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Reproducibility and Validity of an Expanded Self-
Administered Semiquantitative Food Frequency Questionnaire
among Male Health Professionals

Eric B. Rimm,1 Edward L. Giovannucci,2 Meir J. Stampfer,12 Graham A. Colditz,12

I ica fi I itin 1 anri Walter C. Willptt12-3Lisa B. Litin,1 and Walter C. Willett

The authors assessed the reproducibility and validity of an expanded 131-item
semiquantitative food frequency questionnaire used in a prospective study among
51,529 men. The form was administered by mail twice to a sample of 127 participants
at a one-year interval. During this interval, men completed two one-week diet records
spaced approximately 6 months apart. Mean values for intake of most nutrients
assessed by the two methods were similar. Intraclass correlation coefficients for nutrient
intakes assessed by questionnaires one year apart ranged from 0.47 for vitamin E
without supplements to 0.80 for vitamin C with supplements. Correlation coefficients
between the energy-adjusted nutrient intakes measured by diet records and the second
questionnaire (which asked about diet during the year encompassing the diet records)
ranged from 0.28 for iron without supplements to 0.86 for vitamin C with supplements
(mean r = 0.59). These correlations were higher after adjusting for week-to-week
variation in diet record intakes (mean r = 0.65). These data indicate that the expanded
semiquantitative food frequency questionnaire is reproducible and provides a useful
measure of intake for many nutrients over a one-year period. Am J Epidemiol
1992;135:1114-26.
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Prospective studies of dietary etiologies of
chronic disease become more feasible as bet-
ter techniques for measuring diet are devel-
oped. Food frequency questionnaires are de-
signed to measure average long-term diet
rather than to provide a precise estimate of
short-term intake (1). The low cost and ease
of self-administration of a food frequency
questionnaire facilitates use in large popu-
lations. Since 1979, we have been developing
a semiquantitative food frequency question-
naire; an early 61-item version was shown
to provide a reasonable measure of dietary
intake among female nurses when compared
with four one-week diet records (2, 3). A
later version with 116 items was found to
yield a similar degree of validity for assessing
diet 3-4 years in the past (4). We have
continued to refine and evaluate this method
of dietary assessment.

The purpose of the present study was to
assess the validity of nutrient intakes calcu-
lated from our expanded 131-item self-
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Validation of a Food Frequency Questionnaire 1115

administered semiquantitative food fre-
quency questionnaire completed by 51,529
male health professionals aged 40-75 years.

MATERIALS AND METHODS

Population

Men in this study are a subsample drawn
from the Health Professionals Follow-up
Study, a cohort of 51,529 male health profes-
sionals enrolled in a prospective study of
dietary etiologies of heart disease and cancer
(5, 6). The study population consists of den-
tists (57.6 percent), veterinarians (19.6 per-
cent), pharmacists (8.1 percent), optome-
trists (7.3 percent), osteopathic physicians
(4.3 percent), and podiatrists (3.1 percent).
All cohort members completed a mailed self-
administered 131-item semiquantitative
food frequency questionnaire (described be-
low) in 1986. During the following year,
using the same age distribution from the
cohort, a random sample (« = 323) of Bos-
ton area cohort members were invited to
participate in a dietary validation study.

From this group, 43 (13 percent) could
not be contacted after repeated telephone
calls, 123 refused (38 percent), and 157 (49
percent) agreed to participate. The men who
agreed to participate were asked to collect
two one-week diet records over a one-year
period, followed by a second semiquantita-
tive food frequency questionnaire (figure 1).
From the group of participants, 22 subjects
were excluded because they did not have
two complete one-week sets of diet records
(n = 17) or did not complete a second food
frequency questionnaire (n = 5). Subjects
were also excluded from analysis if their

daily energy intake calculated from either of
the two semiquantitative food frequency
questionnaires was outside the range of 800
to 4,200 kcal (n = 7) or their questionnaire
had more than 70 items left blank (« = 1).
These same restrictions for kilocalories and
blank food items were applied in analyses of
diet and disease in the Health Professionals
Follow-up cohort (5, 6). The 127 partici-
pants (39 percent) included in this analysis
had complete dietary information for both
one-week diet records and both semiquan-
titative food frequency questionnaires.

The expanded semiquantitative food
frequency questionnaire

The 131-item semiquantitative food fre-
quency questionnaire is a refined and ex-
panded version of a previously validated
questionnaire (2). The original 61 -item ques-
tionnaire was limited by size constraints and
cost of manual data entry. Our expanded
version of the questionnaire incorporated
open-ended questions to identify specific
brands of multiple vitamins, margarines,
cooking oils, cold cereals, and other foods
consumed at least once per week (4). In
addition, we asked more detailed questions
about several commonly eaten foods. For
example, we asked separately about the fre-
quency of eating cooked spinach (1/2 cup)
and raw spinach (as in a salad) because these
are typically consumed in different amounts.

