values. 

2The dependent variable was vegetable intake at second measurement. Intake at second measurement adjusted for baseline intake 
= change. 

3n=8,814. 

P, significance value; CI, confidence interval; BMI, body mass index; ref., reference (∆=0) 

NOWAC: The Norwegian women and cancer study 

*R2 Variation in intake of vegetable explained by variables. 

 

 

Table 3.2.3 and Table 3.2.4 show the regression estimates (∆) indicating the percentage change in vegetable 

intake per defined unit of vegetable intake per category of dietary, lifestyle or socioeconomic variable with 

the corresponding 95% CI and P values in age-adjusted and multivariable linear regression analysis 

respectively. From table 3.2.3, being in the age groups 50-59 and ≥60 years at baseline compared to the 

reference age group 40-49 was associated with a decrease in vegetable intake, the decrease being larger for 

the age group ≥60 years. Compared to having 9 or less years of education, having between 10-12 years and 

13 or more years of education was associated with an increase in vegetable intake, and the increase was 

found to be larger with higher levels of education. The income groups below the reference group (301,000-

450,000 NOK) had a progressive decrease in vegetable intake while those above the reference group had a 

progressive increase. Living in the north of Norway was associated with a decrease in vegetable intake 

compared to living in the capital Oslo. Being a former or current smoker was associated with an increase 

and decrease in vegetable intake respectively compared to never smokers. Being obese was associated with 

an increase in vegetable intake compared to having a normal weight. Engaging in low level of physical 

activity or high level of physical activity was associated with a decrease and increase in vegetable intake 

respectively compared to engaging in moderate level of physical activity. Alcohol consumption was 

associated with an increase in vegetable intake.   
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Table 3.2.4 Percentage change (∆) in vegetable intake from baseline to second measurement 
in multivariable linear regression analysis by baseline characteristics. The NOWAC study1. 

 

Lifestyle, socioeconomic and health-related  
variables 

∆ 95 % CI p-value 

Baseline vegetable intake (100 g)2 
 285 277 294 <0.001 
Age (years) (Ref. 40-49) 
  50-59 -3 -4 -2 <0.001 
  ≥60 -10 -12 -9 <0.001 
 
Education (years) (Ref. ≤9 years) 
  10-12 3 2 4 <0.001 
  ≥13 5 4 6 <0.001 
 
Income (NOK) (ref. 301,000–450,000) 
  <150,000 -4 -5 -2 <0.001 
  151,000-300,000 -1 -2 0 <0.001 
  451,000–600,000 2 1 2 <0.001 
  >600,000 4 3 5 <0.001 
 
Living with children (ref. No) 
 1 0 1 0.05 
 
Region of residence (Ref. Oslo) 
  East (except Oslo) 0 -1 1 0.80 
  South 1 -1 3 0.22 
  West 1 0 2 0.05 
  Mid 0 -2 1 0.89 
  North -6 -7 -5 <0.001 
 
Smoking status (Ref. Never) 
  Former 1 0 2 <0.001 
  Current 0 -1 1 0.96 
 
BMI (Ref. Normal) 
  Underweight  0 -2 1 0.46 
  Overweight 2 1 2 <0.001 
  Obese 4 3 5 <0.001 
 
Physical activity (Ref. Moderate) 
  Low -4 -4 -3 <0.001 
  High  2 1 3 <0.001 
 
Alcohol intake (ref. Non-drinker) 
  Median intake and below 2 1 3 <0.001 
  Above median intake 4 3 5 <0.001 
 
Dieting (ref. No)3 0 -2 2 0.96 
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1n=49,888. ∆ Estimates are reported as percentage change in vegetable intake per defined unit of change in 
lifestyle/socioeconomic/dietary variable. The percentage change estimates were derived from regression with log-transformed 
dependent variable. The results shown are back-transformed from log values. 

P, significance value; CI, confidence interval;  BMI, body mass index;  NOWAC, The Norwegian women and cancer study; ref., 
reference (∆=0) 

2The dependent variable was vegetable intake at second measurement. Intake at second measurement adjusted for baseline intake 
= change. 

