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Abstract

Background: Obesity develops when energy intake continuously exceeds energy expenditure, causing a fundamental
chronic energy imbalance. Societal and behavioural changes over the last decades are held responsible for the
considerable increase in sedentary lifestyles and inappropriate dietary patterns. The role of dietary fat and other dietary
factors in the aetiology and maintenance of excess weight is controversial. The purposes of the present study were to
investigate the dietary factors associated with body mass index (BMI) and waist circumference (WC), and to analyse
whether dietary intake varies between subjects with different levels of sports participation.

Methods: Data for this cross-sectional study, including anthropometric measurements, 3-day diet diary and physical
activity questionnaire, were collected by the Flemish Policy Research Centre Sport, Physical Activity and Health (SPAH)
between October 2002 and April 2004. Results of 485 adult men and 362 women with plausible dietary records were
analysed. Analyses of covariance were performed to determine the differences in dietary intake between normal weight,
overweight and obese subjects, and between subjects with different levels of sports participation.

Results: Total energy intake, protein and fat intake (kcal/day) were significantly higher in obese subjects compared to
their lean counterparts in both genders. Percentage of energy intake from fat was significantly higher in obese men
compared to men with normal weight or WC. Energy percentages from carbohydrates and fibres were negatively related
to BMI and WC in men, whereas in women a higher carbohydrate and fibre intake was positively associated with obesity.
Alcohol intake was positively associated with WC in men. Subjects participating in health related sports reported higher
intake of carbohydrates, but lower intake of fat compared to subjects not participating in sports.

Conclusion: This study supports the evidence that carbohydrate, fat, protein and fibre intake are closely related to BMI
and WC. The sex differences for dietary intake between obese men and women might reflect the generally higher health
consciousness of women. Alcohol intake was only associated with WC, emphasizing the importance of WC as an
additional indicator in epidemiological studies. Besides enhancing sports and physical activity, it is necessary to improve
the knowledge about nutrition and to promote the well-balanced consumption of wholesome food.
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Background

Obesity is a worldwide escalating problem caused by a
complex interaction of genetic, socio-demographic,
behavioural and environmental factors. There is large evi-
dence that obesity develops when energy intake continu-
ously exceeds energy expenditure, causing a fundamental
chronic energy imbalance. Societal and behavioural
changes over the last decades are held responsible for the
considerable increase in sedentary lifestyles [1], as well as
inappropriate dietary patterns including snacking, large
portion sizes, soft drinks, high fat and energy dense diets
[2]. The role of high dietary fat intake in the aetiology and
maintenance of excess weight is controversial. Positive
associations between dietary fat and excess body fat were
observed in some studies, but not in others [3]. Other die-
tary factors besides dietary fat are now considered to influ-
ence obesity i.e. carbohydrate, protein, fibre, energy
density and glycemic index [4-6]. A better understanding
of these factors is essential to innovate more appropriate
health policies.

The relative importance of dietary intake in the develop-
ment of obesity is difficult to establish because of dietary
reporting bias. In general, inaccurate energy intake reports
result from underrecording, undereating during the
period of dietary registration or a combination of both
[7]. Overrecording may also occur, though infrequent [7].
Studies identifying low energy reporters and factors asso-
ciated with underreporting used the doubly labelled water
technique [8,9] or the ratio of energy intake to basal met-
abolic rate [10,11]. It has been observed that overweight
and obese individuals tend to underreport their dietary
intake to a greater extent than normal weight individuals
[12-14]. This phenomenon may lead to the paradoxal
observation that obese individuals appear to eat less than
lean individuals. Sex, age, smoking, physical activity level,
educational level, body image, health consciousness and
social desirability are other factors reported to affect the
accuracy of self-reported dietary intake [13-15].

Some studies have examined the association of nutri-
tional intake with BMI [4] and more specifically with
overweight and obesity [16-18]. However, for a number of
populations, including the Flemish, information on this
relationship is missing. Also, although the associations of
abdominal obesity with type 2 diabetes, cardiovascular
disease [19] and mortality appear to be stronger than for
general obesity, only few studies have published results
describing the relationship between dietary intake and
waist circumference in a cross-sectional [20-22] or pro-
spective design [23-26]. Moreover, dietary intake was not
always the main focus in these studies.

The first purpose of the present study was to analyse dif-
ferences between plausible reporters and underreporters
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in a sample of Flemish adults. A second purpose was to
investigate the associations of dietary intake with both
BMI and WC, covaried for age and physical activity varia-
bles. A third purpose was to analyse whether dietary
intake varies between subjects with different levels of
sports participation, with age and BMI as covariates.

Methods

Subjects

Data used in the present study were collected by the Flem-
ish Policy Research Centre Sport, Physical Activity and
Health (SPAH) between October 2002 and April 2004.
One of the aims of the SPAH study was to investigate the
cross-sectional relationship between physical activity,
physical fitness and several health parameters among the
adult population of Flanders, the Flemish part of Belgium.
For this purpose, 46 Flemish municipalities were selected
on the basis of clustered random sampling. Within these
municipalities, the National Institute of Statistics ran-
domly selected a sample of Flemish men and women aged
18 to 75 years. In each municipality, the size of the ran-
dom sample was proportionate to its population size.
Detailed establishment and description of this sample
have been given elsewhere [27]. A total of 5170 subjects
volunteered to participate in the SPAH Study. This sample
was compared with the total Flemish adult population to
evaluate its representativeness. Although some small dif-
ferences were observed, the sample of the SPAH Study can
be considered as sufficiently representative for geographic
distribution, age, gender and educational level [27]. Only
1520 subjects filled in a 3-day diet record and could be
included in the present analyses. Consequently, we can
not assume that they are fully representative for the Flem-
ish adult population. Participants with incomplete data
for anthropometry and/or physical activity were also
excluded, as well as participants with implausible energy
intake. All subjects signed an informed consent statement
and received explanation about the purpose and proce-
dures of the study before participating. The study was
approved by the ethical and medical committee of the
Katholieke Universiteit Leuven.

