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Abstract

Objective: To analyse the dietary behaviour of persons engaging in different levels of
sport activity.

Design: A cross-sectional survey analysis.

Setting: A population-based sample of German adults.

Subjects: A total of 1756 men and 2254 women participating in the German National
Health Interview and Examination Survey and the integrated German Nutrition
Survey 1998.

Results: Among both genders, the median micronutrient intakes of active persons
were more preferable than those of sedentary persons when German current
reference values were used as a criterion. The median nutrient densities were also
higher in the diet of active persons, especially those of vitamin E, calcium,
magnesium, and among women also those of folate and vitamin C. On average, active
persons consumed higher amounts of fruit/vegetable juice, drinking water, milk
products (including cheese) and fruits. Active men additionally consumed higher
amounts of vegetables and vegetable fat. The contribution of dietary supplements to
the total nutrient intake was 3%, on average, for active men and women. Compared
with sedentary persons, this contribution was significantly higher for vitamins, and
among men also for calcium and magnesium.

Conclusion: There was no indication of an impaired micronutrient intake of active
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and moderately active persons compared with sedentary persons. Germany

Regular physical activity in leisure time contributes to a
healthy lifestyle'™®. For most forms of leisure-time
activities no special diet is required®. However, there are
many vitamins and minerals that are involved in
physiological processes important to ensure physical
performance. Antioxidant vitamins C and E are essential
for quenching or removal of free radicals. B vitamins act as
coenzymes in carbohydrate and amino acid metabolism,
in mitochondrial electron transport and in red blood cell
synthesis. Magnesium and iron are required as enzyme
activators in cellular reactions like the synthesis of ATP and
haemoglobin, and in those processes maintaining muscle
and nerve excitability. Calcium and potassium participate
as electrolytes in, for example, muscle contraction™”.

A high physical activity level is likely to be associated
with both increased utilisation of micronutrients and
increased nutrient losses via sweat, urine and faeces,
which have to be replaced through the diet. Therefore,
persons who are physically active could be advised to
consume higher amounts of micronutrients than sedentary
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persons. The aim of the present study was to analyse the
micronutrient intakes of persons engaging in different
levels of sport activity. The consumption of specified
foods as well as demographic characteristics were also
examined. The analysis is based on German survey data
collected in 1998.

Methods

A total of 7124 persons participated in the representative
German National Health Interview and Examination
Survey 1998. The study sample, reflecting the free-living
adult population aged 18-79 years, was drawn from
population registries, stratified by age, gender, community
size and federal state. A sub-sample of 4030 persons
participated in the integrated German Nutrition Survey®~®.
All participants completed a self-administered question-
naire about diet and health-related issues including
education, household income, profession, physical
activity, smoking habits and vegetarian diet (defined as a
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diet without meat). A physician measured height and
weight during a medical examination. All participants
underwent a face-to-face drug consumption interview.

The Nutrition Survey participants were interviewed
face-to-face about their dietary behaviour of the preceding
four weeks. Trained nutritionists asked comprehensively
for frequencies, amounts and portion sizes of all foods and
beverages consumed using DISHES 98, a validated dietary
assessment software based on the dietary history method”.
In addition, standardised tableware comprising plates,
cups, glasses, bowls and spoons, as well as food
templates, were used to improve the estimation of portion
sizes. Using the German Food Code and Nutrient Data
Base, version II.3, quantitative information on foods and
beverages was transformed into daily nutrient intakes for
each individual®’.

During the dietary interview the participants also
reported their use of vitamin and mineral supplements.
The frequencies of intake and brand names of vitamins B,
C and E, folate, multivitamins and mineral supplements
were assessed. The units consumed were verified with
data from the face-to-face drug consumption interview.
Using a new supplement composition database developed
by the GSF — National Research Centre for Environment
and Health, Institute of Epidemiology and updated by the
Robert Koch Institute, information on dietary supplemen-
tation was transformed into supplemental nutrient intakes
per day. Finally, dietary and supplemental nutrient intakes
were summed up to total nutrient intakes per day for each
participant“.

Information on education, household income and
profession was used to create an index of socio-economic
status (SES), which was grouped into a low, middle and
upper category. Body mass index (BMD) was calculated as
weight (in kilograms) divided by the square of height (in
metres). Smoking habits were classified as never smoking,
ex-smoking and current smoking. Following a predomi-
nant (almost always) or exclusive meatless diet was
characterised as vegetarianism. Persons with a reported
dietary supplementation frequency of at least once a week
were defined as regular users, whereas persons who
supplemented their diet less frequently were defined as
irregular users. Persons who did not use supplements
were defined as non-users. Using the question ‘How often
do you engage in sports?” with five possible answer
categories (no sport activity, <1h/week, 1-2h/week,
2—4h/week and >4 h/week), persons were assigned into
three groups: sedentary persons, persons with a regular
sport activity of <2h/week (moderately active) and
persons with a regular sport activity of =2h/week
(active).