The questionnaire was designed to classify
individuals according to levels of average
daily intake of selected nutrients over the
past year. Dietary variables estimated by the
questionnaire included calories, total fat,
saturated fat, monounsaturated fat, polyun-

1986

7-day 7-day
Diet Record 1 Diet Record 2

6-7 Months

I l
1988

1 1 year '
Questionnaire 1 Questionnaire 2
(Baseline -
Health Professionals
Follow-up Study)

FIGURE 1. Time sequence of diet validation study conducted among 127 male health professionals living in the
Boston, Massachusetts area aged 40-70 years.
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1116 Rimmetal.

saturated fat, animal and vegetable fat, total
carbohydrate, sucrose, dietary and crude fi-
ber, protein, vitamin A, pre-formed vitamin
A, carotene, vitamins Bl (thiamin), B2
(riboflavin), B6, B12, C, D, and E, folate,
calcium, phosphorous, magnesium, iron, so-
dium, potassium, zinc, caffeine, and alcohol.
We included food items that explained the
largest amount of variance in nutrient intake
between subjects during a series of pilot
studies (2) and in an analysis of 5,400 days
of diet recording (7). In addition, those foods
that made a large contribution to total ab-
solute nutrient intake were included. Also,
some food items were included because a
hypothesis of interest related to a food rather
than a nutrient (e.g., cabbage and mush-
rooms).

For 127 of the 131 food items, a serving
size was indicated, using "natural" units
(such as one apple, a glass of milk, a slice of
bread) whenever possible, or otherwise using
typical serving sizes based on analyses of diet
records (8) (e.g., 1/2 cup of string beans or
4-6 oz (114-170 g) of meat as a main dish).
Estimated portion sizes were used for four
foods. Subjects were asked to indicate for
each food how often, on average, they had
used the amount specified during the past
year. Nine multiple choice responses were
possible, ranging from never or less than
once per month to six or more times per
day.

The food composition data base used to
calculate nutrient values is based primarily
on US Department of Agriculture publica-
tions (9, 10) and is continually supple-
mented by other published sources and per-
sonal communications from laboratories
and manufacturers.

Nutrient intakes were calculated from the
questionnaire by multiplying a weight as-
signed to the frequency of use (where once
per day is equal to one) by the nutrient
composition for the portion size specified
for each food or vitamin supplement. Nu-
trients were summed across all foods and
vitamins to obtain a total nutrient intake for
each individual. Calculations also included
specific nutrients from open-ended ques-
tions pertaining to regular use of multiple

vitamin supplements, cold breakfast cereals,
margarines, other foods not previously re-
ported on the questionnaire, and types of fat
or oil used for frying, cooking, and baking.

Dietary records

The first week of diet records were com-
pleted over a 6-month period and the second
week of diet records were completed approx-
imately 6 months after the first, thereby
capturing seasonal variability within the two
administrations of the questionnaire (figure
1). Each participant was given a dietetic scale
for weighing portion sizes. A dietician (L.L.)
provided detailed instructions to each par-
ticipant for weighing and recording all foods
consumed. After each participant returned
a one-week diet record, the dietician re-
viewed entries and telephoned the partici-
pants to resolve any ambiguities. Diet rec-
ords were analyzed using CBORD (11), a
nutrient software package which uses the
ESHA nutrient data base (12) (based pri-
marily on the US Department of Agriculture
publications (9, 10). For reported foods that
were not in the data base, recipes were ob-
tained from the participants and appropriate
amounts of the component foods were en-
tered. The diet record data base provides
information on 31 nutrients. Many addi-
tional nutrients are computed for the ques-
tionnaire, including specific fatty acids, al-
cohol and caffeine, but are not included in
this report because they were not part of the
ESHA data base.

