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Abstract

Understanding how dietary intake changes over time is important for studies of diet and disease and may inform
interventions to improve dietary intakes. We investigated how a dietary pattern (DP) tracked over 10-years in the Swedish
Obese Subjects (SOS) study control group. Dietary intake was assessed at multiple time-points in 2037 severely obese
individuals (BMI 414 kg/m?). Reduced rank regression was used to derive a dietary pattern using dietary energy density
(kJ/g), saturated fat (%) and fibre density (mg/kJ) as response variables and score respondents at each follow-up. Tracking
coefficients for the DP, its key foods and macronutrient response variables and corrected for time-dependent and time-
independent covariates were calculated using generalised estimating equations to take into account all available data. The
DP tracking coefficient was moderate for women (0.40; 95% Cl: 0.38-0.42) and men (0.38; 95% Cl: 0.35-0.41). Of the eleven
foods key to this DP, fruit and vegetable intakes had the strongest tracking coefficient for both sexes. Fast food and candy
had the lowest tracking coefficients for women and men respectively. Scores for an energy dense, high saturated fat, low
fibre density DP appear moderately stable over a 10-year period in this severely obese population. Furthermore, some food
groups appear more amenable to change while others, often the most healthful, appear more stable and may require
intervention before adulthood.
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Introduction

In epidemiological literature tracking is used to describe the
stability of the longitudinal development of a certain outcome
variable [1]. Understanding how dietary intake changes over time
Le. its stability or tracking, can help to in identify targets for
interventions to improve diet quality. Individual food groups with
strong tracking of dietary intake are likely less amenable to change
than those with weak tracking. Tracking of dietary intake over
time in different populations also has methodological implications
for cohort design and dietary assessment.

Little is known about longitudinal tracking of dietary intake in
adults. Some work has previously been conducted looking at the
tracking of food intake in children and adolescents [2,3,4,5,6] and
their transition into adulthood [7,8]. Few studies have considered
changes in dietary patterns over time [9,10,11].

To our knowledge, no studies examining changes in dietary
intake over time have been conducted in obese populations. This is
despite weight-loss attempts being more prevalent and frequent in
this group [12,13]. Understanding the role of tracking in a severely
obese population will provide an insight into the opportunities for
lifestyle interventions in this population.

Dietary patterns allow us to account for total dietary intake and
the various combinations of food and nutrients typically consumed
[14]. However, few studies have considered how dietary patterns
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change over time in adults using more than two time points
[15,16,17] and even fewer have made use of all the available data
in longitudinal analysis [16].

Reduced rank regression (RRR) is a dietary pattern method that
balances hypothesis and exploratory driven aspects [18,19]. It
creates patterns in food groups that optimise the amount of
variation in a set of variables chosen by the researcher using a
priori knowledge.

The aim of this study was to investigate tracking of dietary
intake in a severely obese population over a 10-year period, in
particular, a hypothesis driven dietary pattern identified using
RRR. The tracking of intakes of selected food groups and
nutrients was also examined.

Materials and Methods

Ethics statement: Written Informed consent was obtained for all
study participants. The Swedish Obese Subjects (SOS) study has
been conducted according to the principles expressed in the
Declaration of Helsinki. The SOS study protocol was approved by
the Research Ethics Committee of University of Gothenburg and
seven other Swedish regional ethics review boards, each harbour-
ing one or several of the involved study sites. The SOS trial has
been registered in the ClinicalTrials.gov registry (NCT01479452,
http://clinicaltrials.gov/ct2/show/NCT01479452?term).
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Figure 1. Factor loadings for the first dietary pattern high in energy density, high in percentage saturated fat and low in fibre

density.
doi:10.1371/journal.pone.0097457.9001

Data were from the Swedish Obese Subjects Study (SOS) study.
Full details of the study have been reported elsewhere [20]. In
brief, SOS is a prospective intervention study investigating the
impact of bariatric surgery on morbidity and mortality in severely
obese adults. SOS recruited 6905 severely obese individuals
between 1987 and 2001 in Sweden, all of whom underwent health
examinations and completed multiple questionnaires including
diet. Of this registry population, 2010 individuals chose to have
bariatric surgery and were matched with 2037 control who
received no standardised treatment [20].

