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Repeat 24-Hour Dietary Recalls
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ABSTRACT
Electronic supermarket sales data provide a promising,
novel way of estimating nutrient intakes. However, little
is known about how these data reflect the nutrients con-
sumed by an individual household member. A cross-sec-
tional survey of 49 primary household shoppers (age
[mean�standard deviation age]�48�14 years; 84% fe-
male) from Wellington, New Zealand, was undertaken.
Three months of baseline electronic supermarket sales
data were compared with individual dietary intakes esti-
mated from four random 24-hour dietary recalls collected
during the same 3-month period. Spearman rank corre-
lations between household purchases and individual in-
takes ranged from 0.54 for percentage of energy from
saturated fat (P�0.001) to 0.06 for sodium (P�0.68). Other
correlation coefficients were: percentage of energy from car-
bohydrate, 0.48; and protein, 0.44; energy density of non-
beverages, 0.37 (kcal/oz); percentage of energy from total
fat, 0.34; sugar, 0.33 (oz/kcal); and energy density of bever-
ages, 0.09 (oz/kcal; all P values �0.05). This research sug-
gests that household electronic supermarket sales data may
be a useful surrogate measure of some nutrient intakes of
individuals, particularly percentage of energy from satu-
rated and total fat. In the case of a supermarket interven-
tion, an effect on household sales of percentage energy from
saturated and total fat is also likely to impact the saturated
and total fat intake of individual household members.
J Am Diet Assoc. 2010;110:106-110.

G lobally, nutrition-related risk factors, such as high
blood pressure, high cholesterol, high body mass
index (calculated as kg/m2), and low fruit and veg-

etable intake are major causes of chronic noncommuni-

cable diseases, including cardiovascular disease; diabetes
mellitus; and some cancers (1). In order to investigate
such diet�disease relationships, it is essential to collect
and assess individual dietary intake data (2). Traditional
dietary assessment methods (ie, 24-hour diet recall, diet
record, food frequency questionnaire, and diet history)
have strengths and weaknesses, and there is no single,
ideal method (2-4). Electronic supermarket sales data
provide a novel and promising way of estimating nutrient
intakes without the substantial participant burden asso-
ciated with more traditional methods of dietary assess-
ment. Providing there is a means for identifying indi-
vidual customer purchases (such as a loyalty card),
electronic supermarket sales data can be used to estimate
household purchases of nutrients found in common foods
(5). Although subject to many of the same food composi-
tion database errors as traditional dietary assessment
methods (3,4,6,7), electronic supermarket sales data do
not rely on subject memory and reporting. Further, elec-
tronic data can be collected directly from the retailer,
which minimizes participant burden and makes this
method suitable for use with all age groups and literacy
levels. Supermarkets provide the largest category of food
expenditure in the United States, the United Kingdom,
and New Zealand (8-10). However, little is known about
how these data reflect nutrients consumed by an individ-
ual household member, and consequently what impact a
supermarket intervention might have on the nutrient
intake of individual household members. The aim of this
research was to compare electronic supermarket sales
data from a supermarket intervention trial as a means of
estimating household purchases of nutrients found in
common foods, with individual nutrient intakes mea-
sured using a traditional dietary assessment method (re-
peat 24-hour recalls) during the same time period.

METHODS
Participants and Setting
A random sample of 50 participants was selected from the
Supermarket Healthy Options Trial, a large, randomized
controlled trial of strategies to improve supermarket food
purchases (C. Ni Mhurchu, T. Blakely, Y. Jiang, H. Eyles,
A. Rodgers, unpublished data, 2009). This sample size
corresponded with a hypothesized correlation coefficient
of 0.6 between nutrient purchases and intakes with a
P value of 0.05 when tested against the null hypothesis
(11). The study was approved by the University of Auck-
land Human Ethics Committee (reference number 2006/
462). Shoppers were eligible for inclusion in the substudy

H. Eyles is a resesearch fellow, Y. Jiang is senior bio-
statistician, and C. Ni Mhurchu is Programme Leader,
Nutrition and Physical Activity, Clinical Trials Re-
search Unit, School of Population Health, University
of Auckland, New Zealand.

