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monika_swiatkowska@sggw.pl (M.Ś.); marta_plichta@sggw.pl (M.P.); milena_wasilewska@wp.pl (M.W.)

2 Section of Horticultural Economic, Faculty of Horticulture, Biotechnology and Landscape Architecture,
Warsaw University of Life Sciences (SGGW-WULS), 159C Nowoursynowska Street, 02-787 Warsaw, Poland;
dagmara_stangierska@sggw.pl

* Correspondence: marzena_jezewska_zychowicz@sggw.pl; Tel.: +48-225-937-131

Received: 30 June 2018; Accepted: 30 July 2018; Published: 1 August 2018
����������
�������

Abstract: Sedentary behavior, a low physical activity level, and unhealthy dietary patterns are
risk factors for major chronic diseases, including obesity. The aim of this study was to assess the
associations of dietary patterns (DPs) with sedentary behaviors (SB) and self-reported physical
activity (PA). The data was collected in November 2016 through a cross-sectional quantitative survey
amongst 1007 Polish adults. Principal components analysis (PCA) was conducted to derive DPs.
Logistic regression analysis was used to verify associations between PA and SD (independent
variables), and DPs (dependent variables). Five DPs (‘Fast foods & sweets’—FF&S; ‘Meat &
meat products’—M&MP; ‘Fruit & vegetable’—F&V; ‘Wholemeal food’—WF; ‘Fruit & vegetable
juices’—F&VJ) were identified. Representing M&MP independently increased the chance of watching
TV at least once a day (by 73%). There was no such relationship between the FF&S and sedentary
behaviors. Being in the upper tertiles of pro-health DPs increased the chance of reading books
(by 177%—F&V, 149%—WF, 54%—F&VJ) and watching TV (by 71%—F&V). On the other hand,
belonging to the upper tertile of WF reduced the chance of using the computer for more than 4 h a
day. Belonging to the upper tertile of healthy DPs (WF and F&VJ) increased the chances of moderate
or high physical activity, both at work/school and during leisure time. Within F&V, there was a lower
chance of moderate or high physical activity at work/school. Being in the upper tertile of unhealthy
DPs (FF&S and M&MP) did not show any significant association with physical activity. The study
indicated the associations between both healthy and unhealthy DPs and some sedentary behaviors.
Association between F&V and watching TV and reading books/newspapers should be recognized
as potentially efficient in education. Association between M&MP and watching television can be
indicative of the mutual overlap of a negative lifestyle resulting in the development of overweight
and obesity, especially since the extent of occurrence of sedentary behaviors is high.

Keywords: dietary patterns; physical activity; sedentary behaviors; adults; principal component analysis

1. Introduction

Sedentary behavior and a low physical activity level are risk factors for major chronic diseases
such as obesity and type 2 diabetes, cardiometabolic risk, and mortality [1–4]. In contrast, regular
physical activity and fitness has been shown to improve health and decrease the risk of chronic

Nutrients 2018, 10, 1004; doi:10.3390/nu10081004 www.mdpi.com/journal/nutrients

http://www.mdpi.com/journal/nutrients
http://www.mdpi.com
https://orcid.org/0000-0002-4140-4824
https://orcid.org/0000-0002-0784-3604
http://www.mdpi.com/2072-6643/10/8/1004?type=check_update&version=1
http://dx.doi.org/10.3390/nu10081004
http://www.mdpi.com/journal/nutrients


Nutrients 2018, 10, 1004 2 of 16

diseases, frailty, disability, falls, and mortality [5–7]. Simultaneously sedentary behaviors that involve
activities with a very low energy expenditure (1.0–1.8 metabolic equivalents), performed mainly in a
sitting or supine position [8], were found to be associated with the consumption of unhealthy foods in
youth [9,10] and in adults [11–13], and were linked to an increase in obesity as well as to the higher
probability of developing chronic diseases [1,14,15].

In previous studies, watching television time has been used most often as a measure of sedentary
behavior [12,16]. The studies have found associations between time spent watching TV and obesity,
cardiovascular risk factors, metabolic syndrome, and type 2 diabetes [2,17]. Few studies have
evaluated whether dietary intakes may mediate the effects of watching TV on cardio-metabolic
risk factors [3,18–20]. Watching TV has been shown to coincide with extra calorie intake during this
activity [21–23]. While watching TV, one is exposed to an increasing number of advertisements for
food rich in fat, sugar, and salt [24,25], which promotes the consumption of these products [21,26,27].

In nutritional epidemiology, dietary patterns (DPs) have been attracting a lot of attention in the
last decades [28–31]. The studies have shown that DPs are significantly associated with cardiovascular
disease, overweight and obesity, and other diseases, e.g., cancer, Alzheimer disease, and mild cognitive
impairment [32–35], and with other elements of individuals’ lifestyle, e.g., physical activity [36–39].
Nevertheless, the associations between dietary patterns and physical activity are still unclear [40].
There is a need to identify associations between them and potentially modifiable components,
e.g., particular sedentary behaviors. Research methods used in investigating the association between
dietary habits and physical activity found in previous studies have certain limitations. A number of
studies have examined these associations in relation to the consumption of particular foods (i.e., fruits,
vegetables, high-fat foods), indicating that people with higher physical activity are more likely to make
healthier dietary choices than those with lower physical activity [9,41–43]. However, some studies
demonstrate that a higher level of physical activity may not counteract an unhealthy diet [44].