The current analysis uses data from the control group only
(n=2037). Participants completed medical, dietary and health
related quality-of-life questionnaires as well as health examinations
at registration, baseline (t=0), 0.5, 1, 2, 3, 4, 6, 8, and 10-years.
Data collected up to 16™ June 2009 is included.

Dietary Assessment

Dietary data were collected using a validated, semi-quantitative
diet questionnaire. This questionnaire was adapted from a diet
history interview developed for the general population in Sweden,
based on clinical experience of the problematic eating character-
istics of obese individuals. The questionnaire included 50 questions
with additional sub-questions intended to add detail and
clarification. The questionnaire, described in more detail else-
where [21], has been validated in both obese and non-obese
groups [21,22]. The correlations between the questionnaire and
food records for reported intakes of dietary fibre, saturated fat and
total energy were 0.59, 0.62 and 0.45 respectively [21]. The
reproducibility of dietary fibre, saturated fat and energy intake was
also assessed with correlation coefficients of 0.61, 0.72 and 0.73
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respectively [21]. The dietary questionnaire was completed at
registration for the study (t=R), at commencement of the study
(on average 13 months later, t=0) and then at 0.5, 1, 2, 3, 4, 6, 8,
and 10 years later.

All completed food questionnaires were linked to Swedish food
composition tables to provide nutrient information. For this
analysis, 39 food groups were defined based on nutrient content
and usual culinary usage (Table S1). Average intakes of each food
group (g/day) were calculated at each time-point and standardised
relative to data collected at study registration ((Intake — mean

(t=R))/SD(t=R)).

Dietary Patterns

Dietary patterns were firstly derived using available data
collected at registration (n=6869). The RRR model (PROC
PLS in Statistical Analysis Software (version 9.3, SAS Institute
Inc)) included dietary energy density (DED), fibre density (FD) and
saturated fat intake (% of total energy) as response variables. These
variables are the focus of current recommendations from
healthcare bodies and governments for weight-loss and improving
diet quality conducive to cardiovascular health [23,24,25]. The 39
food groups were used as predictors.

Energy density (kJ/g) was calculated as food energy (k]) divided
by food weight (g). Food was defined as solid food and liquids
consumed as food (for example, soups and yoghurt). All beverages,
both energy-containing (alcoholic drinks, milk, sweetened drinks
and fruit juices) and non-energy-containing (water, coffee and diet
beverages), were excluded from this calculation [26]. The
percentage energy from saturated fat was calculated by dividing
daily energy from saturated fat (kJ) by total daily energy intake (kJ)
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Table 1. Mean (+SD) measures and dietary characteristics of the 2037 individuals at their registration to the study (t=R).

Measure

Male Female

n=590 n=1447
Age (yrs) 46.8+5.8 47.6%6.2
Smoking (%) 237 18.8
Weight (kg) 126.8£14.4 112.9%£13.9
Height (m) 1.80+0.07 1.65%+0.06
BMI (kg/m?) 39.2+4.1 416+4.2
Total Energy intake (kJ) 132404802 11334+4697
Saturated fat intake (%) 16.0%3.1 16.5%3.1
Fibre density (mg/kJ) 1.93+0.60 2.24+0.62
Dietary energy density (kJ/g) 7.63+1.55 7.12+1.55

doi:10.1371/journal.pone.0097457.t001

then multiplying by 100. FD (mg/k]) was calculated by dividing
dietary fibre intake (mg) by total energy intake (k).

Three dietary patterns were extracted at t=R. Every subject
received a z-score for the dietary pattern to quantify how their
reported dietary intake reflected the pattern. Dietary patterns were
similarly derived at each follow-up to ensure no new patterns

2037 severely obese Swedish men and women.

appeared during the 10-year follow-up; no new patterns were
identified. Only the dietary pattern explaining most variation in
response variables was of interest.