Address correspondence to: Helen Eyles, MSc (Dist),
Clinical Trials Research Unit, School of Population
Health, University of Auckland, New Zealand. E-mail:
h.eyles@ctru.auckland.ac.nz

Manuscript accepted: May 26, 2009.
Copyright © 2010 by the American Dietetic

Association.
0002-8223/10/11001-0012$36.00/0
doi: 10.1016/j.jada.2009.10.005

106 Journal of the AMERICAN DIETETIC ASSOCIATION © 2010 by the American Dietetic Association



Author's personal copy

if they met inclusion criteria for the main study (12), were
not planning to leave New Zealand or go on vacation for
more than 3 weeks in the subsequent 12 weeks, and
identified as non-Maori, non-Pacific ethnicity.

Electronic Supermarket Sales Data (Nutrient Purchases)
Electronic supermarket sales data were collected via
hand-held barcode scanning terminals operated by study
participants (13). Shoppers carried the scanners (which
were readily available at no cost to all supermarket shop-
pers) as they proceeded around the supermarket and
used them to scan grocery items as they placed them in
their shopping carts. A specific checkout was used to pay
and (with the exception of random checking) groceries did
not need to be rescanned, saving shopper time. Three
months of baseline shopping data were collected directly
from the supermarket data warehouse for each substudy
participant. Food purchases were converted to nutrient
purchases by merging with a specially developed, brand-
specific, supermarket food and nutrient database. Meth-
ods for development of the supermarket food and nutrient
database have been described in detail elsewhere (14).
However, 12 months of retrospective sales data from six
stores participating in the trial were used to identify
3,000 top-selling foods and nonalcoholic beverages for the
database (from a total list of 18,012 products). Alcohol
was excluded because the focus of the trial was to deliver
nutrition education based on food purchases and alcohol
intake was excluded from the education (C. Ni Mhurchu,
T. Blakely, Y. Jiang, H. Eyles, A. Rodgers, unpublished
data, 2009).

Repeat 24-Hour Dietary Recalls (Nutrient Intakes)
Nutrient intakes were assessed using four telephone-
administered 24-hour dietary recalls collected during the
3-month baseline phase of the trial. A list of preselected,
computer-generated dates was used to allocate 3 random
weekdays and 1 weekend day to each participant for
recall. When a diet recall could not be collected on the
allocated day, the participant was called on the following
week or weekend day as appropriate, until they could not
be contacted within 1 month of their last allocated recall
day.

Twenty-four–hour recalls were collected using a mul-
tiple three-pass method involving collection of a “quick”
list of all foods consumed during the previous 24 hours;
detailed information for each food on the quick list, in-
cluding where it was purchased/obtained, the method of
preparation, and the quantity consumed; and any addi-
tional foods and beverages not already recorded. Inter-
viewer prompting was used during step three. Methodol-
ogy for collection of dietary recalls was based on the
24-hour recall methodology used in the New Zealand
Adult Nutrition Survey (15) and United States National
Health and Nutrition Examination Surveys (16). A “food
serving sizes” booklet (including pictures of different-
sized bowls, cups, and serving sizes for commonly con-
sumed foods) was provided to help participants describe
the amount of foods and beverages consumed.

Twenty-four–hour diet recalls were coded manually
using FoodWorks (version 2006, Xyris Software, Food-

Works Professional Edition, Queensland, Australia) di-
etary analysis computer software, which converts foods to
nutrients using the New Zealand Food Composition Da-
tabase (New Zealand’s largest food composition database
containing nutrient information for �2,600 largely ge-
neric foods and beverages commonly consumed in New
Zealand) (17). Random cross-checks were completed us-
ing the 24-hour recall forms. Although Food Works in-
cludes composition data for alcoholic beverages, alcohol
intake was excluded from the analyses for consistency
with analysis of purchases (see Electronic Supermarket
Sales Data).

Statistical Methods
Statistical analyses were performed using Statistical
Analysis Systems SAS for Windows (version 9.1.3, 2005,
SAS Institute, Cary, NC). All statistical tests were two-
sided at a 5% significance level. Based on relevance to the
main trial objectives (C. Ni Mhurchu, T. Blakely, Y.
Jiang, H. Eyles, A. Rodgers, unpublished data, 2009) and
to nutrition-related disease (1,18), the following seven
nutrients were evaluated: saturated fat, total fat, carbo-
hydrate, protein, sugar, sodium, and energy density. En-
ergy density was assessed separately for beverages and
nonbeverages as beverages may disproportionately affect
energy density values (19,20).