3Separate analysis for dieting n=8,814 

R2 Variation in intake of vegetable explained by variables = 0.36 

 

 

 

Some of the factors most strongly associated with a decrease in vegetable intake were being 60 years old 

or more (16%), living in the north (9%), being in the lowest income category (7%) and low level of physical 

activity (4%). The factors most strongly associated with an increase in vegetable intake were having 13 or 

more years of education (9%), being in the highest income category (6%), and alcohol consumption above 

the median intake (6%). All the results presented above are statistically significant. Living with children 

and dieting were not significant predictors of the change in vegetable intake. After mutual adjustment 

(Table 3.2.4), the trend in the results were still similar but weakened while obesity had become stronger. 

However, being a current smoker was no longer a significant predictor of the change in vegetable intake. 

Our model explained 36% of the variation in the change in vegetable intake. Baseline vegetable intake was 

the strongest predictor of the increase in vegetable intake at second measurement with each 100 g higher 

intake of vegetables at baseline being directly associated with a 278% higher intake in vegetables at second 

measurement. 
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3.3 Proportion of women that met the recommended daily intake of fruit and 
vegetables 
At baseline, 27% of the women met the recommended daily intake of fruits while 10% met the 

recommended daily intake of vegetables. At second measurement, 35% met the recommended daily intake 

of fruits and 20% met the recommended daily intake of vegetables. When fruit and vegetables were 

measured together (500 g), 16% and 26% of the women met the recommended daily intake at baseline and 

second measurement respectively. 
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4    Discussion  
 

Accurate determination of fruit and vegetable intake is essential for research that seeks to determine current 

fruit and vegetable intake patterns, what type and amount of fruit and vegetable consumption is optimal for 

human health and for evaluating interventions developed to increase consumption (4). Also, to promote 

healthy eating behavior, the appropriate influential factors need to be identified and considered for 

designing health promotion programs (32). 

The predictors of fruit and vegetable intake at baseline (cross sectional) and the predictors of change 

(longitudinal) may be different hence the need for separate evaluation. A previous study reported that some 

variables had parallel influences on fruit and vegetable intake of children and adolescents in cross sectional 

and longitudinal research settings (77). Nonetheless, the discussion on predictors of change (section 4.2) 

will be more elaborate since it is the focus of the thesis.  

4.1    Predictors of fruit and vegetable intake at baseline 
 

Our results are in agreement with those from other cross sectional studies where higher fruit and vegetable 

intake was observed with higher education (32), income (40, 41) and level of physical activity (24, 32, 39, 

52) as well as alcohol intake (32, 54), dieting (55, 56) and not living with children (44). Lower intake of 

fruit and vegetable was observed with lower BMI as reported in other studies (32, 51). Smokers had lower 

fruit and vegetable intake compared to other groups which is in agreement with other studies (32, 45-49). 

The influence of age on fruit and vegetable intake observed in our study is similar to that from previous 

studies which reported that people over 50 years pay more attention to their health status and health 

behaviors including fruit and vegetable intake (78, 79). Another study reported that fruit and vegetable 

intake increased with age for the age group 18-64 years and suggested that intake among people over this 

age range may be influenced by reverse causation as the aging process can lead to a decreased appetite 

among the elderly (32). The influence of place of living on fruit and vegetable intake observed in our study 

had been previously reported in Norway (26, 40) and elsewhere (45). 
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4.2    Predictors of Change in Fruit and Vegetable intake from baseline to second 
measurement 
 

We deliberately included cross sectional studies for comparison in our discussion due to few longitudinal 

studies available (77). 

Age: While our result is concordant with a previous cross-sectional study which reported that prevalence 

of low fruit and vegetable consumption tended to increase with age (36), results from another longitudinal 

study (33) and a cross sectional study (80) in subjects of similar age groups have reported that older women 

had higher consumption of fruits and vegetable. The Norkost 2 survey conducted in 1997 also showed a 

progressively higher intake in both the frequency and amount in grams per day of fruits and vegetables 

consumed from the age group 40-49 years through the age group 70-79 years (25). From our result, we 

could speculate that younger women will still be employed and are more often constrained by time to 

prepare regular meals and may thus opt for fruits and vegetables which require little or no preparation. Also, 

the younger women might be more aware and receptive to campaigns aimed at increasing fruit and 

vegetable intake.  

