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Abstract

Objective: The Nordic countries have published joint dietary recommendations,
the Nordic Nutrition Recommendations (NNR), since 1980. We evaluated adher-
ence to the NNR as a measure of a healthy diet and its potential association with
self-reported upper respiratory tract infection (URTD).

Design: A prospective, population-based study with a follow-up period of
4 months. Dietary intake was assessed using a semi-quantitative FFQ with ninety-
six items, along with other lifestyle factors, at baseline. URTI was assessed every
three weeks. A Poisson regression model was used to control for age, sex and
other confounding factors.

Setting: A middle-sized county in northern Sweden.

Subjects: Swedish men and women (7 1509) aged 20-60 years.

Results: The NNR include recommendations on macronutrient proportions, physical
activity and intake of micronutrients, sodium, fibre and alcohol. We found that overall
adherence to the NNR was moderately good. In addition, we found that high
adherence to the NNR (>5-5 adherence points) was not associated with a lower risk
of URTI (incidence rate ratio (IRR) 0-89, 95% CI 0-73, 1-08) compared with low
adherence (<4-5 adherence points). When investigating individual components of
the NNR, only high physical activity was associated with lower URTI risk (IRR = 0-82,
95% CI 0-69, 0-97) whereas none of the dietary components were associated with
risk of URTL

Conclusions: Overall adherence to the NNR was moderately good. Overall adherence Keywords
to the NNR was not associated with URTI risk in our study. However, when inves- Upper respiratory tract infection
tigating individual components of the NNR, we found that high physical activity was Epidemiology

associated with lower URTI risk. Nutrition recommendations

The first nutrition recommendations date back to Britain
in 1862. Following economic depression, the British Privy
Council wanted guidelines for food that was cheap but
would avoid diseases related to malnutrition”. Today,
most industrialized countries have nutrition recommen-
dations and the Nordic countries have published joint
recommendations, the Nordic Nutrition Recommenda-
tions (NNR)®, since 1980. The NNR focus on the energy
distribution from macronutrients, intake of micro-
nutrients, and the most recent version from 2004 includes
physical activity. The NNR are based on the current
nutritional situation in the Nordic countries and available
scientific knowledge to promote overall good health and
reduce the risk of diet-associated diseases.

Upper respiratory tract infection (URTD), including the
common cold and influenza, is a frequent disease which,
in addition to causing individual suffering, is responsible
for huge costs to society. URTI is estimated to cost $US 40
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billion per year in the USA®’, not including the cost of
influenza, and is the most common reason for seeking
primary care in many countries'”. Despite this, little is
known about how to decrease susceptibility.

A large number of studies have focused on the effects
of dietary patterns on chronic diseases, such as CVD and
cancer™™. For example, a lower risk of CVD was found
among women adhering to the Dietary Guidelines for
Americans”. Less is known about the effects of dietary
patterns on respiratory infections. Most nutrient defi-
ciencies are related to suppression of both innate and
adaptive immune functions. For example, the fat-soluble
vitamins A, D and E have been shown to affect immune
cell lineage development, as well as several immune
functions including apoptosis and phagocytosis''”’. In
addition, vitamin E supplementation in the elderly has
been shown to reduce susceptibility to infection™?, and
vitamin C has since 1937 been suggested to reduce the
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risk of URTI'?. Other nutrients suggested to affect the
risk of URTI are -3 fatty acids, selenium and zinc*''3!%
However, less is known about macronutrient composition
and risk of URTI.

We aim to evaluate adherence to the NNR in a popu-
lation-based, prospective web cohort and to investigate if
high adherence to the NNR is associated with self-reported
incidence of URTI, compared with low adherence.

Because URTI typically has a brief duration, frequent
follow-ups are needed for an accurate incidence tally. We
assessed self-reported incidence of URTI every third
week for 15 weeks by sending an email linked to a short
web questionnaire to all participants.

Subjects and methods

The LIME (Lifestyle and Immune function) study comprises
1509 men and women, aged 20-60 years, residing in a
middle-sized county in northern Sweden. The study is a
population-based cohort on lifestyle factors and immune
function, using the Internet as a tool for data collection.
Subjects were randomly selected from the Swedish Total
Population Registry at Statistics Sweden, and invited to
participate in the study in January 2004. The study was
approved by the Research Ethics Committee at Karolinska
Institutet.

