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Summary The phenomenon of
underreporting of dietary intake
has been observed previously in
many epidemiologic studies. In this
study it was investigated whether
dependencies exist between energy
intake obtained by a semi-
quantitative, self-administered food
frequency questionnaire and
lifestyle or anthropometric factors,
particularly obesity.

The study population consisted
of 2 531 subjects, men aged 40 to
64 years and women aged 35 to 64
years from the general population
of Potsdam and the surrounding
areas. First, subjects were allocated
into quintiles of the ratio ‘reported
energy intake (EI)’ to ‘calculated
basal metabolic rate (BMR)’ as a
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measure of age and weight
adjusted energy intake. No
apparent dependencies between
socio-economic variables and the
ratio EI/BMR were observed.
Among anthropometric variables,
BMI and related measures of
obesity were inversely related to
the ratio EI/BMR in men and
women. While dietary intake was
directly related to the ratio
EI/BMR 1n absolute quantities,
energy adjusted intake of fat,
protein, carbohydrate, and alcohol
was found to be independent of
this ratio. Energy adjusted food
group consumption was also found
to be independent of the ratio
EI/BMR, showing only slightly
increasing trends across quintiles
of EI/BMR for cereals and fats,
and a slightly decreasing trend for
sweet foods in women. When
subjects were classified into three
categories of BMI, reported energy
intake decreased across categories.
Estimated energy expenditure based
on BMR was increasing with BMI
categories. A close direct
relationship was observed between
BMI categories and the difference
between reported energy intake and
estimated energy expenditure.

It is concluded that obesity is a
major determinant of under-
reporting. Energy adjusted dietary
variables were found to be largely
independent of such
methodological influences.

Zusammenfassung Die Angaben
zur Energie- und Nihrstoffaufnah-
me aus einem semi-quantitativen
Verzehrshdufigkeits-Fragebogen
wurden auf eine mogliche Unter-
schitzung in Abhéngigkeit vom re-
lativen Korpergewicht untersucht.
Die Studienpopulation bildeten

2 531 Personen aus Potsdam und
den umliegenden Gemeinden, Min-
ner im Alter von 40 bis 64 Jahren
und Frauen im Alter von 35 bis
64 Jahren.

Das Verhiltnis von Energieauf-
nahme (EI) zu Grundumsatz
(BMR) diente als MaB fiir die
alters- und gewichtsunabhingige
relative Energieaufnahme. Die Stu-
dienteilnehmer wurden auf Basis
des Parameters EI/BMR in Quintile
eingeteilt. Zwischen dem body
mass index (BMI) und dem Parame-
ter EI/BMR konnte, bei Ménnern
und Frauen, ein inverses Verhiltnis
beobachtet werden. Zwischen ver-
schiedenen sozio-dkonomischen Va-
riablen und EI/BMR zeigte sich
dagegen kein Zusammenhang. Wih-
rend die absolute Nihrstoffaufnah-
me mit steigendem EI/BMR zu-
nahm, war der energieadjustierte
Verzehr von Fett, Protein, Kohlen-
hydraten und Alkohol unabhingig
von der relativen Energieaufnahme.
Der Verzehr aus Lebensmittelgrup-
pen, ebenfalls energieadjustiert,
zeigte bei Frauen einen leicht an-
steigenden Trend iiber die EI/BMR-
Quintile fiir die Gruppen ,Getreide*
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und ‘Fette’ sowie einen leicht abfal-
lenden Trend fiir ,StiBigkeiten’.
Nach Zuordnung der MeBwerte in
drei BMI-Kategorien, zeigte sich,
daf die angegebene Energieaufnah-
me mit zunehmendem BMI ab-
nahm. Der auf Basis des BMR ge-
schitzte Energieverbrauch stieg
dagegen iiber die BMI-Kategorien
an. Es konnte ein direkter Zusam-

und geschitztem Energieverbrauch
und dem relativen Korpergewicht
becbachtet werden.

