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Under -reporting of energy intake affects estimates of
nutrient intakes
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Under-reporting of energy intake is a common pnaobie nutritional epidemiological studies. The aiinttoe
present study was to determine the effect of unelgorting of energy intake on the estimates of ientr
intakes. In this cross-sectional study, 901 subjaged >16 y were randomly selected from partigipaf the
Tehran Lipid and Glucose Study. Dietary intake wsasessed by means of two 24-hour dietary redsisal
metabolic rate (BMR) was determined according to agg,and weight. The ratio of energy intake (El) to
BMR was calculated. Under-reporting of energy intakes defined as EI:BMR<1.35 and normal-reporting of
dietary intake as El : BMR = 1.35 - 2.39. To obtaiergy-adjusted amounts of macro- and micronusjehée
residual method was used. Under-reporting of enirigfke was revealed in 31% of the subjects andmas
common among females (40%) than males (1B%0.01). The mean age of females who under-repoveed
significantly lower than the normal-reporting felesl(32 + 13 vs. 35 + 14 ¥ <0.05); however, the age
difference between the two groups was not signifiéga men. Under-reporters had higher BMIs compaeced
normal-reporters in both genders. The absolut&é&staf macro- and micronutrients (except for B1&males
and B6 and zinc in both genders) were lower in wuneporters, but following adjustment, no signifitan
differences were seen. The results have reveaddutider-reporting of energy intake affects thémetes of
nutrient intakes; thus in studies aimed at deteingithe association between a certain chronic desead a
nutrient intake, we suggest adjustments be madenfergy intake.
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Introduction estimates of micronutrient intakes are affectedubger-

Accurate assessment of energy intake is partiguilawpor-  reporting. This study was therefore conductedssess the

tant in nutritional epidemiology. The search foe identi- effect of under-reporting of energy intake on tiséreates

fication of a gold standard for assessing the itgliof of macro- and micronutrient intake in a group of iBeh

reported energy intake, lead to the introductiodotibly ian participants of the Tehran Lipid and Glucose $tud

Labelled Water (DLW) method as an accurate method f(TLGS).

determining energy expenditure. However, becatisbeo

high cost and complexity involved in the use okttéch- Subjectsand methods

nique in large epidemiological studies, Goldbetgal.,' Subjects

suggested the ratio of energy intake to basal ro#itatate This cross-sectional study was conducted withirfridume-

(El: BMR) for detecting misreporting of energy intak work of the Tehran Lipid and Glucose Study (TLGS), a

Other investigators have confirmed this index. prospective study performed on residents of disi& of
Several studies have assessed the accuragpated Tehran with the aim of determining the prevalenceadi-

energy intakes at population levels and demonstrtitat communicable disease risk factors and developing a

under-reporting of energy intake is more prevalgmat;- healthy lifestyle to curtail these risk factdt$? In the

ticularly among obese peopté.Others reported that someTLGS, 15005 people aged 3 years and over, living in

foods were under-reported more than otfiérds obesity district 13 of Tehran, were selected by the mulgsta

is the underlying cause of many of chronic diseas®s cluster random sampling method. A subsidiary patporh

under-reporting of energy intake is more prevalmbng aged 16-80 years old consisting of 901 subjectd (Bales

obese people, research on the issue of diet-diselg®n- and 511 females) were selected randomity deetary

ship may not yield precise answers. When the rekear

topic is the association between a macronutriemhioro-

nutrient intake with a certain chronic diseaseshibuld be Correspondence address: Dr Fereidoun Azizi, Endocrine

kept in mind whether or not the estimates of thatient Research Center, Shaheed Beheﬁ-hti ?Jgivﬁ;ﬂty of Medic

inake are affected by under.reporting of enerdglie. 2GRS o cay > a6 31 paozies

Limited studies conducted on this issue have focused

ientslo . . Email: azizi@erc.ac.ir
macronutrien and it remains unknown whether theAccepted February 1st 2006
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assessment. It should be kept in mind that thispt&a  with usual dietary intake. We therefore defined emd
also includes those who were on a weight-reduciegy d reporting of energy intake as El: BMR <1.35. Sirce
The proposal of this study was approved by the rekea cut-off point of El: BMR>2.4 has been suggested by
council of the Endocrine Research Center of ShaheeBlacket al., as over-reporting of energy intake, we used a
Beheshti University of Medical Sciences and infadme range of 1.35-2.39 as normal-reporting of dietatgke®
written consent was obtained from each subject.
Statistical Methods