Dietary assessment

The subjects completed a validated 3-day diet record, the
three days being two weekdays and one weekend day [28].
Whenever possible the subjects were instructed to weigh
the amount of foods eaten. Nevertheless, if weighing was
not possible, the subjects were instructed to estimate the
amount of all foods eaten, using standard household
measures, e.g. tablespoon (15 g). This information was
included in the 3-day diet record booklet. This method
aimed to increase the quality of the food estimation. Diet
records were analysed using Becel Nutrition software
(Unilever Co.; Rotterdam, the Netherlands) based on the
Belgian (NUBEL 1999) and Dutch (NEVO 2001) food
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composition data banks. The dietary factors reported were
total energy intake (kcal/day), protein, carbohydrates
(sugar, starch), fibre, fats (saturated, monounsaturated,
polyunsaturated), alcohol, calcium (mg/day), iron (mg/
day) and cholesterol. Macronutrients, fibre and alcohol
intake were expressed in kcal per day (kcal/day) and as
percentages of total energy intake (%).

Evaluation of inaccurate reports of dietary intake

The method for screening out inaccurate reports of dietary
energy intake proposed by McCrory and colleagues [7]
was used in the present study. Physiologically implausible
energy intake reports were identified by comparing
reported energy intake (rEI) with predicted total energy
expenditure (pTEE). The equation of Vinken et al. [29]
was used to predict TEE in each subject. This equation to
predict adult energy requirements from simple anthropo-
metric and laboratory measures was developed by using
the doubly labeled water method [29] and is at follows:

pTEE = 7.377 - 0.073 x age + 0.0806 x weight + 0.0135 x
height - 1.363 x sex

where age is in years, weight in kg, height in cm, and sex
is 0 for men and 1 for women. Based on the principles
outlined by Black [10], specific cut-offs for reported
energy intake as percentage of predicted total energy
expenditure were calculated, taking into account technical
error of measuring energy expenditure by the doubly
labelled water method (CV,,rz), biological intraindivid-
ual variation in reported energy intake (CV,;) and pre-
dicted total energy expenditure (CV,, ). For the present
analysis, the + 1 SD cut-off was chosen above the + 2 SD
cut-off to increase the validity of reported energy intake. It
has also been suggested that the use of + 1 SD cut-off may
be preferable when examining relationships between diet
and health [7], which is the case in this study. The SD cut-
off formula used was:

2 2 2
118D = \/ (CViaer [ 4)+ CVipree + CVintee

with CV ;= 23%; d = 3 (3 days of diet record); CV, g =
17.7%; CV yypps = 8.2%

When using the formula above, the + 1 SD for the agree-
ment between rEI and pTEE is approximately + 24%. This
means that an individual's rEI must be between 76% and
124% of pTEE to be considered as physiologically plausi-
ble. About 52% of the total sample was identified as plau-
sible reporters (485 men; mean age = 50.2 + 13.3 years
and 362 women; mean age = 51.4 + 12.9 years), 41.2% of
the male (n = 382) and 42.2% (n = 291) of the female
subjects were detected as underreporters. The overreport-
ers represented only a small part of the total sample (men:
6.6%; women: 5.4%).
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Anthropometric measurements

Anthropometric measurements were performed by
trained staff using standardized procedures and equip-
ment as proposed by the International Society for the
Advancement of Kinanthropometry [30]. Measurements
were taken with participants barefoot and in minimal
clothing. Body weight was recorded to the nearest 0.1 kg
with a digital weight scale (Seca 841, Seca GmbH, Ham-
burg, Germany) and body height with a Holtain stadiom-
eter (Holtain, Crymych, UK) to the nearest mm. Waist
circumference was measured using a metal tape (Ross-
craft, Surrey, BC, Canada) to the nearest mm, at the nar-
rowest level between the most inferior rib margin and the
iliac crest. Skinfold thicknesses (biceps, triceps, subscapu-
lar, supra-iliac, thigh and medial calf) were measured
twice on the right side of the body using a Harpenden cal-
liper (Holtain, Crymych, UK). The sum of these six skin-
fold thicknesses was calculated.

Physical activity assessment

Educational level and some physical activity variables
were evaluated using the Flemish Physical Activity Com-
puterized Questionnaire (FPACQ). Participants were clas-
sified into low (primary school), moderate (secondary
school) and high (college or university) educational lev-
els. The FPACQ was found to be a reliable and valid ques-
tionnaire for the assessment of different dimensions of
physical activity during a usual week in employed/unem-
ployed and retired people [31]. For the present study,
three variables of physical activity were calculated: time
spent in health related sports (Tsport), time spent watch-
ing TV or using the computer (Ttv) and physical activity
level (PAL). Tsport was evaluated by asking respondents
to select their three most important sports activities from
a list of 196 sports. For each of these sports activities, fre-
quency (from once/year to more than once/day) and
duration (from some h/year to more than 20 h/week)
were also reported. For scaled classification of exercise
intensity, the MET-value of each sports activity was deter-
mined according to Ainsworth et al. [32]. Dependent on
age, the sports activities have to meet a minimal MET-
value to induce health benefits. Therefore, the American
College of Sports Medicine (ACSM) recommendations
were used to determine which sports activities (h/week)
could be considered as health related according to their
MET-value [33]. For individuals younger than 35 years,
the sport activities should have a MET-value >4.5. For
individuals between 35 and 50 years, a MET-value >4 is
necessary and for individuals of 50 years and older a MET-
value >3.5 is sufficient to induce health benefits. Ttv (h/
week) was calculated as an indicator of in-active or seden-
tary behaviour. Participants were asked to indicate time
spent watching television or playing computer or video
games during an average week day and weekend day
(from 0 to 26 h/day). PAL (MET) is an indicator of the
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general activity level. To calculate PAL, the overall energy
expenditure during a usual week was divided by 168
(number of hours in one week) and by body weight. The
total energy expenditure is the sum of the energy expend-
iture of active leisure time physical activities, occupation
and the energy expenditure related to eating, sleeping and
the remaining quiet leisure time.

Smoking habit was assessed using the Monica Smoking
Questionnaire [34]. According to their responses, the par-
ticipants were classified into 3 groups: never, former and
current smokers.