Study design

Invitations to participate in the study were sent out via
regular paper mail. The invitations included information
on how to access the web questionnaire, details on use of
a web browser, the URL to the web questionnaire, and
an individual username. The baseline questionnaire
about lifestyle factors included a question about the
participant’s email address. We sent five follow-up ques-
tionnaires during the following 15 weeks (in February,
March, early April, late April and May). Every ques-
tionnaire included questions on URTI during the three
preceding weeks. We sent reminders to non-responders
by email 1-5 weeks after each follow-up.

Five thousand individuals were invited to participate
in this prospective study, of whom 1805 completed the
baseline web questionnaire in the three weeks that the
web questionnaire was open. No further reminder for
the baseline questionnaire was given since we aimed for
a high continuation rate rather than a high initial response
rate. After exclusions, 1509 were eligible for follow-up
questionnaires. We excluded participants who had URTI
at baseline (n 236), lacked an email address (2 17) or
chose not to disclose it (72 20). During the study it became
evident to us that participants at one specific workplace
had an email server that filtered our emails as junk mail.
We excluded these participants from the study (7 23)
since they could not be invited via email to fill out the
follow-up questionnaires. Response rate for each follow-up
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questionnaire ranged between 83 and 84% (number
of responders to that follow-up questionnaire divided by
the number eligible for that follow-up questionnaire).
In total, 1111 out of 1509 responded (74% of baseline
respondents) to all five follow-ups.

The baseline web questionnaire has been described in
detail elsewhere"™. In brief, the questionnaire included
immediate checks for incomplete or implausible answers,
reminder messages to the respondent when a question
was left unanswered, hiding of non-relevant follow-up
questions, automatic summarization of answers, volun-
tary personalized feedback to the respondents on BMI,
energy expenditure and intakes of vitamin C, calcium,
fibre and iron, and illustrations to clarify complex ques-
tions. No software installation was required to complete
the web questionnaire.

Assessment of exposure

Diet was assessed at baseline by a ninety-six-item validated
semi-quantitative FFQ(K”U)
and mineral supplements, measuring the usual dietary intake.
Consumption data from the questionnaire, including portion
size, were linked to the Swedish National Food Administra-
tion database version 19/05/2009 (Uppsala, Sweden) on
energy and nutrient content in various food products in order

, including questions on vitamin

to calculate the daily mean intake. Comparing the FFQ with a
7d food diary™®, Spearman correlation coefficients ranged
from 0-38 (iron) to 0-81 (vitamin C) for micronutrients and
had the following values for macronutrients: 0-44 (protein),
0-73 (carbohydrates), 0-71 (fibre), 0-70 (total fat), 0-75 (SFA),
0-66 (MUFA), 0-49 (PUFA) and 0-81 (alcohol). Total physical
activity was also assessed at baseline. Participants were asked
to estimate the amount of time (hours and minutes) spent on
each out of nine activity levels on a usual day and night. Each
activity level was explained by examples of activities®.

Description of the Nordic Nutrition
Recommendations

For several decades, the Nordic countries have worked
together to set dietary guidelines. The NNR are based
on research data from epidemiological studies and
laboratory studies, and the recommendations apply to
all the Nordic countries: Sweden, Norway, Denmark,
Finland and Iceland. The NNR include recommendations
on total energy intake, macronutrients as a percentage
of total energy intake, intakes of fibre and salt, as well
as recommended daily intakes of vitamins and minerals
and recommendations on physical activity. The main goal
for the NNR is to set guidelines to promote good health
and to prevent major chronic diseases on a population
basis® .

Categorization of adberence

Table 1 lists the NNR by six groups of individual recom-
mendations: intake from (i) macronutrients (e.g. total fat,
protein and carbohydrates), (ii) micronutrients (vitamins
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Table 1 The individual recommendations in the Nordic Nutrition Recommendations (NNR) and their criteria for cut-offs and adherence
scores; and mean intakes and adherence in the study population: Swedish men and women (n 1509) aged 2060 years, LIME (Lifestyle

