British Journal of Nutrition (2007), 97, 993-1000 doi: 10.1017/50007114507669189

© The Authors 2007

Validity and reproducibility of the food-frequency questionnaire used in the
Shanghai Men’s Health Study

Raquel Villegas', Gong Yang', DaKe Liu?, Yong-Bing Xiangz, Hui Cai', Wei Zheng' and Xiao Ou Shu'*

1Department of Medicine, Vanderbilt Epidemiology Center, Vanderbilt University Medical Center and Vanderbilt-Ingram Cancer
Center, Medical Center East, Suite 6000, 1215 21st Avenue South, Nashville, TN 37232-8300, USA
2Department of Epidemiology, Shanghai Cancer Institute, 2200/25# Xie Tu Road, Shanghai 200032, PR China

(Received 12 May 2005 — Revised 27 November 2006 — Accepted 29 November 2006)

We evaluated the validity and reproducibility of the FFQ used in the Shanghai Men’s Health Study (SMHS). The study included 195 randomly
selected participants of the SMHS who completed one FFQ at baseline, twelve 24-hour dietary recalls (24-HDR) (once a month for twelve con-
secutive months) and a second FFQ at the end of the study. The FFQ accounted for 88-78 % of the foods recorded in the 24-HDR surveys. The
validity of the FFQ was evaluated by comparing nutrient and food group intake levels from the second FFQ and the multiple 24-HDR. Correlation
coefficients ranged from 0-38 to 0-64 for macronutrients, 0-33 to 0-58 for micronutrients and 0-35 to 0-72 for food groups. Misclassification to
opposite quartiles for nutrients and food groups was rare, ranging from 1.5 to 7-7 %, while exact agreement rates were between 31-8 and
53-3%. The reliability of the FFQ was assessed by comparing the intake levels from the two FFQ. Correlation coefficients were 0-39 to 0-53
for macronutrients, 0-38 to 0-52 for micronutrients and 0-39 to 0-64 for food groups. Exact agreement rates for quartile distribution were between
31-8 and 49-2 %, while misclassification to opposite quartiles was between 1-5 and 6:2 %. These data indicate that the SMHS FFQ can reasonably

categorise usual intake of nutrients and food groups among men living in urban Shanghai.

Food-frequency questionnaire: Validity: Reliability

Obtaining an accurate estimate of long-term habitual food
intake remains the main challenge in diet—disease research.
FFQ have been used as an epidemiological tool to assess
diet for several decades (Willet, 1990). Because short-term
recalls and diet records are generally expensive and unrepre-
sentative of usual intake and not good for assessment of past
diet, FFQ have been the primary method of dietary assessment
for most epidemiological studies. FFQ are easy to administer
and relatively inexpensive to use in large populations. How-
ever, they are very sensitive to the cultural and dietary prac-
tices of the population of concern (Sharma ef al. 1996). Use
of inappropriate food lists in the FFQ may result in underesti-
mation of nutrients due to omission of key items (Sharma et al.
1996). Thus, the validity and reliability of an FFQ needs to be
evaluated for the specific population of concern. In addition,
the use of methods with low validity seriously attenuates the
association between nutritional intake and disease in epide-
miological studies, a problem known as regression dilution
(Day et al. 2001).

Methods to assess and interpret the validity and reproducibil-
ity of FFQ have tended to rely on correlation analysis of nutri-
ents and/or foods measured by two or more dietary assessment
methods. As correlation coefficients do not measure agreement,
Bland—Altman plots (Bland & Altman, 1986) have been used

in conjunction with correlation coefficients in some studies
(Thompson & Margetts, 1993; Ambrosini et al. 2001; Flood
et al. 2004). In many epidemiological studies, however, the
main concern is to classify individuals into different groups
according to exposure levels rather than to assess their
absolute intake. Thus, comparisons of percentage agreement
in quartile distributions are also often used in the evaluation
of the validity and reliability of an FFQ.

In 2002, we launched a population-based cohort study of 61
582 men aged 40-74 years in Shanghai, China (Shanghai
Men’s Health Study (SMHS)) with a main study focus on
diet and cancer risk. One of the objectives of the study is to
evaluate associations between diet and chronic disease,
mainly via categorising participants according to their intake
of both nutrients and food groups. We used an FFQ that
was developed based on a similar dietary questionnaire used
in a sister study, the Shanghai Women’s Health Study
(SWHS). The SWHS FFQ has been validated previously
(Shu et al. 2004). The SMHS FFQ includes 88-78 % of all
foods that were commonly consumed by men in Shanghai at
the time of the baseline survey. We conducted a dietary cali-
bration study to evaluate the validity and reliability of the FFQ
in the SMHS population and we report the results of the study
in this paper.