The available evidence for the existence of associations between dietary habits, sedentary
behaviors, and physical activity is quite strong for children and adolescents [45–47], but still limited
for adults [37,38]. Moreover, previous studies focused solely on television viewing, which is only one
domain of sedentary behavior. Other domains have to date been rarely associated with dietary patterns
reflecting the complexity of dietary behaviors [48]. In contrast to particular dietary characteristics,
that is, foods and/or nutrients, DPs represent the whole diet [49]. Knowing the associations between
DPs and domain-specific sedentary behaviors is needed to better define a healthy lifestyle and its
determinants and target at-risk groups in education programs. To address the gaps in the evidence,
the aim of this study was to assess the association of dietary patterns with sedentary behaviors
and physical activity, derived from a self-reported questionnaire carried out in a representative
sample of the Polish population. The diagnosis of this relationship is justified from the perspective of
disease prevention.

2. Materials and Methods

2.1. Ethical Approval

The study was approved by the Ethics Committee of the Faculty of Human Nutrition and
Consumer Science, Warsaw University of Life Sciences, in Poland, on the 27th of June 2016, (Resolution
No. 01/2016). Informed consent to participate in the study was collected from participants.

2.2. Study Design and Sample Collection

The data was collected in November 2016 through a cross-sectional quantitative survey under
the LifeStyle Study. According to the study design, recruitment and data collection were conducted
by a research agency—ARC Market and Opinion. Participants were selected from the panel of
approximately 55,000 registered adult people. Members of epanel.pl received monetary gratification
for participation in the study. In order to obtain remuneration, epanel.pl participants had to fill out the
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payout form, in which they gave their name, PESEL, and address of check-in. Only people aged 21–65
qualified for the study.

After sending an invitation to participate in the LifeStyle Study, 6910 people clicked on the link,
thus expressing their willingness to participate in the survey. Quota selection using gender, age,
place of residence, and region was used to ensure the representativeness of the Polish population.
During the recruitment for the study, five people did not meet the panel criteria (age above 65),
144 people stopped filling out the questionnaire during the interview, and 5746 people did not qualify
due to filling the quota, while eight people were removed from the database at the collection control
stage due to very short time of completing the questionnaire and the same answers to all questions on
the frequency of eating. As a result, the study consisted of 1007 participants. The computer-assisted
web interviewing (CAWI) technique was used to collect all data.

2.3. Eating Habits

The Beliefs and Eating Habits Questionnaire (KomPAN) developed and validated by the
Commission of Behavioral Determinants of Nutrition from the Polish Academy of Sciences (Warsaw,
Poland) [50] was used to assess the frequency of the consumption of selected food groups, including:
whole meal bread; whole meal pasta and groats; fermented milk drinks; cheeses (including melted
cheese, blue cheese); cured meats and sausages; red meat; white meat; fried foods; fruits; vegetables;
vegetable juices; fruit juices; fizzy drinks; meals or snacks such as burgers, pizza, chicken, and fries;
sweets and cakes; and crisps and other salty snacks. All participants were asked to record their habitual
intake frequency for each food group within the last year according to the following categories:

1—never;
2—less often than once a month;
3—from one to three times a month;
4—once a week;
5—several times a week;
6—once a day;
7—several times a day.

2.4. Physical Activity and Sedentary Behaviors

Self-reported physical activity was recorded in the questionnaire on a scale ranging from 1—‘low’
and 2—‘moderate’ to 3 –‘high’. The description of the scale was presented separately for the physical
activity in leisure and work/school time. For leisure time, ‘low’ means ‘sedentary lifestyle, watching TV,
reading the press, books, light housework, taking a walk for 1–2 h a week’; ‘moderate’—‘walks, cycling,
gymnastics, gardening or other light physical activity performed for 2–3 h a week ‘; and ‘high’—‘cycling,
running, working on a plot or garden, and other sports activities requiring physical effort, taking up
more than 3 h a week’. ‘Low’ activity at work/school time was described as ‘over 70% of the time in
a sitting position’, ‘moderate’ as ‘approximately 50% of the time in a sitting position and about 50%
of time moving’, and ‘high’ as ‘about 70% of the time in motion or doing physical work associated
with a lot of effort’ [50]. Sedentary behaviors included reading books and newspapers, watching TV,
and using the computer. Frequency of watching TV and reading books and newspapers was recorded
using seven-point scales ranging from 1—never, 2—less than once a month, 3—one to three times a
month, 4—once a week, 5—two to six times/week, and 6—once a day to 7—more than once a day.
Using the computer was recorded on a six-point scale ranging from 1—never, 2—less than 1 h a day,
3—from 1 till almost 2 h a day, 4—from 2 till almost 4 h a day, and 5—from 4 till almost 6 h a day to
6—more than 6 h a day.
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2.5. Socio-Demographic Variables

The questionnaire also collected information about sociodemographic characteristics of the
sample: gender, age, education, and place of residence. Body Mass Index (BMI) was calculated
using self-reported weight and height and categorized according to International Obesity Task Force
(IOTF) standards [51].