Associations between nutrient purchases and intakes
were evaluated using Spearman correlation coefficients.
Paired t tests were also conducted to test the difference in
means between household purchases and individual nu-
trient intakes. Data were normally distributed for all
nutrients except energy density, where moderate devia-
tion from normality was detected (although not sufficient
to violate statistical testing).

RESULTS
Participants
Data from 49 of 50 participants were included in the
analyses (one participant was excluded because this in-
dividual did not shop regularly at a participating super-
market). Four diet recalls were collected for 47 (96%)
participants, and three diet recalls were collected for the
remaining two (4%) participants. The substudy popula-
tion was predominantly female (84%) with a high level of
education (53% had university/tertiary qualifications)
and income (39% earned �US$49,000 [NZ$100,001] or
more) compared with the general New Zealand popula-
tion (21). Mean�standard deviation age was 48�14
years.

Comparison of Purchases and Intakes
Spearman correlation coefficients ranged from 0.54 for
percentage of energy from saturated fat (P�0.001) to 0.06
for sodium (P�0.68). Other correlation coefficients were:
percentage of energy from carbohydrate, 0.48 (P�0.001);
and protein, 0.44 (P�0.001); energy density of nonbever-
ages, 0.37 (kcal/oz; P�0.009); percentage of energy from

January 2010 ● Journal of the AMERICAN DIETETIC ASSOCIATION 107



Author's personal copy

total fat, 0.34 (P�0.017); sugar, 0.33 (oz/kcal; P�0.02);
and energy density of beverages, 0.09 (oz/kcal; P�0.578).
There were no significant differences between purchases
and intakes of percentage energy from saturated and
total fat (mean differences �1%; P�0.12 and 0.25, respec-
tively). Mean differences for the other five nutrients were
larger and statistically significant (all P values �0.05;
Table). The Figure shows the scatter plots of purchases vs
intakes for percentage energy from saturated and total
fat, and supports the findings of the Spearman correla-
tions and paired t tests. In addition, intake data were
analyzed by source of food (eg, “other store or supermar-
ket,” café, or food prepared in someone else’s home) to
determine likely causes of discrepancies between super-
market purchases and total dietary intakes. These data
are available on request from the primary author.

DISCUSSION
To the best of the author’s knowledge, this is the first
published research to compare electronic supermarket
sales data with an individual dietary assessment method.
Moderate correlations were observed between household
purchases and individual intakes for percentage energy
from saturated and total fat, carbohydrate, and protein;
and sugar (oz/kcal; all P values �0.05). Significant agree-
ment was found between purchases and intakes for per-
centage of energy from saturated and total fat (mean
differences �1% total energy; P�0.01).

Electronic supermarket sales data have several advan-
tages over traditional methods of dietary assessment,
particularly in placing little or no burden on participants,
and in being an efficient and objective measure, which is
particularly advantageous for groups with poor memory

Table. Intakes and purchases of selected nutrients for 49 sub-study participants in the Supermarket Healthy Options Triala

Nutrient Mean Standard deviation Standard error Minimum Maximum P value

Energy density kcal/oz
(MJ/kg) nonbeverage

Intakes 185.91 (5.65) 37.51 (1.14) 107.59 (3.27) 279.35 (8.49)
Purchases 235.26 (7.15) 69.76 (2.12) 118.78 (3.61) 494.21 (15.02)
Difference �49.36 (�1.50) 69.43 (2.11) 9.87 (0.30) �299.42 (�9.10) 118.78 (3.61) 0.000
Energy density kcal/oz