Abbreviations: 24-HDR, 24-hour dietary recall; LOA, limits of agreement; SMHS, Shanghai Men’s Health Study; SWHS, Shanghai Women’s Health Study.
* Corresponding author: Dr Xiao-Ou Shu, fax + 1-615-936-1269, email xiao-ou.shu@vanderbilt.edu
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Subjects and methods
The Shanghai Men’s Health Study

Recruitment for the SMHS started in April 2002 and was com-
pleted in June 2006. A total of 83 125 male residents of eight
communities of urban Shanghai between the ages of 40 and 70
years were invited to participate by trained interviewers
through in-person contact. A total of 61 582 participants
were enrolled in the study with a response rate of 74-1 %.
Reasons for non-participation were refusal (21-1 %), out of
the area during enrolment (3-1 %), and other miscellaneous
reasons including poor health or hearing problems (1-7 %).

Dietary calibration study

Before the SHMS began, a pilot, dietary validation study was
conducted among ninety-six male residents of Shanghai to
estimate the sources of variation in their dietary intake and
to determine the number of 24-hour dietary recalls
(24-HDR) and samples needed to evaluate the validity and
reliability of the FFQ in the study population (Cai et al
2005). We administered twenty-four 24-HDR to the ninety-
six men over a l-year period. We found intra-person vari-
ations to be the main contributor to dietary intake variation
and that a validation study could be adequately carried out
with 12d of dietary recalls for a study of 100 or more partici-
pants (Cai et al. 2005).

The dietary calibration study was initiated on 14 November
2004. Study participants were a random sample of SMHS par-
ticipants. A total of 214 SMHS participants were recruited
from two SMHS communities approximately 2—3 months
after they completed the baseline survey. Fifteen interviewers
conducted the study, with each being responsible for the
follow-up of seventeen subjects throughout the 12-month
study period. The study communities were chosen based on
neighbourhood proximity to the residence of the interviewers.
In total, seventeen primary and sixty-eight alternative contacts
were identified for possible recruitment by each interviewer.

Among participants in this study, approximately 69-3 %
were primary contacts. Study participants were contacted
once a month during the 12-month period of the study to pro-
vide the name and amount of foods that they consumed over
the preceding 24 h. The days that the 24-HDR were adminis-
tered were chosen to ensure a balanced representation of
weekdays and weekend days for each participant. All recalls
were obtained by an unannounced in-person interview in the
evening after dinner (around 19.00h). At the end of the 12-
month study, a second FFQ was administered. The second
FFQ was completed by 196 subjects (with an average time
interval between the administration of two FFQ of 1.2 years,
range: 1-1-2-1 years).

Of the 196 participants with two FFQ and at least ten 24-
HDR, there was one participant with an implausible average
daily energy intake (9432kcal/d). This subject was excluded
from the analyses, resulting in 195 participants for the
analysis.

Food-frequency questionnaire

The FFQ used in the SMHS was developed based on a similar
dietary questionnaire that was used in a sister study, the

SWHS. The SWHS FFQ has been validated previously
(Shu et al. 2004). A total of eighty-one food items were
included in the FFQ used in the SMHS. For each food item
or food group, subjects were asked how frequently (daily,
weekly, monthly, yearly or never) they consumed the food
or food group, which was followed by a question on the
amount consumed in lians per unit of time. Lian is a unit of
weight in China (1 lian = 50 g). The main purpose of this
FFQ is to rank individuals along the distribution of dietary
nutrient and food intake, so that individuals with low intake
can be separated from those with high intake.

Statistical analysis

The Chinese Food Composition Tables (Yang et al. 2002)
were used to estimate the intake levels of major nutrients
for study participants. Food groups were formed by combining
the intake levels of selected foods with similar nutrients, phy-
tochemicals or botanic classifications.