Die Ergebnisse zeigen, daB Uber-
gewicht als ein wesentlicher Priadik-
tor fiir die Unterschitzung der Ener-
gieaufnahme gelten kann. Energie-
adjustierte Werte der Nahrstoffauf-
nahme erscheinen unabhingig von
dem methodischen Einfluf der Un-

Key words obesity — under-
reporting — energy intake —
nutrient intake — dietary
questionnaire

Schliisselworter Ubergewicht —
underreporting — Energieauf-
nahme ~ Nihrstoffaufnahme —
Verzehrshiufigkeits-Fragebogen

menhang zwischen der Differenz
von angegebener Energieaufnahme

terschitzung.

Introduction

Epidemiological studies are often said to have a problem
of obtaining adequate data of individual exposure. This
is in particular true for nutritional epidemiological
studies in which dietary habits are evaluated in respect
to relative risk. Large-scale studies, comprising several
10,000 participants, often apply semi-quantitative ques-
tionnaires to assess habitual dietary intake because these
are considered to be cost-efficient and impose only mod-
est demand on subjects. Most of the large-scale cohort
studies decided to use self-administered food frequency
questionnaires, comprising 100 to 150 food items, that
can be completed and processed for analyses in a com-
paratively short time. The validity and reliability of such
questionnaires are usually tested in substudies (8, 14, 22,
23, 34). These studies indicated that semi-quantitative
food frequency questionnaires arc able to reflect the
distribution of habitual energy and macronutrient intake
of a population and to rank subjects according to their
dietary intake even if with some degree of misclassifica-
tion. In analysis of relative risks it is usually assumed
that misclassification due to errors in exposure assess-
ment, if present, affect subjects at random and, therefore,
within-study comparisons remain valid. It is unlikely that
dietary instruments will be improved significantly by
increasing accuracy, for instance by modifiying question-
naire design or mode of inquiry (36). Subsequently, at-
tention has to be focused on a better understanding of
the sources of measurement error related to dictary ques-
tionnaires in order to avoid false conclusions based on
insufficient understanding of the measurement instru-
ment. A major problem of dietary assessment seems to
be the phenomenon of reporting lower energy intake than
physiologically required, the so called underreporting.
Recently, underreporting of true dietary intake was dis-
cussed and evaluated in many studies (2, 16, 19, 20, 21,
32). The consistent findings of these studies employing
different methods and investigating different populations
lead to the conclusion that underreporting seems to be a
common problem of many questionnaires or recording
based measurement instruments of dietary intake. Under-

estimation of food intake might be due to an inadequate
methodology, failure of memory, or the tendency of sub-
jects to conceal their true dietary intake conciously or
subconciously. As the underlying reasons appear to be
very complex and difficult to assess, there is a strong
interest in identifying certain characteristics of individu-
als that are associated with underreporting. The most
consistent findings refer to obesity. Obesity was found
to be positively related to reporting low energy intake
(2, 16, 21). However, this relation was not observed in
all studies (19, 32). Other determinants for underreport-
ing under discussion are age, sex, level of physical ac-
tivity, social status, dieting behavior, and psychosocial
determinants (19, 20, 32).

Within the framework of the East German contribu-
tion to EPIC (European Prospective Investigation into
Cancer and Nutrition) (27) dietary information is ob-
tained by a self-administered food frequency question-
naire. The purpose of the present study was to evaluate
dietary intake data obtained by this questionnaire with
respect to dependencies between reported low relative
energy intake and other factors, in particular obesity. It
was also investigated in which way underestimation of
energy intake relates to macronutrient intake and con-
sumption from food groups. Sufficient knowledge about
the pattern of underreporting is a prerequisite for unbi-
ased analyses of diet-disease relationships in the inves-
tigated cohort. Differentially biased dietary information
questions the assumption that all subjects are affected by
methodological errors and will result in false estimates
of relative risks.

Subjects and methods
Subjects

The recruitment of the East German cohort of the EPIC-
Study (27) is based on addresses from population regis-
tration offices in Potsdam and the surrounding areas and
contacted men aged 40 to 64 years and women aged 35
to 64 years.
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The current analysis was restricted to those study par-
ticipants who were recruited from January to June 1995.
During this period 10791 people were invited to partici-
pate in the cohort study. Out of them 3 494 completed
all the basic examinations and the questionnaires, and
gave written informed consent. The 963 subjects who
reported weight changes of more than five kilograms
during the past two years before examination were ex-
cluded from the analysis. The remaining 2 531 subjects
were considered to be in energy balance and formed the
current study population.