Analysis

Means and standard deviations were cal-
culated on total nutrient intakes from both
food frequency questionnaires and from the
two one-week diet records. Most nutrient
distributions were skewed toward higher val-
ues, therefore all variables were log (natural)
transformed before analysis. Because all nu-
trients, as measured by the questionnaire,
were correlated with energy intake, it is es-
sential to remove the variation due to energy
intake and its associated measurement error
before assessing the validity of individual
nutrients (1, 13). Adjustment for energy is
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Validation of a Food Frequency Questionnaire 1117

based on a priori biologic considerations that
a larger, more physically active person will
require a higher caloric intake, which will
also be associated with a higher absolute
intake of all nutrients. This same absolute
intake may have a different effect on a
smaller, less active person; therefore, by en-
ergy adjusting, we are able to examine the
composition of the diet given the individuals
energy requirements. Energy adjustment re-
moves some of the variation in diet (see table
5), but is necessary if we plan to use energy
adjusted nutrients in studying the dietary
etiologies of disease. To add an intuitive
sense to the residual, we added a constant,
the expected nutrient value at the caloric
intake of 2,000 kcal. Pearson correlations
were used to compare the two dietary as-
sessment methods for both unadjusted and
energy-adjusted nutrients. Because the ques-
tionnaire measures diet in the preceding
year, correlation coefficients relating the first
questionnaire to the diet records will tend to
underestimate the validity of the question-
naire. The second questionnaire measures
dietary intake over the one-year interval dur-
ing which the dietary records were collected;
however, the process of recording intake
could possibly heighten dietary awareness
and artificially increase the accuracy of the
questionnaire. Using correlations for both
questionnaires provides a minimum and
maximum estimate of validity. Spearman
and Pearson correlation coefficients did not
appreciably differ for all nutrients, therefore
parametric statistics are presented in this
report and non-parametric statistics have
been placed with the National Auxiliary
Publications Service (NAPS) (see NAPS
document no. 04904 for 3 pages of supple-
mentary material. Order from NAPS, c/o
Microfiche Publications, P.O. Box 3513,
Grand Central Station, New York, NY
10163-3513. Note: remit in advance, in US
funds only, $7.75 for photocopies or $4.00
for microfiche). For brevity, coefficients,
standard errors, and intercept estimates
from regressing dietary intake from the food
frequency questionnaires on dietary intake
from the dietary records are not presented,
but are also available from NAPS.

Ideally, for comparison with the question-
naire, diet records would be maintained for
the preceding year because nutrient intakes
vary considerably from day to day (14, 15).
As a compromise, dictated by cost and com-
pliance, we used average daily nutrient in-
takes from two different weeks separated by
approximately 6 months. Two weeks of diet
records are adequate to estimate individual
intake for many nutrients (14, 16, 17), al-
though within-person variation in weekly
intake can attenuate correlations between
the questionnaire and diet records. There-
fore, we used the within- and between-
person components of variation in diet rec-
ord intake (treating the two one-week aver-
ages as random units of observation) to "de-
attenuate" (see footnote, table 3) Pearson
correlation coefficients (18-20).

The purpose of this report is to quantify
measurement error rather than test hy-
potheses, therefore p values are not pre-
sented.

RESULTS

We compared the means for average daily
nutrient intakes from the 14 days of diet
recording and from questionnaires 1 and 2
for the 127 men included in the validation
analysis (table 1). The questionnaire mea-
surements of total energy intake were similar
(within 7 percent) to intake assessed by diet
records. Intake of most nutrients was slightly
lower when measured by questionnaire
compared with diet records. However, total
vitamin A intake was overestimated by ques-
tionnaire as were intakes of many vitamins
with supplements. This overestimation of
intake by the food frequency questionnaire
was primarily caused by extreme values for
a few individuals. Apart from vitamin sup-
plements, 75 percent of mean values for
nutrients (not energy-adjusted) measured by
questionnaire were within 15 percent of the
diet record values. In addition, average in-
takes for men who were asked, but did not
participate in the validation study, were
within 10 percent of men who did partici-
pate, with the exception of retinol without
supplements (12 percent lower) and iron

 at :: on D
ecem

ber 7, 2013
http://aje.oxfordjournals.org/

D
ow

nloaded from
 

http://aje.oxfordjournals.org/
http://aje.oxfordjournals.org/


1118 Rimmetal.

TABLE 1. Mean (± standard deviation) absolute daily nutrient intakes estimated by two one-week diet
records and from questionnaires completed by 127 Boston area health professionals and 49,999 male
health professionals from the United States.

Calories
Total fat (g)
Saturated fat (g)
Polyunsaturated fat (g)
Monounsaturated fat (g)
Cholesterol (mg)
Carbohydrates (g)
Protein (g)
Dietary fiber (g)
Total vitamin A (IU)

Without supplements
Retinol (IU)

Without supplements
Carotene (IU)
Vitamin B1 (mg)

Without supplements
Vitamin B2 (mg)

Without supplements
Vitamin B6 (mg)

Without supplements
Vitamin B12 (g)

Without supplements
Folate (g)

Without supplements
Vitamin C (mg)

Without supplements
Vitamin E (mg)

Without supplements
Calcium (mg)

Without supplements
Iron (mg)

Without supplements
Magnesium (mg)
Phosphorous (mg)
Sodium (mg)
Potassium (mg)
Zinc (mg)