The validity and reliability of the FFQ were assessed by
comparing the median nutrient and food intakes, agreement
of quartile distribution of nutrients and food groups, and cal-
culating correlations between the intakes derived from the
two different dietary survey methods (FFQ versus 24-HDR)
and the two different surveys (baseline and second FFQ).
The nutrients and food groups were not normally distributed,
and log transformation failed to normalise the distribution.
Therefore, Spearman correlation coefficients were applied
for the analysis. Virtually all the correlation coefficients pre-
sented herein were statistically significant with a P value
<0-01, and are not individually presented.

We also analysed the data using Bland—Altman plots. The
Bland—Altman plot assesses the agreement between two diet-
ary assessment methods across a range of intakes. The differ-
ence between the two methods was plotted against the average
of the two methods. Natural-log (In) transformations were per-
formed in order to narrow the limits of agreement (LOA), as
recommended by Bland & Altman (1986). The antilogs of
the LOA were calculated yielding a ratio of FFQ over 24-
HDR. The ratios were multiplied by 100, with 100 % repre-
senting ideal agreement.

Results

Participants in the dietary calibration study did not differ from
the entire SMHS with regard to age, occupation, education,
smoking status, alcohol consumption status, exercise report-
ing, weight, BMI, waist-to-hip ratio, waist circumference,
daily energy intake or macronutrient intake (fat, protein,
fibre and carbohydrates) at the baseline survey (Table 1).
The dietary data shown in this table are from the information
collected in the FFQ administered at study recruitment (base-
line survey). Among the 195 dietary calibration study partici-
pants, three subjects completed eleven 24-HDR, while 192
subjects completed twelve 24-HDR. This resulted in a total
of 2337 24-HDR. These dietary recalls represent 36 783
food entries and 655 unique food items. The FFQ accounted
for 88-78 % of the total food entries (some as food groups)
recorded in the 24-HDR.

Table 2 presents the median nutrient intake derived from
the baseline, second FFQ, average of the 24-HDR and the
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Table 1. Comparison of participants in the validation study with all
cohort members — Shanghai Men’s Health Study, 2003—2005

Calibration study ~ SMHS participants

(n=195) (n=61581) P value

kcal/d* 1967-6 1908-6 0-09
Fat* 36-0 34-6 0-22
Protein* 811 78-3 0-11
Carbohydrates* 329.7 320-8 0-15
Fibre* 121 11.5 0-06
Age (recruitment) 54.8 54.9 0.98
Weight (kg) 69-0 68-4 0-45
BMI 23-8 23.7 0-53
Waist (cm) 85-1 85-1 0-99
WHR 0-90 0-90 0-76
Education

None 77 6-8 0-84

Middle school 354 335

High school 33-3 36-0

College 23-6 23-6
Occupation

Professional 272 26-6 0-60

Clerical 19-0 219

Farmer 53-8 51.5
% current smokers 60-5 58-6 0-59
% current drinkers 297 29-3 0-89
(%) exercise 40-5 356 0-15

SMHS, Shanghai Men’s Health Study; WHR, weight-to-height ratio.
*From the FFQ.

percentage of differences. The median nutrient intakes
assessed by the two FFQ agree considerably well, especially
for macronutrients, with the differences in median intakes
between the two assessments being 5-2 % (P=0-13) for fat,
3-4% (P=0-17) for protein and 2-5% (P=0-42) for carbo-
hydrates. The median differences in consumption of micronu-
trients are all under 9% (P>0-05 for all nutrients). The
nutrient intakes assessed on the second FFQ are, in general,
lower than those assessed at the baseline FFQ, with the excep-
tion of fibre, vitamins B; and B,, niacin and vitamin C con-
sumption, which were 1.7, 1.8, 1.0, 06 and 1%,
respectively, higher on the second FFQ. There is also good
agreement between nutrient intake assessed by the second
FFQ and by the average of the 24-HDR (both assessments
cover the same time period). Differences in median intake
were between 4-4 (protein, P=0-04) and 20-6 % (fibre,
P<0-001) for macronutrients and between 0-4 (niacin) and
31-8 % (vitamin C) for micronutrients (P<<0-05 for micronutri-
ents with the exception of vitamin B, and retinol). Compared
with the 24-HDR, the FFQ tends to overestimate intake of
most nutrients except for the consumption of protein, fat and
niacin.

The nutrient intakes assessed by the two FFQ approximately
1.2 years apart correlate reasonably well; the correlation
coefficient (r) for nutrient intake ranges from 0-38 to 0-53
(Table 3). The correlations of nutrient intake between the
second FFQ and the 24-HDR are between 0-33 (retinol) and
0-64 (carbohydrates).