Statistical analysis

Descriptive statistics (mean + standard deviation or per-
centages) of plausible and underreporters were calculated.
Independent ¢ tests and chi-square tests were used to com-
pare anthropometric, behavioural and dietary characteris-
tics between plausible and underreporters. All analyses
were conducted in both genders separately. To assess the
associations between dietary intake and obesity, analyses
were conducted in the total and plausible sample, but as
it is commonly known that self-reported energy intake
gives rise to a number of implausible reports that may
lead to erroneous conclusions, the results were only pre-
sented for the plausible sample.

Analyses of covariance (ANCOVA) were performed to
determine the mean differences in dietary intake among
normal weight (BMI < 25 kg/m2), overweight (BMI 25-
29.9 kg/m2) and obese subjects (BMI >30 kg/m?) with sta-
tistical control for age, Tsport and Ttv. These analyses were
repeated to evaluate differences in dietary intake between
obesity groups based on the WC classification proposed
by the World Health Organization (WHO) [35]. WC val-
ues <94 cm in men and <80 cm in women are considered
as normal with low health risk. Male subjects with WC
between 94-102 c¢m and female subjects with WC
between 80-88 cm are regarded to have moderate risk
abdominal obesity. Men and women with, respectively,
WC values 2102 cm and >88 cm, are considered to have
high risk abdominal obesity.

To assess differences in dietary intake among subjects with
different levels of sports participation ANCOVA's were
conducted between subjects with no sports participation,
moderate and high sports participation with age and BMI
as covariates. The physical activity recommendation, 30
min of moderate intensity activity/day, was used for clas-
sification in groups with different level of sports participa-
tion. Consequently, subjects with Tsports = 0 h/week were
considered as sedentary, those with Tsports > 0 h/week
but < 3.5 h/week as moderately active and those with
Tsports >3.5 h/week as highly active [36]. All statistical
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analyses were conducted using the SPSS 13.0 statistical
software package for Windows (SPSS, Inc., Chicago, IL).

Results

Descriptive statistics of plausible and underreporters,
including anthropometric, behavioural and dietary char-
acteristics are presented in Table 1. The underreporters
were significantly younger than the plausible reporters in
both genders. Compared to plausible reporters, underre-
porters had significantly higher values for obesity charac-
teristics i.e. BMI, WC and sum of 6 skinfolds. Moreover,
the percentage of overweight and obese individuals was
significantly higher in underreporters than in plausible
reporters in both genders. Among male underreporters,
the percentage of subjects with high risk abdominal obes-
ity was also higher than in plausible reporters. Male
underreporters spent significantly less time in health
related sports and had a lower PAL compared to male
plausible reporters. In women no significant difference
was observed for Tsport and PAL between plausible and
underreporters. Concerning educational level and smok-
ing status no significant difference was noticed between
plausible and underreporters in both genders. As
expected, underreporters reported significantly lower
intake compared to plausible reporters for all macro- and
micronutrients. Male underreporters had significantly
higher protein, but lower fat intake when expressed as per-
centage of energy intake. Female underreporters reported
significantly higher percentages of energy from protein,
carbohydrate and fibre, and lower percentage of energy
intake from fat.

The differences in plausible self-reported dietary intake in
men between both BMI and WC groups are presented in
Table 2. Overweight and obese men had significantly
higher protein, fat, cholesterol and total energy intake,
expressed as kcal/day, compared to their normal weight
counterparts. Overweight and obese men reported signif-
icantly less energy intake from carbohydrate, starch and
fibre, but more from saturated and monounsaturated fat.
These observations were confirmed by the WC classifica-
tion. In addition, a significantly higher alcohol intake
expressed as both kcal/day and percentage of energy
intake, and significantly higher iron intake were found in
men with abdominal obesity.

Table 3 gives an overview of the difference in plausible
dietary intake between BMI and WC groups in women.
Significantly higher values for carbohydrate, starch, fibre,
fat (saturated, mono and polyunsaturated) and total
energy intake were observed in overweight and obese
women compared to normal weight women. Obese
women also reported significantly higher intake of pro-
tein, sugar and iron intake than their normal weight coun-
terparts. Similar findings were observed between the WC
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Table I: Anthropometric, behavioural and dietary characteristics of plausible and underreporters