2.6. Statistical Analysis

A principal components factor analysis (PCA) was conducted to derive dietary patterns based on
the frequency of eating of sixteen food groups. The factors were rotated by an orthogonal (Varimax)
transformation. The number of factors was based on the following criteria: components with an
eigenvalue of 1, a scree plot test, and the interpretability of the factors. The eigenvalues signify the
amount of variance explained by each of the factors. Food items were considered to load on a factor
if they had an absolute correlation of 0.5 with it. The factorability of data was confirmed with the
Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy and Bartlett’s test of sphericity achieving
statistical significance. The KMO value was 0.781, which attests the correct choice of analysis and the
number of factors. Bartlett’s test had a significance of p < 0.0001 [52]. Five dietary patterns (factors)
were derived: ‘Fruit & vegetables’ (comprising fruits and vegetables), ‘Wholemeal food’ (comprising
wholemeal pasta, groats, and wholemeal bread), ‘Fast foods & sweets’ (comprising crisps and other
salty snacks; meals or snacks such as burgers, pizza, chicken, and fries; sweets and cakes; and fizzy
drinks), ‘Fruit & vegetable juices’ (comprising vegetable juices and fruit juices), and ‘Meat & meat
products’ (comprising red meat, white meat, cured meats and sausages, and fried foods), accounting
for 66.2% of total variance.

Based on the tertiles distribution, participants were divided into three categories within each
pattern (bottom, middle, or upper tertile). The upper tertile (T3) represents the greatest adherence and
the bottom tertile (T1) represents the lowest adherence to the DPs.

Logistic regression analysis was used to verify associations between variables describing
physical activity and sedentary behaviors (independent variables), and DPs (dependent variables).
The variables describing physical activity were as follows: moderate or high physical activity at work;
moderate or high physical activity at leisure time; watching TV at least once a day, using the computer
at least four hours a day; and reading books/newspapers at least once a day.

Odds ratios (ORs) represented the chances of adherence to the upper tertiles of each DP.
The reference groups (OR = 1.00) were those that represented the bottom tertile of each DP. Wald’s test
was used to assess the significance of ORs. Tests of a linear trend across increasing tertiles of DPs
adherence (for ORs) were calculated for physical activity. P-value ≤ 0.05 was considered as significant
for all tests. All analyses were carried out by applying sample weights to adjust for non-response
and missing data. All analyses were performed using SAS 9.4. Software (SAS Institute Inc., Cary,
NC, USA).

3. Results

3.1. Sample Characteristics

The sample consisted of 1007 participants (529 women and 478 men) aged 21 to 65 years. Table 1
displays the socio-demographic characteristics of the study sample.
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Table 1. Study sample characteristics.

Variables N = 1007 %

Gender Female 529 52.5
Male 478 47.5

Age

21–34 years 370 36.7
35–44 years 235 23.3
45–54 years 132 13.2
55–65 years 270 26.8

Place of residence
City ≤ 50,000 residents 539 53.5
City > 50,000 residents 199 19.8

Rural area 269 26.7

Education Upper secondary and lower 403 40.1
Higher 604 59.9

N—number of participants.

3.2. Dietary Patterns

Table 2 illustrates the correlations between the frequency of eating of particular food groups and
each of the five DPs.

Table 2. Factor-loading matrix for the DPs identified by principal component analysis (PCA).

Variables
Factor 1

Fast Foods &
Sweets

Factor 2
Meat & Meat

Products

Factor 3
Fruit &

Vegetable

Factor 4
Wholemeal

Food

Factor 5
Fruit &

Vegetable Juices

Crisps and other salty snacks 0.824
Meals or snacks such as burgers, pizza,

chicken, fries 0.756

Sweets and cakes 0.702
Fizzy drinks 0.633

Red meat (pork, beef, venison) 0.783
White meat (poultry, turkey) 0.748
Cured meats and sausages 0.696

Fried foods 0.551

Fruits 0.825
Vegetables 0.764

Cheeses (including melted cheese, blue cheese)

Wholemeal pasta, groats 0.839
Wholemeal bread 0.763

Fermented milk drinks

Vegetable juices 0.830
Fruit juices 0.799

Variance Explained (%) 24.9 16.0 9.5 7.4 6.4

Total Variance Explained (%) 64.2

Kaiser’s Measure of Sampling Adequacy: 0.781

Factor loadings of ≤ |0.50| are not shown in the Table for simplicity.

The mean standardized values in individual tertiles are significantly different within DPs (Table 3).

Table 3. The mean standardized values in individual tertiles within DPs.

Bottom Tertile (T1) Middle Tertile (T2) Upper Tertile (T3)
p-Value

Mean N Mean N Mean N

Fast foods & sweets 0.323 a 344 0.478 b 325 0.639 c 338 <0.001
Meat & meat products 0.506 a 329 0.663 b 340 0.776 c 338 <0.001

Fruits & vegetables 0.438 a 337 0.620 b 340 0.781 c 330 <0.001
Wholemeal food 0.351 a 331 0.541 b 355 0.681 c 321 <0.001

Fruit & vegetable juices 0.288 a 332 0.491 b 353 0.682 c 322 <0.001

N—number of participants; a,b,c Values with different letters in a row are significantly different across the tertiles
(Waller-Duncan test).
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3.3. Physical Activity and Sedentary Behaviors

Almost 70% of the respondents watched TV at least once a day. Among them, 7.9% declared
watching TV for less than one hour per day, 34.4%—from 1 to almost 2 h, 36.6%—from 2 to 4 h,
14.6%—from 4 to almost 6 h, and 6.5% watched TV for more than six hours per day. About 2/3
of the sample informed about moderate or high activity in leisure time, while such activity was
indicated by less than 50% of respondents during work or school days. Slightly more than 2/5 of
respondents used the computer every day for at least 4 h a day. Significantly more men than women
were characterized by performing such activity. About 2/5 of respondents reported daily reading of
books and newspapers, with significantly more women than men reporting such activity (Figure 1).
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Figure 1. Self-reported physical activity and sedentary behaviors in the total sample, and in women
and men separately. * Significantly differed according to gender (p-value ≤ 0.05, Chi-square test).