and Immune function) study, 2004

Cut-offs and adherence scores

Mean intakes and adherence

Recommended Total Mean % of participants
Recommendation in NNR intake score intake SD within NNR intake
Macronutrient recommendation (% of energy)
Saturated fat =10 11-4 25 28
Monounsaturated fat 10-15 9-4 1-8 36
Polyunsaturated fat 5-10 3-8 0-8 7
Essential fatty acids =3 0—1 37 0-8 83
Total fat 25-35 26-8 4-4 64
Protein 10-20 18-0 26 81
Carbohydrates 50-60 55-2 5-6 64
Sugar =10 6-8 27 88
Micronutrient recommendation
Vitamin recommendations for men*
Retinol equivalents (mg/d) =0-9 0-5 0-4 17
Thiamin (mg/d) =14 1-4 0-5 60
Riboflavin (mg/d) =1-7 17 07 60
Niacin (mg/d) =19 16-0 6-2 38
Vitamin Bg (mg/d) =1-6 21 0-7 86
Folate (mg/d) =0-3 0-3 0-1 27
Vitamin B4z (pg/d) =2 5-6 34 95
Vitamin C (mg/d) =75 114-0 82-7 61
Vitamin D (pg/d) =75 4.2 2:2 8
a-Tocopherol (mg/d) =10 0-1 6-4 2-3 13
Mineral recommendations for men*
Ca (g/d) =0.8 11 0-4 70
P (g/d) =0.6 15 0-5 99
Mg (g/d) =0-35 0-4 0-1 62
K (g/d) =35 3-3 11 45
Fe (mg/d) =9 121 4-4 45
Zn (mg/d) =9 10-9 3-8 81
Se (pg/d) =50 333 13-8 16
lodine (not measured) - - - -
Cu (not measured) - - - -
Other recommendations
Fibre (g/d) >25 0-1 251 10-9 42
Sodium recommendation for men (g/d)* =2-8 0-1 27 0-9 53
Alcohol recommendation (% of energy) =5 0-1 3-4 31 78
Physical activity recommendationt
Moderate activity (min/d) and/or =60 0-1
Vigorous activity (min/d) =30 79
Total score (min—-max) 0-6

*Different cut-offs were used for women for some vitamins and minerals®.

tModerate activity was defined as activities corresponding to 5 MET and vigorous as activities >6 MET (where MET is metabolic equivalent task). The NNR
advises more than 30 min and preferably more than 60 min of moderate and/or vigorous physical activity daily in addition to inactive living.

and minerals), (iii) sodium, (iv) alcohol, (v) fibre and
(vi) physical activity. For each major NNR group, every
individual recommendation variable was graded on a
continuous scale from 0 to 1 as follows. 1 point was given
to intakes within the NNR; 0 point was given to intakes
below a defined lowest value and/or above a highest
value (for nutrient variables, the median of the ten lowest
and/or ten highest intakes among the study population
was used; for physical activity, <30min/d was used as
lower value); and a relative score of 0-1 points was
awarded for intakes or activity levels between the
recommendation level and above the defined highest and
lowest values according to the following calculation
(where Y is the new adherence variable and X is the
intake or activity level).
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For lower limits, Y varies from 0 to 1:

Y = (X—lowestvalue)/(lower NNR cut-off

point — lowest value)
For upper limits, Y varies from 1 to 0:
Y = 1—[(X—higher NNR cut-off point)/(highest
value — higher NNR cut-off point)]

Summation of the scores of individual recommendations
into groups of recommendation (e.g. fat, carbohydrates,
vitamins and minerals) was made by summing up the
individual scores and dividing the sum by the number of
individual recommendations included in the group; in
that way equal weight was given to each group in the
final adherence score. Sodium, alcohol, fibre and physical
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activity were kept as individual recommendations. Scores
from the six recommendation groups were then sum-
marized into a total score ranging from 0 to 6 points for
each person, and divided into three groups of adherence
using pre-chosen arbitrary cut-off points: <4-5 points for
low adherence (range 0-17-4-49, median 4-10), 4-5-5-5
points (median 4-99) for medium adherence and >5-5
points (range 5-50-5-83, median 5-60) for high adher-
ence. The group with low adherence was considered as
the reference group in the subsequent analyses.

Moreover, three additional scoring models were tested
in order to evaluate the effect of scoring per se. The first
alternative scoring model differs from the initial model
with regard to giving more weight to the score for vita-
mins and minerals. The second scoring model differs
from the initial model by giving more weight to the scores
for vitamins, minerals and individual macronutrients.
Finally, the third alternative scoring model differs from
the initial model by excluding recommendations for total
fat intake, monounsaturated fat intake, polyunsaturated
fat intake, protein intake and carbohydrate intake and
only by including recommendations that are open-ended
(no closed intervals; e.g. =10% of energy from saturated
fat). This way, measurement error of the FFQ would have
less influence on the results.