Men Women
Plausible Underreport Plausible Underreport
n =485 n =382 n =362 n =29l
Age (y) 502+ 133 47.2 £ 13.6% 514+129 44.2 £ 2.3+
BMI (kg/m2) 254 + 3.1 26.6 £ 3.3%FF 24.1 £35 25.6 + 4.4
WC (cm) 89.5+9.6 92.5 + 10.5%+* 782 +94 80.5 + 10.7+*
Sum6SKF (mm) 76.0 £29.2 90.3 £ 3|.7°¥* 124.6 + 38.6 139.5 + 42.5%F*
Tsports (h/week) 38+45 3.2 £3.7% 23+32 1.9+£25
PAL (MET) 18+0.3 1.7 £ 0.2% 1.7+0.18 1.7+0.15
Ttv (h/week) 149 + 82 153 9.1 146 + 8.8 134+86
BMI groups (%) P <0.001 P <0.001
< 25 kg/m?2 46.4% 33.8% 65.5% 52.6%
25-30 kg/m? 46.6% 51.3% 29.6% 31.6%
>30 kg/m? 7.0% 14.9% 5.0% 15.8%
WC groups (%) P <0.001 N.S
<94 0r<80cm 68.7% 54.7% 61.3% 56.0%
94-102 or 80-88 cm 22.5% 28.8% 24.6% 23.0%
>102 or 88 cm 8.9% 16.5% 14.1% 21.0%
Education (%) N.S N.S
Low 4.9% 4.5% 6.1% 5.8%
Moderate 44.5% 38.0% 42.0% 36.8%
High 50.5% 57.6% 51.9% 57.4%
Smoking (%) N.S N.S
Never 57.8% 56.8% 72.6% 71.7%
Former 29.5% 29.3% 15.8% 13.0%
Current 12.7% 13.9% 11.6% 15.2%
Ca (mg/d) 990.6 + 524.7 692.9 + 3182 870.3 + 3394 688.4 + 324.9%%
Fe (mg/d) 6.1 £4.7 12.0 £ 3.7%%¢ 13.3+5.1 10.1 £ 3.4%%¢
Total El (keal/d) 2782.0 £ 431.5 1916.1 + 348.9%F* 2171.1 £ 348.1 1549.5 + 279 4%k
Protein
(keal/d) 425.0 + 103.9 320.3 + 78.9% 3459+ 788 268.2 + 78.4%F
(%E) 153 3.0 16.8 + 3.4+ 16.0 + 3.0 17.5 £ 5.2%
Carbohydrate
(keal/d) 1282.7 + 286.5 873.3 + 206. 1%+ 961.2 £ 199.4 716.9 17220
(%E) 46.1 £7.6 458+78 444 + 6.8 46.4 £ 8.%
Sugar (kcal/d)
(keal/d) 2935+ 1675 187.7 £+ 109.9%+* 199.3 + 103.6 163.7 £ 93.9%F*
(%E) 105+ 5.6 9957 93+48 10.5 £ 6.5%*
Starch
(keal/d) 675.4 +207.9 469.9 £ 144.6%F* 486.3 + 1423 362.3 £ 110.5%+*
(%E) 243+ 6.5 246 6.7 225+57 23.6 £ 6.5
Fibre
(keal/d) 91.0 £289 64.9 + 20.8%F* 743 £ 21.1 56.1 + |7.7%%F
(%E) 33210 34+ 1.1 352 1.0 3.7 £ 1.2%
Fat
(keal/d) 951.2 +£268.0 628.5 + 194.9% 7793 £212.3 519.8 + 176.3%%
(%E) 340+ 6.8 324+ 7.1%F 356 £ 6.6 33,1 & 8.3%FF
Saturated fat
(keal/d) 3642 £ 1143 240.5 + 82.0°%F* 265.2 £ 1094 296.2 + 199.5%
(%E) 13.0+3.2 12.4 £ 3.2% 135+ 3.1 12.7 £ 3.6%*
Monounsaturated
(keal/d) 3614+ 1195 237.9 + 83.9%%F 294.4 + 100.2 196.4 + 79.6%+*
(%E) 129 £33 12.3 £ 3.4+ 134+3.6 12.5 + 4.2%
Polyunsaturated
(keal/d) 161.0+71.4 108.9 + 50.6%* 130.2 + 65.1 86.3 + 44.3%FF
(%E) 5722 5623 6.0+28 5.5 +2.5%
Alcohol
(keal/d) 1232 + 125.8 93.91 + 105.122%+ 84.7 + 106.0 44.7 + 67.1%FF
(%E) 46+47 5057 39148 2.9 + 4.5%
Ca (mg/d) 990.6 + 524.7 692.9 + 318.2%F* 870.3 + 3394 688.4 + 324.9%F*
Fe (mg/d) 6.1 £4.7 12.0 £ 3.7+ 13.3 5.1 10.1 £ 3.4%¢
Cholesterol (mg) 104.3 + 39.0 106.8 + 45.8 105.3 + 39.2 109.3 + 46.1

* Underreporters differ significantly (P < 0.05) from plausible reporters of the same sex
** Underreporters differ significantly (P < 0.01) from plausible reporters of the same sex
*#* Underreporters differ significantly (P < 0.001) from plausible reporters of the same sex
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Table 2: Differences in plausible dietary intake between BMI and WC groups in men
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BMI wcC
< 25 kg/m? 25-30 kg/m? >30 kg/m? P <94 cm 94-102 cm >102 cm P
n =225 n =226 n=34 n =333 n=109 n =43

Total El (kcal/d) 27582 £ 401.0 2777.0 £ 459.1= 29389 + 409.62> <0.001 2757.0 +410.8 2789.2 + 480.8= 2931.0 + 430.82> <0.001
Protein

(keal/d) 413.0% 113.1 429.2 £ 88.32 4772 £ 120.52b  <0.001 4144 £ 105.8 436.7 £ 95.4 477.6 £92.12b  <0.001

(%E) 15.0 £3.2 155+2.6 16.4 £ 4.2 0.059 15.1 £3.0 15.8 + 3.0 16.4 £ 2.8 0.043
Carbohydrate

(keal/d) 1326.0 +288.2 1242.8 + 275.5 1260.6 + 313.5 0.883 1308.0 + 284.9 1232.6 + 274.4 1213.5 + 306.9 0.991

(%E) 48.0 £ 7.5 448 +7.32 425+ 6.72 <0.001 474 +7.7 44,1 £ 6.12 41.1 + 6.62b <0.001
Sugar

(keal/d) 310.5 + 185.9 277.1 £ 143.4 289.7 + 182.1 0.945 299.8 £ 174.5 284.2 + 142.4 268.6 £ 171.3 0.408

(%E) 11.2+6.2 10.0 £ 4.7 9.7+57 0.683 10.8 + 5.8 10.1 £ 4.7 9.0%53 0.715
Starch

(kcal/d) 701.3 £ 223.3 651.3 £ 186.9 663.2 + 220.0 0.607 689.0 £210.8 643.9 £ 192.7 649.6 £ 215.5 0.839

(%E) 254 +7.1 23.5+ 592 22.3 £ 552 0.003 25.0+ 6.9 23.0 £ 522 219+ 54 <0.001
Fibre

(kcal/d) 94.4 + 333 87.8+ 243 89.4 +23.6 0.053 92.8 + 30.6 87.0 £ 25.0 86.6 + 23.5 0.114

(%E) 34+ 1.1 32+0.9% 3.1 £0.92 <0.001 34+ 1.0 32+0.9% 3.0+0.8 <0.001
Fat

(keal/d) 912.0 £246.6 9729 + 283.32 1066.2 + 256.92  <0.001 930.6 £ 260.9 979.8 £ 279.02 1038.1 + 276.62 <0.001

(%E) 329+69 347 £ 6.52 36.2 + 6.8 <0.001 335+69 348 + 6.32 352 + 6.8 0.021
Saturated fat

(keal/d) 3475+ 1126 3740+ 114,52 409.3 £ 107.00 <0.001 3559+ 1135 37321129 4059 £ 115.00  <0.001

(%E) 12.6 £ 3.4 13.4 £ 3.02 13.9 + 3.02 0.006 12.8 +3.3 13.3+3.0 13.8+3.2 0.111
Monounsaturated