The correlations between self-reported physical activity, sedentary behaviors, and gender ranged
from 0.106 to 0.396 (Pearson’s correlation coefficient) for significant positive correlations and from
0.081 to –0.154 for significant negative correlations (Table 4).

Table 4. Person’s correlation coefficients for self-reported physical activity, sedentary behaviors,
and gender.

Variables (1) (2) (3) (4) (5)

Gender −0.011 −0.116 ** −0.081 * 0.012 0.059
Watching TV (1) 1 0.106 ** 0.396 ** −0.015 −0.101 **
Reading books and newspapers (2) 1 0.229 ** 0.002 0.022
Using the computer (3) 1 −0.095 ** −0.091 **
Physical activity at work/school (4) 1 0.364 **
Physical activity during leisure time (5) 1

Statistically significant: * p < 0.05, ** p < 0.01.

Gender correlated negatively with reading books/newspapers and using the computer. Watching
TV correlated positively with reading books/newspapers and using the computer, and negatively
with physical activity during leisure time. Using the computer correlated negatively with physical
activity at work/school and during leisure time. The positive correlation between physical activity at
work/school and during leisure time was one of the strongest (r = 0.364).
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3.4. Dietary Patterns Versus Physical Activity

The results have demonstrated that people who consumed fruit and vegetables juices most
often (the upper tertile of F&VJ) were more likely to display moderate or high physical activity at
work/school. Also, people in the upper tertile of the ‘Wholemeal food’ pattern were more likely to
exhibit moderate and high activity at work/school. However, those who ate fruit and vegetables
most often (the upper tertile of F&V) were less likely to display moderate or high physical activity at
work/school (Table 5).

Both women and men were more likely to exhibit moderate or high activity during work/school
time in the upper tertile of the ‘Fruit & vegetable juices’ pattern. Only men who ate wholemeal food
most often (the upper tertile of WF) were more likely to display at least moderate physical activity
(Tables 6 and 7).

Respondents in the upper tertiles of the ‘Wholemeal food’ and ‘Fruit & vegetable juices’ pattern
were more likely to display moderate or high physical activity in leisure time. Both women and men in
the upper tertiles of these DPs were more likely to display at least moderate physical activity in leisure
time. In both dietary patterns, men were more likely to display moderate or high physical activity in
leisure time (Tables 6 and 7).

In the upper tertile of the ‘Fast food & sweets’ pattern, people were less likely to read
books/newspapers at least once a day. The chances of such activity decreased by 50% amongst
women in the upper tertile of this pattern. There was no significant association observed in the group
of men. Respondents who most often consumed fruit and vegetables (the upper tertile of F&V),
wholemeal food (the upper teritile of WF), and fruit and vegetable juices (the upper tertile of F&VJ)
were more likely to read books/newspapers at least once a day. Both women and men were more
likely to read books/newspapers at least once a day if they were in the upper tertiles of the F&V and
WF patterns. Only women who consumed fruit and vegetable juices most often (the upper tertile of
F&VJ) were more likely to read books/newspapers at least once a day.

People in the upper tertiles of the ‘Meat & meat products’ and the ‘Fruit & vegetable’ pattern
were more likely to watch TV at least once a day. Both men and women were more likely to watch TV
at least once a day in the upper tertile of M&MP. In men, watching TV at least once a day was 2.5 times
more likely in the upper tertile of the ‘Fruit & vegetable’ pattern, while amongst women, there were
no significant differences.

People in the upper tertile of the ‘Wholemeal food’ pattern were less likely to use the computer
at least four hours a day. For women, using the computer at least four hours a day was less likely
in the upper tertile of this pattern, while in the group of men, there were no significant differences
(Tables 5–7).
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Table 5. Adjusted associations between dietary patterns and activity components of lifestyle in the total sample (Adjusted Odds Ratios with 95% Confidence Intervals).

Variables

Fast Foods & Sweets
(Ref. Bottom Tertile)

Meat & Meat Products
(Ref. Bottom Tertile)

Fruit & Vegetable
(Ref. Bottom Tertile)

Wholemeal Food
(Ref. Bottom Tertile)

Fruit &Vegetable Juices
(Ref. Bottom Tertile)

Upper Tertile p Upper Tertile p Upper Tertile p Upper Tertile p Upper Tertile p

Physical activity at work/school time
(moderate or high) 0.97 (0.71; 1.31) 0.836 0.95 (0.69; 1.29) 0.744 0.73 (0.53; 0.99) 0.043 1.46 (1.06; 2.00) 0.018 2.17 (1.58; 2.98) <0.0001

Physical activity during leisure time
(moderate or high) 0.96 (0.69; 1.32) 0.793 1.15 (0.82; 1.58) 0.418 1.18 (0.84; 1.63) 0.328 2.34 (1.67; 3.27) <0.0001 1.93 (1.38; 2.68) <0.001

Watching TV
(at least once a day) 1.23 (0.88; 1.72) 0.215 1.73 (1.24; 2.39) 0.001 1.71 (1.22; 2.38) 0.002 0.91 (0.64; 1.27) 0.569 0.76 (0.53; 1.06) 0.113

Using computer
(at least 4 hours a day) 0.84 0.62;1.15) 0.282 0.97 (0.71; 1.32) 0.858 1.18 (0.87; 1.62) 0.277 0.73 (0.53; 0.99) 0.043 1.19 (0.87; 1.62) 0.277

Reading books and newspapers
(at least once a day) 0.60 (0.43; 0.83) 0.002 1.16 (0.83; 1.60) 0.386 2.77 (1.98; 3.86) <0.0001 2.49 (1.77; 3.49) <0.0001 1.54 (1.11; 2.14) 0.009

Table 6. Adjusted associations between dietary patterns and activity components of lifestyle in the sample of women (Adjusted Odds Ratios with 95% Confidence
Intervals).