Overall agreement between nutrient intake measured by the
FFQ and the 24-HDR was assessed using Bland—Altman
plots. The Bland—Altman plots showed that the difference in
nutrient intake derived from the FFQ and 24-HDR did not
appear to depend on the ‘true’ intake as assessed by the

Table 2. Median comparison of nutrient intake between two FFQ and average of 24-HDR among 195 Chinese men, Shanghai Men’s Health Study

Median (25—75th percentile)

Percentages of median difference

Wilcoxon test P values

FFQ2 24-HDR

FFQ1

24HDR-FFQ2

FFQ1 versus FFQ2

25—75th FFQ1 versus

percentile

25-75th
percentile

25-75th
percentile

(%) (%)t

24-HDR-FFQ2

FFQ2

Median Median

Median

—3.1

41

0-10
0-04
<0-001

0-25
0-17
0-13
0-42
0.57
0-87
0-49
0-52
0.68
0-28
0-81
0.07

1913.2 1681-4-2167-1

1557-9-2153-3

18529

1607-1-2269-7

19295

kcal/d

—4.4
-20-3

3.4
5.2

2:5
1.7

67-8—89-9
30-8—-47-5
259.4-348-8

771

62-0—-87-2
25.0-38-4
260-3-377-7

737

63-1-95-8
26-5-43-7
263-4-386-3

76-3
325
3185

Protein
Fat

38-8
299-6

30-9
310-6

3.7

0-11
<0-001

Carbohydrates

Fibre

20-6

8.0-12-0

92.8-190-1
1704-8-3410-4

9.7
138.7
2370-2

8.9-13.8
95.3-195.5

2166-0—-4159-6

11.7
140-6
3017-6

8.9-14.5
87.0-205-6
2311.9-4399.0

115
1468
3168-8

1.4
27.3

4.4
5.0
_1.8
-1.0

-0-6

0-99
<0-001

Retinol

Carotene

112

0-01

0-84

0-03
<0-001

<0-01

0-83-1-16

0-98
0-95

16-4

0-88—-1-29

1.07
0.97

15-8
96-6

0.9-1-3

1.1

Vitamin B

2.1

0-83—-1-15

0-78-1-17

0-8-1.2
13-1-19-6

1.0
15.7

Vitamin By
Niacin

~0-4

14.4-19.01
54.9-99.7

12.8-18:5

31-8

-1.0

73-3

69-2—136-4
10-6-16-8

69-6—-137-9
11.0-18-9

95.7

1

Vitamin C
Vitamin E

311

8.7

12.0-18-0

19-9

137

4.9

24-HDR, 24-hour dietary recall.

*FFQ1 - FFQ2/FFQ2
+FFQ2 — 24-HDR/24-HDR.
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Table 3. Spearman correlation and pecentage agreement in quartile distribution of nutrient intake between the two FFQs and second FFQ with average 24-HDR, Shanghai Men’s Health Study

Percentage agreement

Same quartile Adjacent quartile One quartile apart Opposite quartile

Correlation

24-HDR- FFQ1 Versus 24-HDR- FFQ1 versus 24-HDR- FFQ1 versus 24-HDR- FFQ1 versus 24-HDR-