Diet record
(r> = 127)

2,167 ±462
79.8 ± 25.3
27.5+10.7
16.4 ±5.1
29.0 ± 9.8

342.3 ±132
257.8 ± 69
92.0 ±17.8
19.2 ±8.1

10,440 ±7,668
9,246 ± 7,383
3,261 ± 3,330
2,131 ±1,494
7,179 ±7,178
6.04 + 14.8
1.82 ±0.59
6.20 ±14.7
2.08 ± 0.68
6.01 ± 14.3
2.31 ± 0.84
14.1 ±25.7
7.3 ±4.10

383.5 ±186
324.7 ± 126
296.7 ± 491
138.5 ±65.7
46.5 ± 96.5
15.0 ±5.92

814.7 ±280
796.0 ± 268
20.1 ± 7.7
17.9 ±5.4

357.4 ±111
1,411 ± 334
3,176 ±1,255
3,229 ±816
14.9 ±8.2

Questionnaire 1
(n = 127)

2,092 ± 594
70.7 ± 24.9
24.4 ±10.1
14.1 ±4.8
26.0 ±10.4

305.2 ±124
264.4 ±103
87.7 ± 24.5
24.1 ± 12.2

15,030 ±9,909
13,635 ±9,052
3,489 ± 3,447
2,369 ± 2,250

11,265 ±8,992
3.27 ± 4.5
1.54 ±0.54
3.60 ± 4.3
1.94 ±0.67
5.38 ±16.0
2.25 ± 0.75
12.3 ±9.0
10.3 ±7.1

407.3 + 208
349.6 ±118
332.3 ± 362
182.0 ±101
56.7 ±136.0
10.2 ±5.8

888.3 ± 403
818.6 ±325
17.2 ±8.4
15.6 ±5.9

366.7 ±115
1,336 ± 428
2,624 ±1,193
3,564 ±1,119

15.5 ±12.1

Questionnaire 2
(n = 127)

2,014 ±610
67.9 ± 23.8
23.6 ± 9.6
13.4 ±4.7
24.9 ± 9.3

287.1 ± 128
252.5 ± 96
84.9 ± 25.5
21.6 ±7.9

14,069 ±7,677
12,454 ±6,719
3,534 ± 3,977
2,274 ± 2,580

10,180 ±6,342
3.34 ± 5.4
1.45 ± 0.44
3.68 ± 5.1
1.86 ±0.61
4.06 ± 7.9
2.14 ±0.72
11.9 ±8.7
9.89 ± 6.7

407.2 ± 226
336.4 ±108
343.7 ±418
188.1 ±119
48.2 ± 123.0
9.2 + 3.1

838.9 ± 346
804.4 ± 311
17.5 ±13.7
14.2 ±4.5

350.9 ±108
1,268 + 387
2,677 ± 1,277
3,424 ± 1,052

14.4 ± 11.1

HPFS cohort
{n = 49,999)

1,967 ±620
70.7 ± 28.0
24.8 ±10.7
13.6 ±5.9
26.2 ±11.1

322.9 ±175
234.6 ± 88
87.4 ± 29.6
22.6 ±10.9

15,312 + 13,147
12,388 ± 11,143
4,265 ± 4,507
2,349 ± 2,069

10,254 ±11,066
4.55 ± 9.3
1.43 ± 0.64
4.94 ± 9.0
1.93 ± 0.81
8.27 ± 23.2
2.19 ±0.83
13.2 ±19.0
9.79 ± 9.6

450.8 ± 281
333.8 ±157
401.7 ± 448
160.5 ±95.0
86.4 ±184.3
9.5 ± 6.3

923.8 ± 485
831.2 ±408
19.1 ±13.5
15.0 ±7.1

367.9 ±133
1,348 ± 478
2,893 ± 1,372
3,423 ± 1,170
20.5 ±21.5

without supplements (13 percent lower)
(data not shown).

Although not significantly different, mean
daily intake of most vitamins was higher for
the whole cohort (n = 49,999 valid question-
naires after exclusions) compared with re-
sponses from questionnaires 1 or 2 from
people in the validation study. Because daily
intakes of vitamins without supplements
were almost identical, differences were ex-
plained entirely by less supplement use
among validation study participants. This is
consistent with the 20 percent lower rate of

current vitamin use in cohort members from
Massachusetts compared with cohort mem-
bers from the rest of the United States.

