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Table 1 Baseline characteristics of the participants in the FFQ validation study

Total (n=165) Men (n=72) Women (n=93)
Characteristic Mean SD Mean SD Mean SD
Age (years) 47 1 10 48.6 9.9 46 10.1
BMI (kg/m2) 23.0 25 23.7 2.6 22.4 22
Marital status (%) Never married 7.3 5.6 8.6
Currently married 89.7 94.4 86.0
Divorced/ separated / widowed 3.0 0.0 5.4
Education (%) Middle school or less 2.4 0.0 4.3
High school 27.9 26.4 29.0
University or more 69.7 73.6 66.7
Monthly income (%) <299 thousand won 247 32.4 18.7
300-599 thousand won 50.6 49.3 51.7
2600 thousand won 24.7 18.3 20.7
Occupation (%) Non manual 29.0 46.5 15.4
Manual 37.0 47.9 28.6
Not employed or home makers 34.0 5.6 56.0
Current smokers (%) 21.2 46.4 0.0

Mean values and standard deviations or percentages.
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Table 2 Daily intakes of energy, macro-nutrients and heavy metals estimated by FFQ1, FFQ2, and DR

FFQ1 FFQ2 DR

Item (units/d) Mean SD Min Median Max Mean SD Min Median Max Mean SD Min Median Max

Energy (kcal) 22025 6421 802.5 2158.0 3901.2 20047 6518 839.0 1941.8 3865.7 1817.2 426.7 849.0 1751.9  3400.4
Carbohydrate (g) 3443 1034 947 330.2 668.8 309.5 905 149.6 302.7 539.9 2579 551 1281 256.4 419.3
Protein (g) 843 284 264 82.8 203.1 783 308 285 73.8 208.5 749 193 39.0 72.0 139.6
Fat (g) 478 190 147 445 116.1 436 201 142 40.1 106.3 510 167 174 48.0 105.6
Pb (ng) 175 10.7 29 15.2 71.0 17.8 13.2 3.1 13.8 67.2 19.8 141 3.5 15.2 120.6
Cd (ng) 17.1 15.2 3.1 13.2 100.1 18.0 17.9 3.3 11.8 95.2 24.6 18.5 1.8 19.1 113.2
Hg (ng) 4.0 23 1.2 3.3 16.9 38 26 1.0 3.0 18.4 37 22 0.6 3.4 14.3
As (1g) 183 9.6 3.4 15.7 56.4 18.1 11 4.4 15.0 68.1 175 112 1.7 14.2 67.7

Abbreviation: FFQ, food frequency questionnaire; DR, dietary record; SD, standard deviation; Min, minimum; Max, maximum.
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Figure 2 Box plots for the daily intake distribution of (a) Pb, (b) Cd, (c) Hg,
(d) As estimated by FFQ1, FFQ2, and DR.

Abbreviation: FFQ, food frequency questionnaire; DR, dietary record.
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0 H

A¥tA AP, Pearson #ATE 0.39 (&738tE)-0.56 (AW,
L), Spearman A@IAFE 0.38 (@FF3E)-055 (AW
FEol BE e SA4LR fossitt (p<0.0001).
Bl 22 AFAAANTEZA AL A S 52 F435 99
OZFddr, T AFZ dal datA s T3] Frkskalth
o, el AT M

Pearson, Spearman A¥#EA 2
Eoton oo I, ©estEl] AT =9t FtEFE
Pearson, Spearman “F#A52} Ao Spearman AT E

FAHoR FokA okt

Table 3 Reproducibility and validity of FFQ: Correlations for daily energy,
macro-nutrients and heavy metal intakes in FFQ1 and FFQ2; FFQ2 and DR

Reproducibility Validity
FFQ1 — FFQ2 FFQ2 — DR
Pearson " Spearman Pearson " Spearman