FFQ1 versus

FFQ2

FFQ2

FFQ2

FFQ2

FFQ2

FFQ2

FFQ2

FFQ2

FFQ2

FFQ2

2.6
4.6

35

11-3

12.3

42.0

411

441

431

0-58
0-49
0-38
0-64
0-48
0-33
0-38
0-58
0-46
0-52
0-42
0-38

0-49
0-47
0-39
0-53
0-49
0-45
0-40
0-52
0-47
0-44
0-38
0-48

Kcal/d

35
56

375 45.8 19-0 14-3
31

35-3

40-0

Protein
Fat

6-1

17.4

16-4

40-6

44.7

35-9

333

426 405 13-3 10-8 2.0
36
7.7
4.6

46-7

410

Carbohydrates

Fiber

36

41

17-9

174

40-6

38-9

379

40-1

33.3 328 421 19-5 16-9

43-6

Retinol

3-6
2:0
26

38-0 35.9 20-5 21.0
31

38-5

379

Carotene

42-0 431 41-6 154 14-9 1.5
51

39-5

Vitamin B

39.0 40-0 421 20-0 13-8

37.4

Vitamin By
Niacin

26

51

20-5

195

38-4

45-6

38-5

31-8

374 380 39.0 21.5 185 4-6

359

Vitamin C
Vitamin E

6-7

1.5

12-8

21-0

487

40-6

31.8

36-9

24-HDR, 24-hour dietary recall.
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24-HDR for either macronutrient or micronutrients. The
Bland—Altman plots for total energy intake, fat, protein and
carbohydrates are presented in Figs 1-4. Anti-logging ren-
dered mean agreement and the LOA of 96:3% (95% CI
64-143), 82% (95% CI 39-172), 95:6% (95% CI 61—
149) and 1039 % (95 % CI 70-155), respectively, for kcal/
d, fat, protein and carbohydrates. This suggest that, on aver-
age, the FFQ underestimates intake of energy, fat and protein
by 3.7, 18 and 4-4 %, respectively, and overestimates carbo-
hydrate intake by 3-9 %, as compared with that derived from
multiple 24-HDR.

When the nutrient intakes were categorised into quartiles,
the range of agreement rates for same quartile classifications
were 31-8—43-6 % for nutrients derived from the two FFQ
and 31-8-46-7 % for nutrients derived from the second FFQ
and the 24-HDR. The agreement rates for classifying nutrient
intakes into the same or adjacent quartiles were between 73-9
and 84-2% for nutrients derived from the two FFQ and
between 74-4 and 87-2% for nutrients derived from the
second FFQ and the 24-HDR. Misclassification of nutrient
intake into extreme quartiles was rare (1-5-7-7 %).

Similar sets of analyses were conducted for selected food
groups (Tables 4 and 5). With the exception of fish intake,
the differences in consumption of food groups between the
two FFQ were within 10 %. Intake of poultry, red meat, fish
and eggs was lower according to the FFQ as compared with
the 24-HDR, while the intake of other food groups was
higher according to the FFQ as compared with the 24-HDR
(P>0-05 for all food groups). Intake estimates were 28-9 %
higher for vegetables, 77-7 % for soy and 57-4 % for fruits.
Consumption was lower on the FFQ for poultry by 51-1 %,
red meat by 35-4 %, fish by 21-0 % and eggs by 4-9 %. Despite
the difference in median intake, the correlations for food
group intake ranged from 0-39 to 0-64 when comparing the
two FFQs and from 0-35 to 0-72 when comparing the
second FFQ and the 24-HDR. Correlation coefficients between
the two FFQ were 0-50 for soy, 0-43 for vegetables, 0-64 for
fruits, 0-48 for poultry, 0-40 for red meat and 0-39 for eggs
(Table 5). Correlation coefficients comparing the second
FFQ and the 24-HDR were 0-54 for soy, 0-42 for vegetables,
0-72 for fruits, 0-35 for poultry, 0-45 for red meat and 0-41
for eggs. The agreement rates for food group consumption
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Fig. 1. Bland—Altman plot for total energy intake. LOA, limits of agreement;
24-HDR, 24-hour dietary recall.
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Fig. 2. Bland—Altman plot for fat intake. LOA, limits of agreement; 24-HDR,
24-hour dietary recall.

classified in the same quartile were 33-:3—49-2 % for the two
FFQ and 32-8—-53-3 % for the second FFQ and the 24-HDR.
The agreement rates were between 73-8 and 91-8 % for food
group consumption classified into the same or adjacent quar-
tiles. Only 1-5-62% of subjects were misclassified into
extreme quartiles of food group intake.

Discussion

This report describes the validity and reproducibility of an
FFQ designed to capture the usual intake of nutrients and
major foods consumed by men in urban Shanghai. The refer-
ence method was repeated monthly 24-HDR that were con-
ducted over a 12-month period. We evaluated the
performance of the FFQ by comparing intake of nutrients
and selected food groups obtained from this instrument with
those derived from the 24-HDR. The results suggest that the
SMHS FFQ has reasonable comparative validity and reprodu-
cibility, and can categorise major nutrient and food group
intakes with relative accuracy among men in urban Shanghai.
The performance of the SMHS FFQ is similar to that of many
FFQ that have been used in other epidemiological studies
(Willett et al. 1985; Kaaks et al. 1997; Margetts & Pietinen,
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Fig. 3. Bland-Altman plot for protein intake. LOA, limits of agreement; 24-
HDR, 24-hour dietary recall.
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Fig. 4. Bland—Altman plot for carbohydrate intake. LOA, limits of agreement;
24-HDR, 24-hour dietary recall.