(MJ/kg) beverage
Intakes 4.94 (0.15) 5.59 (0.17) 0.00 (0.00) 23.69 (0.72)
Purchases 68.44 (2.08) 51.00 (1.55) 1.32 (0.04) 268.16 (8.15)
Difference �63.18 (�1.92) 51.99 (1.58) 7.90 (0.24) �266.52 (�8.10) �0.66 (�0.02) 0.000
Percentage energy from

saturated fat
Intakes 14 4 7 24
Purchases 14 5 7 32
Difference �1 4 1 �13 7 0.121
Percentage energy from

total fat
Intakes 34 6 21 46
Purchases 35 9 21 68
Difference �1 8 1 �22 18 0.245
Percentage energy from

carbohydrate
Intakes 47 6 32 63
Purchases 50 8 20 66
Difference �3 7 1 �18 13 0.006
Percentage energy from

protein
Intakes 19 4 11 28
Purchases 14 5 5 28
Difference 4 5 1 �12 14 0.000
Sugar oz/kcal (g/MJ)
Intakes 29.12 (13.33) 4.97 (3.36) 9.80 (6.63) 30.42 (20.58)
Purchases 21.79 (14.74) 5.68 (3.84) 7.95 (5.38) 36.79 (24.89)
Difference �2.10 (�1.42) 6.07 (4.11) 0.87 (0.59) �16.35 (�11.06) 12.55 (8.49) 0.020
Sodium oz/kcal (mg/MJ)
Intakes 525.45 (355.51) 134.82 (91.22) 311.83 (210.98) 913.93 (618.35)
Purchases 402.62 (272.41) 110.72 (74.91) 84.91 (56.96) 655.08 (443.22)
Difference 122.84 (83.11) 164.98 (111.62) 23.57 (15.95) �215.26 (�145.64) 472.58 (319.74) 0.000

an�49 participants, statistically significant differences indicated by P value �0.05 in bold type.
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and/or low levels of literacy. While the periods of assess-
ment varied (3 months vs 4 random days), the percent-
age-based measurements chosen for analyses are com-
paratively less sensitive to differences in quantity than
absolute measures.

However, the following limitations should be consid-
ered: analyses were somewhat limited by omission of a
number of products from the supermarket food and nu-
trient database (including alcohol). Nevertheless, the su-
permarket database encompassed 65% of total sales ex-
penditure (dollars spent on products in the database
compared with all available food products) and 78% of
sales volume (quantities purchased of products in the
database compared with all available products), and thus
covered most foods and beverages typically purchased.
Future supermarket databases could also include alcohol
(if found to be a top-selling item). A further limitation is
that there were no data available regarding participant’s
use of the self-scanner. It is possible (especially for small
supermarket shopping trips) that participants forgot/
chose not to use the scanner every time they shopped,
thus omitting some purchases from the analyses.

Also, different food composition databases were used to
convert food purchases to nutrient purchases (5) and food
intakes to nutrient intakes (17), respectively. The spe-
cially developed supermarket food and nutrient database
was highly relevant for converting food purchases to nu-
trient purchases. However, the supermarket database
could not be used to assess intake of nutrients because
the 24-hour recalls collected foods and beverages pur-
chased/obtained from outside the supermarket. Never-
theless, the use of two different food composition data-
bases for analyses was likely to result in more
conservative estimates of associations between nutrient
purchases and intakes because the food composition da-
tabase used to assess nutrient intakes was generic (17),
and thus likely to be less precise. Lastly, the analyses
were subject to common limitations of all food composi-

tion databases, including natural variability in the com-
position of foods, inaccuracies in the food composition
data, and constant changes in the food supply (6,7,22).

The range of correlations between supermarket pur-
chases and dietary intakes was likely the result of several
factors: for energy density and sodium, poor correlations
were expected due to the inclusion of tap water in the
24-hour diet recalls but not in the purchase data, and the
fact that there is a greater daily variation in sodium (23)
compared with other nutrient intakes, respectively
(24,25). Variation in sodium intakes is commonly due to
discretionary/table salt and manufactured foods (26).
Also, the types and thus nutrient profiles of foods and
beverages purchased at participating supermarkets dif-
fered compared to those purchased from other sources
(additional data available on request). Further, the pri-
mary household shoppers who completed the diet recalls
may have consumed a different diet compared with other
household members, such as children and other adults
who were also consuming supermarket food purchases
(the New Zealand National Nutrition surveys for adults
and children indicate that children (younger than 15
years of age) consume on average slightly more carbohy-
drate and less total fat and protein than adults (16 years
and older) (27,28). Lastly, purchased foods and beverages
are subject to waste and consumption by visitors from
outside the household, which are factors that do not affect
food and beverage intakes (29,30).