Ascertainment of upper respiratory tract infection
Self-reported URTT was assessed at baseline and in all five
follow-up questionnaires. In the follow-up ques-
tionnaires, participants were asked if they currently had
an infection (cold or influenza) or if they had had a new
infection during the last three weeks, or since the last
questionnaire. Participants were considered to have URTI
if they answered ‘yes’ to this question. They were
instructed not to count a URTI episode twice, even if it
crossed over two follow-up periods. Follow-up questions
about symptoms were given to all participants who
reported an infection. Seven symptoms were recorded:
sore throat, cough, runny nose, headache, malaise, fever
and unspecified symptoms. The influenza season of
2003-2004 in Sweden was of medium intensity. Activity
peaked during the last week of December 2003 and the
first week of January 2004, but declined shortly after and
remained low during the rest of the season, which ended
in the middle of March”. Influenza vaccination history
was collected at baseline and updated at every follow-up.
Allergy symptoms were collected in the follow-up ques-
tionnaires in April and May (the pollen season in the part
of the country where the study population lived), since
symptoms of pollen allergy can mimic URTL

Data analysis methods

We divided the number of reported URTI by person-time
at risk to get incidence rates. We estimated incidence rate
ratios (IRR) with 95% confidence intervals using Poisson
regression models to assess and control for age and sex
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along with other confounding factors. Disease-free partici-
pants contributed three weeks of time under risk for each
3-week follow-up period. A participant with no reported
URTI could therefore contribute up to five 3-week periods
of time at risk, a total of 15 person-weeks. Since we did not
know exactly when an episode of URTI occurred or how
long it lasted during the 3-week period, we assigned to
participants who reported URTI 1-5 weeks of risk time out
of the 3-week follow-up period. We considered each fol-
low-up period to be independent of previous or later per-
iods for the same person. The correlation in the data due to
repeated measurements on the same individual was inves-
tigated by using GEE (generalizing estimating equations),
but no evidence of substantial correlation was found and
GEE were not used in the final analysis. Therefore, we
assumed that the risk of contracting URTI was independent
of one’s previous history of URTL

We assessed the confounding potential of a large
number of potential confounding factors by eliminating one
factor at a time from the full model. We included in the
final Poisson model those that changed the effect estimate
more than 10% when dropped. Age, sex, BMI, asthma, self-
reported weakened immune system, month, energy intake
and education all had small confounding effects, but
nevertheless were kept in all multivariable models. Per-
ceived stress and smoking status changed the estimates by
more than 10% in all NNR adherence score models and
were included in multivariable analyses. We also assessed as
potential confounders snuff use, contact with small children,
contact with large crowds at leisure time, use of public
transport, poor sleep, influenza vaccination history and
pollen allergy. None of these changed the estimate by more
than 10% and was not included in the final model. Indivi-
duals with missing information on the NNR score or any
covariate in the final multivariable model were excluded
from the analyses (72 254). The multivariable analyses on
the initial NNR adherence scoring model included 15780
person-weeks contributed by 1255 participants, generating
1090 cases combined (05 cases per participant).

We fit a cubic spline model for the initial NNR adherence
scoring model with six knots (at minimum and maximum,
and at adherence scores of 10, 2+0, 3-0 and 400 to
characterize any shape of a possible dose-response rela-
tionship. We present a graph of the rates at the baseline
value for all other covariates predicted from the model.

The analyses were conducted using SAS version 9-2
(SAS Institute, Cary, NC, USA) and Stata Intercooled ver-
sion 10-1 (Stata Corporation, College Station, TX, USA)
statistical software packages.

Results
We found only small differences in baseline character-

istics between study participants regarding age, sex, BMI,
asthma and energy intake. Higher adherence to the NNR
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Table 2 Baseline characteristics of study participants by adherence to the Nordic Nutrition Recommendations (NNR): Swedish men and
women (n 1509) aged 20-60 years, LIME (Lifestyle and Immune function) study, 2004

Adherence to the NNR (initial scoring model) (score 0-6)

Low adherence

Medium adherence High adherence

<4-5 points 4-5-5-5 points >5-5 points
No. of participants 488 687 175
% % %

Age (years)