(keal/d) 343.1 £ 1143 371311223 4176+ 111425 <0.001 3528+ 121.0 37321114 398.7 + 120.52  <0.001

(%E) 124 £ 3.5 13.2+£3.12 14.2 + 3.52 <0.001 12.7 £ 3.5 13.3+£2.92 13.5 + 3.52 0.025
Polyunsaturated

(kcal/d) 153.5 £ 65.3 165.9 £ 76.32 178.4 £ 72.72 0.001 156.3 £ 66.2 169.6 + 86.22 176.3 £ 65.82 <0.001

(%E) 56122 59+23 6.0+2.1 0.072 56 +2.1 6.0+25 60+ 1.9 0.105
Alcohol

(kcal/d) 109.6 £ 114.8 134.6 £ 1334 137.6 £ 138.0 0.571 1064 £ 111.7 142.5 £ 130.62 2044 + 172.9:b  <0.001

(%E) 4.1 +43 50+5.0 50+5.1 0.877 40+ 42 53148 7.4 + 6.32b 0.003
Ca (mg/d) 990.2 + 643.6 980.2 + 394.5 1036.2 + 397.7 0.408 970.2 £ 567.9  1021.5 £ 402.5 1070.8 + 440.0 0.099
Fe (mg/d) 159 + 4.4 16.0 £ 4.93 17.6 £ 5.4 0.068 158 +4.2 16.2 +59 17.6 £ 5.12 0.030
Cholesterol 99.4 + 38.4 106.9 £+ 39.3 119.1 £ 36.42 0.030 101.2 £ 39.8 105.4 + 35.3 124.7 + 36.02b 0.007

Results of ANCOVA's with age, time health related sports and time watching TV as covariatesa
aP < 0.05 vs. BMI < 25 kg/m?
bP < 0.05 vs. BMI 25-30 kg/m?

groups. Women with high risk abdominal obesity
reported a significantly higher cholesterol intake and
higher energy intake from alcohol compared to women
with normal WC or moderate risk for abdominal obesity.

Differences in dietary intake between subjects not partici-
pating in health related sports, participating less than 3.5
h/week and 3.5 h/week or more in health related sports
are presented in Table 4. Men participating in health
related sports for at least 3.5 h/week showed significantly
lower values for fat, saturated and monounsaturated fat,
expressed as both kcal/day and percentage of total energy
intake compared to sedentary men. A similar finding con-
cerning fat intake was also observed in women, however,
not significant. On the other hand, women participating
in sports 3.5 h/week or more reported significantly higher

intake of carbohydrates and sugars compared to women
less involved in sport activities. No significant difference
was observed for BMI between men and women with dif-
ferent levels of sports participation. On the other hand,
men participating in health related sports 3.5 h/week or
more had significantly lower values for the sum of 6 skin-
folds.

Discussion

Although the role of dietary intake, especially the role of
fat intake, in the development of obesity has been widely
discussed in the literature, uncertainties remain because of
conflicting results reported by cross-sectional and pro-
spective studies [37]. This could be partially explained by
the phenomenon of underreporting when using self-
reported dietary intake. Most studies in nutritional epide-
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Table 3: Differences in plausible dietary intake between BMI and WC groups in women
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BMI wcC
< 25 kg/m? 25-30 kg/m? >30 kg/m? P <80 cm 80-88 cm >88 cm P
n =237 n=107 n=18 N =222 n =89 n=>5I

Total El (kcal/d) 2151.1 £340.9 2176.0 +£341.32 2369.8 £+ 425.42> <0.001 21459 +340.2 2177.8+£330.1= 22559 +399.72> <0.001
Protein

(keal/d) 3419 +81.0 348.8 + 67.0 381.3 + 104.72 0.017 339.7 £ 83.3 353.1 £ 63.92 360.3 + 80.52 0.003

(%E) 16.0 £3.2 6.1 £2.7 16.0 £ 2.6 0616 15.9 + 3.2 163 +2.7 16.0 £ 2.5 0.381
Carbohydrate

(keal/d) 952.0 £ 188.8  968.3 £ 217.62 1040.6 + 215.22  <0.001 9509 £ 1934 971.6 £ 188.52 987.7 £ 240.62  <0.001

(%E) 444 + 6.6 445+73 44,1 £ 6.5 0.952 444 + 6.7 447 + 6.4 439+79 0.691
Sugar

(keal/d) 197.5 + 96.9 197.7 £ 115.3 2333 £ 116.02 0.045 198.8 £ 93.1 197.2 £ 118.1 205.0 + 120.7 0.076

(%E) 9345 9.1 £5.5 9.7 £ 4.1 0.803 9.4 +43 9.1 £5.5 9.1 £5.6 0.968
Starch

(keal/d) 479.6 + 125.0 489.2 + 171.52  557.8 + 152.72b  0.002 4832+ 133.7 479.8+ 1483 511.3 £ 166.52>  0.004

(%E) 22.5+53 224+ 64 23.7+59 0.637 226 +53 22.1 £ 6.1 22.6 + 6.0 0616
Fibre

(keal/d) 71.7 £ 19.0 783 £ 2342 83.5+27.12 0.021 715+ 195 78.5 + 20.9 79.0 + 26.02 0.048

(%E) 34+09 36+ 1.0 36+ 1.0 0.910 34+0.9 37+1.0 35+0.9 0.133
Fat

(keal/d) 7769 £210.7 7709 + 21422 8602 +217.32b <0.001 782.6+209.4 759.8+206.5¢ 799.1 £235.52b <0.001

(%E) 358+ 6.6 35.1 £ 6.8 363 +64 0.250 362+ 6.6 346+ 6.3 351 £7.1 0.485
Saturated fat

(keal/d) 2953 + 87.4 294.9 + 93.02 314.5 + 95.02 0.006 295.8 + 87.2 289.7 £+ 91.82 308.9 + 94.22b  <0.001

(%E) 13.6 £ 3.0 13432 13.2+33 0.622 13.7 £ 3.0 13.2 + 3.1 13.6 £ 3.2 0313
Monounsaturated