We calculated the percentages of persons in the
different sport activity groups according to demographic
characteristics. Differences were tested using the
Cochran—Mantel-Haenszel test for linear trend. Intakes
of vitamins and minerals, micronutrient density and
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consumption of specified foods of persons in the different
activity groups are presented as median and interquartile
range. Differences were tested using the Median test
within the SAS procedure PROC NPARIWAY'2. Micronu-
trient intake was calculated as the percentage of the
current German reference intake'®. Reaching 100% of the
reference means the person has a nutrient intake equal to
the reference level. The reference values were calculated
on an individual level depending on age, gender and,
among women, on eventual specific living conditions like
pregnancy or lactation. Different percentages among the
activity groups were tested using the Chi-square test. All
statistical analyses were performed for genders separately,
using the SAS software package version 8.2 (SAS Institute,
Inc., Cary, NC, USA). Differences with a P-value of =0.05
were considered statistically significant.

Results

Information on sport activity was available from a total of
1756 men and 2254 women. The proportion of active
persons was 24% for men and 17% for women.
Conducting sports moderately was more prevalent in
women (40%) than in men (33%) (P = 0.001). In Table 1,
persons engaging in different levels of sport activity are
described by demographic characteristics.

The percentage of active persons was higher among
both men and women with a high SES and also among
vegetarians. The percentage of active persons declined,
however, with increasing age and BMI. The percentage of
active men was lower among current smokers, but higher
among regular supplement users.

Micronutrient intakes from foods (without supplements)
of persons engaging in different levels of sport activity are
presented in Table 2. In general, both active and
moderately active persons had higher micronutrient
intakes than sedentary persons except for vitamin By,,
which was lower. Among men, the intake of almost all
micronutrients also differed considerably between active
and moderately active persons (on average 10%). The
highest differences were observed between active and
sedentary persons with respect to vitamin E, i.e. 22% for
men (13.6 vs. 11.1 mg day ™~ ") and 15% for women (11.3 vs.
9.8 mgday ). Calcium intake was also considerably higher
among active compared with sedentary persons. In
general, women had lower micronutrient intakes than men.

The higher micronutrient intakes from foods of active
and moderately active compared with sedentary persons
(Table 2) may partly be attributed to a higher total energy
intake. However, the nutrient densities of vitamin E,
calcium and magnesium were also higher for both active
and moderately active compared with sedentary persons
(Table 3). The highest differences were observed for
calcium among men (11%) and for vitamin E among
women (12%). In addition, active women had higher
densities of folate and vitamin C than did sedentary
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Men Women
Moderately Moderately
Sedentary active Active Sedentary active Active
N (n=741) (n=587) (n=428) N (n=983) (n=1894) (n=377)

Age (years)

18-24 204 20.6 34.8 44.6 253 24.5 45.9 29.6

25-34 339 36.3 36.9 26.8 470 36.6 45.1 18.3

35-44 381 42.0 34.9 23.1 498 39.2 44.0 16.9

45-54 277 40.4 36.5 23.1 379 451 39.8 15.0

55-64 344 48.3 33.4 18.3 389 52.7 32.9 14.4

65-79 211 65.4 19.9 14.7*** 265 67.2 25.7 7.2***
Body mass index (kgm™?)

=249 570 36.0 32.8 31.2 1114 34.0 43.4 22.6

25.0-29.9 861 40.7 34.7 24.6 673 47.0 39.4 13.7

= 30.0 325 57.2 31.1 11.7*** 467 61.7 31.3 7.4
Socio-economic status

Lower 302 53.3 24.8 21.9 523 58.1 29.1 12.8

Middle 988 43.6 33.1 23.3 1270 43.0 39.8 17.2

Upper 452 32.3 40.0 27.7** 446 27.8 51.8 20.4**
Smoking status

Never 647 34.6 33.7 31.7 1251 43.8 39.5 16.7

Past 512 45.3 33.6 21.1 331 38.1 42.9 19.0

Current 596 47.7 33.1 19.3*** 668 46.0 38.5 15.6N°
Vegetarianism

No 1710 42.8 33.5 23.7 2077 449 39.2 15.9

Yes 45 22.2 28.9 48.9*** 172 27.9 44.8 27.3***
Supplementation

Never 1131 46.0 33.1 21.0 1262 45.6 38.7 15.7

Irregularly 316 35.1 36.1 28.8 500 38.6 43.0 18.4

Regularly 309 35.6 32.0 32.4** 492 435 38.8 17.7N

Trends in the percentages within the activity groups according to demographic characteristics were tested using the Cochran—Mantel—
Haenszel test for linear trend: ***, P < 0.001; NS, not significant.