20-29 33 31 29

30-39 26 27 21

40-49 19 19 24

50-60 22 23 27
Sex (male) 41 47 47
BMI

Low—normal (<25 kg/m?) 56 56 60

High-very high (>25kg/m?) 44 44 40
Chronic stress level

Low (<23, below median) 47 55 58

High (>23, above median) 53 45 42
Education

Secondary school or less 37 37 46

University 63 64 55
Smoking

Current smoker 18 14 11

Previous smoker 31 28 22

Never smoker 32 58 67
Asthma (yes) 7 8 11

Mean SD Mean SD Mean SD

Energy intake (kJ/d) 7261 2582 7801 2101 7834 1559
Carbohydrate intake (g/d) 224 84 244 66 251 50
Protein intake (g/d) 75 33 81 26 80 17
Saturated fat intake (g/d) 21 9 23 8 23 7

appeared to be associated with lower perceived stress,
lower education level and fewer smokers (Table 2).
Adherence to each dietary recommendation is shown
in Table 1. PUFA and vitamin D showed the least adher-
ence: 7% of participants were within the recommended
interval for PUFA and only 8 % reached the recommended
intake level for vitamin D. Mean intake for PUFA was 3-8
(sp 0-8) % of total energy intake, which is well below
the recommended intake of 5-10% of energy. Observed
intake for vitamin D was also well below the recom-
mended intake of 7-5ug/d, with an observed mean of
42 (sp 2-2) pg/d. Participants also scored lower for a-
tocopherol (13%) and selenium (16 %), where the mean
intake was 6+4 (sp 2-3) mg/d and 33-3 (sp 13-8) pg/d,
respectively, much lower than the recommended intakes
of 10 mg/d (for men) and 50 pg/d (for men), respectively
(Table 1). A previous validation study for dietary variables
of the FFQ found that Spearman correlations were mod-
erate for PUFA (0-49) and vitamin D (0-48), low for a-
tocopherol (0-37) and high for selenium (0-72)'®. Almost
all participants (99%) reached the recommended intake
level of phosphorus of 0-6 g/d and almost as many (95 %)
reached the recommended intake of vitamin By, of
2 ng/d. For phosphorus and vitamin Bj,, the mean intakes
(1-5 (sp 0-5) g/d and 5-6 (sp 3-4) pg/d) were almost three
times higher than the recommended intakes (Table 1).
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We found that 50 % of study participants had medium
adherence (4+5-5+5 points) and 13 % had high adherence
(>5-5 points) to the NNR according to the initial scoring
model (Table 2). Using the initial scoring model, high
adherence to the NNR (>5-5 points) was not associated
with lower risk of URTI compared with low adherence
(<4-5 points; IRR = 0-89, 95% CI 0-73, 1-08; Table 3). In
order to evaluate the effect of different scoring models
for adherence, we tested three additional scoring models,
see Table 3. However, the results did not change much.
This may partially be explained by the correlation coef-
ficients between the initial scoring models and the alter-
native scoring models being relatively high, as expected,
ranging from 0-75 to 0-85.

Using the same scoring criteria as the initial model we
excluded those with daily or weekly multivitamin use
(about 12% of all participants; IRR = 0-93, 95% CI 0-76,
1-15), but the results were similar to the initial model
including all multivitamin supplement users for high
adherence to the NNR (>5-5 points) compared with low
adherence (<45 points).

Adherence to the different groups of recommenda-
tions, according to the initial scoring model, and risk of
URTI is shown in Table 4. We found no association
between URTI and adherence to any of the groups of
recommendations. The carbohydrate group (including
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Table 3 Initial and alternative scoring models of adherence to the Nordic Nutrition Recommendations (NNR) and risk of upper respiratory
tract infection among Swedish men and women (n 1509) aged 20-60 years, LIME (Lifestyle and Immune function) study, 2004

Adjusted for age and sex Multivariable model

Cases Person-weeks IRR 95% ClI IRR* 95% ClI

Adherence to NNR, initial scoring modelt (score 0-6)

Low (<4-5 points) 242 3285 1-00 - 1-00 -

Medium (4-5-5-5 points) 686 9867 0-91 0-80, 1-03 0-88 0-77, 1-01

High (>5-5 points) 206 3246 0-93 0-78,1-12 0-89 0-73, 1-08
Adherence to NNR, alternative scoring model 1% (score 0-7)

Low (<5-0 points) 155 2293-5 1-00 - 1-00 -

Medium (5:0-6-0 points) 518 7038 1-02 0-88,1-18 0-98 0-83, 1-15

High (>6-0 points) 461 7066-5 0-97 0-83,1-14 0-91 0-76, 1-09
Adherence to NNR, alternative scoring model 2§ (score 0-9)

Low (<7-0 points) 319 4456-5 1-00 - 1-00 -

Medium (7-0-8-0 points) 590 8451 0-92 0-81,1-04 0-88 0-77, 1-01

High (>8-0 points) 225 3490-5 0-96 0-81,1:13 0-89 0-74, 1-08
Adherence to NNR, alternative scoring model 3Il (score 0-8)

(only including macronutrient recommendations

with open-ended cut-offs)

Low (<6-0 points) 144 2043 1-00 - 1-00 -

Medium (6-0-7-0 points) 472 6393 1-03 0-89, 1-20 0-98 0-83, 1-16

High (>7-0 points) 518 7962 0-98 0-84,1:15 0-91 0-76, 1-09

IRR, incidence rate ratio.