Methods

Dietary questionnaire

A self-administered, semi-quantitative food frequency
questionnaire (SFFQ) was the basic instrument for assess-
ment of habitual dietary intake in the Potsdam cohort.
The questionnaire consisted of 148 food items and in-
cluded questions regarding the consumption of sauces and
fat content of certain food items. First, the participant
selected his typical portion size from colored photos or
from specified units (glass, slice, etc.). Subsequently, one
out of nine consumption frequencies (from ‘once a
month’ to ‘five times a day’) had to be selected. Some
items of the group ‘fresh fruit and vegetables’ were asked
and calculated by season. Additionally, there were ques-
tions on general consumption patterns that were used to
adjust the consumption frequencies given in the question-
naire. The SFFQ was mailed to the study participants 10
days before the basic examinations at a study center, with
the note to return it to the study center at the time when
the basic examinations were performed. In the study cen-
ter the SFFQ was read by an optical scanner and sub-
sequently checked for missing information and plausibil-
ity by a computer program. Missing information was
requested during the participants’ stay at the study center.
This procedure lead to complete and consistent dietary
information of each participant.

Nutrient and energy intake was calculated from food
intake derived by the SFFQ using data from the German
Federal Food Code (24). The consumed quantity was
obtained by multiplying portion size with the correspond-
ing consumption frequency.

The reliability and validity of the SFEQ was checked
in a pilot study. This study revealed that the SFFQ is
able to measure dietary intake in similar quality to other
intruments of this type (5, 6, 7).

Other lifestyle information
Other lifestyle questions were inquired by a second self-

administered questionnaire, and a computerized interview
conducted by trained interviewers. These instruments in-

cluded questions about socio-demographic characteristics,
physical activity, and occupation. Physical activities com-
prised gardening, housework, and manual work at home,
measured as hours per day during winter and summer
season. The activities were quantitatively summed and
combined to the variable ‘domestic work’. A second
variable ‘sports’ represents hours per week spent with
sporting activities only.

Anthropometry

Anthropometric measurements included weight, height,
waist and hip circumferences, skinfold measurements
(biceps, triceps, subscapular, suprailiac), and chest width
and depth.

Body weight was measured without shoes and with
participants only wearing light underwear to the nearest
0.1 kg. Percentage of body fat was calculated according
to Womersly and Durnin (37). Fat free mass was calcu-
lated as body weight minus fat mass, body mass index
(BMI) as body weight divided by height squared. The
coefficient of variation for inter- and intra-observer effect
for most anthropomeiric measures, except skinfolds and
for the composite parameters, was shown to be below
S % (17).

Energy expenditure

First, basal metabolic rate (BMR) was calculated for each
subject by the equations of Schofield et al. (30) from
weight and age. Then, the reported energy intake (EI) by
SFFQ was related to calculated BMR and expressed as
EI/BMR. As the variability of BMR is determined by age
and body composition to a large extent, this ratio was
considered as a measure of relative enmergy intake, ad-
justed for these physical characteristics (9).

As suggested by FAO/WHO/UNU (10) energy require-
ments can be estimated by multiplying BMR with a factor
representing physical activity for population groups, in-
dicated as PAL (physical activity level). The PAL-value
is calculated as total energy expenditure (TEE) divided
by BMR. In the absence of weight loss or weight gain,
the ratio EI/BMR must equal TEE/BMR or the PAL-
value, respectively. To be able to compare energy re-
quirements with reported energy intake, an estimate of
energy requirements was obtained for each subject by
multiplying calculated BMR with a factor of 1.51 for men
and 1.53 for women. These factors were the mean ratio
of EI/BMR of the population under study. The difference
between energy intake and energy requirements gives an
estimate of the reporting error, valid on group level. On
individual level they may be associated with misclassifi-
cation since energy requirements are not only determined
by weight and age, but also by physical activity, meta-
bolic efficiency, and eating habits.
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Statistics take values revealed no significant differences and trends