Table 2 Micronutrient intakes from foods (without supplements) of persons engaging in different levels of sport activity

Sedentary Moderately active Active

Median Pos P75 P# Median Pos Pzs P®  Median Pas Pzs pe
MEN (n=741) (n=587) (n=428)
Vitamin B; (mg day ") 1.48 1.20 185 NS 1.48 1.22 1.84 * 1.61 1.30 1.98 **
Vitamin B, (mg day ™) 1.80 1.49 223 NS 1.83 1.45 2.30 2.01 1.64 247
Vitamin Bg (mg day ) 2.06 1.71 250 NS 2.10 1.75 251 2.25 1.89 265
Folate equivalents (ng day™') 262.07 21276 318.49 ** 276.89 229.03 329.80 *** 300.52 242.13 372.78 ***
Vitamin B, (ng day ') 7.44 566 1001 ** 6.85 4.99 919 NS 7.04 5.40 963 NS
Vitamin C (mg day ™ ') 12343 88.80 17224 ** 136.87 98.35 18505 * 150.09 107.37 20525 ***
Vitamin E (mg day ™) 11.10 845 1433 * 11.97 9.35 1516 ** 1355 1053 17.57 ***
Calcium (g day ™) 1.07 0.81 1.39 = 1.16 0.90 1.48 = 1.34 1.00 1.67 =
Magnesium (g day ") 0.46 0.37 0.54 *= 0.49 0.40 0.57 *=* 0.53 0.44 0.62 ***
Potassium (g day ") 3.65 3.04 446 * 3.78 3.16 4.48 4.14 3.40 486
Iron (mg day ") 1550 1271 1922 NS 1565 1335 1911 *** 1753 1467 21.04 ***
WOMEN (n=983) (n=894) (n=377)
Vitamin B; (mg day ) 1.10 0.92 132 1.15 0.95 137 NS 1.12 0.92 137 NS
Vitamin B, (mg day ™) 1.41 1.15 171+ 1.48 1.25 180 NS 1.50 1.23 181 *
Vitamin Bg (mg day ") 1.59 1.32 187 ** 1.65 1.40 196 NS 1.65 1.37 2.00 *
Folate equivalents (g day™") 221.60 181.60 268.00 *** 236.67 196.07 286.02 NS 24519 200.05 297.40 ***
Vitamin By, (ng day ') 474 3.51 6.47 NS 4.80 3.60 6.41 * 4.33 3.15 6.04 *
Vitamin C (mg day ') 12721 9227 17382 ** 14158 104.63 18584 NS 14126 101.80 207.90 *
Vitamin E (mg day™ ") 9.77 772 1244 *** 10.64 8.16 1340 NS 1126 8.46 1385 ***
Calcium (g day ™) 1.00 0.78 124 *= 1.10 0.88 137 NS 1.14 0.89 1.41  *
Magnesium (g day ") 0.38 0.31 0.45 ** 0.41 0.34 049 * 0.42 0.34 0.51 ***
Potassium (g day ") 3.06 2.53 362 3.22 2.70 379 NS 3.28 2.75 399 *
Iron (mg day ") 1264 1049 1496 ** 1328 11.34 1574 NS 1348 1123 1627 ***

Pos — 25th percentile; P75 — 75th percentile.
Differences in dietary intake between 2sedentary and moderately active persons, moderately active and active persons and ®sedentary and active persons
were tested using the Median test: *, P < 0.05; **, P < 0.01; ***, P = 0.001; NS not significant.
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Table 3 Micronutrient density (without supplement intake) of persons engaging in different levels of sport activity