Variables

Fast Foods & Sweets
(Ref. Bottom Tertile)

Meat & Meat Products
(Ref. Bottom Tertile)

Fruit & Vegetable
(Ref. Bottom Tertile)

Wholemeal Food
(Ref. Bottom Tertile)

Fruit & Vegetable Juices
(Ref. Bottom Tertile)

Upper Tertile p Upper Tertile p Upper Tertile p Upper Tertile p Upper Tertile p

Physical activity at work/school time
(moderate or high) 0.82 (0.53; 1.25) 0.362 1.09 (0.69; 1.69) 0.705 0.71 (0.45; 1.09) 0.118 1.34 (0.86; 2.07) 0.189 2.36 (1.52; 3.63) <0.001

Physical activity during leisure time
(moderate or high) 0.71 (0.45; 1.10) 0.131 1.33 (0.83; 2.12) 0.229 1.21 (0.76; 1.90) 0.414 2.43 (1.54; 3.83) <0.001 1.65 (1.04; 2.60) 0.032

Watching TV
(at least once a day) 1.39 (0.87; 2.21) 0.165 1.62 (1.01; 2.58) 0.042 1.25 (0.78; 1.99) 0.356 0.81 (0.49; 1.30) 0.3815 0.78 (0.48; 1.24) 0.303

Using Computer
(at least 4 hours a day) 0.80 (0.52; 1.23) 0.319 0.99 (0.63; 1.55) 0.984 0.99 (0.63; 1.53) 0.964 0.64 (0.41; 0.98) 0.047 1.21 (0.78; 1.87) 0.390

Reading books and newspapers
(at least once a day) 0.53 (0.34; 0.82) 0.005 1.04 (0.65; 1.64) 0.874 2.93 (1.84; 4.64) <.0001 2.22 (1.40; 3.50) <0.001 1.65 (1.05; 2.57) 0.027
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Table 7. Adjusted associations between dietary patterns and activity components of lifestyle in the sample of men (Adjusted Odds Ratios with 95%
Confidence Intervals).

Variables

Fast Foods & Sweets
(Ref. Bottom Tertile)

Meat & Meat Products
(Ref. Bottom Tertile)

Fruit & Vegetable
(Ref. Bottom Tertile)

Wholemeal Food
(Ref. Bottom Tertile)

Fruit & Vegetable Juices
(Ref. Bottom Tertile)

Upper Tertile p Upper Tertile p Upper Tertile p Upper Tertile p Upper Tertile p

Physical activity at work/school time
(moderate or high) 1.10 (0.69; 1.75) 0.689 0.86 (0.54; 1.35) 0.505 0.79 (0.49; 1.26) 0.319 1.64 (1.02; 2.63) 0.039 1.99 (1.25; 3.18) 0.004

Physical activity during leisure time
(moderate or high) 1.15 (0.69; 1.89) 0.589 0.95 (0.58; 1.55) 0.838 1.56 (0.91; 2.66) 0.102 2.70 (1.58; 4.58) <0.001 2.27 (1.38; 3.72) 0.001

Watching TV
(at least once a day) 1.09 (0.66; 1.79) 0.738 1.65 (1.02; 2.67) 0.041 2.52 (1.47; 4.29) <0.001 0.99 (0.59; 1.63) 0.955 0.74 (0.44; 1.24) 0.259

Using computer
(at least 4 hours a day) 0.98 (0.62; 1.56) 0.959 1.02 (0.65; 1.61) 0.902 1.31 (0.82; 2.10) 0.249 0.76 (0.48; 1.21) 0.260 1.20 (0.76; 1.90) 0.429

Reading books and newspapers
(at least once a day) 0.75 (0.45; 1.22) 0.244 1.39 (0.84; 2.27) 0.194 2.32 (1.39; 3.84) <0.001 2.59 (1.55; 4.30) <0.001 1.49 (0.90; 2.44) 0.114
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4. Discussion

The frequent occurrence of sedentary behaviors is usually accompanied by lower physical activity,
which is confirmed by both the direct measurement with the use of accelerometers [53,54] and the
self-reported data [55]. In our study, weak negative associations were found between watching TV
and using the computer, and self-reported physical activity, both during work/school and leisure time.
Some previous studies have shown that the correlations between watching television and different
physical activity domains (leisure, occupational, and total) were non-significant [1,37,56]. Similarly
to other studies [53,57], we have found that moderate and high physical activity was related to a
lower incidence of sedentary behaviors. However, we did not find any association between reading
books/newspapers and self-reported physical activity. As in other studies, a positive association was
found between watching TV and using the computer. Increasing the time spent in front of the TV and
computer is a symptom of the lifestyle of a part of the Polish population. On the one hand, there is a
growing group of people engaging in physical activity, while on the other hand, there are people with
low physical activity who revealed many sedentary behaviors [58].

Watching TV and using the computer not only reduces energy expenditure, but can also lead
to increasing the amount of food consumed, as demonstrated especially in the case of television.
Spending time in front of the TV has been shown to coincide with additional calories intake during
viewing [21–23]. While watching TV, one is exposed to an increasing number of advertisements for
food high in fat, sugar, and salt [24,25], which is conducive to its consumption. Several studies have
documented the increased intake of snack foods and energy, especially among adolescents who are
more involved in watching TV [21,22,26,27]. In our study, there was no relation between watching
television and the ‘Fast food & sweets’ pattern. Moreover, being in the upper tertile of this DP
decreased the chance of reading books/newspapers at least once a day. These findings suggest that
particular sedentary behaviors can be associated with specific eating behaviors.