Study participants were allocated to quintiles of EVBMR.
The respective cut points were 1.18, 1.36, 1.57, and 1.84
for men and 1.17, 1.36, 1.55, and 1.81 for women. De-
pendencies between the parameter EI/BMR and anthro-
pometric and dietary variables were evaluated by calcu-
lating the means of these variables for each quintile of
EI/BMR. Test for linear trend, controlled for age, BMI,
physical activity, and smoking status, was applied to the
distribution of these variables within quintiles. BMI was
ranked into three categories (BMI < 25, 25 ¢ BMI < 30,
and BMI > 30). The group means of three BMI categories
were evaluated for differences by the Kruskal-Wallis test
in case of non-normally distributed, and the Scheffé test
in case of normally distributed variables, respectively.
Energy adjustment was performed according to the resid-
ual method (33). The statistical calculations were done
separately for men and women utilizing the SAS statis-
tical software (29).

Results

Basic characteristics of the study population are given in
Table 1. There was no apparent difference in mean BMI
between men and women. More men than women re-
ported a high school education. Among men the percent-
age of persons working full time and percentage of smok-
ers was higher compared to women.

A significantly declining trend by quintiles of EI/BMR
was seen for BMI, percentage of body fat, and weight in
men and women (Tables 2 and 3). Mean calculated BMR
was slightly decreasing from the bottom to the top quin-
tile, corresponding to body weight. Socio-economic vari-
ables of Table 1 were also tested with respect to differ-

across quintiles of EI/BMR.

Table 2 Mean (SD) values for anthropometric and absolute and
energy adjusted dietary variables by quintiles of the ratio energy
intake to estimated basal metabolic rate (EI/BMR), men (n=1104)

EI/BMR E/BMR EVBMR EI/BMR EVBMR P of
<118 1.18-1.36 1.37-1.87 1.58-1.84 >1.84 htr:;i
EVBMR 1,00 (0.15) 1.28 (0.05) 1.45 (0.06) 1.69 (0.08} 2.18{6.33)
BMI (kg/m?) 278(3.6) 26.8(2.9) 26.2(2.8) 26.0(3.0) 252(3.1) *
body fat (%) 25.6(7.0) 23.9(5.0) 23 (4.4) 22.5(4.9) 21.8(5.3) *x
weight (kg) 843 (12.6) 81.1(9.3) 79.9(10.0) 79.5(10.5) 76.2 (10.3) *
calculated 7.5(0.7) 7.4 (0.5) 7.3(0.6) 7.3 (0.6) 7.1(0.6) ns.
BMR (M)
reported 7.6(1.2) 9.4(0.7) 10.7(0.9) 122(12) 15.5(2.5) *
energy intake
™))
absolute dietary intake
fat (g) 66.5(16.3) 83.9(13.8) 98.9 (17.6) 116.1 (21.4) 152.0 (37.1) *
protein (g) 65.0 (13.5) 80.5 (1.7} 87.9 (13.8) 100.8(17.5) 125.7(29.7) *
carbohydrates 187.6 (38.2) 233.6(34.7) 260.5 (36,7} 297.7 (46.5) 367.6 (79.0) *
i%Zohol () 162 (15.6) 18.9(16.3) 216 (16.4) 22.1(19.7) 25.5(27.0) *
energy adjusted dictary intake
fat{g) 99.8{11.2) 96.6 (12.0} 974 (139 97.9{15.3) 93.4 22.9) a.S.
protein (g} BB.6{8.3) 88.2(1L.1) 87.5¢11.6) 88.1(12.2) 87.6 (21.3) S,
:::a;bohydrates 254.1 (26.43 258.1 (31.8) 257.3(36.9) 2603 (41.5)  259.0(59.7) ns.
:4

alcohol () 15.5{15.0) 17.3(169) 17.0(174) 15.2(18.6) 150021.0) ns.