Sedentary Moderately active Active

Median P25 P75 p2 Median P25 P75 Pb Median P25 P75 p°
MEN (n=1741) (n=587) (n=428)
Vitamin B; (mgMJ ™! day ™) 0.15 013 0147 NS 0.15 013 0147 NS 0.14 013 0.16 **
Vitamin B, (mgMJ ™" day ) 0.18 016 020 NS 0.18 016 021 NS 0.18 016 020 NS
Vitamin Bg (mgMJ ™" day™") 0.21 0.18 023 NS 0.20 0.18 023 NS 0.20 0.18 023 NS
Folate equivalents (ugMJ ™' day™") 25.64 2219 29.88 * 2670 2261 3145 NS 2652 2267 3162 NS
Vitamin Bys (ngMJ ™" day ™) 0.72 058 0.92 *** 0.65 052 080 NS 0.62 049 078 ***
Vitamin C (mgMJ™" day ™) 12.26 9.03 1697 NS 1289 968 1837 N 1310 959 1882 NS
Vitamin E (mgMJ ™" day™") 1.08 090 130 * 1.14 093 142 * 1.20 099 144 =
Calcium (gMJ~ " day™ ") 0.10 0.08 0.13 ** 0.11 0.09 0.14 NS 0.12 0.09 0.15 **
Magnesium (gMJ ™" day ") 0.04 0.04 005 ** 0.05 0.04 005 NS 0.05 0.04 006 *
Potassium (gMJ~ " day ) 0.36 032 041 NS 0.37 032 042 NS 0.37 032 042 NS
Iron (mgMJ~" day™ ") 1.55 136 174 NS 1.54 135 175 NS 1.55 137 174 NS
WOMEN (n=983) (n=894) (n=377)
Vitamin B; (mgMJ ™! day ") 0.15 013 017 * 0.14 013 016 NS 0.14 013 017 NS
Vitamin B, (mgMJ ™" day ") 0.19 016 022 NS 0.19 017 021 NS 0.18 017 022 NS
Vitamin Bg (mgMJ ™" day™") 0.21 0.18 024 NS 0.21 0.18 023 NS 0.21 0.18 024 NS
Folate equivalents (ngMJ ™" day™") 29.03 2453 3416 NS 2956 2529 3540 * 3092 2674 36.64 ***
Vitamin By (ngMJ ™" day ™) 0.62 050 081 * 0.59 048 078 ** 0.54 042 072 **
Vitamin C (mgMJ ™" day ™) 16.86 11.86 23.11 N 1761 1288 2411 NS 1813 1368 2478 *
Vitamin E (mgMJ ™" day ") 1.26 106 155 * 1.31 111 157 = 1.41 113 1.65 **
Calcium (gMJ ™" day ™) 0.13 010 016 * 0.14 011 017 NS 0.14 012 018 **
Magnesium (gMJ ™" day ™) 0.05 0.04 006 * 0.05 0.04 006 NS 0.05 0.05 0.06 ***
Potassium (gMJ ™" day ™) 0.41 0.35 046 NS 0.40 0.36 046 * 0.42 0.37 048 NS
Iron (mgMJ™" day™") 1.66 149 187 NS 1.67 150 1.88 NS 1.68 153 190 NS

Pos — 25th percentile; P75 — 75th percentile.

Differences in micronutrient density between 2sedentary and moderately active persons, ®moderately active and active persons and °sedentary and active
persons were tested using the Median test: *, P < 0.05; **, P < 0.01; ***, P = 0.001; NS, not significant.

women. On the other hand, the nutrient density of vitamin
B2 was higher among sedentary persons compared with
both active and moderately active persons. In general,
women exceeded men in the density of several nutrients,
which was especially obvious for vitamin C, calcium and
potassium.

Total micronutrient intakes (including supplements) of
persons engaging in different levels of sport activity are
shown in Table 4. In general, active as well as moderately
active persons had higher total micronutrient intakes than
did sedentary persons except for vitamin B;,, which was
lower. Whereas a higher total intake of several micro-
nutrients was also observed for active compared with
moderately active men, for women this was true for vitamin
E and magnesium only. For men, the contribution of
supplements to the total micronutrient intake increased
with higher engagement in sports: up to 5% for vitamins
and 1% for minerals, on average. Among women,
supplemental mineral intakes were highest for active
women (on average 2%), and supplemental vitamin intakes
were highest for moderately active women (on average
5%). Both genders supplemented their diet especially with
vitamin C, vitamin E, calcium and magnesium. Women had
generally lower total nutrient intakes than did men, but
higher contributions of supplements to the total intakes,
particularly for minerals.