To investigate tracking of the same dietary pattern over the 10-
year follow up, an applied dietary pattern z-score was calculated
for t=0, 0.5, 1, 2, 3, 4, 6, 8, and 10 years using the scoring

Table 2. Tracking coefficient and 95% Cl of a standardised dietary pattern score, reported food intake and macronutrient intake of

Men Women
Tracking coefficient 95% CI Tracking coefficient 95% CI

Dietary pattern score (time points)

Dietary Pattern score (R-10) 0.38* 0.35-0.41 0.40* 0.38-0.42
Dietary pattern score (0-10) 0.39*% 0.36-0.41 0.45% 0.43-0.47
Dietary Pattern score (2-10) 0.45* 0.31-0.49 0.50* 0.44-0.55
Dietary Pattern score (6-10) 0.47* 0.38-0.57 0.53* 0.46-0.61
Food groups (t=R to 10)

Vegetables 0.52 0.48-0.56 0.37 0.35-0.39
Fruit 0.46 0.43-0.49 0.36 0.34-0.38
Chocolate 0.23 0.21-0.25 0.25 0.24-0.27
Swedish sweet bread (low-fibre) 0.25 0.23-0.27 0.28 0.27-0.29
Full Fat spread (butter) 0.19 0.09-0.29 0.25 0.21-0.30
Cheese 0.28 0.25-0.30 0.20 0.18-0.21
Fast Food 0.25 0.22-0.27 0.14 0.13-0.15
Cake 0.21 0.19-0.23 0.24 0.23-0.25
White Bread 0.24 0.19-0.30 0.26 0.22-0.30
Fatty Meat 0.23 0.20-0.25 0.27 0.25-0.28
Candy 0.10 0.08-0.12 0.18 0.17-0.20
DP response variables (t=R to 10)

Total Energy 0.38* 0.36-0.41 0.38* 0.36-0.39
Saturated fat % 0.37 0.35-0.40 0.35 0.33-0.37
Fibre density 0.45 0.41-0.48 0.47 0.45-0.49
Dietary Energy Density 0.35 0.33-0.38 0.38 0.36-0.39

doi:10.1371/journal.pone.0097457.t002
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*Adjusted for age and smoking. All other coefficients are adjusted for age, smoking and total energy intake.
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Figure 2. Mean dietary pattern z-score* over 10 years. * z-scores from t0 — t10 were standardised to intakes at t=R.

doi:10.1371/journal.pone.0097457.9002

coefficients produced by the RRR analysis of registration data
[6,27]. The applied z-score reflected adherence to the dietary
pattern observed at registration. This consistency in measurement
over time provides a better variable for longitudinal measurement
than using z-scores from similar dietary patterns derived from an
exploratory analysis conducted at each time point.

Statistical Analyses

Tracking (or stability) coefficients were calculated for dietary
pattern z-scores using a generalised estimating equation (GEE)
model [28].

The model regressed repeated measurements of the DP z-score
against the DP z-score at registration, adjusting for time between
each measurement. As the relationship between the initial DP
score and subsequent DP scores is tested simultaneously, the
standardised regression coefficient (B;) can be interpreted as a
tracking coefficient [28]. Adjustments were included for time-
dependent covariates and time-independent covariates.

GEE was carried out using the GENMOD procedure in SAS
v9.3. As dietary intake is included as z-scores, the standardised
tracking coefficient ranges from 0 to 1, with 1 indicating perfect
tracking and 0 indicating no tracking. There are no universally
accepted cut offs to classify good or poor tracking, as the
magnitude of the tracking coefficient can depend on the length of
follow up and measurement error in the variable being tracked
[28]. However, it is possible to contrast tracking coefficients
observed within the same study, and we considered weak tracking
coeflicients as =0.3; moderate tracking 0.3-0.6; and high tracking
=0.6 [29,30].
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Interactions between the tracking coefficient and gender were
observed (p<<0.0001) and so tracking coeflicients were estimated
separately for men and women. To test the effect of different
durations of follow-up, tracking coefficients were estimated
between registry (t=R) and 10-years, baseline (t=0) and 10-
years, from 2 to 10-years and from 6 to 10-years. Age, and
smoking were examined as time-varying covariates. A similar GEE
model was applied to estimate tracking coefficients for key food
group intakes and the macronutrients chosen as response
variables, which were included in the models as standardised
intakes (z-scores). Only those food groups with a factor loading =
0.2 or = —0.2 were examined (Figure 1).