Methods Findings are shown as mean £ SD. Student t test wa
Subjects were interviewed privately, face-to-fakger-  used to detect any differences between quantitatvia-
views were conducted by trained dietitians usingree  bles. The residual method was used to obtain energy
tested questionnaire. Initially information on sBCi adjusted amounts of macro-and micronutrient intakes
demographic variables was collected. Anthropometridherefore total energy intake was considered amder
measurements of weight and height were determinepgendent variable and absolute amounts of macro- and
using a digital electronic weighing scale and tapster = micro-nutrients were considered as dependent Vadab
while the subjects were lightly clothed and wearimg linear regression models. Pearson correlationficaafts
shoes or restrictive underwear. Weight was reabtde were used to assess the relationship between tatauti
100g and height to the nearest 1cm. All measuresnentariables. The qui-square test was applied for atietg
were made by the same individual to reduce subgecti differences in proportions. The value was considered
error and maintain uniformit}? Body mass index (BMI) significant at <0.05. All statistical analyses wesen-
was calculated as weight in kilograms divided bighe ducted using SPSS (SPSS, Inc. Chicago, IL: Version
inzmeters squared. Obesity was defined as>BBD kg/  9.05) for windows.
m-,

Trained nutritionists, who had at least 5 yeafs Results
experience in the Nationwide Household Food Con-

) . . . Men were older (37+14 vs. 33+14 B<0.01) and had a
sumption Survey Project, collected dietary datagisivo lower BMI (25.0+4.4 vs. 26.0+5.4 kghnP<0.01) com-
guantitative 24-hour dietary recalls. The first teees o S ' i

completed at the subject's home and the secondieat tpared to women. Total energy intake (2747+616 vs.

TLGS Research Unit within 3 days after the first dye 2016+549 kcal/dP<0.01) and EI: BMR (1.6420.34 vs.

the same interviewer. Subjects were asked to redhll 1.4320.39,p<0.01) was higher in men than women. Men

f0od db d during th din 2also had higher BMR than women (16741206 vs.
00ds and beverages consumed auring the preceang <, 4494153 kcalP<0.01). The body mass index was in-

B?eurgi.ls -rwoe?:SJiteSUbﬁgttSh:Srsvcjg aééii?ggﬁﬁ% ¢ versely associated with EI: BMR in both men (R=5).4
) P<0.01) and women (R=-0.4%<0.01). Under-reporting

and quantity of meals and snacks when subjects Wer(‘?lO% VS. 19%,P<0.01) and obesity (23% vs. 12%,

unable to recall. Food values were usually recorded
y P <0.01) was more prevalent among women than men.

household measures in details. Portion sizes afuroed General characteristics of under-reporterspzned to

foods 4were converted to grams using household me%'ormal—reporters are shown in Table 1. Female under-
sures-* Each food and beverage was then coded accor

) . eporters were older compared to normal-reportgssH
ding to the prescribed protocol and analyzed forteat + < -
of energy and the other nutrients using the Notigt IlI 14 vs. 32 * 13 yp<0.05), whereas there was no sig

. : nificant difference between male under- and normal-
software program modified for Iranian foods. Thedla

i . _reporters with regards to age. Under-reporters &ad
Metabolic Rate (BMR) was calpula}ted based on Welghthigher BMI compared to normal-reporters in either
age and sex according to Schofield’s equatfons.

Goldbergget al.,* calculated the minimum requirement gender (males: 26.7+4.5 vs. 24.5+4.3 ky/R0.01 and

¢ based i total . females: 27.745.4 vs. 24.8+5.1 kg[r?<0.01). The pre-
of energy based on measuring total energy experedw_l valence of under-reporting of energy intake inceeas
whole-body calorimetry and coefficients for physica

- with BMI in both genders, such that the highestvare
activity levels suggested by FAO/WHO/UNE). ;
They found that an El: BMR <1.35 was not cdesis lence was seen among obese subjects (data not shown

Table 1. General characteristic of under- and normal-regpeiby gender

El: BMR
Males Females

Variables <1.35 1.35-2.39 <1.35 1.35-2.39

(n=77) (n=313) (n=209) (n=302)
Age (Y) 39+14 37+14 35+ 14 32+13
Weight (kg) 79 +13 71 +£13* 69+ 14 62 +12*
Height (cm) 172+ 6 170+ 6 157 +6 158+ 6
BMI (kg/m?) 26.7£4.5 245 +4.3* 27.7+5.4 4.2+5.1*
Energy intake (kcal) 2014 + 341 2926 + 529* 1517 + 323 2362 + 387*
BMR (kcal) 1748 + 207 1655 + 201* 1441 + 113 1391 +112*
El: BMR 1.15+0.13 1.77 £ 0.26* 1.69.21 1.70 £ 0.26*