Table 5 compares the total micronutrient intakes of
persons engaging in different levels of sport activity with
current German reference intakes. Regardless of sport
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activity level, the percentage of persons with an intake less
than 75% of reference was generally small. Nevertheless, a
relatively high percentage of persons consumed less than
75% of the recommended intake for folate, vitamin E and
calcium. This was especially the case among sedentary
persons. For them, the percentage with a low intake of
folate (66% of men, 82% of women), vitamin E (about
35%) and calcium (about 20%) was significantly higher
compared with both moderately active and active persons.
In general, a relatively high percentage of women had an
iron intake less than 75% of reference.

Whereas the micronutrient intakes of most people
ranged between 75 and 150% of reference, a high
percentage of persons — especially men — had micro-
nutrient intakes of more than 150% of reference. Except
for folate, vitamin B, and iron (women), this percentage
was significantly higher among active compared with
sedentary persons, and among men also compared with
moderately active persons (except for folate and
potassium). Concerning vitamin Bi,, a higher percentage
of moderately active, and among men also of sedentary
persons, was observed to consume more than 150% of the
reference intake compared with active persons. The
highest number of active men exceeding 150% of
reference was observed for potassium (86%), iron (70%),
vitamin Bg (57%) and vitamin C (55%). The highest
percentage of active women exceeding 150% of reference
was 62% for potassium, 52% for vitamin C, 44% for vitamin
Bg and 40% for magnesium.
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Table 4 Total micronutrient intakes (including supplements) of persons engaging in different levels of sport activity

Sedentary Moderately active Active

Median P25 P75 P? Median P25 P75 ’Db Median P25 P75 p°
MEN (n=741) (n=587) (n=428)
Vitamin B, (mg day™") 1.55 1.22 1.94 NS 1.54 1.27 1.97 1.69 1.36 212w
Vitamin B, (mg day ) 1.83 1.51 235 NS 1.91 1.53 244 2.09 1.71 274
Vitamin Bg (mg day ™) 2.11 1.74 259 NS 2.17 1.80 267 ** 2.33 1.96 292
Folate equivalents (ug day™') 265.27 21651 325,53 ** 28585 23771 343.12 ** 311.93 256.99 399.32 ***
Vitamin By, (png day ') 7.59 571 1017 * 6.98 5.16 943 * 7.40 558 10.06 NS
Vitamin C (mg day ™ ') 120.39 91.67 179.38 ** 14350 104.01 196.81 * 157.71 11556 22563 ***
Vitamin E (mg day ™) 11.48 865 1484 ** 1263 959 16.38 *** 1496 10.88 1922 ***
Calcium (g day™") 1.07 0.81 1.40 * 1.17 0.90 150 *** 1.35 1.01 1.69 **
Magnesium (g day ") 0.45 0.38 0.56 *** 0.49 0.40 0.57 *** 0.54 0.45 0.64 ***
Potassium (g day ") 3.65 3.04 446 * 3.78 3.16 4.48 4.14 3.40 486 ***
Iron (mg day ") 1551 1277 1924 N 1574 1335 19.16 ** 17.65 14.68 21.13 **=*
WOMEN (n=983) (n=894) (n=377)
Vitamin B; (mg day ") 1.15 0.94 144 * 1.21 0.99 148 NS 1.19 0.95 151 NS
Vitamin B, (mg day ™) 1.47 1.18 184 ** 1.56 1.28 198 NS 1.55 1.27 199 *
Vitamin Bg (mg day ) 1.63 1.35 1.98 1.74 1.44 215 NS 1.71 1.41 216 **
Folate equivalents (ng day™') 227.51 186.42 280.74 ** 247.56 200.72 306.56 NS 25290 20629 327.72 ***
Vitamin By, (ng day ') 4.90 3.59 6.93 NS 4.92 3.80 672 ** 4,52 3.28 6.32 *
Vitamin C (mg day ) 134.65 9514 188.34 ** 151.05 109.43 208.06 NS 15241 106.54 227.95 *
Vitamin E (mg day ") 10.28 8.01 1357 **  11.32 859 1467 * 11.86 890 1545 ***
Calcium (g day™") 1.02 0.80 129 = 1.12 0.89 140 NS 1.16 0.89 1.44 =
Magnesium (g day ") 0.38 0.31 0.46 *** 0.41 0.34 050 * 0.43 0.35 0.52 ***
Potassium (g day ) 3.06 2.53 3.62 3.22 2.71 379 NS 3.28 2.75 399 **
Iron (mg day ") 12,73 1062 1507 ** 1349 1139 1591 NS 1375 1126 16.54 ***

Pos — 25th percentile; P75 — 75th percentile.
Differences in total intake between 2sedentary and moderately active persons, Pmoderately active and active persons and °sedentary and active persons
were tested using the Median test: *, P < 0.05; **, P < 0.01; ***, P < 0.001; NS, not significant.