(keal/d) 291.3 £99.9 296.0 £ 101.42 326.2 + 98.22 <0.001 2943 + 100.6 289.6 + 96.32 303.3 + 106.52 0.001

(%E) 134 +£3.6 13.5+3.8 13.7 £33 0.203 13.6 + 3.6 13.2+35 13.3+3.7 0.632
Polyunsaturated

(kcal/d) 127.4 £ 67.3 130.6 £ 55.52 165.2 £79.32b  <0.001 129.6 £ 67.3 126.0 £ 54.4 140.0 £ 71.92 0.010

(%E) 59+3.0 59+2.1 72+3.6 0.073 6.0+3.0 57+22 6.1 £29 0513
Alcohol

(keal/d) 82.1 £ 102.9 90.0 + I115.1 89.8 + 93.1 0.821 74.6 £ 98.5 95.1 + 108.6 110.8 £ 127.1 0.563

(%E) 3.8+47 42+54 3.6+35 0.501 35146 44 +47 50+5.8 0.888
Ca (mg/d) 855.6 + 303.0 884.2 + 351.2 980.8 + 620.8 0.142 846.8 + 308.5 890.7 + 348.8 936.6 + 435.22 0.041
Fe (mg/d) 130+ 35 13.3+4.1 17.8 £ 15.52b <0.001 13.0 £ 34 13.2+42 14.8 + 9.92 0.030
Cholesterol 104.2 + 38.6 110.1 £ 41.1 91.3+31.6 0.138 105.1 +40.3 105.8 £ 39.4 105.0 £ 34.0 0.353

Results of ANCOVA's with age, time health related sports, time watching TV as covariatesa
aP < 0.05 vs. BMI < 25 kg/m?
bP < 0.05 vs. BMI 25-30 kg/m?

miology mention underreporting as an important bias. If
underreporters are not excluded, spurious associations
between dietary intake and obesity may be found. How-
ever, only few studies identified and excluded underre-
porters [4,7,38].

In the present study, plausible reporters were compared to
underreporters for a number of anthropometric, behav-
ioural and dietary characteristics. Underreporting is com-
monly associated with obesity quantified by body mass
index [8,12-15,39]. In this study, a significantly larger per-
centage of overweight, obese, but also abdominally obese
individuals were observed among underreporters. Under-
reporters were also significantly younger, but no signifi-
cant difference was found for educational level and
smoking status between plausible and underreporters.

Some studies found underreporting to be more prevalent
among older [13,14], less [40] or more educated [14] sub-
jects and smokers [13]. Again other studies reported, sim-
ilarly to our results, a higher proportion of underreporting
among younger subjects [39,41] and no significant differ-
ence for educational level between under- and plausible
reporters [13,38]. In the present study, male underreport-
ers participated significantly less in health related sports
and had lower PAL compared to plausible reporters. These
results are in agreement with the study of Johansson et al.
[14] indicating lower activity scores among underreport-
ers. In our study, total daily energy intake and intake of all
macronutrients were lower among underreporters than
among accurate reporters, and underreporters reported a
significantly higher percentage of energy from protein, but
lower percentage from fat. These results are in accordance
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Table 4: Differences in plausible dietary intake in men and women with different levels of sports participation
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BMI wC
Tsports 0 h/week < 3.5 hiweek >3.5 hiweek P 0 h/week < 3.5 h/week > 3.5 h/iweek P
n=129 n=157 n=199 n=123 n=159 n =80

Total El (kcal/d) 27293 £439.3 2831.4+433.4 27773+4226 0.687 21399 +339.6 2199.7£3425 2162.1 +371.1 0.805
Protein

(kcal/d) 411.7 £ 93.1 4298 +91.7 4299+ 1184 0.217 337.7 £78.6 3547 £ 823 340.8 £ 70.5 0.182

(%E) I5.1 £2.7 153 +28 155+34 0.181 158 +3.0 162 3.2 159 +2.6 0.119
Carbohydrate

(kcal/d) 12242 £ 292.3  1309.4 £ 275.7 1299.4+£2872 0303 946.6 £ 1989 951.1 £ 1206.2 1003.8 + 182.22>  0.019

(%E) 449 £ 8.5 464 +7.3 46.7 £ 7.1 0.408 443 £ 6.6 433 6.7 46.8 + 6.72b <0.001
Sugar

(kcal/d) 272.1 £ 1569 293.0+ 1695 30781719 0.452 1925+ 1115 192.8 + 99.2 222.7 + 97.42b 0.027

(%E) 99+53 10.3 £5.5 11.0+5.7 0.337 9.1 £55 88+42 10.4 £ 4.5b 0.026
Starch

(kcal/d) 649.9 £ 1902  685.2 £220.3  684.] £2083 0.656 484.6 + 1480 483.3 £ 140.3 495.1 + 1385 0.469

(%E) 238+ 5.7 243 £ 6.9 247 £ 6.8 0.710 226154 22.1£58 23.1£6.0 0.455
Fibre

(kcal/d) 87.0 £ 30.6 92.1 £26.9 92.6 +29.1 0.211 750+ 21.9 71.8 £20.7 78.0 £20.2 0.220

(%E) 32+ 1.1 33+ 1.0 33+09 0.295 3.5+09 33+09 37+ 1.1 0.088
Fat

(kcal/d) 978.8 £ 2855 9723 +£2763 9166 +246.4> 0.032 7699+ 1894 8042 %2195 7442 £ 227.0 0.529

(%E) 356+74 340+ 6.7 328 £ 6.22 <0.001 359+63 362+ 6.6 340+70 0.100
Saturated fat

(kcal/d) 3758+ 1153 376.0+ 1208 3474+ 106.52 0.028 2924 £ 785 303.9+£91.5 286.6 £ 99.7 0.857

(%E) 13.7+33 132 £33 12.4 + 3.026 0.003 13.6 2.7 13.7+£3.2 13.0+33 0.400
Monounsaturated

(kcal/d) 379.8 £ 1294  365.1 £ 125.12  346.6 £ 106.22  0.012 289.2 + 86.0 306.8 £ 107.2 278.0 £ 104.4 0.338