1997; Martinez et al. 1999; Mayer-Davis et al. 1999; Stram
et al. 2000).

The validity and reproducibility of the FFQ used by the
Italian arm of the European Prospective Investigation into
Cancer and Nutrition (EPIC) were evaluated in a way similar
to our study (Pisani et al. 1997). Two FFQ were administered
1 year apart and between eight and fourteen 24-HDR inter-
views were administered over a 1-year period. Pearson corre-
lation coefficients of the relationship between questionnaire
measurements and the individual average 24-HDR ranged
from 0-28 for fat to 0-58 for carbohydrates for men. In the
German arm of the EPIC study, correlation coefficients
between the FFQ and monthly 24-HDR over 1 year were
0-37 for fat, 0-41 for protein, 0-41 for carbohydrates and
0-46 for fibre (Bohlscheid-Thomas et al. 1997). Our results
are very similar to those of the two studies cited above,
with correlation coefficients between the FFQ and 24-HDR
being 0-38, 0-49, 0-48 and 0-64 for fat, protein, fibre and carbo-
hydrates, respectively. The reproducibility correlation coeffi-
cients for two FFQ administered 6 months apart were
between 0-59 and 0-69 for macronutrients in the German
arm of the EPIC study (Bohlscheid-Thomas et al. 1997),
while in our study the reproducibility for macronutrients
derived from two FFQ administered 1-2 years apart is between
0-39 and 0-53.

In the Male Professionals Health Study, the validity and
reproducibility of the FFQ was evaluated in 127 men by two
1-week dietary records and two FFQ given 1 year apart
(Rimm et al. 1992). Correlation coefficients for log-transferred
nutrient intake derived from the two FFQ administrated 1 year
apart ranged from 0-47 to 0-72 for micronutrients (without
supplements) and from 0-59 to 0-69 for macronutrients,
while in our study correlation coefficients from the two FFQ
ranged between 0-39 and 0-53 for macronutrients and between
0-38 and 0-53 for micronutrients. The correlation coefficients
for nutrients derived from the second FFQ and the mean of
the two 1-week dietary records were between 0-28 and 0-64
for micronutrients (without supplements) and between 0-25
and 0-63 for macronutrients. Our results compare well with
those of the Male Professionals Health Study, with correlation
coefficients between the FFQ and 24-HDR being between 0-38
and 0-52 for micronutrients and between 0-38 and 0-64 for
macronutrients.
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Table 4. Median comparison of food group daily intake between the two FFQ and average of the 24-HDR, Shanghai Men’s Health Study

Median (25—75th percentile)

FFQ1 FFQ2 24-HDR Wilcoxon test P values Percentages of median difference
25-75th 25-75th 25-75th FFQ1 versus FFQ2 24-HDR-FFQ2
Median percentile Median percentile Median percentile FFQ1 versus FFQ2 24-HDR-FFQ2 (%)* (%)t
Rice (g) 364-3 300-447-1 3571 300-0—-452-0 3335 286-4-387-2 0-53 <0.-01 2.0 71
Poultry (g) 10-8 4.3-21.7 10-8 4.5-17-3 221 11.3-35:2 0-41 <0-01 0-0 -511
Red meat (g) 55.4 37.7-82.9 52-9 37-8-77-3 81.9 59-1-104.2 0-46 <0-01 4.7 -35-4
Fish (g) 43.3 21.8-70-0 34.9 20-7-55-1 44.2 30-9-75-2 0-08 <0-01 24.0 -21.0
Eggs (g) 251 12.6-44.0 251 12.6-44-0 26-4 15.3-38:5 0-67 0-28 0-0 -4.9
Vegetables (g) 348-8 248-0-508-8 335-3 241.4-509-1 260-0 186-8—-334-8 0-69 <0-01 4.0 289
Soy (9) 1395 78-8-218:4 127-6 77-5-221-4 71-8 45.2-115.6 0-40 <0.-01 93 777
Fruits (g) 1323 43.4-232.7 126-9 47.0-200-4 80-6 39.6-138-8 0-28 <0-01 4.2 57-4