Alcohol intake: Alcohol intake showed contrasting results with fruit and vegetable intake. While the never 

drinkers were associated with an increase in fruit intake, consistent with other studies which reported that 

higher consumption of fruit and vegetable was found among non-drinkers (38, 81), drinkers in our study 

were associated with an increase in vegetable intake which was congruent with other studies which reported 

that never drinkers had lower fruit and vegetable intake compared to regular and occasional drinkers (32, 

54).  

Body mass index (BMI): Previously, a negative association was reported between BMI and fruit and 

vegetable intake in a cross sectional study (35) and a longitudinal study (51). This is similar to our results 

for fruit intake but different for vegetable intake that increased with increasing BMI. Fruits are known to 

have higher sugar content than vegetables, and therefore may be associated with higher risk of overweight 
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if consumed in excess (82). This may be an explanation for the decreased fruit intake observed with 

increasing BMI. 

Dieting: Although studies (55, 56) have shown the efficacy of high fruit and vegetable intake on weight 

management in overweight individuals and dieters, we observed that dieting was associated with a decrease 

in fruit intake. The dieters in our study were probably switching to other dietary products since there is no 

clinical evidence on the effect of fruits on weight loss without compensatory reduction in energy intake 

(18). Such products include the high protein diet, provided mainly by animal sources, which severely 

restricts other foods like fruits and vegetables, and has become very popular (83).  

Living with children: As stated earlier, living with children has been reported to have a positive influence 

on fruit and vegetable consumption (44), which agrees with the increase in fruit and vegetable intake 

observed in our study. However, that of the latter was only marginally significant. Mothers’ fruit and 

vegetable consumption patterns play an essential role in shaping the food preferences and fruit and 

vegetable consumption pattern of the children (84). The presence of children in the home may have had an 

influence on the increase in fruit and vegetable intake of these women. However, women have raised the 

difficulty in persuading children to eat more vegetables (85).  

Income: As mentioned in the literature review, higher income has been associated with higher consumption 

of fruits and vegetables (32, 37, 40-42). While our findings for vegetable intake are similar to those obtained 

in the studies listed above, the results for fruit intake were different – higher income was associated with a 

decrease in fruit intake in our study. The positive association between high income and fruit and vegetable 

consumption has been attributed to the assumption that low-income families have more restricted budgets 

for food, therefore their priorities will be energy-dense foods thereby overlooking fruits and vegetables 

(32). But since we found the opposite, we speculate that with higher income in Norway, trends rather than 

income will likely determine intake. 
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Education: The increase in fruit and vegetables intake with more years of education that we observed is 

consistent with other cross sectional studies that have reported positive associations between fruit and 

vegetable consumption and education (37-40). Higher levels of education may increase the ability to obtain 

and understand dietary information needed to develop health-promoting behaviors and beliefs in the field 

of food habits (86).   

Smoking status: The decrease in fruit intake with smoking is congruent with other studies (32, 45-49) as 

mentioned earlier. It has been suggested that this association could be due to the tendency of healthy and 

unhealthy habits to cluster, in particular, heavy smokers have shown the most unhealthy dietary profiles 

(50). Another plausible explanation given is that some physiological properties of tobacco smoking, 

affecting taste and smell, could modify food preferences (87). Ironically, this is in contrast with smokers’ 

requirements because they usually need more antioxidants to protect cell membranes from oxidative 

damages caused by smoking, and fruit and vegetables are known as a main source of vitamin C and other 

antioxidants (32). Meanwhile, the increase in vegetable intake among former smokers in our study is 

congruent with other cross sectional studies which showed that former smokers consumed more vegetables 

than never or current smokers (39, 46). It was suggested that quitting smoking might go together with 

favorable changes in other lifestyle factors, including diet, because of an increase in health consciousness 

(39).  

Physical activity: The increase in fruit and vegetable intake with higher levels of physical activity we 

observed is similar to that obtained in other studies where sedentary people were found to have lower 

consumption of fruits and vegetables than others (24, 39, 52). This association may be part of a general 

health consciousness trend (53). 