(%E) 13.8+3.6 12.8 + 3.42 124 +3.12 <0.001 13.5+3.3 13.8+3.7 127 £3.7 0.148
Polyunsaturated

(kcal/d) 166.9 + 79.7 159.7 + 70.5 158.3 + 66.4 0.239 128.3 +75.2 134.6 + 60.2 124.2 + 57.2 0.807

(%E) 6.0+25 56+22 5721 0.137 6.0 3.6 6.0+23 5723 0.694
Alcohol

(kcal/d) 114.6 + 124.1 1198+ 1314 1314+ 1225 0.112 85.6 + 102.4 89.7 £ 1153 7341914 0.232

(%E) 43147 43147 49147 0.100 40+45 42+54 33+4.1 0.121
Ca (mg/d) 929.5 +348.1 1024.5+431.4 10035+ 666.7 0326 854.3 £ 356.7 882.7 +£332.8 870.2 + 328.1 0.738
Fe (mg/d) 153 4.1 16.5 + 5.4 16.1 £ 4.5 0.068 135+7.0 13.1 £3.7 13.3+38 0.879
Cholesterol 107.5 + 33.7 104.3 + 40.2 102.1 + 41.3 0.803 105.9 + 38.3 102.0 + 384 110.8 + 41.7 0.463
*BMI 26.0+29 254+ 3.2 250+ 3.2 0.141 248 £ 4.0 235+ 3.1 243 +£3.2 0.234
*Sum 6 SKF 82.6 + 28.5 81.5+319 67.3 £25.11=> < 0.001 128.1 +37.4 124.1 + 38.6 120.7 + 40.2 0.252

Results of ANCOVA's with age and BMI covariates
*Results of ANCOVA's with age as covariate

aP < 0.05 vs. Tsports = 0 h/week
bP < 0.05 vs. Tsports < 3.5 h/week

with the literature indicating that underreporters and
obese persons tend to underreport foods rich in fat and
sugar, and overreport protein intake [12,14,38]. Neverthe-
less, carbohydrates expressed as percentage of energy were
significantly higher among female underreporters com-
pared to their plausible counterparts in the present study.
A number of the aforementioned inconsistent results may
be caused by different dietary assessment methods (FFQ
vs. diet diary) and different methods used to identify
implausible dietary intake (i.e. doubly labelled water,
biomarkers, ratio of reported energy intake to basal meta-

bolic rate). Differences in age, culture and health con-
sciousness among the populations studied may also be
responsible for these inconsistencies.

The main purpose of the present study was to analyse the
associations of dietary intake with BMI and WC after
excluding the underreporters. A first important finding
was that fat intake (kcal/day), including saturated, mono-
and polyunsaturated fat, was significantly higher in over-
weight and (abdominally) obese subjects compared to
their normal weight counterparts in both genders, statisti-

Page 8 of 12

(page number not for citation purposes)



Nutrition Journal 2007, 6:26

cally controlling age and physical activity variables. In
addition, percentage of energy intake from fat was signifi-
cantly higher in overweight, obese and abdominally obese
men compared to men with normal weight or WC. On the
other hand, this observation was not significant in
women. In the literature, the role of dietary fat in the
development of obesity and abdominal obesity is equivo-
cal. Some cross-sectional studies found no association
[17,42], while other observed a positive association
[16,18] between higher fat intake and obesity. In the study
of Garaulet et al. it is suggested that, even though obesity
is a multifactorial phenomenon, dietary intake, especially
fat intake, is the most important factor contributing to
obesity [43]. Larson et al. [44] indicated that dietary fat
plays a minor role in increasing overall body fat but not
specifically influences fat increase in the intra-abdominal
region. In a prospective study of Koh-Banerjee et al. [26] a
2% increment in energy intake from unsaturated (trans)
fat resulted in a 0.77 cm waist gain over 9 year, whereas in
other prospective studies no association was found
between intake of dietary fat and abdominal obesity
[24,25,45]. A possible explanation for the lack of associa-
tion in these latter studies could be that implausible
reporters of dietary intake were not always excluded. Nev-
ertheless, the results of the present study confirm the rela-
tionship between fat intake and both BMI and WC.
Several arguments have been proposed for this associa-
tion. Firstly, fat is the most energy dense macronutrient.
Secondly, fat provides a lower satiety feeling and its great
flavour and palatability may lead to a greater consump-
tion of fatty foods. Authors also reported that fat has a
lower thermogenic effect than carbohydrates and proteins
[46,47], which results in lower energy expenditure and
consequently in larger fat stores. Finally, diet currently
contains a lot of added sugars and fats as the food industry
has made added sugars and vegetable oils accessible at a
remarkably low cost [2].

An important asset of the present study is that besides fat
intake, the association of other macronutrients and total
energy intake with obesity has also been analysed. Accord-
ing to the BMI and WC classification in both men and
women, total energy intake was found to be positively
associated with obesity. Slattery et al. [42] found a posi-
tive correlation of total energy intake with waist-hip-ratio,
but not with BMI in white women, but they found no sig-
nificant correlation in men. In contrast, in a study of Tri-
chopoulou et al. [48], higher energy intake was
significantly associated with waist-hip-ratio independ-
ently of BMI in men but not in women. In other studies,
there was no significant difference in energy consumption
among the BMI categories [17,18]. Following our results
controlled for age, Tsports and Ttv, energy percentages
from sugars, starch and fibres are negatively related to BMI
and WC in men, whereas in women belonging to the over-

http://www.nutritionj.com/content/6/1/26

weight or obesity category is associated with higher carbo-
hydrate and fibre intake (kcal/day). In the literature,
overweight and obese individuals are reported to con-
sume generally less carbohydrates [16-18,42] and dietary
fibres [4,18,26,42,49] than their normal weight counter-
parts. Several physiological mechanisms for the role of
fibre on weight regulation are proposed in the literature.
The energy content of fibre per unit weight food is low.
Consequently, inclusion of fibre in a diet reduces energy
density. Dietary fibre tends to reduce dietary intake by
slowing digestion and absorption of nutrients, and by
increasing the production of gut hormones enhancing
satiety feeling. Moreover, some types of fibre reduce the
overall absorption of fat and protein [5]. In the present
study, regarding carbohydrate, starch, sugar and fibre
intake, opposite results were found for men and women.
In men, energy percentages from carbohydrates, starch
and fibres are significantly lower in overweight and obese
men compared to lean men, whereas in women the intake
of carbohydrates, starch, sugars and fibres were found to
be positively related with overweight and obesity. A possi-
ble explanation for this sex difference regarding fibre
intake could be that women tend to be more health-con-
scious and more knowledgeable about food and nutrition
than men [50-52]. In addition, one could assume that
fibre intake will generally increase with higher total
energy intake which is the case in overweight and obese
women, although this is not the case in men.