Energy 0.48 *** 047 *** 0.27** 0.27*
Carbohydrate 0.39 *** 0.38 *** 0.25** 0.27*
Protein 0.51 *** 0.48 0.19* 0.20*
Fat 0.56 *** 0.55 *** 0.15* 0.15
Pb 0.48 *** 0.48 *** 0.17* 0.17*
Cd 0.50 *** 0.50 *** 0.06 0.08
Hg 0.56 *** 0.54 0.31** 0.28*
As 0.51 = 0.50 *** 0.19* 0.18*
Mean 0.51 0.49 0.20 0.20

Significance of correlations: * p<0.05, ** p<0.01, *** p<0.0001.
Abbreviation: FFQ, Food frequency questionnaire; DR, dietary record.
1) Intakes of energy, macro-nutrients and heavy metals were log-transformed

to improve normality.
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Eiy

24.2% (X)) -33.9% ($HE FH
£3t= AEE= 34.5% (FIER) -
455% (A, Az ERE+= AEE 48% (9%)-10.3%
0

) sl B ke

Table 4 Cross-Classification (%) of energy, macro-nutrients and heavy metal
distribution quartiles from FFQ2 and DR

Same Adjacent Opposite  Weighted kappa

Energy 26.1 424 4.8 0.12
Carbohydrate 28.5 43.0 6.7 0.14
Protein 249 43.0 7.9 0.08
Fat 24.2 455 10.3 0.07
Pb 33.9 35.8 7.9 0.16
Cd 27.9 345 9.1 0.05
Hg 28.5 43.0 6.7 0.14
As 29.7 41.8 9.1 0.13
Mean 28.0 411 7.8 0.11

Abbreviation: FFQ, Food frequency questionnaire; DR, dietary record.
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(d)
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Figure 3 Bland-Altman plots of the agreement between the FFQ2 and the DR
for estimating daily intake of (a) Pb, (b) Cd, (c) Hg, (d) As.
Lines are mean difference and lower and upper 95% limits of agreement.

Abbreviation: FFQ, Food frequency questionnaire; DR, dietary record.
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Abstract

Validity of a Food Frequency Questionnaire
to Assess Dietary Exposure of Heavy Metals
(Lead, Cadmium, Mercury, Arsenic)

Yeji Baek
Public Health Nutrition
The Graduate School of Public Health

Seoul National University

The aim of the present study was to assess the relative validity of a food
frequency questionnaire (FFQ) to assess dietary exposure of heavy metals
(lead, cadmium, mercury, and arsenic). The FFQ and 3-day dietary records
(DR) were administered twice at six month intervals in a sample of 165
participants.

The reproducibility (FFQ1 vs. FFQ2) and the validity (FFQ2 vs. DR) of the
FFQ were explored for energy, macro-nutrients, and heavy metal intakes.
Cross-classification was used to examine the proportion of participants
classified in the same and adjacent quartile between the FFQ2 and the DR.
Bland-Altman plots were used to observe the agreement between the two
measurements for heavy metal intakes.

The mean Pearson correlation coefficient was 0.51 and the mean Spearman
correlation coefficient was 0.49 between the FFQ1 and the FFQ2 for energy,
macro-nutrients, and heavy metal intakes. The mean Pearson and Spearman
correlation coefficients between the FFQ2 and the DR were 0.20 both for
energy, macro-nutrients, and heavy metal intakes. The mean classification into
the same quartiles was 28.0% and 41.1% of participants were classified in the
adjacent quartile. Bland-Altman plots tended to show the wider scatter with

increasing mean intake values but most of the values were laid in the 95 %
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Limit of agreement.

The FFQ showed moderate reproducibility and slightly low validity and the
overall percentage of same and adjacent cross-classification was adequate. Yet
the correlation coefficients for cadmium were not significant and the
coefficients for macro-nutrients were low. After improving the food list of the
FFQ with more supplementary data, this FFQ will be a useful tool for
qualitatively assessing heavy metal intakes from food in the epidemiological
research of heavy metal exposure.

Keywords: Food frequency questionnaire (FFQ), validity, heavy metal
Student Number: 2011-22102
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