Region of residence: Previous studies have reported that place of living influences fruit and vegetable 

consumption (26, 40, 45). Region of residence was not a clear predictor of the change in fruit and vegetable 

intake in our study as only two of the regions were significantly different from the capital, Oslo. However, 

within-country variation of 36 g/day of fruit and vegetable intake in Norway has been reported (26). Similar 
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variations were observed in our study at first and second measurements; 33 g/day & 36 g/day for fruits and 

17 g/day & 48 g/day for vegetables respectively. This regional variation in fruit and vegetable consumption 

has been linked to structural characteristics such as availability (42). But we surmise that cultural factors 

like traditional foods may have influenced the regional differences observed in our study. 

 

The results of this study highlights the significant predictors of fruit and vegetable intake among Norwegian 

women. Different factors may influence various populations’ consumption of fruits and vegetables and 

identifying these correlates is an important first step for designing health promotion programs and specific 

actions to improve fruit and vegetable intake by low consumers (32, 35, 88). We observed that age, living 

with children and dieting had contrasting effects on fruit and vegetable intake in our cross sectional and 

longitudinal analysis. Fruit and vegetable intake increased with age, women not living with children had 

higher intakes of fruits and vegetables compared to women living with children and dieters had higher 

intakes compared to non-dieters in our cross sectional analysis but the reverse was the case in our 

longitudinal analysis. We did not find studies that examined the effect of these variables both in a cross 

sectional and longitudinal analysis to compare this effect with, we thus recommend further studies to 

elucidate this finding. However, this may be a point to consider when planning and implementing programs 

aimed at increasing fruit and vegetable intake. Education, smoking, BMI, physical activity, alcohol intake, 

and income had the same influence on fruit and vegetable intake in our cross sectional and longitudinal 

analysis. 

4.3    Recommended Daily Intake of Fruits and Vegetables at Baseline and Second 
Measurement 
 

Studies in Norway and elsewhere show that a substantial gap exists between the recommended level and 

the actual intake of fruits and vegetables among populations (3, 24, 32, 37, 89). A previous cross sectional 

study based mainly on the nationwide dietary survey (Norkost 1) conducted in 1993-1994 among 3,144 
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Norwegians showed that only 8% of the 1,627 women who participated in the survey had an absolute intake 

of at least 750 g/day of fruits, vegetables, berries, juice and potatoes combined recommended then by the 

Norwegian Nutrition Council (24). In the Norkost 2 survey conducted in 1997 among 1,298 men and 1,374 

women which was based on the same recommended daily intake as in Norkost 1, only 12% of the 

participants had consumptions of at least this amount (25). In the third national dietary survey (Norkost 3) 

conducted during 2010-2011 among 925 women and 862 men, intake of fruits and vegetables were 

measured separately. Fruits were measured to include berries and a maximum of 100 g of juice with the 

recommended daily intake set at 500 g/day of fruits and vegetables. 41% and 13% respectively of the 

women who participated in the survey met the recommended daily intake of fruits and vegetables (23). 

While the recommended intake of 500 g/day of fruits and vegetables (excluding potatoes) was used in 

Norkost 3 and in our study, the recommended intake of 750 g/day of fruits and vegetables (including 

potatoes) was used during Norkost 1 & 2 thereby making it difficult to compare. This may explain some of 

the difference in results between the surveys. Notwithstanding, there appears to be a progressive increase 

in the proportion of women that met the recommended daily intake of fruits and vegetables over time  given 

the fact that the absolute intake of fruits and vegetables reportedly witnessed an increase between the period 

1999-2009 where wholesale consumption of vegetables increased from 61 to 74 kg per person per year and 

wholesale consumption of fruits increased from 69 to 89 kg per person per year (90).  When we added a 

maximum of 100g of juice per day to the calculation of fruit intake (result not shown), 41% and 46% of the 

27,450 women with this information met the recommended daily intake of fruit at baseline and second 

measurement respectively. With the addition of juice in our calculation for fruit intake, the result was close 

to that obtained in Norkost 3 despite its use of the 24HDR whereas the FFQ was used in our study. Our 

result (without fruit juice) was similar to that of a previous cross sectional study conducted among European 

mothers which reported that only 27% of the 9,070 participants met the recommended daily intake for fruits 

when juice was excluded (3). This shows that inclusion of juice in the calculation of fruit intake has a clear 

impact on the number of women in the NOWAC study who were classified as meeting the recommended 

daily intake. Among other reasons, we measured fruits and vegetables separately to ascertain the proportion 
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of women that met the recommended daily intake of each. When fruits and vegetables were measured 

together, the proportion of women who met the recommended daily intake was higher than those of women 

who met the recommended daily intake for vegetables alone and lower than those of women who met the 

recommended daily intake for fruits. This implies that fruits have a larger impact on the proportion that 

meet the recommended daily intake for fruits and vegetables combined. 