Table 5 Percentage of persons with total micronutrient intake less than 75% and more than 150% of the reference value, by level of
sport activity

Less than 75% of reference More than 150% of reference
Moderately Moderately

Sedentary P? active P® Active P° Sedentary P2 active P®  Active P°
MEN (n=741) (n=587) (n= 42%) (n=741) (n=587) (n=428)
Vitamin B; (mg day ) 3.2 NS 41 NS 3.0 S 37.0 NS 36.3 446 O+
Vitamin B, (mg day ) 1.6 NS 2.9 NS 14 NS 39.7 NS 40.2 wx 5Dg e
Vitamin Bg (mg day ™) 1.4 NS 1.9 NS 09 NS 435 NS 45.7 o B7Q e
Folate equivalents (g day ) 66.0 56.9 w439 e 2.2 NS 2.0 NS 40 NS
Vitamin By, (ng day ') 0.8 NS 0.7 NS 14 NS 88.7 w* 83.5 * g7e NS
Vitamin C (mg day ) 12.2 NS 9.9 NS 86 NS 37.5 47.0 * 549
Vitamin E (mg day™") 36.3 b 20.5 e 106 9.2 NS 10.7 e 109
Calcium (g day ™) 19.7 12.6 ** 72 20.0 * 24.4 e 346
Magnesium (g day ") 3.0 NS 2.6 ** 02 * 31.4 * 37.0 w507 e
Potassium (g day ") 0.1 NS 0.5 NS - NS 76.1 * 81.8 NS gg.o
Iron (mg day ") 0.5 NS 0.9 NS 05 NS 53.6 NS 57.4 70,3 e
WOMEN (n=983) (n=894) (n=377) (n=983) (n=894) (n=377)
Vitamin B; (mg day ™) 8.7 * 5.9 NS 8o NS 19.9 NS 23.3 NS o257 o+
Vitamin B, (mg day ) 6.0 * 3.7 NS 56 NS 25.8 ** 32.3 NS 337 o=
Vitamin Bg (mg day ") 3.4 * 1.7 NS 32 NS 34.0 44.6 NS 438
Folate equivalents (g day ) 81.7 wx 73.4 NS gg2 W 25 NS 2.4 NS 37 Ns
Vitamin By, (png day ™) 6.5 * 3.9 ** 82 NS 57.0 NS 59.4 * 504 %
Vitamin C (mg day ') 12,5 75 NS 401 NS 40.0 50.0 NS 515 e
Vitamin E (mg day ") 345 * 28.9 NS p57 % 11.9 NS 14.9 NS 975
Calcium (g day ™) 21.3 12.9 NS 444 = 13.7 b 19.0 NS 210
Magnesium (g day ") 4.0 * 2.2 NS 32 NS 27.4 36.6 NS 403 e
Potassium (g day ") 1.7 > 0.2 * 13 NS 52.9 61.6 NS g1
Iron (mg day ") 17.1 NS 16.7 NS 483 NS 11.1 NS 11.5 NS 109 NS

Differences in percentage between sedentary and moderately active persons, "moderately active and active persons and °sedentary and active persons
consuming less than 75% and more than 150% of reference were tested using the Chi-square test: *, P = 0.05; **, P = 0.01; ***, P=0.001; ™S, not
significant.
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The consumption of fruit/vegetable juice, drinking
water (water as a beverage including tap and mineral
water), milk products (including cheese) and fruits, and in
addition among men the consumption of vegetables and
vegetable fat, was higher for active than for sedentary
persons (Table 6). Active persons had a lower consump-
tion of coffee and sausages, and active women also of red
meat, than did sedentary persons. This, apart from the
higher prevalence of vegetarianism in active persons, may
partly explain the generally lower intake of vitamin By, as
red meat and sausages are the main sources of vitamin By,
in the diets of the three sport activity groups. Moderately
active men also consumed more fruit/vegetable juice,
drinking water and milk products (including cheese), but
lower amounts of sausages and bread than did sedentary
men. Moderately active women consumed more fruit/
vegetable juice, drinking water, milk products (including
cheese) and vegetables, but lower amounts of sausages
than did sedentary women. Compared with men, women
consumed particularly more fruits and drinking water, and
less bread, potatoes, red meat, sausages and vegetable fat,
regardless of the sport activity level.