Sedentary behaviors expend very little energy and similarly to low physical activity, were found
to be associated with the consumption of unhealthy foods, especially in youth [10,21,26,27,59,60].
However, in our study, sedentary behaviors of adults (watching TV, using the computer, reading books
or magazines) were found to be associated with the consumption of both unhealthy and healthy foods.

Representing unhealthy DP (‘Meat & meat products’) significantly increased the chance of
watching TV at least once a day. Unlike in other studies [27], our study did not show an association
between watching TV and ‘Fast food & sweets’ pattern. The lack of association between the
consumption of certain food products and watching television in the countries of Central and Eastern
Europe was also demonstrated in an earlier study [61]. In the Polish population, there is a high
consumption of sweets regardless of the circumstances of their eating [62], which may explain the lack
of association between watching TV and eating sweets.

Findings that confirmed an association between unhealthy dietary patterns and sedentary
behaviors may help explain, at least in part, the relationship between sedentary behaviors and
body-weight gain during adulthood [30,63,64]. A positive relationship between the ‘Meat & meat
products’ pattern and TV viewing may seem unhelpful in explaining the increase in overweight and
obese people. However, this pattern largely reflects the features of the traditional diet in Poland,
named by Wadolowska et al. [45] as ‘traditional Polish’, which is characterized by large proportions of
meat and a high caloric value.

In our study, healthy DPs were more likely to coincide with behaviors such as watching TV and
reading books/newspapers. The chances of watching TV at least once a day significantly increased in
the upper tertile of the ‘Fruit & vegetable’ pattern. In the study of Charreire et al. [37], an association
between the ‘healthy food’ pattern and watching TV was not observed. The observed association
between watching TV and reduced likelihood of regularly consuming fruit and vegetables [61] could
be a part of a less healthy lifestyle or possibly a result of the replacement of fruit and vegetables by
other foods advertised on TV more frequently. Although in Poland, the advertising of sweets and
snacks is common in mass media, no negative association has been observed in our study. Therefore,
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the reason for the positive association between television viewing and the consumption of fruit and
vegetables is not related to the emission of advertising, but probably results from the promotion of a
more healthy lifestyle on TV. Higher chances of reading books/newspapers at least once a day were
found in the upper tertiles of the healthy DPs (F&V, WF, and F&VJ). This sedentary behavior does not
increase the energy expenditure, but it can be a source of knowledge about healthy eating behaviors.

Belonging to the upper tertiles of healthy DPs was associated with higher physical activity, with
the exception of the ‘Fruit & vegetable’ pattern. People in the upper tertile of F&V were less likely
to report moderate or high activity during work/school time. The latter result was not confirmed
in other studies, which only demonstrated positive associations between the ‘healthy food’ patterns
and leisure-time physical activity [65,66]. In adults, a high level of leisure time physical activity
was found to be associated with a high consumption of healthy foods such as fruits (in men) and
vegetables (both in men and women) [37]. Positive associations between leisure-time physical activity
and intakes of specific macronutrients or healthy food groups have also been reported [38,67–70]. The
Multiethnic Cohort Study found that physical activity (three times/week) was positively associated
with the vegetable and fruit and milk patterns [71]. Similarly to Park et al. [71], we did not find any
significant associations between self-reported physical activity and unhealthy DPs. By contrast, in the
middle-aged French population, a negative association between an ‘Alcohol and meat’ pattern and
physical activity was found [36].

Similarly to other studies [4,37,72–74], our results have demonstrated that associations between
DPs and sedentary behaviors differed within gender. Women in the upper tertile of the ‘Wholemeal
food’ pattern were less likely to use the computer for at least four hours a day. Women in the upper
tertile of the ‘Fruit and vegetables juices’ pattern were more likely to read books/newspapers at
least once a day, while the chances of reading were reduced in the upper tertile of the ‘Fast food &
sweets’ pattern. Similar associations were not observed within men. Both women and men were more
likely to read books/newspapers when they represented the ‘Wholemeal food’ pattern, as well as the
‘Fruit & vegetable’ pattern. The EPIC–Potsdam study found that physical activity level was positively
associated with the ‘Fruit and vegetable’ dietary pattern in men and was negatively associated with
the ‘Bread and sausage’ pattern in women [72]. In men, the ‘Alcohol/meat’ pattern was negatively
associated with leisure-time physical activity and was not associated with occupational physical
activity [37]. Fung et al. [17] also reported that a dietary pattern characterized by higher intakes of
red meat, high-fat dairy products, beer, and liquor (‘Western pattern’) in men was associated with
less leisure-time physical activity. We did not find any significant association between the ‘Meat &
meat products’ pattern and self-reported physical activity, also among men. Nevertheless, in the upper
tertile of this pattern, men were more likely to watch TV at least once a day.