The agreement observed between household purchases
and individual intakes for total fat (r�0.34; P�0.05) was
similar to that reported by Ransley and colleagues in the
United Kingdom (n�214; r�0.51) (31) and Nelson and
colleagues in the United States (n�82; P�0.05 for mean
difference) (29), despite the fact that these studies com-
pared household purchases with household intakes. Sim-
ilarly, in a Polish sample (n�1,215 households), total
amounts of saturated fat, total fat, and protein were
comparable between household purchases and intakes
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Figure. Purchases vs intakes of saturated and total fat for 49 sub-study participants in the Supermarket Healthy Options Trial.
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(mean difference; P�0.05), although amount of sodium
was different (P�0.05) (32).

The findings of this research provide support for the
use of supermarket sales data as a reasonable means of
estimating the nutrient intake of individuals, particu-
larly percentage of energy from saturated and total fat.
Similar supermarket food and nutrient databases could
be used in the future to evaluate interventions and public
health programs, and to monitor food purchases more
frequently at the national level. Further, food and nutri-
tion practitioners could use individualized supermarket
sales to educate patients regarding more healthful ver-
sions of less healthful supermarket foods usually pur-
chased, as well as to collect more objective information
regarding individual intakes. However, rather than a
hand-held scanner, a specially developed card that could
be scanned at any checkout may provide greater ease of
use for participants and generalizability of this method to
other countries. Further research to validate supermar-
ket sales as a method of dietary assessment should in-
clude a greater number of participants and collect several
dietary recalls/food records in order to assess usual in-
take of more variable nutrients such as sugar and energy
density. Also, dietary intake of all household members
should be assessed. Nevertheless, in the case of a super-
market intervention, an effect on household sales of per-
centage energy from saturated and total fat is likely to
also impact the saturated and total fat intake of individ-
ual household members.

STATEMENT OF POTENTIAL CONFLICT OF INTEREST:
No potential conflict of interest was reported by the au-
thors.

FUNDING/SUPPORT: The SHOP trial was funded by
the Health Research Council of New Zealand (grant no.
06/379). H.E. is supported by a National Heart Founda-
tion of New Zealand Postgraduate scholarship (grant no.
1285).

Trial registration: Current Controlled Trials ACTRN
12607000007437.

References
1. Ezzati M, Lopez AD, Rodgers A, Vander Hoorn S, Murray CJL, and

The Comparative Risk Assessment Group. Selected major risk factors
and global and regional burden of disease. Lancet. 2002;360:1347-
1360.

2. Biro G, Hulshof KF, Ovesen L, Amorim Cruz JA, Group E. Selection
of methodology to assess food intake. Eur J Clin Nutr. 2002;56(suppl
2):S25-S32.

3. Bingham SA. Limitations of the various methods for collecting dietary
intake data. Ann Nutr Metab. 1991;35:117-127.

4. Gibson R. Dietary assessment. In: Mann J, Truswell A, eds. Essentials
of Human Nutrition. New York: Oxford University Press; 2000.

5. Hamilton SF, Ni Mhurchu C, Priest P. Development and use of a new
nutrient database for top-selling New Zealand supermarket foods
[abstract]. Proc Nutr Soc New Zealand. 2005;30:181.

6. Williamson C. Synthesis report No 2: The Different Uses of Food
Composition Databases. Norwich, Norfolk: European Food Informa-
tion Resource Consortium (EuroFIR); 2006.

7. Harrison GG. Fostering data quality in food composition databases.
Appl Implic Public Health. 2004;17:259-265.

8. Competition Commission. Supermarkets: A Report on the Supply of
Groceries from Multiple Stores in the United Kingdom. Volume 1.
London, UK: The Stationary Office; 2000.

9. Statistics New Zealand. Retail Trade Survey: April 2008. Wellington,
New Zealand: Statistics New Zealand; 2008.

10. Bureau of Labor Statistics. Consumer Expenditures in 2007. Wash-
ington, DC: United States Department of Labor; 2008.

11. Bonett DG. Sample size requirements for estimating intraclass cor-
relations with desired precision. Stat Med. 2002;21:1331-1335.

12. Ni Mhurchu C, Blakely T, Funaki-Tahifote M, McKerchar C, Wilton J,
Chua S, Jiang Y. Inclusion of indigenous and ethnic minority popu-
lations in intervention trials: Challenges and strategies in a New
Zealand supermarket study [published Online First July 1, 2009].
J Epidemiol Comm Health. 2009;63:850-855. doi:10.1136/jech.2008.
081109.