As to protein intake, the positive association with
(abdominal) obesity in both genders is in agreement with
the findings of Slattery et al. [42]. Conversely, Davis et al.
[18] reported that protein intake did not differ between
BMI groups. Relationships found between alcohol con-
sumption and body weight or fat distribution are incon-
sistent and seem to be sex specific [53]. In the present
study, men and women with high risk abdominal obesity
reported a significantly higher percentage of energy intake
from alcohol. These results support the findings of other
investigators that moderate to heavy drinkers of both gen-
ders have a larger WC or higher waist-hip-ratio than light
drinkers [42,53,54]. However, when using the BMI classi-
fication only, no difference was found in alcohol intake
between the groups. In other studies, BMI was found to be
negatively related to alcohol intake in women, whereas a
slight positive association was observed in men
[53,55,56]. Studies on the association of obesity with iron
and cholesterol intake are sparse. Our results show a sig-
nificantly higher consumption of iron and cholesterol
among men and women with abdominal obesity. These
results might partially be explained by the higher fat and
protein intake among obese individuals in our sample.

The findings of the present study revealed that regarding

dietary intake some sex differences were observed
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between obese men and women. Obese women show a
higher consumption of all macronutrients, and surpris-
ingly also of fibres, while men show a higher fat and pro-
tein intake, but a lower intake of carbohydrates and fibres.
In addition, there was a positive association between alco-
hol intake and abdominal obesity in men, but not in
women. On the other hand, women with abdominal
obesity show a significantly higher calcium intake com-
pared to lean women, but this trend was not significant in
men.

Another purpose of this study was to investigate whether
plausible dietary intake varies between subjects with dif-
ferent level of sports participation after adjustment for age
and BMI. Subjects participating in health related sports
reported higher intake of carbohydrates, but lower intake
of fat compared to subjects not participating in sport activ-
ities. An explanation of this finding can be that individu-
als participating in health related sports are more health
conscious and are more prone to adopt a low fat - high
carbohydrate diet than sedentary individuals less well
concerned with health. It is well accepted that carbohy-
drates are one of the most important components in
sports nutrition. In addition, there is evidence that dietary
intake can be influenced by physical activity. High inten-
sity exercise induces a suppression of appetite, and long
duration, high-intensity exercise has a stronger effect than
a short duration exercise period [57]. The higher sugar
intake in physically active women might be explained by
the assumption that these women try to compensate their
higher intake of sweets by doing more sports.

Several limitations should be considered when interpret-
ing results of the present study. The first limitation is the
cross-sectional design, which inhibits to establish causal
relationships as both the effect (obesity) and the potential
causes (dietary intake and other factors) are measured
simultaneously. Second, the use of self-reported data for
dietary intake and physical activity depends for a large
part on the cooperation and honesty of the participants.
On the other hand, the 3-day diet diary [28] and the phys-
ical activity questionnaire (FPACQ) [31] used in our study
have been properly validated previously. Although these
instruments have limitations, they are easy to administer
and low in cost, whereas the use of more objective meth-
ods, such as doubly labelled water technique, indirect
calorimetry or accelerometers is unfeasible in large scale
epidemiological studies. Another limitation is related to
the representativeness of the sample. Although the origi-
nal sample was randomly selected by the National Insti-
tute of Statistics, our sample consisted of volunteers,
presumably being more health conscious persons. More-
over, the exclusion of the implausible reporters resulted in
a reduction of the sample size and a more select sample
which could be considered as a potential weakness. How-
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ever, excluding the implausible reporters increased the
validity of the dietary reports of the subjects and permit-
ted to avoid spurious conclusions. When the analyses
were performed on the total sample, associations of obes-
ity indicators with dietary intake, among others total
energy and fat intake, were not observed. This finding
reinforces the importance of identifying and excluding
implausible reporters. A major strength of our study is
that dietary intake was not restricted to fat intake but
included a large number of dietary factors (total energy
intake, macronutrients expressed as both kcal/day and
percentage from total energy intake, alcohol, calcium,
iron and cholesterol) and that the analyses were adjusted
for age and physical activity variables. Another strength is
that WC, an indicator of abdominal obesity was also used
besides BMI. Finally, it is important to mention that the
anthropometric data were not self-reported, but measured
by trained staff.

Conclusion

The present study highlighted the importance of exclud-
ing implausible dietary reports when investigating associ-
ations of overweight and obesity with dietary intake. If
underreporters are not excluded, one runs the risk that no
or other erroneous conclusions are drawn. Bearing in
mind the limitations related to a cross-sectional design,
implying that no cause-effect relationship could be
drawn, the findings of the present study seem to support
that dietary intake might play a role in the development
of overweight and abdominal obesity. Overweight and
obese men reported a higher consumption of fats and pro-
teins, whereas their energy percentages from carbohy-
drates and fibres were lower compared to their normal
weight counterparts. On the other hand, in overweight
and obese women, a higher intake of all macronutrients
was observed compared to lean women. The positive asso-
ciation between alcohol intake and abdominal obesity
was confirmed by the present results in men, but not in
women. The sex differences for dietary intake between
obese men and women might reflect the generally higher
health consciousness of women. In addition, the current
findings pointed to sex differences between men and
women with high level of sports participation. The
present study also highlighted the importance of waist cir-
cumference as additional measurement in epidemiologi-
cal studies, as alcohol and calcium intake are only
associated with waist circumference, and not with BMI.
Besides enhancing sports and physical activity participa-
tion, it is necessary to improve the knowledge about nutri-
tion among the Flemish population and to promote the
well-balanced consumption of wholesome food.
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