*IRR for all adherence scores were adjusted for age (20-29, 30-39, 40-49 and 50-60 years), sex, energy intake (in four categories), BMI (low, normal,
overweight and obese), weakened immune system (yes/no), asthma (yes/no), perceived stress (below and above median), education level (secondary school
or less and university), smoking (daily/less frequent/previous/never) and month (February to May).

tScoring was calculated by awarding 1 point (1p) for adherence to the following recommendation subgroups in NNR: physical activity (1p), fibre intake (1p),
sodium intake (1p), alcohol intake (1p), mineral and vitamin intake (1p), and macronutrient intake (1p).

tScoring was calculated by awarding 1 point for adherence to each of the following recommendation subgroups in NNR: physical activity (1p), fibre intake (1p),
sodium intake (1p), alcohol intake (1p), mineral (1p) and vitamin intake (1p), and macronutrient intake (1p).

§Scoring was calculated by awarding 1 point for adherence to the following recommendation subgroups in NNR: physical activity (1p), fibre intake (1p), sodium
intake (1p), alcohol intake (1p), mineral (1p) and vitamin intake (1p); and 1 point to each subgroup in macronutrient recommendations: carbohydrate and sugar
intake (1p), total fat intake, saturated fat intake, essential fat intake, polyunsaturated fat intake, monounsaturated fat intake (1p) and protein intake (1p).
|IScoring was calculated by awarding 1 point for adherence to open-ended (no intervals) recommendation subgroups in NNR: physical activity (1p), fibre intake
(1p), sodium intake (1p), alcohol intake (1p), mineral (1p) and vitamin intake (1p); and 1 point to each subgroup in macronutrient recommendations; sugar
intake (1p), saturated fat intake, essential fat intake (1p) and protein intake (1p).

sugar), protein group, physical activity group and alcohol
group were not included in Table 4, since >75% of
participants fulfilled the recommendations for these
groups and would therefore make comparisons difficult.

In Table 5 we show associations between URTI and
absolute intake of individual recommendations, rather
than adherence score, for macronutrients, sodium, fibre
and physical activity. We found no association for any
individual group, except for physical activity, which was
associated with reduced risk of URTI (IRR = 0-82, 95% CI
0-69, 0-97). Single vitamins and minerals were not inclu-
ded in the analysis due to the large number of individual
vitamins and minerals.

To study the possible continuous relationship between
adherence to the NNR and URTI risk, we fit spline
regressions for the initial scoring model (shown in Fig. 1).
We also fit spline regressions for each group of individual
NNR and URTI risk. Only physical activity appeared to be
associated with URTI risk (Fig. 2).

Discussion
We found that high adherence to the NNR was not

associated with risk of URTI, compared with low adher-
ence. Different scoring models were used to assess
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adherence to the NNR, but the result did not differ
between the scoring models. However, when analysing
different parts of the NNR score, we found that high
physical activity was associated with lower risk of URTI
but none of the recommendations on diet were asso-
ciated with risk of URTI. The study also demonstrates that
the overall adherence to the NNR was moderately good.

To the best of our knowledge, there are no other
studies available that have studied the effect of dietary
recommendations on the risk of URTI Previous studies
evaluating dietary recommendations have focused on the
effect on diseases such as myocardial infarction or cancer.
McCullough et al®® evaluated the adherence to the Dietary
Guidelines for Americans (DGA) using ten equally weighted
groups (e.g. servings of grain, fruit and meat). They found
no preventive effect for cancer and no effect on CVD in

women((’ )

and only a small reduced risk for men™. A more
recent study, using a continuous scoring model similar to
ours, found an association between DGA and athero-
sclerosis progression in women. It is possible that the use
of food groups in recommendations such as DGA is more
efficient in predicting disease than the NNR which empha-
size macronutrient proportions.