13. Ni Mhurchu C, Blakely T, Wall J, Rodgers A, Jiang Y, Wilton J.
Strategies to promote healthier food purchases: A pilot supermarket
intervention study. Public Health Nutr. 2007;10:608-615.

14. Hamilton S, Ni Mhurchu CN, Priest P. Food and nutrient availability
in New Zealand: An analysis of supermarket sales data. Public Health
Nutr. 2007;Jul 3:1-8.

15. Quigley R, Watts C. Food Comes First: Methodologies for the National
Nutrition Survey of New Zealand. Wellington, New Zealand: Ministry
of Health; 1997.

16. Raper N, Perloff B, Ingwersen L, Steinfeldt L, Anand J. An overview
of USDA’s Dietary Intake Data System. J Food Comp Anal. 2004;17:
545-555.

17. Crop and Food Research New Zealand Limited. New Zealand Food
Composition Database. http://www.crop.cri.nz/home/products-services/
nutrition/foodcompdata/fcd-products/fcd-food-comp-tables.php. Ac-
cessed April 17, 2008.

18. Tobias M, Turley M, Stefanogiannis N, Vander Hoorn S, Lawes C,
Mhurchu CN, Rodgers A. Vegetable and fruit intake and mortality
from chronic disease in New Zealand. Aust NZ J Public Health.
2006;30:26-31.

19. Cox DN, Mela DJ. Determination of energy density of freely selected
diets: Methodological issues and implications. Int J Obes Relat Metab
Disord. 2000;24:49-54.

20. Ledikwe JH, Blanck HM, Khan LK, Serdula MK, Seymour JD, Tohill
BC, Rolls BJ. Dietary energy density determined by eight calculation
methods in a nationally representative United States population. J
Nutr. 2005;135:273-278.

21. Statistics New Zealand. 2006 Census of Population and Dwellings.
Wellington, New Zealand: Statistics New Zealand; 2006.

22. European Food Information Resources (EuroFIR). Food Composition:
Quality of food composition databases. http://www.eurofir.net/public.
asp?id�4293. Accessed March 12, 2009.

23. Basiotis PP, Welsh SO, Cronin FJ, Kelsay JL, Mertz W. Number of
days of food intake records required to estimate individual and group
nutrient intakes with defined confidence. J Nutr. 1987;117:1638-
1641.

24. Nelson M, Black AE, Morris JA, Cole TJ. Between- and within-subject
variation in nutrient intake from infancy to old age: Estimating the
number of days required to rank dietary intakes with desired preci-
sion. Am J Clin Nutr. 1989;50:155-167.

25. Mennen LI, Bertrais S, Galan P, Arnault N, Potier de Couray G,
Hercberg S. The use of computerised 24 h dietary recalls in the French
SU. Eur J Clin Nutr. 2002;56:659-665.

26. Pietinen P. Estimating sodium intake from food consumption data.
Ann Nutr Metab. 1982;26:90-99.

27. Ministry of Health. NZ Food: NZ People—Key Results of the 1997
National Nutrition Survey. Wellington, New Zealand: Ministry of
Health; 1999.

28. Ministry of Health. NZ Food NZ Children—Key Results of the 2002
National Children’s Nutrition Survey. Wellington, New Zealand: Min-
istry of Health; 2002.

29. Nelson M, Dyson PA, Paul AA. Family food purchases and home food
consumption: Comparison of nutrient contents. Br J Nutr. 1985;54:
373-387.

30. Ministry of Agriculture, Fisheries and Food. National Food Survey,
1998. Annual Report on Household Food Consumption and Expendi-
ture. London, UK: HMSO; 1999.

31. Ransley JK, Donnelly JK, Khara TN, Botham H, Arnot H, Greenwood
DC, Cade JE. The use of supermarket till receipts to determine the fat
and energy intake in a UK population. Public Health Nutr. 2001;4:
1279-1286.

32. Sekula W, Nelson M, Figurska K, Oltarzewski M, Weisell R, Szponar
L. Comparison between household budget survey and 24-hour recall
data in a nationally representative sample of Polish households. Pub-
lic Health Nutr. 2005;8:430-439.

110 January 2010 Volume 110 Number 1