We computed intraclass correlations for
unadjusted and energy-adjusted daily nu-
trient intakes between the average intake
measured by each of the one-week diet rec-
ords and between intakes assessed by the
two food frequency questionnaires (table 2).
The comparisons between unadjusted nu-
trient intake from each one-week diet record
indicate a high degree of reproducibility,
ranging from r = 0.50 with vitamin E with-
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Validation of a Food Frequency Questionnaire 1119

TABLE 2. Intraclass correlations (r) and coefficients of variation* for two one-week diet records and two
semiquantitative food frequency questionnaires (FFQ) completed by 127 male health professionals ages 40
to 75 yearst

Calories
Total fat
Saturated fat
Polyunsaturated fat
Monounsaturated fat
Cholesterol
Carbohydrates
Protein
Dietary fiber
Total vitamin A

Without supplements
Retinol

Without supplements
Carotene
Vitamin B1

Without supplements
Vitamin B2

Without supplements
Vitamin B6

Without supplements
Vitamin B12

Without supplements
Folate

Without supplements
Vitamin C

Without supplements
Vitamin E

Without supplements
Calcium

Without supplements
Iron

Without supplements
Magnesium
Phosphorous
Sodium
Potassium
Zinc

r

0.77
0.75
0.79
0.58
0.76
0.66
0.79
0.64
0.77
0.59
0.56
0.69
0.49
0.56
0.89
0.74
0.90
0.74
0.87
0.71
0.67
0.43
0.74
0.73
0.79
0.67
0.83
0.50
0.68
0.67
0.74
0.70
0.75
0.72
0.62
0.75
0.74

I

Unadjustec

CV6%

2.6
6.8

11.4
10.0
9.5
6.0
4.7
3.8

12.6
7.2
8.8

11.2
7.5

10.0
92.9
49.2
79.5
40.0
70.8
40.3
30.8
18.3
7.0
5.9

15.3
15.8
29.8
12.0
4.5
4.3

10.5
8.6
4.4
2.9
3.6
2.8

13.7

Record 1 vs

J

CV.,%

1.4
3.9
6.0
8.4
5.6
4.3
2.4
2.8
6.9
6.0
7.8
7.4
7.6
8.7

33.0
29.2
26.6
23.6
27.4
26.0
21.7
21.0
4.2
3.5
7.8

11.0
13.3
12.0
3.0
3.1
6.2
5.6
2.6
1.8
2.8
1.7
8.0

Record 2

Energy adjusted

r

0.72
0.80
0.44
0.71
0.63
0.81
0.61
0.78
0.58
0.46
0.69
0.44
0.56
0.88
0.65
0.89
0.69
0.86
0.66
0.67
0.41
0.73
0.67
0.79
0.63
0.83
0.44
0.62
0.58
0.75
0.65
0.75
0.70
0.50
0.65
0.77

CV6%

4.5
8.8
6.6
6.7
5.2
2.9
3.0
8.6
7.1
5.5

10.9
6.6
9.8

92.3
36.6
78.1
30.1
70.3
34.4
30.6
17.4
6.8
4.9

15.2
7.8

29.5
9.7
3.3
3.2
9.8
6.4
3.7
2.0
2.5
1.9

13.7

CV»%

2.7
4.4
7.5
4.2
4.0
1.4
2.3
4.6
6.0
6.0
7.3
7.5
8.7

34.3
26.9
27.4
19.8
28.2
24.8
21.8
20.9

4.1
3.4
7.8
5.9

13.6
10.9
2.6
2.6
5.6
4.8
2.1
1.3
2.5
1.4
7.4

FFQ 1 vs.

Unadjusted
r

0.65
0.66
0.69
0.59
0.65
0.67
0.63
0.64
0.60
0.62
0.63
0.57
0.56
0.66
0.70
0.61
0.68
0.68
0.71
0.67
0.65
0.66
0.57
0.65
0.80
0.69
0.72
0.47
0.64
0.70
0.58
0.54
0.69
0.67
0.72
0.65
0.65

FFQ 2

Energy

dUJUblcU
r

0.52
0.66
0.38
0.56
0.60
0.62
0.47
0.62
0.60
0.60
0.56
0.55
0.65
0.71
0.46
0.69
0.62
0.72
0.67
0.61
0.61
0.54
0.63
0.79
0.64
0.73
0.38
0.54
0.59
0.57
0.35
0.72
0.57
0.53
0.60
0.64

• The coefficient of variation (CV%) is the standard deviation/mean x 100. The standard deviation is calculated using ANOVA to
separate the between- and within-person variance components,

t All data are log. transformed.

out supplements to r = 0.90 for vitamin B2.
The intraclass correlations measuring the
reproducibility of the unadjusted nutrients
from the semiquantitative food frequency
questionnaire spaced one-year apart range
from 0.47 for vitamin E without supple-
ments to 0.80 for vitamin C with supple-
ments. Adjustment of the nutrient intake for
total energy intake before testing reproduci-

bility did not appreciably alter the correla-
tions.