* P<0.01 and 1P<0.05 compared to <1.35 group.
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Table 2 shows absolute and calorie-adjusted amouni3iscussion
of macronutrient intakes in under- and normal-regyst  The present study, conducted in an urban populaifon
Absolute amounts of carbohydrate, protein andrfetke  Tehran, showed that under-reporting of energy intake
were significantly lower in under-reporters comphte  affects estimates of macro- and micronutrient iesak
normal-reporters, both in males and females, wiserednder-reporting of energy intake was positively cass
calorie-adjusted amounts of these macronutrientee we ciated with body mass index and obese subjectshead
not significantly different between these two greuphis  highest rate of under-reporting. Absolute amounts o
was also the case for most of the micronutrierstkies in  nutrient intakes were positively related to El: BMR
males (Table 3) and females (Table 4). Absolute amtsou Absolute amounts of macro- and micronutrient insake
of all micronutrient intakes, except for B2 intake were lower in under-reporters compared to normal-
females and B6 and zinc intakes in both gender® wereporters, whereas after controlling for the effeft
lower in under-reporters than normal-reporters, levhi energy intake, there was no significant differenetveen
after controlling for the effect of energy intakkere was under- and over-reporters with regard to nutriatakes.
no significant difference between under- and normal
reporters with regards to micronutrient intakes.

Table 2. Absolute and energy-adjusted amounts of macriamigrintakes in under- and normal-reporters

El: BMR
Males Females

<1.35 1.35-2.39 <1.35 1.35-2.39

(n=77) (n=313) (n=77) (n=313)
Absolute amounts (g/d)
Carbohydrate 311+62 432 + 84* 277 £ 55 342 + 65*
Protein 60 + 15 84 + 20* 65 + 13*
Fat 62 +18 99 + 33* 85 + 27*
Energy-adjusted amounts (g/d)
Carbohydrate 348 +11 351+17 308 +14 307 +17
Protein 77+6 76+8 57 +10
Fat 87+11 88+ 13 79+10

* P<0.01 compared to <1.35 group.

Table 3. Absolute and energy-adjusted amounts of microaniisiintakes in male under- and normal-reporters

Dietary intakes

El: BMR (Absolute amounts)

El: BMR (Energy-adjusteaoaints)

<1.35 1.35-2.39 <1.35 1.35-2.39
Vitamin C (mg) 100 + 60 130 + 68 120+ 9 125+ 4
Thiamine (mg) 1404 21+0.6 2.0+0.07 1.9+0.03
Riboflavin (mg) 1.1+0.4 15+06 1.5+0.07 1.4+0.03
Vitamin B6 (mg) 0.5+0.2 0.7+0.3 0.708 0.7 £0.01
Vitamin B12 (ug) 1.8+1.4 23+18 2.3+0.2 22+0.1
Iron (mg) 217 28+8 27+1 26+1
Zinc (mag) 4+2 5+2 4+1 5+1
Calcium (mg) 598 + 215 716 + 753 727 +31 685 + 14
Phosphorus (mg) 644 + 198 856 +298 857 + 33 805 + 15
Magnesium (mg) 170 £ 40 135 +'65 135+8 129+4
Potassium (mg) 1955 + 638 2427 + 816 2397 + 100 2320 + 43

* P<0.01 and 1<0.05 compared to <1.35 group.

Table4. Absolute and energy-adjusted amounts of micréents intakes in female under- and normal-reporters

Daily dietary intakes

El: BMR (Absolute amounts)

El: BMR (Energy-adjustedoaimts)

<1.35 1.35-2.39 <1.35 1.35-2.39
Vitamin C (mg) 98 + 59 130 + 63 1205 114+ 4
Thiamine (mg) 1.1+03 1.6+0.3 1.4 +£0.02 1.4 +0.02
Riboflavin (mg) 1.0+0.3 1.3+0.4 1.2+8.0 1.2 +£0.02
Vitamin B6 (mg) 05+0.2 0.6+0.2 0.6 £D.0 0.5+0.01
Vitamin B12 (pg) 14+12 1.8+17 15+0.1 1.7x0.1
Iron (mg) 15+5 22%6 19+1 19+1
Zinc (mg) 32 4+2 4+1 +4
Calcium (mg) 512 + 210 636 + 243 603 + 20 574 + 16
Phosphorus (mg) 537 + 177 736 +220 649 + 17 658 + 13
Magnesium (mg) 99+ 72 122 +'50 118+5 109 +4
Potassium (mg) 1755 + 586 2264 + 686 2121 + 54 2011 +43