In our study, sedentary behaviors were found to be associated with both unhealthy and healthy
dietary patterns. This may be explained using models describing the determinants of behaviors change.
Healthy lifestyles emphasize that an individual’s behavior is conducted to minimize health problems
and to maximize their own well-being [75]. Individuals who engage in a healthy lifestyle change their
behaviors in different ways, e.g., by increasing their intake of vegetables and fruits, their physical
activity, sleeping time etc. Due to the Transtheoretical Model, at the given time, the change may be
in one of five stages (precontemplation, contemplation, preparation, action, and maintenance) [76].
Moreover, changes in each of the spheres of life (diet, sleep, and physical activity) can occur at different
times and with varying intensity, which may explain the simultaneous occurrence of healthy dietary
habits and low physical activity or the inverse relationship. The occurrence of ’healthy vs unhealthy’
dietary behaviors together with sedentary behaviors can also be explained on the ground of the
Health Belief Model. This model suggests that beliefs about health problems, perceived benefits
of action and barriers to action, and self-efficacy explain people’s engagement in health-promoting
behavior [76]. These factors can condition the changes of behaviors to a different extent. Moreover, in
the socioecological model, one may find other reasons behind healthy vs unhealthy behaviors within
an individual’s lifestyle. This model accounts for multiple factors (intrapersonal factors, interpersonal



Nutrients 2018, 10, 1004 12 of 16

processes and primary groups, institutional or organizational factors, community factors, and public
policies) that can influence the behavior change process in a different way [77]. Similarly, in the Social
Cognitive Theory, it is indicated that personal, environmental, and behavioral factors have an influence
on an individual’s ability to control lifestyle modification [78,79]. Thus, lifestyle being a dynamic
process, one can observe the coexistence of healthy and unhealthy behaviors due to the existence of
different stages in behavior change and many factors interacting with varying strength.

The observed links between both healthy as well as unhealthy DPs and some sedentary behaviors
are of great importance for public health in Poland. In particular, the co-existence of healthy DPs
and sedentary behaviors should be focused on when new pro-health initiatives are developed, e.g.,
the promotion of reading and healthy snacking. The strength of our results is that they are based
on a relatively large representative sample of the Polish population. Nevertheless, the findings have
some limitations. One of them relates to the potential biases that may occur when self-reported data
is analyzed. The use of the questionnaire is also limited due to the overestimation of some foods’
consumption when FFQs is used. We have chosen FFQ because we aimed to see predominantly
‘healthy’ and ‘unhealthy’ dietary patterns, rather than an exact amount of foods. Moreover, the ideal
measurements of physical activity would be a direct measure recorded by an accelerometer [80].
However, it was not logistically and economically possible in this study, taking into account the
number of respondents. Although our findings should not be generalized to the population with
different cultural backgrounds, our study provides an interesting insight into dietary patterns and
their association with sedentary behaviors and the self-assessment of physical activity. The results can
be used in the preparation of interventions targeted at health-related changes in lifestyle.

5. Conclusions

The study revealed the coexistence of the associations between both healthy as well as unhealthy
dietary patterns and some sedentary behaviors. Frequent consumption of fruits and vegetables was
conducive to watching TV and reading books/newspapers at least once a day. However, there was
no such association in the case of the frequent consumption of fast foods, so newspapers and books
cannot be recommended as carriers of educational messages encouraging to change such behaviors.
The ‘Meat & meat products’ pattern, which best reflects the characteristics of the traditional Polish
diet, coexists with greater chances of watching television frequently. This denotes the overlapping of
negative lifestyle effects on the development of overweight and obesity.

Healthy DPs were more likely to coexist with self-reported moderate and high physical activity
during work/school and leisure time, with the exception of the ‘Fruit & vegetables’ pattern, whereas
significant associations were not demonstrated for unhealthy DPs. On one hand, this does not equate to
the overlapping of negative consequences of unhealthy eating behavior and low physical activity, but
on the other hand, association between the ‘Meat & meat products’ pattern and watching TV indicates
the need to introduce changes not only in eating behaviors, but also in regard to sedentary behaviors.
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health-promoting properties and their selected determinants. Pol. J. Food Nutr. Sci. 2013, 63, 43–48.
[CrossRef]

63. Cleland, V.J.; Schmidt, M.D.; Dwyer, T.; Venn, A.J. Television viewing and abdominal obesity in young adults:
Is the association mediated by food and beverage consumption during viewing time or reduced leisure-time
physical activity? Am. J. Clin. Nutr. 2008, 87, 1148–1155. [CrossRef] [PubMed]

64. Kant, A.K. Dietary patterns and health outcomes. J. Am. Diet. Assoc. 2004, 104, 615–635. [CrossRef] [PubMed]
65. Olinto, M.T.A.; Willett, W.C.; Gigante, D.P.; Victora, C.G. Sociodemographic and lifestyle characteristics in

relation to dietary patterns among young Brazilian adults. Public Health Nutr. 2010, 14, 150–159. [CrossRef]
[PubMed]

66. Kourlaba, G.; Panagiotakos, D.; Mihas, K.; Alevizos, A. Dietary patterns in relation to socio-economic and
lifestyle characteristics among Greek adolescents: A multivariate analysis. Public Health Nutr. 2009, 12,
1366–1372. [CrossRef] [PubMed]

67. Oppert, J.M.; Thomas, F.; Charles, M.A.; Benetos, A.; Basdevant, A.; Simon, C. Leisure-time and
occupational physical activity in relation to cardiovascular risk factors and eating habits in French adults.
Public Health Nutr. 2006, 9, 746–754. [CrossRef] [PubMed]

68. Gillman, M.W.; Pinto, B.M.; Tennstedt, S.; Glanz, K.; Marcus, B.; Friedman, R.H. Relationships of physical
activity with dietary behaviors among adults. Prev. Med. 2001, 32, 295–301. [CrossRef] [PubMed]