Table 2 also contains the coefficients of
variation for both the between- and within-
person variation using the average daily in-
take from each one-week diet record. The
ratio of the within- to between-person vari-
ation illustrates the degree to which total
variation in measured dietary intake from
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diet records is accounted for by within-
subject (week-to-week) variation compared
with between-subject variation. For exam-
ple, using one week as the unit of measure-
ment, within-person variation is only 33
percent of between-person variation for un-
adjusted total fat intake (using the square of
the coefficients of variation from table 2).
For other nutrients, such as polyunsaturated
fat and vitamin B12 without supplements,
within-person variation accounts for a much
larger proportion of total variation. These
fluctuations, which can be due to day-to-day
or seasonal factors, cause measurement error
in the diet record, the standard for compar-
ison in this study. The effects of this error,
which may attenuate correlations between
the semiquantitative food frequency ques-
tionnaire and the diet records, can be re-
duced by increasing the number of dietary
record measurements or by statistically re-
ducing the bias in correlation coefficients
due to within-person variability (see below).

To assess the validity of the questionnaire,
we compared unadjusted and energy-
adjusted nutrient intakes estimated from
each administration of the questionnaires
with the 14-day average from diet records
(table 3). Correlations between question-
naire 1 and the 14-day average from the diet
records were slightly lower than correlations
comparing questionnaire 2 with the diet rec-
ords. Questionnaire 2 provided reasonably
good correlations for energy-adjusted satu-
rated fat (0.71) and cholesterol (0.67), and
moderate correlations for energy-adjusted
total vitamin A with supplements (0.41) and
protein (0.38). For vitamins Bl, B6, and E
(with supplements), Spearman correlations
were about 20 percent lower than Pearson
correlations (data not shown). However,
Spearman and Pearson correlations were
similar for all other nutrients. Partial corre-
lations between nutrients calculated from
the food frequency questionnaire and from
diet records, controlling for age and body
mass index, were almost identical to corre-
lations presented in table 3. For both ques-
tionnaires, correlations for nutrients from
individual weeks (records 1 and 2) were
similar, indicating little effect of the prox-

imity in time to diet recording (data not
shown). The columns labeled "de-
attenuated" in table 3 list the correlations
between nutrient intake from questionnaires
and the average daily nutrient intake from
the diet records after correcting for the ef-
fects of within-person variation (20). The
de-attenuated correlation coefficients be-
tween questionnaire 2 and diet records range
from 0.37 for polyunsaturated fat to 0.92 for
vitamin C with supplements (mean = 0.65).
The last column of table 3 contains regres-
sion coefficients (b) derived from models
when the questionnaire is used to predict
intake estimated by diet records. These coef-
ficients can be used to correct measures of
bivariate association when the food fre-
quency questionnaire is used in etiologic
studies (21, 22). The corresponding standard
errors and intercept terms are also available
from NAPS, as noted above.

Comparisons of extreme quintiles are
often used to examine risk of disease. Table
4 summarizes the joint classifications for
nutrient intake using quintiles from the
questionnaire by nutrient intake using quin-
tiles from 14 days of diet records. For both
questionnaire and diet records, separate
quintile cutpoints were established from
their respective distributions of nutrient in-
take. Using energy-adjusted saturated fat as
an example, 88 percent of subjects in the
lowest quintile of intake from the diet rec-
ords were in the bottom two quintiles of
saturated fat as calculated from the question-
naire. We observed no gross misclassifica-
tion of subjects from the first quintile of
saturated fat intake measured by diet records
to the fifth quintile of intake measured by
the questionnaire. In those subjects whose
intake was in the highest quintile, only one
person (4 percent) was grossly misclassified
by the questionnaire into the lowest quintile
of intake. Thus, only minimal misclassifi-
cation exists between extreme quintiles of
intake. On average, for each nutrient, only
4 percent (1 person) were grossly misclassi-
fied into extreme quintiles.