In the present study, diet was assessed by a validated
semi-quantitative FFQ. However, we acknowledge the
limitations of FFQ. The FFQ does not assess the entire
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Table 4 Adherence score (0—1) for each group of recommendations of the Nordic Nutrition Recommendations (NNR) and risk of upper
respiratory tract infection among Swedish men and women (n 1509) aged 20—-60 years, LIME (Lifestyle and Immune function) study, 2004

Adjusted for age and sex Multivariable model

Categorization of adherence score for each group
of recommendation of the NNR* Cases Person-weeks IRR 95% Cl IRRt 95% ClI
Fat groupt intake (adherence score, 0—1)

Low (<0-50) 267 3457-5 1-00 - 1-00 -

Medium (0-50-0-60) 487 6898-5 0-97 0-84, 1-13 0-96 0-82, 1-12

High (>0-60) 404 6354 0-92 0-78, 1-08 0-91 0-78, 1-08
Vitamin group intake (adherence score, 0—1)

Low (<0-60) 414 5772 1-00 - 1-00 -

Medium (0-60-0-90) 539 79185 0-98 0-86, 1-12 0-93 0-78, 1-10

High (>0-90) 205 30195 1-05 0-89, 1-25 0-97 0-77, 1-24
Mineral group intake (adherence score, 0—1)

Low (<0-75) 277 4045-5 1-00 - 1-00 -

Medium (0-75-0-95) 558 7938 1-07 0-93, 1-24 1-08 0-90, 1-30

High (>0-95) 323 47265 1-11 0-94, 1-30 1-08 0-85, 1-37
Sodium intake (adherence score, 0-1)

Low (<0-80) 288 3870 1-00 - 1.00 -

Medium (0-80-<1-00) 252 3645 0-96 0-81, 1-13 0-97 0-80, 1-18

High (1-00) 618 9195 0-92 0-80, 1-06 0-93 0-74,1-17
Fibre intake (adherence score, 0-1)

Low (<0-50) 245 3394-5 1-00 - 1-00 -

Medium (0-50-1-00) 450 6432 1-00 0-86, 1-17 0-97 0-82, 1-14

High (1-00) 463 6883-5 1-03 0-88, 1-20 0-96 0-80, 1-16

IRR, incidence rate ratio.

*Carbohydrate group (including sugar), protein, physical activity and alcohol were not included in this table since >75 % of participants were within recom-
mendations (adherence score = 1) for those groups.

tIRR for all adherence scores were adjusted for age (20-29, 30-39, 40—49 and 50-60 years), sex, energy intake (in four categories), BMI (low, normal,
overweight and obese), weakened immune system (yes/no), asthma (yes/no), perceived stress (below and above median), education level (secondary school
or less and university), smoking (daily/less frequent/previous/never) and month (February to May).

tIncluding total fat intake, saturated fat intake, essential fat intake, polyunsaturated fat intake and monounsaturated fat intake.

Table 5 Absolute cut-off points for individual recommendations of the Nordic Nutrition Recommendations (NNR) and risk of upper
respiratory tract infection among Swedish men and women (n 1509) aged 20-60 years, LIME (Lifestyle and Immune function) study, 2004

Adjusted for age and sex Multivariable model

Intake of individual recommendations of the NNR* Cases Person-weeks IRR 95% CI IRRt 95% Cl
Saturated fat intake (% of energy)

<10 315 4636-5 1-00 - 1-00 -

10-12 393 5485-5 1-07 0-92, 1-24 1-09 0-93, 1-27

>12 450 6588 1-03 0-89, 1-19 1-05 0-90, 1-22
Protein intake (% of energy)

<17 421 5815-5 1-00 - 1-00 -

17-20 533 76155 1-02 0-89, 1-16 1-02 0-89, 1-16

>20 204 3279 0-94 0-79, 1-12 0-94 0-78, 1-11
Carbohydrate intake (% of energy)

<50 195 2806-5 1-00 - 1-00 -

50-60 725 10 780-5 0-93 0-79, 1-09 0-92 0-78, 1-09

>60 238 3123 0-98 0-80, 1-19 0-96 0-78, 1-17
Sodium intake (mg/d)

<2000 313 4258-5 1-00 - 1-00 -

2000-3800 661 9925-5 0-96 0-83, 1-10 0-87 0-71, 1-06

>3800 184 2526 1-01 0-83, 1-23 0-85 0-63, 1-14
Alcohol intake (% of energy)

<25 586 8094 1-00 - 1-00 -

2-5-5-0 328 4896 0-99 0-86, 1-14 0-99 0-86, 1-14

>5-0 244 3720 1-02 0-88, 1-19 1-05 0-87, 1-12
Fibre intake (g/d)

<25 695 9826-5 1-00 - 1-00 -

25-35 302 4518 1-02 117, 1-04 0-99 0-86, 1-15

>35 161 23655 1-04 0-88, 1-24 0-98 0-80, 1-19
Moderatet and/or vigorous physical activity (min/d)

<60 522 7062 1-00 - 1-00 -

60-120 281 3940-5 0-90 0-78, 1-05 0-89 0-77, 1-05

>120 378 5982 0-86 0-74, 1-01 0-82 0-69, 0-97

IRR, incidence rate ratio.