At both baseline and second measurement, the consumption of vegetables was consistently lower than fruit, 

similar to results obtained in a previous cross sectional study (3). However, the median vegetable 

consumption of the study population increased from baseline to second measurement by 28% compared to 

that of fruit which increased by 17%. This may be due to the fruit questions being essentially unchanged, 

while new questions have been added for vegetable in more recent questionnaires. Strawberries and other 

berries which were added to more recent questionnaires on fruit intake does not contribute much to the total 

intake of fruits. Our results are congruent with that from another study in Norway which reported that 

wholesale consumption of vegetables from 1990 to 2005 increased by 15% from 55 kg to 63 kg while that 

of fruits increased by 14% from 72 kg to 82 kg. It also noted that while consumer surveys show that 

consumption of vegetables increased from 1996 to 2004 by 9%, consumption of fruits increased by 5% per 

person per day during this period (31). But a previous study in our cohort on the dietary change among 

cancer survivors and cancer-free women reported that fruit consumption increased more than the vegetable 

consumption despite the increased number of vegetable questions (71). This inconsistency may be due to 

differences in analysis, adjustments and exclusion criteria. While the study had a healthier sample, we 

included women with complete information and had more variables in the regression analysis. Also, fruit 

intake has been previously described as satisfactory across Europe while vegetable intake has been 

described as marginal (3). The larger increase in vegetable intake we observed may be partly due to 

campaigns during this period, though not specifically targeted at vegetables, to increase consumption of 

fruits and vegetables through national campaigns (29, 30).  
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4.4       Strengths, Weaknesses and Confounding 
4.4.1 Strengths 
The main strength of this study is its large sample size and the fact that the sample is population-based. 

Although women in the NOWAC cohort are on average slightly more educated than the general population, 

the external validity of the NOWAC study instruments has been found acceptable (65). The motivation for 

this thesis was borne out of the fact that most studies on fruit and vegetable intake in Norway are cross 

sectional. This is the first Norwegian study to examine the change in fruit and vegetable consumption in a 

cohort using the repeated measures design. This method gives a more precise estimate of the direction of 

the consumption of fruits and vegetables in a population and allow the detection of within person change 

over time than cross sectional designs (91). 

4.4.2 Weaknesses 
The first weakness of this study is that self-measured variables like BMI, physical activity, diabetes, alcohol 

intake as well as juice intake could be susceptible to respondent bias in the form of under or over reporting. 

But as mentioned earlier, the NOWAC diet questions have been validated, as has the question on physical 

activity (92), and BMI (93), and the results are in the same range as those found in other cohorts. Secondly, 

the use of the FFQ in assessing fruit and vegetable intake. While the FFQ is somewhat accurate in ranking 

individuals by intake, it is not very accurate in assessing actual intake (94) as longer FFQ tend to 

overestimate actual intake (95). Besides the FFQ and other self-reported methods of assessing dietary intake 

are susceptible to social desirability influences (96, 97) in contrast to objective methods of assessing dietary 

intake like the use of biomarkers (98). However, a study in this same cohort to compare diet measures from 

FFQ with measures from 24HDR, Spearman’s correlation coefficients between food intake from the FFQ 

and the 24HDRs was 0.61 for fruits and 0.32 for vegetables which showed that the NOWAC FFQ had good 

ability to rank subjects according to foods eaten frequently and macronutrients expressed as percentage of 

energy intake (72). Overall, the relative validity was found to be within the range observed in other 