Data from the diet records can also be
used to estimate the absolute levels of intake
defined by quintiles of the food frequency
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TABLE 3. Pearson correlation (r) and regression coefficients (b) between semiquantitative food frequency
questionnaires and the average of two one-week diet records* calculated for unadjusted and energy-
adjusted nutrientst

Nutrient

Calories
Total fat
Saturated fat
Polyunsaturated fat
Monounsaturated fat
Cholesterol
Carbohydrates
Protein
Dietary fiber
Total vitamin A

Without supplements
Retinol

Without supplements
Carotene
Vitamin B1

Without supplements
Vitamin B2

Without supplements
Vitamin B6

Without supplements
Vitamin B12

Without supplements
Folate

Without supplements
Vitamin C

Without supplements
Vitamin E

Without supplements
Calcium

Without supplements
Iron

Without supplements
Magnesium
Phosphorous
Sodium
Potassium
Zinc

Unadjusted
r

0.27
0.42
0.52
0.29
0.46
0.57
0.40
0.22
0.45
0.45
0.49
0.52
0.46
0.50
0.66
0.34
0.67
0.45
0.77
0.52
0.37
0.29
0.45
0.47
0.72
0.50
0.74
0.34
0.38
0.44
0.32
0.28
0.49
0.45
0.40
0.41
0.50

Questionnaire 1

Adjusted
r

0.48
0.59
0.30
0.56
0.59
0.62
0.28
0.59
0.52
0.56
0.53
0.47
0.55
0.67
0.47
0.68
0.60
0.78
0.61
0.37
0.27
0.48
0.56
0.74
0.57
0.74
0.40
0.42
0.45
0.38
0.41
0.62
0.57
0.39
0.56
0.59

De-attenuated:* Unadjusted
r

0.29
0.53
0.63
0.38
0.61
0.67
0.65
0.32
0.63
0.61
0.71
0.59
0.60
0.65
0.69
0.53
0.70
0.66
0.81
0.68
0.41
0.35
0.52
0.62
0.79
0.65
0.78
0.49
0.48
0.51
0.41
0.46
0.67
0.63
0.48
0.63
0.63

r

0.40
0.52
0.63
0.33
0.53
0.62
0.48
0.25
0.49
0.35
0.41
0.67
0.44
0.48
0.81
0.35
0.83
0.46
0.80
0.52
0.49
0.40
0.61
0.50
0.84
0.64
0.86
0.28
0.51
0.52
0.42
0.28
0.50
0.43
0.44
0.49
0.56

Questionnaire 2

Adjusted
r

0.61
0.71
0.29
0.62
0.67
0.69
0.38
0.64
0.41
0.48
0.68
0.43
0.54
0.83
0.53
0.85
0.48
0.82
0.65
0.50
0.40
0.71
0.63
0.86
0.68
0.87
0.31
0.53
0.53
0.50
0.28
0.66
0.57
0.49
0.65
0.66

Regression
De-attenuated* coeffaent§

r

0.43
0.67
0.75
0.37
0.68
0.76
0.73
0.44
0.68
0.48
0.61
0.75
0.55
0.64
0.86
0.60
0.88
0.53
0.85
0.73
0.56
0.52
0.77
0.70
0.92
0.77
0.92
0.42
0.61
0.60
0.54
0.32
0.71
0.63
0.60
0.73
0.71

u

0.28
0.60
0.77
0.27
0.61
0.63
0.63
0.21
0.86
0.61
0.46
0.62
0.34
0.62
0.97
0.68
1.03
0.46
1.02
0.85
0.63
0.32
0.78
0.84
0.94
0.66
0.73
0.44
0.42
0.46
0.37
0.30
0.73
0.55
0.42
0.62
0.60

* All data are log, transformed.
t The energy-adjusted correlations between dietary methods use the residuals from regressing each nutrient on the total calories

as measured by the semiquantitative food frequency questionnaire or diet records.
tThe de-attenuated correlation coefficient is calculated using the ratio of the within- to between-person variance (table 2)

measured from the weekly averages for the 2 weeks of diet records. The formula for this corrected correlation is calculated as:
p0 = poVi + [(ai/aD/n], where po is the observed correlation between the energy-adjusted nutrients (except for energy itself) from
the food frequency questionnaire and diet records, d is the within-person variation, and of, is the between-person variation and n
is the number of replicate measurements. For our calculations, n = 2 represent each week of diet records.

§ The regression coefficient (b) is calculated from regressing the average of energy-adjusted nutrient intake from two one-week
diet records on the energy-adjusted nutrient calculated from the second food frequency questionnaire.

questionnaire. In table 5, each nutrient has
three columns representing the dietary
method used to define the quintiles. Column
1 represents the "true" intake measured by
the two one-week diet records, column 2

represents the intake measured directly by
the semiquantitative food frequency ques-
tionnaire, and column 3 is the "true" intake
(from the diet records) using quintiles de-
fined by the food frequency questionnaire.
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TABLE 4. Comparison of nutrient intakes from the second semiquantitative food frequency questionnaire
with the mean of two one-week diet records based on cross-classification of quintiies, calculated from
energy-adjusted nutrient intake

Calories
Total fat
Saturated fat
Polyunsaturated fat
Monounsaturated fat
Cholesterol
Carbohydrates
Protein
Dietary fiber
Total vitamin A