! controlled for age, BMI, physical activity, smoking; * P < 0.001, ** P < 0.01

Table 3 Mean (SD) values for anthropometric and absolute and
energy adjusted dietary variables by quintiles of the ratio energy
intake to estimated basal metabolic rate (EI/BMR), women
(n=1427)

.. FUBMR EVBME EIBME EVAMR EVBMR  pof
ences between quintiles. There were no apparent linear
. . <117 115136 1.37-1.55 1.56-1.81 >L8t d
dependencies between these variables and the EI/BMR e
ratio EI/BMR 099(0.13)  126(0.068)  145(005)  L67(007)  220(0.40)
BMI(kgm) 26446  257(40) 250057 24.7(3.9) 23.5(3.2) .
As expected, reported energy intake by SFFQ in-  bowyfaeo 34364 34460 3962 BIGCH  3NIGH 0
creased with increasing EI/BMR-quintiles. However, en- weight (kg) 693(128)  67.1(108)  65.8(95)  649(105)  623(92) *
ergy adjusted fat, protein, carbohydrate, and alcohol in- calculated 6.6(1.0) 65(09) 64(09) 6.4(09) 63(09) ns.
BMR (M)
Table 1 Subjects’ characteristics (mean (SD)) reported 66014 8202 92314 10707 13728 *
epergy intake
(M5
Men (n=1104) Women (n=1427) absoluie dictary intake
Ty SISALS GLI(1s)  J6A(16)  EE(E5 TSmO ¥
age (v) 54.1 (7.1 51.1 (8.9) .
- protein g} 524(109)  634(102)  WS5(03)  790(140  997Q16) *
weight (kg) 80.2 (10.9) 65.9 (10.9)
body mass index (kg/m?) 26.4 (3.2) 25.1 (4.0) carbohydrates  151.6(28.5)  187.3(257)  21LIQ78) 2424044 3045(672)  *
. . . . p
percentage of persons atcohol () 58T 66(1.3) 7.1(1.3) 83(94) 11.5(143) *
energy adjusted dietary intake
full time occupation (%) 61 52 ) TE@I A0S WE(0S)  WE(LN B85 ns.
married (%) 86 72 protein (g) 69.4(7.1) 69.2 (8.0 69.3(9.2) 69.0(11.0)  68.2(17.8) ns.
educatfon: 8 years or less (%) 29 34 carbohydrates  206.4(19.6)  207.8(22.8)  208.1(266) 2089(314)  2088(435)  ns.
education: 10 years (%) 27 31 ®
education: high school (%) 44 35
jcohol (g) 5.5(7.8) 5.0 (7.6) 4.8 (8.6) 4.9 (10.2) 4.9(13.8) LS.
current smokers (%) 20 14 S -

! controlled for age, BMI, physical activity, smoking; * P < 0.001, ** P < 0.01
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Table 4 Food group consumption by quintiles of the ratio of
energy intake to estimated basal metabolic rate (EI/BMR) absolute
and energy adjusted means (SD) for men (n=1104)

EI/BMR EI/BMR EIBMR  EVBMR  EI/BMR pof
food group <1.18 1.18-1.36  1.37-1.57  1.58-1.84 >1.84  linear
trend'
bread and adjusted 216 (9} 217{64y  223{(61)  230(75) 220(i08)  ns
cereals {g)
absolute 178(62) 205(65)  227(63y  257(77 291(i08) *
cakes, candy, adjusted 11347 110 (63) 112(74) 103 (86)  122({146) ns.
desserts (g)
absolute 71 (50) 105 (64) 131 (72) 155(86)  237(155) *
fruit and adjusted 352 (102) 399 (137) 369(122) 374(148) 367(199) s
vegetables (g)
absolute 312 (106) 391(137)  383(121) 417(147) 465 (204) *
soft drinks, adjusted 432 (370) 429 (389) 400(390) 403 (403) 381(466) ns.
Jjuices,
water (ml) absolute 508 (371) 541(390) 536 (391) 570(405) 609 (476) *
dairy products, adjusted 148 (121) 164 (157) 141(149) 167(191) 150(268) ns.
cheeses (g)
absolute 139 (124) 188 (158)  188(148) 242(192) 282(272) *
meat and fish  adjusted 180 (45) 171 (60) 173 (60) 167(70)  169(136) ns.
)
absolute 129(53) 156 (62) 182(64) 207(77) 276(147) *
fat, adjusted 47(15) 48 (18) 46 (18) 48(23) 47 (34) ns.
mayonnaises,
creams (g) absolute 45(19) 45(19) 3918 58.(24) 71 (36) *