*Single vitamins or minerals were not studied since they were too many in number and would increase the risk of chance findings.

tIRR for all adherence scores were adjusted for age (20-29, 30-39, 40—49 and 50-60 years), sex, energy intake (in four categories), BMI (low, normal,
overweight and obese), weakened immune system (yes/no), asthma (yes/no), perceived stress (below and above median), education level (secondary school
or less and university), smoking (daily/less frequent/previous/never) and month (February to May).

tModerate physical activity cut-offs: <2h, 2-3h, >3h.
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diet, but large parts of the dietary intake. The short-
comings of an FFQ can blunt a true association*" and
thus the results from the current study should be inter-
preted with caution. For example, in the European Pro-
spective Investigation into Cancer and Nutrition, which
used both FFQ and food diaries, a stronger association
was found between saturated fat and breast cancer on
data from food diaries compared with FFQ*?. In addi-
tion, a previous validation study using the same FFQ and
repeated records of total dietary intake found that the
correlation coefficients between FFQ and dietary records
were moderate to high for different nutrients (ranging
from 0-31 for iron to 0-81 for vitamin C). Still, in dietary
surveys, regardless of dietary assessment method, fat
(especially saturated fat) and carbohydrates are con-
sidered to be typically under-reported, while protein is
typically over-reported®”. Obese and weight-conscious
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participants are considered to be those who under-report
unhealthy food the most?*2®. The intakes of various
nutrients in the present study were of the same magnitude
as intakes reported in a previous national Swedish study,
Riksmaten, from 1997-1998, of 1215 Swedish men and
women'?”. In Riksmaten, the participants were asked to
record their total intake of food and beverages using a
7d food dairy and did not use an FFQ. A more precise
measure of some dietary intakes would have been to use
biomarkers, which were not available in our study.

Moderate validity for certain food items or nutrients may
result in bias, with double-ended macronutrient recom-
mendations (e.g. 50-60% of energy from carbohydrates)
being more vulnerable to poor validity (i.e. misclassifica-
tion when using FFQ). In alternative scoring model 3 we
excluded all double-ended recommendations, but the
results did not change much compared with the initial
scoring model. In order to reduce bias from misclassification
using absolute cut-off points for the NNR scoring, we used a
continuous score proportional to the distance from the
guidelines (in all scoring models). By doing this, intakes
close to, but not within the recommended intake were still
given a high score.

We cannot rule out the possibility that the null results for
overall adherence to the NNR in the present study are due to
participants being generally very well-nourished, leading to a
limited variation and skewing towards higher adherence
scores for certain recommendations in order to see an
association with URTI. Nevertheless, small variations in the
scoring were taken into account by using a continuous
grading scale for intakes close to NNR cut-offs. Our results on
physical activity and URTT are supported by previous studies
which have suggested a protective association on URTI of
moderate levels of physical activity®, possibly mediated by
a higher circulating number of natural killer cells found in
resting athletes®”. Although we cannot rule out a potential
effect of reverse causality, to minimize this possibility we
assessed exposure before outcome (i.e. baseline) and
thereafter excluded those with URTI at baseline.

Major strengths of our study include its population-based
design and the comprehensiveness of case identification
using frequent follow-ups. Also, the continuation rate for
each follow-up was high, i.e. more than 80% of the
participants responded to each follow-up web ques-
tionnaire. Incidence of URTI was self-reported and self-
diagnosis of URTI has been shown to be reliable in adult
patients®”. The prospective nature of the study makes
any potential recall bias highly unlikely. We adjusted for
several potential confounders in the model, including
stress, smoking, education level and season, observing no
great difference between the age-adjusted and the multi-
variable models, but unmeasured aspects of a healthy diet
or lifestyle (e.g. hand-washing) might result in residual
confounding.

In conclusion, we found that the overall adherence to
the NNR was moderately good. Overall adherence to the
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NNR was not associated with URTI risk in our study.
However, when investigating individual components of
the NNR, we found that high physical activity was asso-
ciated with lower URTI risk. In addition, we found that
the feasibility of using a web questionnaire at baseline
and sending follow-up questionnaires via email was high
in this population.
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