Discussion
The dietary behaviour and demographic characteristics of

German adults with different levels of sport activity were
examined using data collected in the German National

R Beitz et al.

Health Interview and Examination Survey and the
integrated German Nutrition Survey 1998.

Active persons were characterised by lower age and
BMI, higher SES and a higher prevalence of vegetarianism.
Active men were more likely to be regular supplement
users and never smokers. Active persons had more
preferable micronutrient intakes than did sedentary
persons. This was especially true for folate, for which
intake was generally low. Nutrient densities, especially
those of vitamin E, calcium and magnesium, and among
women also those of folate and vitamin C, were also
higher in the diet of active persons. Nevertheless, the
micronutrient intakes of sedentary persons were also
within recommended ranges in general. Active persons
consumed higher amounts of fruit/vegetable juice,
drinking water, milk products (including cheese) and
fruits, as well as vegetables and vegetable fat (men), than
did sedentary persons. Among active persons, dietary
supplements contributed to the total micronutrient intake
at 3%, on average, which was significantly higher than
among sedentary persons regarding vitamins, and for men
also calcium and magnesium.

Compared with men, women had generally lower
absolute micronutrient intakes because they consumed
lower amounts of foods. However, the nutrient density of
especially vitamin C, calcium and potassium was higher in
the diet of women, probably due to higher consumption
of fruits and drinking water. On the other hand, the

Table 6 Consumption of specified foods (g day ') by persons engaging in different levels of sport activity

Sedentary

Moderately active Active

Median Pos Ps p2

Median P Pzs P® Median  Pos P.s P°

MEN (n=741)

Milk products (including cheese) 197.8 1122 3454 *
Bread 176.9 1268 2296 **
Vegetables 129.1 874 1929 NS
Potatoes 132.6 921 1869 NS
Fruits 141.0 66.2 2429 NS
Red meat 107.7 742 1490 NS
Sausages 60.7 36.7 914 **
Vegetable fat 14.9 91 228 NS
Coffee 375.0 170.0 600.0 NS
Fruit/vegetable juice 29.3 0.2 1703 ™
Drinking water 3971 445 8443 *
WOMEN (n=983)

Milk products (including cheese)  203.9 1245 329.2 ™
Bread 125.0 912 1612 NS
Vegetables 134.2 86.8 1955 **
Potatoes 99.2 66.5 1379 NS
Fruits 1715 1034 2807 NS
Red meat 71.0 472 1038 NS
Sausages 31.6 171 497
Vegetable fat 13.1 80 191 NS
Coffee 340.0 1700 5786 NS
Fruit/vegetable juice 48.6 04 1716 ™
Drinking water 500.7 170.5 857.7 ***

(n=587) (n=428)
2249 1340 3908 * 2839 160.4 4805 ***
162.7 1204 2121 * 1777 1283 2402 NS
139.2 98.1 2066 * 151.8  100.1 2244 **
126.6 812 1749 NS 1253 816 1804 NS
153.2 86.3 2471 NS 1556 832 2553 *
100.9 676 1387 NS 1012 66.4 1488 NS
55.0 31.8 764 NS 52.0 27.7 825 **
15.3 10.5 225 * 17.1 11.1 26.0 **
340.0 160.7 600.0 * 300.0 486 5143 *
735 05 2153 NS 97.3 0.4 3027 ***
500.0 167.1 947.0 * 584.3 1722 1001.2 ***
(n=894) (n=377)
2344 1533 3667 NS 2514 1534 387.9 ***
122.2 90.7 1615 NS 1144 825 1575 NS
1469 1031 2090 N 1415 920 2141 NS
94.2 583 1354 NS 96.1 549 1342 NS
1824 1111 2903 NS 1971 1264 3029 *
70.3 46.3 9.5 * 63.5 39.3 90.6 *
28.6 14.3 473 NS 24.6 8.4 39.2
13.0 8.3 186 NS 12.5 8.3 181 NS
3159 1500 5107 * 300.0 486 4900 *
86.3 20 2445 NS 94.5 11 2665 ***
641.2 3000 1000.0 NS 6806 3357 1003.6 ***

Pos — 25th percentile; P75 — 75th percentile.

Differences in food consumption between 2sedentary and moderately active persons, Pmoderately active and active persons and °sedentary and active
persons were tested using the Median test: *, P < 0.05; **, P < 0.01; ***, P < 0.001; NS, not significant.
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consumption of bread, potatoes, red meat, sausages and
vegetable fat was lower than that of men. In contrast to
women, micronutrient and food intakes generally
increased with increasing level of sport activity in men.