24-HDR, 24-hour dietary recall.
*FFQ1 — FFQ2/FFQ2.
1FFQ2 — 24-HDR/24-HDR.
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Table 5. Spearman correlations and percentage agreement in quartile distribution of food group intake between the two FFQs and the second FFQ with average 24-HDR, Shanghai Men’s Health Study

Percentage agreement

Correlation Same quartile Adjacent quartile One quartile apart Opposite quartile
FFQ1 versus 24-HDR- FFQ1 versus 24-HDR- FFQ1 versus 24-HDR- FFQ1 versus 24-HDR- FFQ1 versus 24-HDR-
FFQ2 FFQ2 FFQ2 FFQ2 FFQ2 FFQ2 FFQ2 FFQ2 FFQ2 FFQ2
Rice (g) 0-52 0-63 38-5 441 431 416 164 128 2:0 1.5
Poultry (g) 0-48 0-35 40-5 328 37-4 42.7 18:5 189 36 56
Red meat (g) 0-40 0-45 33-8 35-9 431 42-6 185 16-9 4.6 4-6
Fish (g) 0-41 0-49 41.2 379 36-2 44.5 164 123 6-2 53
Eggs (9) 0-39 0-41 441 35-3 313 38:5 205 226 41 36
Vegetables (g) 0-43 0-42 333 33-8 43-6 477 195 14-9 36 36
Soy (9) 0-50 0-54 431 431 36-9 394 17-4 15-4 2.6 21
Fruits (g) 0-64 0-72 49.2 53-3 39.0 38:5 92 6-7 2:6 1.5

24-HDR, 24-hour dietary recall.
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The validity and reproducibility of FFQs in multiethnic
populations have also been investigated (Mayer-Davis et al.
1999; Stram et al. 2000). In a multiethnic cohort study in
Hawaii and Los Angeles, dietary information reported from
a questionnaire was compared with three 24-HDR in a cali-
bration substudy. Subjects from each of eight subgroups
defined by sex and ethnic group (African-American, Japan-
ese-American, Latino and white) were chosen randomly
from among the cohort members. In males, estimates of the
correlation between the questionnaire and 24-HDR for nutri-
ents ranged from 0-17 to 0-64 for absolute nutrient intake.
For absolute nutrient intakes, the correlations were greatest
for whites, somewhat lower for Japanese-Americans and Lat-
inos, and lowest for African-Americans (Kaaks er al. 1997,
Stram et al. 2000).

The reproducibility of the SMHS FFQ compares well with
that of the SWHS FFQ (Shu et al. 2004). The validation of the
SWHS FFQ is slightly better than in the present study. For
example, correlation coefficients between the FFQ and the
24-HDR were 0-60 for protein, 0-59 for fat, 0-66 for carbo-
hydrates and 0-55 for fibre in the SWHS, while in the present
study the correlation coefficients were 0-49, 0-38, 0-64 and
0-48 for protein, fat, carbohydrates and fibre, respectively.
One possible reason for this could be that in Shanghai,
women are mainly responsible for purchasing and preparing
foods for the family and, thus, are more likely to estimate
their dietary intake accurately than men.

A wide LOA indicates that the potential for large differ-
ences between methods and agreement is considered poor,
even if the bias and dependency are small. The LOA of the
SMHS FFQ as compared with multiple 24-HDR are narrower
than those reported in two previous studies (Ambrosini et al.
2001; Flood et al. 2004). Direct comparison with other studies
was not possible because the data were not presented as log-
transformed (Maclntyre er al. 2001; Bakker et al. 2003).

In our study, the Bland—Altman plots did not show that the
over- or underestimation of dietary intake of the SMHS FFQ
depends on the ‘true’ nutrient intake levels. Thus, misclassifi-
cation in absolute nutrient intake amount is less likely to cause
systematic biases.

Finding a gold standard for measuring long-term dietary
intake is the most challenging obstacle in assessing the val-
idity of a dietary instrument. In our study, we chose monthly
24-HDR over a l-year period as the reference method for
assessing usual dietary intake. For the 214 subjects who par-
ticipated in the calibration study, 93 % completed at least
ten 24-HDR. The multiple recalls meant we were able to mini-
mise the effect of daily and seasonal variation in dietary intake
on the dietary assessment. In order to minimise the possibility
that study participants might change their dietary intake to
facilitate dietary recall, none of the dietary recall interviews
was scheduled in advance (i.e. all were unannounced). Thus,
we believe that the dietary recall information obtained from
this study is a fairly accurate measurement of the true usual
intake for this study population over a 1-year period.