69. Van Dam, R.M.; Grievink, L.; Ocke, M.C.; Feskens, E.J. Patterns of food consumption and risk factors for
cardiovascular disease in the general Dutch population. Am. J. Clin. Nutr. 2003, 77, 1156–1163. [CrossRef]
[PubMed]

70. Chan, R.; Chan, D.; Woo, J. Associations between dietary patterns and demographics, lifestyle, anthropometry
and blood pressure in Chinese community-dwelling older men and women. J. Nutr. Sci. 2012, 14, e20.
[CrossRef] [PubMed]

71. Park, S.Y.; Murphy, S.P.; Wilkens, L.R.; Yamamoto, J.F.; Sharma, S.; Hankin, J.H.; Henderson, B.E.;
Kolonel, L.N. Dietary patterns using the Food Guide Pyramid groups are associated with sociodemographic
and lifestyle factors: The Multiethnic Cohort Study. J. Nutr. 2005, 135, 843–849. [CrossRef] [PubMed]

72. Bamia, C.; Orfanos, P.; Ferrari, P.; Overvad, K.; Hundborg, H.H.; Tjønneland, A.; Olsen, A.; Kesse, E.;
Boutron-Ruault, M.C.; Clavel-Chapelon, F.; et al. Dietary patterns among older Europeans: The EPIC–Elderly
study. Br. J. Nutr. 2005, 94, 100–113. [CrossRef] [PubMed]

73. Holmbäck, I.; Ericson, U.; Gullberg, B.; Wirfält, E. A high eating frequency is associated with an overall
healthy lifestyle in middle-aged men and women and reduced likelihood of general and central obesity in
men. Br. J. Nutr. 2010, 104, 1065–1073. [CrossRef] [PubMed]

74. Camoes, M.; Lopes, C. Dietary intake and different types of physical activity: Full-day energy expenditure,
occupational and leisure-time. Public Health Nutr. 2008, 11, 841–848. [CrossRef] [PubMed]

75. King, D.E.; Mainous, A.G.; Carnemolla, M.; Everett, C.J. Adherence to healthy lifestyle habits in us adults,
1988–2006. Am. J. Med. 2009, 122, 528–534. [CrossRef] [PubMed]

76. Glanz, K.; Rimer, B.; Lewis, F. Health Behavior and Health Education; John Wiley & Sons, Inc.: San Francisco,
CA, USA, 2002.

77. McLeroy, K.R.; Bibeau, D.; Steckler, A.; Glanz, K. An ecological perspective on health promotion programs.
Health Educ. Behav. 1988, 15, 351–377. [CrossRef]

78. Bandura, A. Social Foundations of thought and Action: A Social Cognitive Theory; Prentice-Hall: Englewood
Cliffs, NJ, USA, 1986.

79. Ihwanudin, N.K.; Amatayakul, A.; Karuncharernpanit, S. Lifestyle modification effect on behavior change
and physical conditions among hypertensive elderly in West Java, Indonesia. J. Health Res. 2015, 29,
S838–S839.

80. Sylvia, L.G.; Bernstein, E.E.; Hubbard, J.L.; Keating, L.; Anderson, E.J. Practical guide to measuring physical
activity. J. Acad. Nutr. Diet. 2014, 114, 199–208. [CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.2478/v10222-012-0062-8
http://dx.doi.org/10.1093/ajcn/87.5.1148
http://www.ncbi.nlm.nih.gov/pubmed/18469233
http://dx.doi.org/10.1016/j.jada.2004.01.010
http://www.ncbi.nlm.nih.gov/pubmed/15054348
http://dx.doi.org/10.1017/S136898001000162X
http://www.ncbi.nlm.nih.gov/pubmed/20576193
http://dx.doi.org/10.1017/S1368980008004060
http://www.ncbi.nlm.nih.gov/pubmed/19063765
http://dx.doi.org/10.1079/PHN2005882
http://www.ncbi.nlm.nih.gov/pubmed/16925880
http://dx.doi.org/10.1006/pmed.2000.0812
http://www.ncbi.nlm.nih.gov/pubmed/11277687
http://dx.doi.org/10.1093/ajcn/77.5.1156
http://www.ncbi.nlm.nih.gov/pubmed/12716666
http://dx.doi.org/10.1017/jns.2012.19
http://www.ncbi.nlm.nih.gov/pubmed/25191550
http://dx.doi.org/10.1093/jn/135.4.843
http://www.ncbi.nlm.nih.gov/pubmed/15795445
http://dx.doi.org/10.1079/BJN20051456
http://www.ncbi.nlm.nih.gov/pubmed/16115339
http://dx.doi.org/10.1017/S0007114510001753
http://www.ncbi.nlm.nih.gov/pubmed/20500929
http://dx.doi.org/10.1017/S1368980007001309
http://www.ncbi.nlm.nih.gov/pubmed/18053293
http://dx.doi.org/10.1016/j.amjmed.2008.11.013
http://www.ncbi.nlm.nih.gov/pubmed/19486715
http://dx.doi.org/10.1177/109019818801500401
http://dx.doi.org/10.1016/j.jand.2013.09.018
http://www.ncbi.nlm.nih.gov/pubmed/24290836
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Ethical Approval 
	Study Design and Sample Collection 
	Eating Habits 
	Physical Activity and Sedentary Behaviors 
	Socio-Demographic Variables 
	Statistical Analysis 

	Results 
	Sample Characteristics 
	Dietary Patterns 
	Physical Activity and Sedentary Behaviors 
	Dietary Patterns Versus Physical Activity 

	Discussion 
	Conclusions 
	References