Differences in demographic characteristics between the
activity groups have been well documented so far>'471¢.
Persons who are physically active in leisure-time have less
frequently been the subjects of dietary behaviour studies
compared with athletes. However, the results presented
here are similar to those observed in previous studies. For
instance, Mensink and Arab'” observed higher intakes of
several nutrients, among them B vitamins, vitamin E,
vitamin C and calcium, for physically more active
compared with predominantly inactive persons in an
elderly and a younger population. Voorrips et al.'®
reported a trend for physically active elderly women to
consume more vegetables, fruits, legumes and non-
alcoholic drinks than their sedentary counterparts. Two
more studies showed higher intakes of calcium, folate and
vitamins A, C and E, as well as a higher consumption of
fruits and vegetables, but a lower consumption of red and
processed meat for more active persons compared with
sedentary individuals'®°.

An additional analysis of mineral status showed no
substantial differences between the activity groups (not
shown). This is also consistent with previous
studies™!7?22 In general, this may primarily be due to
the body’s homeostatic control of the status of most
minerals. Therefore, a change in mineral intake may not
necessarily lead to a different mineral status.

There are several methods used to assess physical
activity. The methods include direct observations, activity
records, objective mechanical and electronic devices and
instruments like accelerometry, and estimation of energy
expenditure, e.g. by the doubly labelled water method.
These possible assessment instruments are most useful to
small-scale studies and for validation purposes. In
population surveys a questionnaire-based assessment of
physical activity is preferred. This is not as time-
consuming, prohibitive, intrusive and reactive as other
methods, and may not lead to alterations of activity
behaviour. However, there are several types of ques-
tionnaire used in epidemiological research based on either
self-reported responses or interviewer administration. We
used a simple question allowing for quantitative infor-
mation on sport activity, but not for type and intensity of
the activities. However, since the intention of this study
was to compare sedentary persons and more active
persons instead of examining exercise or exercise training
and total energy expenditure, this question may be
appropriate. Nevertheless, standardisation of the content
and design of questionnaires used in surveys would be
helpful to compare physical activity habits of different
populations®>%*.

The micronutrient intakes were compared with current

1
German reference values'®. These values have the
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objective to reflect the nutrient requirements of almost
all healthy persons in Germany, on average. However,
these requirements vary between individuals. Thus, an
intake below the reference intake merely increases the
probability of an insufficient intake on a population level.
Therefore, we used the level of 75% of reference to detect
micronutrient intakes that are more likely to be sub-
optimal. Levels above 150% of reference were those
considered to be more than sufficient.

The assessment of dietary intake is generally
accompanied by the problem of underreporting of energy
intake. According to Goldberg et al.*®, underreporting is
defined as energy intake lower than 1.27 times basal
metabolic rate. The percentage of suspected under-
reporters was higher among sedentary persons, especially
for women. However, the present results did not change
considerably after the exclusion of suspected
underreporters.

The use of dietary supplements was observed to be
common among athletes’®?”. In the present study, a
relatively high percentage of supplement users was also
seen for persons being active in leisure sports. However,
supplemental intake did not contribute substantially to
total micronutrient intake, in particular to total mineral
intake. This is probably due to the assessment of mineral
supplementation. Whereas the nutrition survey partici-
pants reported their use of specific vitamin supplements,
like vitamins C and E, and folate supplements, for minerals
they were asked for the use of mineral supplements in
general. Some participants may not remember all of the
mineral supplements used, although open-ended ques-
tions for describing type as well as brand name of the
supplement taken were used. Therefore, the contribution
of mineral supplements to the total mineral intake may be
somewhat underestimated.

In conclusion, there is no indication that the micro-
nutrient intakes of active and moderately active persons in
Germany are generally insufficient. Since with increasing
level of sport activity both utilisation of micronutrients and
nutrient losses via sweat, urine and faeces also increase,
some active persons may need a higher nutrient intake. In
this population most of the active persons meet their
requirements. An engagement in sport during leisure time
is likely to be a personal choice and, therefore, may be
more associated with health consciousness. Persons who
have a high physical activity level during their work may
not be those who have a high activity level during leisure-
time, as has been suggested in a previous publication®.
The diet of sedentary persons is also generally satisfactory.
On a population level, therefore, supplementation with
micronutrients is in general not recommended for both
persons who are active in leisure-time as well as those with
a sedentary lifestyle?®. Because of the beneficial health
effects of physical activity in general, a main aim of public
health remains the motivation of the population to be
engaged in leisure-time physical activity.
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