! controlled for age, BMI, physical activity, smoking; * P < 0.001, ** P < 0.01,
Rk P < 0.05

Table 5 Food group consumption by quintiles of the ratio of
energy intake to estimated basal metabolic rate (EI/BMR) absolute
and energy adjusted means (SD) for women (n=1427)

Intake of food items were combined into seven food
groups and analysed for dependencies with the parameter
EI/BMR. Crude and energy adjusted intake of food
groups by quintiles are presented in Tables 4 and 5.
Crude food intake was increasing from the first to the
fifth quintile for all food groups. No significant trends
across quintiles were seen for the energy adjusted values,
except for the groups ‘bread and cereals’, ‘fat, mayon-
naises, creams’, and °‘cakes, candy, and desserts’ in
women. Here, a slightly increasing trend appeared from
the first to the last quintile for ‘bread and cereals’ and
‘fat, mayonnaises, creams’, and a decreasing trend for the
group ‘cakes, candy, and desserts’.

As BMI was the most important variable associated
with EI/BMR all subjects were grouped into three cate-
gories of BMI. With increasing BMI categories subjects,
both men .and women, showed a higher percentage of
body fat mass, lean body mass, and weight (Table 6).
Calculated BMR was increasing across BMI categories
as well as the estimated energy expenditure. Reported
energy intake was decreasing across BMI categories. This
trend corresponded with the ratio E/BMR. The correla-
tion between BMI and EVBMR was found to be -0.28
(p < 0.001) in men, and -0.25 (p <0.001) in women.
Between BMI and EI the correlation coefficients were
-0.09 (p <0.001) for men and women.

Table 6 clearly shows contrary trends across BMI

E{/BMR EI/BMR EI/BMR EI/BMR EUBMR pof
food group <1l VIEI36 13713 1618 218 et categories of estimated energy expenditure and reported
breadund adjusted 169 (36) Ta@s) 1@ ey s = energy intake. The difference between reported energy
) . . » .
T e 14369 1eue 1@ 2y 2109+ intake and estimated enmergy expenditure increased across
cakes, candy,  adjnsted 105 (52) 95 (49) 93 (54) 92(75)  95(133) A
desserts (g}
absolute 60 (53) 86(49)  107(55)  136(76) 208(15%)  *
fruit ar:: © adjusted 360 (135) 379137y 371(123) 351(132) 3%4(207) ns Table 6 Mean values (8D) of some physical variables and energy
vegetables + U .
sbsolute 328 (138) 7G39) 1G24 95(130) 4@ ¢ intake for men and women within categories of BMI
;:::st"inks. adjusted 530 (398) 497(349) 4T0(368) S26(428) S517(414) ns. - S—
water {ml} absolute 593 (398) 574 (349) 558{368) 626(429) 646(413) * BMI<S 25<=BMI<30 BMI>=10 BMI<S JS<<BMIH)  BMI>=30
S:iereyssﬁg;xcts, adjusted 192 (101) 192 (138) 196 (155) 183 (I71) 201 (319} n.s. 378 1=578 =146 w814 47 =166
absolute 146 (102) 194 (138)  230(157) 254 (174) 363 (325) *
weight (kg) 713(7.1) 81.9(6.9) 963 (94)* S85(6.1)  70.1(60) 85910,
meat and fish  adjusted 111 (34) 114 (39) 110 (46) 111 (49) 110 (96) ns.
® body fat (%) 19.6 (4.5) 24.5(4.9) 28.8 (3.4)* 30.7 (4.5) 363(34)  412(55)*
absolute 83 (38) 107 (41) 117 (48) 135 (52) 173 (99) *
lean body mass (kg)  57.2(5.5) 61.8 (5.6) 68.6 (6.7 41.1(3.9) 44.6(3.8) 50.6(5.1)*
fat, adjusted 34 (13) 36 (14) 37(16) 37(16) 36(26)  we+ .
mayonnaises, BMI (kg/m’) 23.1(L.5) 27.1(1.3) 320 (1.9)* 22401 27.0(1.4) 332(3.3)¢
creams (g) absolute 27 (13) 34(15) 40 (16) 45 (16) 56 (26) »
= fculated BMR 6.9(0.5) 74(0.5) 3.1{(0.6)8 5.5 (0.4) 5.8(03) 64(0.4)8
! controlled for age, BMI, physical activity, smoking; * P < 0.001, ** P < 0.01, (M1}
FTTY
P<0.05 EVBMR 1.6(0.5) 1.5(0.4) 13(04) 1.6 (0.5) 1.5(0.4) 13(0.3)
If fat consumption was differentiated into intake of wimasdaagy 10607 1307 24085 8406 820 96068
expenditure
saturated, monounsaturated, and polyunsaturated fatty ac-  omowey
ids and carbohydrate consumption into monosaccharide, reported nergy H3GH  ILIED 0SB0 88QS) 8404 B3R
disaccharide, and polysaccharide intake, the energy ad- " ®®
justed values also did not vary significantly across quin- =-ME®MD 8768 03G9 -1 sd@s  wap4 U
tiles. The same picture was seen for other nutrients such  dmesiowok(vd 3202 34@8) 3703 3809 4en ey
as ascorbic acid and calcium. All unadjusted values of  sporsvweet) 0EH 0920 0.6 (L4)*s 09¢L5)  08(1A  05{13P*