Because of potential differences in dietary habits and dietary
reporting, tracking analyses were conducted separately for men
and women. Only those respondents who completed a food diary
on at least two follow ups were included in the analyses.

Results

A total of 2037 participants had dietary data from at least
two follow-ups with data from 2037, 1771, 1766, 1667, 1544,
1477, 1364, 1219 and 1131 individuals at t=0, 0.5, 1, 2, 3, 4,
6, 8, 10 respectively. At registration, the study population had a
greater proportion of women (71%) than men (29%) and a
mean age of 47.6%6.2 and 46.8%5.8 years respectively for
women and men (Table 1). BMI was higher in women
(41.6+4.2 kg/m?) than men (39.2+4.12 kg/m? due to the
SOS inclusion criteria [31].

The first of the three derived dietary patterns explained most
of the variance in the response variables (54%). The remaining
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two patterns combined explained only 26% of the total
variation in response variables and were therefore not included
in the tracking analysis. The first pattern explained 31% of the
variance in percentage energy from saturated fat, 60% of the
variance in fibre density and 71% of the variance in dietary
energy density. This pattern was negatively correlated with fibre
density (r=—0.61) and positively correlated with percentage
energy from saturated fat (r=0.44) and dietary energy density
(r=0.66). It was therefore labelled an ‘energy-dense, high
saturated fat, low fibre dietary pattern’. A high dietary pattern
z-score was characterised by higher intakes of chocolate, low-
fibre bread, cheese, fast food and cake and lower intakes of fruit
and vegetables (Figure 1).

The tracking coeflicient (B;) for the energy-dense, high
saturated fat, low fibre dietary pattern over the entire study
period was moderate, at 0.40 (95% CI: 0.38-0.42) for women and
0.38 (95% CI: 0.35-0.41) for men. The DP tracking coefficients
were stronger when follow up time was shorter in women (Table 2).
Tracking coefficients were consistently stronger in women than
men.

Tracking coefficients for the food group intakes were generally
lower (Table 2). The highest coefficients for men and women were
for vegetable (B; =0.52 [95% CI: 0.48-0.56] and B, =0.37 [95%
CI: 0.35-0.39] respectively) and fruit (B; =0.46 [95% CI: 0.43
0.49] and (B;=0.36 [95% CI: 0.34-0.38]) intake. The lowest
coeflicients were for intake of fast food in women (B, =0.14 [95%
CI: 0.13-0.15]) and candy in men (B;=0.10 [95% CI: 0.08-
0.12]). Tracking coefficients for macronutrient response variables
were similar to the DP ranging from 0.35 to 0.47. The tracking
coefficients for macronutrients and foods did not alter with
different follow-up times (not shown).
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Population mean z-scores for the dietary pattern over 10-
years are displayed in Figure 2. Between study registration and
one year after baseline, there was a marked decrease in z-score.
Population mean z-scores for food groups (Figure 3) and
macronutrients (Figure 4) were also plotted. The observed
changes in mean intakes correspond with the changes observed
in dietary pattern scores.

Discussion

In this cohort of severely obese adults, an energy dense, high
saturated fat, low fibre dietary pattern showed moderate levels of
tracking over a 10-year period. However, intakes of food groups
important to this dietary pattern showed varying degrees of
tracking. This suggests that dietary intake among severely obese
adults is not fixed and may be subject to change.

The differences in tracking among food groups indicate that
some food intakes are less stable over time, than others. The
weaker tracking coefficients for fast food and candy highlight
that these foods are more susceptible to change than others and
this weaker tracking may be in part due to repeated attempts to
lose weight and eliminate these ‘treat’ foods. While food groups
with weaker levels of tracking are likely appropriate, modifiable
targets for interventions, they may also represent food groups
where changes are short term and difficult to maintain. Fruit
and vegetable intakes had stronger tracking coefficients, a
possible result of strong habit formation and food preference.
This is consistent with another study that showed while men
made a number of positive dietary changes as part of a weight-
loss intervention, increased vegetable intake was least likely [32].
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The changes observed in food intakes in this cohort may be
explained by a number of factors. For instance, in the waiting
period between registration and baseline, participants showed
improvements in cardiovascular disease risk factors [33]. This is
likely to be a ‘study effect’ and may also be responsible for
initial dietary changes as individuals’ have demonstrated a
willingness to change by expressing interest in the study.
Secondly, it may be that diagnosis of disease may be a pre-
cursor to dietary changes in this high risk population. For
example, despite receiving no intervention, the control group
has demonstrated a rate of recovery from diabetes at 2 years of
21% and at 10 years of 13% [20]. It is likely these recoveries
are influenced by dietary and lifestyle changes.