European Prospective investigation into Cancer (EPIC) cohorts (99, 100). Thirdly, there were several 

exclusions made due to non-response. Thus, the analytical sample were younger than the baseline sample 
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(1.78 years), had slightly higher education (0.47 years), and slightly lower BMI (0.32 kg/m2). But the 

median intakes of fruit and vegetable of the samples were very similar. Moreover, there was little we could 

do to minimize this weakness. Fourthly, the time lag between the period of data collection and this study 

may be a weakness. However, since this is a prospective study, we believe the findings can still contribute 

to an understanding of the factors that influence these women’s intake of fruits and vegetables. Nonetheless, 

some of the findings might be influenced by time trends specific to the period covered and we therefore 

advocate for analysis with recent data which will perhaps give results that will reflect current trends. Fifthly, 

juice was excluded from the calculation of fruits in our study because we did not have the information for 

most of the women. Similarly, the third questionnaire sent to parts of the cohort was not used because few 

women got it. These would have led to further exclusions and a much reduced analytical sample but could 

have demonstrated whether the trends persisted. On the other hand, this would have required more advanced 

statistical analyses which are beyond the scope of this thesis. 

4.4.3 Confounding 
Confounding may be a source of concern. For instance, younger women tend to be more physically active 

while older women tend to have a healthier diet and generally eat less. In addition, healthy dietary habits 

tend to be associated with other healthy lifestyle habits (101). But we believe this may have been minimized 

by adjusting for many possible confounders in the multivariable regression analysis. And as noted earlier, 

this did not affect the estimate much but we cannot rule out residual confounding.  

4.5       Future Studies 
From a public health perspective what is required is evidence about the effects of what people eat, in order 

to frame advice about change (or maintenance) of habits to reduce risks, while ensuring optimal functional 

levels (100). We suggest that further studies use the repeated measures design to examine if the trend in 

fruits and vegetables intake continue and possible associations between current intake levels and health 

outcomes. This will ensure that those charged with guiding public health have the best possible information 

upon which to make difficult decisions (100). 
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In retrospect, we would have liked to examine the effect of occupation on the change in fruit and vegetable 

intake. While a previous cross sectional study had reported that both male and female white-collar workers 

had higher intakes of fruits and vegetables than blue-collar workers (102), another cross sectional study 

noted that occupation categories were not related to fruit and vegetable intake (88). We would have also 

liked to examine the effect of social involvement on fruit and vegetable consumption in our cohort 

considering the positive associations that have been reported in other populations (59, 60, 103). Other 

variables like health consciousness, diseases, interest in health, food/diet trends and psychological variables 

could have been included too. Our R2 was in the range of 0.3-0.36. The R2 for the multivariable model was 

close to the age-adjusted model; none of the predictors added much explanatory power to the age-adjusted 

model. Including some of these variables may have explained more of the variation in the fruit and vegetable 

intake. 

Future studies could also examine tracking of fruit and vegetable intake in the adult population. Tracking 

can be defined as the stability of health-related behaviors over time or as stability in rank at the group level 

(104). Some studies have investigated tracking of dietary patterns or nutrient intake in pre-school children 

(105, 106). Exploring when, how and why dietary changes occur over time is critical to being able to 

develop strategies for interventions (106).   
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5    Conclusion  
 

The current study showed that there was an increase in the intake of fruits and vegetables among women in 

the NOWAC study. The proportion fulfilling the recommendations was similar to what is found in national 

dietary surveys. We observed that the increased intake was higher for vegetables than for fruits. Also, the 

proportion of women who met the recommended daily intake of fruits and vegetables increased from 

baseline to second measurement, but majority still don’t fulfill the recommendations. The use of repeated 

measures is necessary to continue the monitoring and also to understand the stability and direction of the 

possible change in diet of a population. It will also give more precise estimates of the associations between 

fruit and vegetable intake and human health. 

The intake of fruit and vegetables was influenced by lifestyle, socioeconomic and health related factors. 

We observed similar predictors for fruit and vegetables. However, some of these predictors showed 

contrasting effects on fruit and vegetable intake in our cross sectional and longitudinal analysis. 

Since continued attention to increasing fruit and vegetable consumption is a practical and important way to 

optimize nutrition to reduce disease and maximize good health (107), these influential factors should be 

considered when planning intervention programs and health campaigns. 
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Appendices 
Appendix 1 The NOWAC timeline
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Appendix 2. Median intake (g/day) of fruits and vegetables at second measurement by 
health-related factors, lifestyle factors and demographic information of study participants 
(N = 49,888). 