dietary variables were increasing in conjunction with total
energy intake from the lowest to the top quintile (data
not shown).

* means significantly different (p < 0.001, Kruskal-Wailis Test),
**means significantly different (p < 0.05, Kruskal-Wallis Test),
$ means significantly different (p< 0.05, Scheffé Test),
calculated as estimated BMR x mean EI/BMR (men = 1.51, women= 1.53)
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BMI categories, with the largest difference in the obese
subjects (BMI > 30).

Obese subjects — men and women — reported to be
more active in domestic work, but spent less hours with
sports.

Discussion

The present study was able to show that BMI and related
measures of obesity were inversely related to the ratio
EI/BMR. Evidence was found that macronutrient and
food intake relative to total energy intake were not related
to reporting low energy intake, at least in terms of energy
adjusted values.

Dietary data for the current analysis were obtained by
a self-administered SFFQ. Such questionnaire is appro-
priate for large-scale epidemiologic studies, but shows
some limitations as well. These limitations might resuit
in an underestimation of dietary intake due to inadequa-
cies of the given food list, portion sizes, or to missing
data as a result of recording errors. The design of our
questionnaire and the procedure of data processing re-
duces these errors. The validity of this SFFQ has been
demonstrated in a pilot study (5-7), but limitations in
quantitative assessment of habitual food intake remain
still inherent in the nature of a questionnaire of this type.
However, it is generally assumed that a SFFQ of suffi-
cient validity, is able to rank subjects according to their
habitual dietary intake (35). This implies the assumption
that systematic bias according to quantitative measure-
ments apply to all subjects with the same probablility.
This assumption cannot be maintained if bias operates
not at random but differentiates across the members of
the sample. Therefore, the understanding of measurement
error associated with dietary instruments needs to be
improved. Particular interest exists in identifying the
characteristics of individuals reporting low energy intake.

Subjects reporting comparatively low energy intake
were characterized by the ratio EI/BMR. Using BMR as
the denominator largely corrects for differences in lean
body mass. By doing so it is possible to compare subjects
with respect to energy intake without giving particular
reference to height, weight, sex, or age (9). The overall
mean EI/BMR of 1.51 for men and 1.53 for women was
found to be in the range of 1.5 to 1.7 suggested as
adequate for a population leading a sedentary lifestyle
(13) and is close to the average values for of 1.55 for
men and 1.56 for women suggested by FAO/WHO/UNU
10).

It was demonstrated by biological data and also by
measurements of dietary intake that with increasing body
weight energy expenditure is increasing (4, 18, 25, 26).
These results are in contrast to studies that found no
linear relationship between relative body weight and en-
ergy intake. Even inverse relations between relative

weight and reported energy intake were found (1, 2, 15,
16, 21, 28).

Our data confirmed the existence of even a negative
association between relative body weight and energy in-
take and also revealed a discrepancy between reported
energy intake and estimated energy requirements in con-
nection with body weight. Underreporting of food intake
dependent on obesity was suggested as the most likely
explanation for these conflicting findings (26).