However, the fact remains that multiple dietary recalls may
sensitise study participants regarding their dietary intake, and
thus participants may answer the FFQ more accurately, result-
ing in an overestimation of the true validity of the FFQ. When
we calculated the correlation between the first FFQ and the
mean of the 24-HDR, we found that the correlations were

slightly lower than those observed for the second FFQ. On
the other hand, changes in dietary intake during the year
could reduce the correlation and increase the mean differences
between both instruments. Nutrient and food intake derived
from the second FFQ was, in general, lower than that derived
from the first FFQ, which might be due to changes in diet. To
address whether a possible change in diet might have resulted
in a low estimation of the correlation coefficients, we
restricted the analysis to those participants that reported ‘no
change’ to the question ‘Compared with 5 years ago, have
you changed your dietary habits in the past year?” No major
changes in correlation coefficients were found.

Assuming the 24-HDR are close to ‘true’ intake, we found
that the SMHS FFQ overestimated soy, fruit and vegetable
intake, and slightly underestimated poultry, red meat, fish
and egg intake. Some of the measurement error may reflect
a bias of study participants seeking social approval (Hebert
et al. 1995). The substantial overestimation of fruit and veg-
etable intake is not likely to be accounted for by the seasonal
variation of supply of these foods, since our pilot calibration
study of this FFQ found little variance (within 5 %) for day
of the week or season of the year (Cai et al. 2005). However,
correlation coefficients for these food groups are quite good.
Thus, although the SMHS does not appear to do well in esti-
mating the absolute amount of intake of selected groups, it can
classify subjects reasonably well in terms of their relative
intake levels. The latter is particularly important for epidemio-
logical studies, since it is categorised dietary intake rather than
the absolute amount of intake that has been more commonly
used in epidemiological studies of diet and chronic disease.

As the recall time interval and format of the questionnaire
used by the two methods are different, the errors in these
two instruments are less likely to be correlated. The FFQ
asked about frequency and amount of consumption for a
list of foods (close-ended questions) during the preceding
12-month period, while the 24-HDR employed an open-
ended question format and inquired about intake of foods
that the study participants ate during the preceding 24h
period. However, we acknowledge that both methods suffer
from the social approval bias (Hebert et al. 1995) as they
are both self-reported.

As an alternative to self-reported methods of dietary intake,
biomarkers have been used for validation purposes. Advan-
tages of biomarkers as opposed to self-reported methods are
that they are objective, unbiased and their errors are uncorre-
lated to the FFQ. However, biomarkers are not always
available, are expensive and may not necessarily reflect
long-term dietary intake habits (Willett, 1990). In the UK
EPIC validation studies, the accuracy of several methods
was assessed by comparison with another self-report instru-
ment (weighed records) and the biomarkers, 24 h urine nitro-
gen and potassium, plasma carotenoids and plasma vitamin
C (Bingham et al. 1997). The correlations between nitrogen
from weighed records and estimated food diaries and urinary
nitrogen were better than those from other methods, while
the results for urinary potassium and serum carotenoids were
similar among all methods. We collected four spot urine
samples and quarterly blood samples during the 1-year study
period from most participants of the study. These samples
will be used for further validation of the FFQ when funding
becomes available.
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Random and uncorrelated measurement errors cause attenu-
ation of relative risk estimates and decrease the statistical
power of epidemiological studies. Willett estimated that if a
true relative risk is 2-0, the observed relative risk will be atte-
nuated to 1-62 if the correlation between the estimated and
true dietary exposure is 0-7 or to 1.32 if the correlation is
0-40 (Willett, 1998). Methods for correction of attenuation
and regression diluted bias have become available (Johansson
et al. 2002). However, calibration studies require certain
assumptions about the independence of measurement errors,
and biomarkers of dietary intake may better fulfil this require-
ment (Kaaks e al. 2002). We will apply results obtained from
this analysis in conjunction with future biomarker studies to
calibrate the risk assessment for diet and disease associations
in our future research.

In summary, this study suggests that the SMHS FFQ can
reasonably categorise usual intake of major nutrients and
food groups among men in Shanghai. The SMHS FFQ, how-
ever, may under- or overestimate the absolute amount of
intake of some nutrients or foods.
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