  Fruit intake  Vegetable intake 
Variable  n Median (P5-P95) 

  
Median (P5-P95) 

Age (Years) 
  40-49 22,622 183 (23-486) 159 (46-377) 
  50-59 22,714 203 (22-500) b 152 (36-373) b 
  ≥60 4,552 170 (16-481) 108 (19-288) 
Education (Years) 
  ≤9 11,582 168 (16-486) 121 (23-332) 
  10-12 17,088 184 (23-486) b 149 (39-362) b 
  ≥13 21,218 208 (30-506) 169 (50-390) 
Income (,000) NOK 
  <150 3,778 158 (7-486) 111 (17-342) 
  151-300 14,731 181 (19-486) 135 (31-356) 
  301-450 14,515 192 (25-486) b 150 (42-365) b  
  451-600 10,607 208 (29-508) 168 (51-371) 
  >600 6,257 208 (23-503) 187 (54-426) 
Living with children 
  No  25,810 187 (17-488) c 144 (32-364) c 
  Yes  24,078 192 (25-486) 158 (43-375) 
Region  
  Oslo  4,389 197 (16-489) 168 (42-395) 
  East  17,080 193 (23-502) 160 (43-380) 
  South  2,282 197 (25-488) b 159 (47-384) b 
  West  10,372 208 (26-506) 164 (42-384) 
  Mid  3,745 181 (23-486) 155 (44-373) 
  North  12,020 172 (19-486) 120 (26-313) 
Smoking status 
  Never  19,333 208 (34-499) 151 (40-357) 
  Former  16,514 208 (26-502) b 158 (41-386) b 
  Current  14,041 149 (9-472) 143 (31-368) 
BMI(kg/m2) 
  Underweight  3,236 177 (16-486) 152 (35-375) 
  Normal weight 27,675 192 (23-486) b 151 (39-366) b 
  Overweight  14,618 189 (23-492) 149 (36-370) 
  Obese  4,359 183 (17-486) 153 (31-387) 
Physical activity 
  Low  6,212 162 (14-483) 129 (26-343) 
  Moderate  36,602 192 (23-486) b 152 (40-364) b 
  High  7,074 208 (23-528) 167 (37-413) 
Alcohol intake 
  Non-drinker 9,932 189 (17-495) 129 (26-348) 
  Median intake & below 25,581 191 (23-489) b 148 (38-367) b 
  Above median intake 14,375 188 (20-486) 170 (49-386) 
Dietinga 
  Yes  2,943 169 (7-479) c 197 (41-454) c 
  No  5,871 177 (7-486) 191 (40-455) 

aN=8,814  bp<0.05 in Kruskal-Wallis test for significant differences in fruit and vegetable intake between groups 

cp<0.05 in Mann-Witney U test for differences in fruit and vegetable intake between groups 

P5-P95: 5th-95th percentile  
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Appendix 3. Median intake (g/day) of fruits at baseline and second measurement    

 Baseline measurement 
Median (P5-P95) 

Second measurement 
Median (P5-P95) 

Apple and pears  60 (0-280) 60 (0-280) 
Banana  16 (0-110) 16 (0-110) 
Orange  20 (0-140) 20 (0-140) 
Strawberry  - 2 (0-4) 
Other fruits  14 (0-96) 41 (0-96) 

P5-P95: 5th – 95th percentile 
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Appendix 4. Median intake (g/day) of vegetables at baseline and second measurement    

 Baseline measurement 
Median (P5-P95) 

Second measurement 
Median (P5-P95) 

Broccoli/cauliflower 18 (0-93) 21 (0-133) 
Cabbage  2 (0-20) 2 (0-15) 
Carrot  35 (5-113) 35 (3-113) 
Mix salad 17 (0-101) 17 (0-101) 
Onions  - 10 (0-34) 
Other vegetables  3 (0-44) 7 (0-46) 
Rutabaga  4 (0-30) 4 (0-30) 
Tomato  14 (0-64) 16 (0-64) 
Vegetable mix  5 (0-60) 5 (0-60) 

P5-P95: 5th – 95th percentile 
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Appendix 5 Sample of NOWAC questionnaire (Series 28 & 29)
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