Another factor explaining such findings could be a
reduced level of physical activity in obese subjects re-
sulting in lower energy requirements. However, according
to our data overweight or obese individuals even spent
more time with activities like housework, gardening, etc.
The reduced sport activities compared to normal weight
subjects, being observed in our sample, were not able to
account for a significantly reduced energy intake. Shetty
et al. (31) claimed that the physical activity level (PAL),
corresponding to EI/BMR, could be increased by 0.3 units
by 30 to 60 minutes of active sport 4 to 5 times a week.
Applied to our data the observed EI/BMR differences of
0.3 units between normal weight and obese subjects were
not associated with such vigorous exercise.

Apart from physical activity energy requirements are
mainly determined by BMR that is characterized by large
individual variation (31). Therefore, prediction equations
for BMR are only imperfect estimates of true BMR.
Measurement errors might be related to relative body
weight. To check the underlying associations we refered
to data of Goldberg et al. (13), and looked specifically
for the relation between the differences of BMR calcu-
lated by the equations of Schofield and BMR measured
by indirect calorimetry on one hand and body weight on
the other hand. The results gave no evidence of a non-
linear association between BMR and relative body weight
since we found no positive correlation between the cal-
culated differences and body weight.

Energy adjusted dietary variables characterize nutrient
intake of subjects independent of total energy intake. The
residual method (33) allows a comparison of subjects’
nutrient intakes independent of being classified into cate-
gories of energy intake. Our findings showed that ad-
justed macronutrient intakes are independent of the pa-
rameter EI/BMR. It was also reported that under-
estimation of food intake is food specific (3, 11, 12).
Food items that are generally considered as unhealthy,
particularly high-fat or sweet foods, may be more often
misreported than ‘healthy foods’. According to our data
there is no evidence that food specific underreporting
happens necessarily in every study on a larger extent, at
least in terms of energy adjusted food intake. In the
present study food intake data did not reveal significant
differences between subjects with low compared to high
energy intakes even if slight trends of over- and under-
reporting were suggested for some food groups, espe-
cially in women.
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For methodological reasons all subjects had been ex-
cluded from the analysis who reported a weight change
of more than 5 kilograms during the last two years. In
order to see if the excluded subjects show characteristics
different from the subjects under study, we repeated the
analyses also for this group. No significant differences in
results between weight changers and subjects stable in
weight were seen, indicating that our conclusions can be
applied to the total population.

Even if we cannot rule out that some of the obese
subjects were much less active or show increased meta-
bolic efficiency, we conclude that a considerabie propor-
tion of the individuals in our study population underre-
ported energy intake compared to their requirements.
Although obese subjects do not necessarily underestimate
dietary intake and, on the other hand, underreporting is
not restricted to the obese, it is evident that being over-
weight or obese enhanced the likelihood of underreport-
ing considerably. Apart from obesity we were not able
to find other variables determining underreporting. En-
ergy adjusted intake values were found to be independent
of the level of reported energy intake. They also did not
reveal that underestimation of food intake is dispropor-
tional to a large extent.

In this respect it appears to be useful to employ energy
adjusted dietary variables to assess diet-disease relation-
ships in future studies since they were found to be inde-

pendent of the methodological influences of the underre-
porting phenomenon. Moreover, our findings suggest to
include BMI or related measures of obesity in the mul-
tivariate model if estimates of relative risk will be ob-
tained for energy or absolute dietary variables irrespec-
tive of BMI as a confounder in a biological sense.
However, even this model will not allow one to estimate
the effect of these dietary variables on risk estimates
correctly because the biological interaction of absolute
food intake with obesity is mixed with methodological
effects. It will be a future task to find statistical solutions
for this problem, if we would like to proceed with the
current methodology in obtaining dietary data.
Generally, it seems mandatory to prove to what exent
a specific dietary instrument is susceptible to underreport-
ing and which characteristics are particular for subjects
who tend to underreport their habitual dietary intake.
Here, obesity should be of special interest. Such a meth-
odological examination will allow more unbiased statis-
tical analyses and interpretation of the obtained results.
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