To our knowledge, no other study has looked at the tracking
of dietary patterns over time in severely obese adults. Two
studies have investigated the tracking of nutrient and food
intakes in the Amsterdam Growth and Health Study (AGHS)
using similar methods. Post et al. [7] analysed repeated dietary
measures in 200 individuals over a period of 20 years spanning
adolescence and adulthood. The tracking coefficients for total
energy (B1=0.33; 0.22-0.4) and percentage energy from
saturated fat (B1=0.41; 0.32-0.50) were similar to that observed
in our analysis. In another analysis of AGHS data, Velde et al.
tracked fruit and vegetable intake in 168 men and women
between the ages of 12 and 36 years [34]. Their tracking
coeflicient for fruit was 0.33 (95% CI: 0.25-0.41); similar to the
tracking coefficient for SOS women but weaker than SOS men.
Velde’s tracking coefficient for vegetables was 0.27 (95% CI:
0.19-0.36), much lower than that of the current study [34].
However, these studies are not directly comparable as partic-
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ipant numbers, population type and length between follow up
measurements may influence tracking coefficients [1]. Despite
being over a longer follow-up, the studies in the AGHS, had
fewer participants and measurements. This may contribute to
the differences observed between the two studies.

This is one of very few studies to track a dietary pattern that
was identified using reduced rank regression. The SOS study is
one of the largest cohorts of severely obese individuals with
repeated dietary measures collected using consistent data
collection methods. Despite this, some study limitations should
be noted. Firstly, it is possible the categorisation of food groups
has influenced the degree to which foods appear to track. For
example, it may be easier to swap intake of foods in the
‘Candy’ group with foods in another food group than it is for
groups such as fruits or vegetables. We cannot rule out recall
bias or dietary misreporting, which is common, to some degree,
to all dietary assessments, and this may have influenced some
tracking coefficients. However, the dietary assessment in the
SOS study was adapted for the severely obese population to
minimise biases due to the nature of the population. The levels
of under-reporting in the SOS dietary assessment tool are no
greater than those seen in the general population [21]. As the
study occurred over ten years, a potential limitation is loss to
follow up as is frequently observed in longitudinal studies. The
loss to follow-up was greatest at 10-years with a 56% loss.
However, this remains a large cohort of severely obese
individuals at 10-years with 1130 responses. Furthermore, the
application of longitudinal models to estimate the tracking
coefficients utilised all available data at each follow up, thus
avoiding some of the potential bias associated with ‘completers
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only’ analyses. By comparison, most studies reporting dictary
tracking have been limited to only two measurements over time
and the use of more simple statistical methods e.g. Pearson’s
correlation and measures of agreement (e.g. Kappa statistics) as
indicators of dietary tracking [35]. Finally, while we considered
the influence of gender, age and smoking, it is possible that
there are other important influences on dietary tracking that
were not considered in this study.

The varying degrees of tracking of diet in this population,
highlights the importance of repeated measures in cohort studies.
A single measure of diet at baseline is likely to be a poor proxy for
total diet over later years or decades. Further work is needed in a
variety of cohorts to better understand the stability of diet in
different adult populations.

In conclusion, an energy dense, high saturated fat, low fibre
density dietary pattern and selected food and nutrient intakes
track moderately over a 10-year period in this cohort of severely
obese adults. The intakes of some food groups appear more
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subject to change than others while some, often the most
healthful, appear more stable and may require earlier interven-
tion. While there is continued scepticism about the long-term
effectiveness of lifestyle interventions in the severely obese
[36,37,38,39], these results suggest that while changes in some
foods are likely to be more successful than others, there are
opportunities to change dietary habits in the severely obese,
which deserve further investigation.
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