* P<0.01 and 1P<0.05 compared to <1.35 group.
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We used two 24-hour dietary recalls for cditeg
dietary data to obtain more detailed data for metea
purposes. Other epidemiologic studies such asT#re
State Nutrition Survey, NHANES [® and the Multiple
Risk Factor Intervention Tril have used the recall me-
thod alone or in combination with other dietary esss
ment methods for gathering dietary data. Collectirey
tary data for two days could provide more accuestt-
mates of dietary intake as compared to just for deae
The validity of data provided by this method hasrbee

have used the residual method and others useduthe n
trient density method for controlling the effectafergy.
The nutrient density method is used as an absolute
amount of nutrients divided by total energy intakais
method of adjustment is dependent on changes imgne
intake?® such that calorie-adjusted amounts of nutrients
obtained by using this method are still correlateth
energy intake. Therefore, using the nutrient dgnsit
method is not appropriate in studies looking far thet-
disease relationship and it is recommended thadstitv

reported previousfy and it has been shown that estimatesgators use energy-adjusted amounts of nutrientsebiy

obtained from recalls are comparable to those obthi
with more precise methods such as dietary recdrds.

In the present study, the ratio of El: BMR lmeen
used for assessing the accuracy of reported erietaie
data. Goldberget al.,* calculated the minimum require-
ment of energy based on measuring of total energ
expenditure by whole-body calorimetry and coeffitée
for physical activity levels suggested by FAO/WHO/
UNU™ and found that an El: BMR<1.35 was not con-
sistent with usual dietary intake. Other studies dlave
used El: BMR to identify under-reporters, but the
difference between methods used in various stuidies
gathering dietary data and different equations BMR
and different cut- off points to identify under-oefers
could lead to the difference in findings of thesedges.
Overall prevalence of under-reporting of energgletin
the TLGS using a cut-off point of 1.35 was 31% thasw
related to age, sex, obesity and smoKmgherefore,
under-reporters are not randomly distributed amoung
population and this phenomenon is exclusive to som
special groups of the population.

In the present study, nutrient intakes wemgeloin
under-reporters than normal-reporters, but the ggrer
adjusted amounts of these nutrients were not sigunitly
different between these two groups. Vasal.? also

showed that absolute amounts of macronutrients were

lower in under-reporters compared to those withhig
El: BMR, but after controlling for the effect of exg
intake, they have reported no difference betweetern
reporters and those with high El: BMR with regard to
macronutrients intake. Pryeet al.** reported lower
amounts of macronutrient intakes among under-remmrt
whereas after adjusting for energy intake withribt&rient

density method, they showed that under-reportees at

diets with a lower density of carbohydrate and hkigh
densities of protein, starch, cholesterol, MUFA, F2U
and most micronutrients compared to normal-repsrter
Similar findings were also reported by Samaeasl. >
Other investigators have suggested that after altinty
for energy intake, under-reporters can be usedhe t
analysis®

Contradictory to our findings, Hirvones al.,?” have
shown that in Finnish subjects, after excluding arnd
reporters, the contribution of macronutrients tergy did
not change significantly and they reported thatiman

creasing prevalence of under-reporting does not ne-

cessarily distort dietary surveys. Such a findirg Ralso
been reported by Australian investigatStrddowever it
should be kept in mind that different studies haged
different methods of energy adjustment. Sahelies

dual method in assessing this relationship, becthese
amounts are independent of total energy intake. The
results of the present study also showed that tieegg-
adjusted amounts of nutrients are independent ef&th
BMR ratio.

y As total energy intake is related to most ofralis-
eases and under-reporting of energy intake affests
mates of most nutrients, therefore, the method wf o
taining energy-adjusted amounts of nutrients iseasary

in studies looking for diet-disease associations
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AEBRNEBERRTEBELEERENNT L

HRERNERBEEERTRENHREIREZEFENRE, EHRNEHN
AFTMAERNERBYHEEREBENEMGFTNTE., T EEEEEHRD , &
TEZHEEREEETR. PREEER 0012 FH AR 16 BNHRER, &
AMR 24 MR BREEFAREENE, KIRFH, HIRRBREEIAEERR
#EBMR) , Y EREER(ENE BMR WHE, El : BMR<1.35 ERAHE
WEERIE , M El: BMR=1.35-2.39AS BN RENMEE., FARELET
REERLE , FFTEHEERMELEZRNENE. F 1VARHREEBRE
EWMEMNERR , ZH(U0%nSESRABEM(19%, P<0.0), KFAEFENENZHHE
FEHEZEAREREMN LM (32413 vs. 35+14% , P<0.0) ; B2 , EEMHEH
HNEBRAREEENZRE, TREMF , EREBRRERSTEERSW
BMI, EHEEERHELEZNEHRENETRIK(L N B12 KR B 2R B6
&), ERRBREZZBSEREZR, AMRERETHERAERENE
SYEINEEZENENGE  AUHAMREZELETESERFREEREN
ENMEEAMTEE  ERERERINE,
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