Without supplements
Retinol

Without supplements
Carotene
Vitamin B1

Without supplements
Vitamin B2

Without supplements
Vitamin B6

Without supplements
Vitamin B12

Without supplements
Folate

Without supplements
Vitamin C

Without supplements
Vitamin E

Without supplements
Calcium

Without supplements
Iron

Without supplements
Magnesium
Phosphorous
Sodium
Potassium
Zinc

Lowest quintile* on diet record

Lowest
quintilet on

questionnaire

28
60
60
32
56
56
64
44
36
32
40
64
48
40
52
52
56
48
52
56
40
52
56
48
48
56
60
44
48
36
44
32
48
52
36
52
32

Lowest 2
quintilest on
questionnaire

56
80
88
64
80
88
76
64
68
56
60
84
68
60
64
72
80
76
76
84
60
68
88
76
80
80
80
68
72
68
60
48
72
80
60
68
52

Highest
quintilet on

questionnaire

0
4
0
8
4
4
0
4
0

12
4
4
8
4
0
0
0
0
0
0
8

12
0
0
0
0
4
8
4
4
0
8
4
0
8
0
0

Highest quintile* on diet record

Highest
quintilet on

questionnaire

36
40
52
28
48
64
52
32
56
56
40
60
44
44
80
44
76
44
76
48
52
40
52
40
62
52
40
32
44
48
48
36
44
56
52
52
52

Highest 2
quintilest on
questionnaire

60
68
76
52
68
84
76
60
80
80
68
84
64
76
88
60
84
72
88
88
92
72
76
76
80
76
68
40
68
76
62
56
68
68
80
60
68

Lowest
quintilet on

questionnaire

12
8
4

12
0
4
0

12
8
4

12
0
8

12
1
0
0
0
4
0
0
0
0
0
4
0
8

16
0
8
8
0
4
8
4
0

12

* Quintiies defined using the nutrient distribution from the 14 days of diet records.
t Quintiies defined using the nutrient distribution from the second food frequency questionnaire.

Thus, column 3 represents the measurable
variation in nutrient intake after accounting
for the error from the questionnaire. As an
example, total fat intake measured by the
two one-week diet records ranged from a
median of 51 g in the lowest quintile to a
median of 112 g of fat in the highest quintile.
When we used the semiquantitative food
frequency questionnaire to measure total fat

intake in the same population, the range was
from a median of 40 g in the lowest quintile
to 97 g in the highest quintile. However,
column 3 illustrates that, because of regres-
sion toward the mean due to measurement
error in the questionnaire, the actual fat
intake in categories defined by the question-
naire ranges from an average of 65 g in the
lowest quintile to 94 g in the highest quintile.
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TABLE 5. Median unadjusted and energy-adjusted nutrient intake for quintiles derived from two one-week
diet records, the second semiquantitative food frequency questionnaire, and diet records using quintiles
derived from the second semiquantitative food frequency questionnaire (data from 127 men aged 40-75
years)

Unadjusted
1
5

Energy adjusted
1
5

Unadjusted
1
5

Energy adjusted
1
5

Diet
record

51
112

57
94

Question-
naire

Diet record
using

questionnaire
quintiles

Total fat (g)

40
97

51
83

65
94

64
87

Polyunsaturated fat (g)

11
23

11
20

8
19

10
18

13
18

14
18

Diet
record

Question-
naire

Diet record
using

questionnaire
quintiles

% of calories from fat

24.2
40.0

203
505

202
482

23.2
37.5

27.9
37.4

Cholesterol (mg)

156
471

179
413

264
426

243
440

Diet
record

16
40

17
34

Question-
naire

Diet record
using

questionnaire
quintiles

Saturated fat (g)

14

33

17
30

20
35

18
33

Vitamin C with supple-
ments (mg)

72
709

75
720

96
902

104
913

89
644

96
709

The variation between persons was much
greater for intakes of cholesterol and vitamin
C with supplements. The ranges of energy-
adjusted nutrients listed in table 5 are
slightly attenuated because variation due
solely to calories has been removed.

In this study, we excluded improperly
completed forms defined primarily by ex-
treme values of total energy intake rather
than on the number of blank food items.
Informal examination of questionnaires
from the total cohort suggested that forms
with a high number of blanks appeared plau-
sible and carefully completed. However, to
determine whether the number of blanks
was associated with the degree of measure-
ment error, we calculated the correlations
between the number of blank responses on
the second food frequency questionnaire
with the error, defined as the absolute value
of nutrient intake measured by diet records
minus nutrient intake measured by the food
frequency questionnaire. The number of
blanks was not significantly correlated with
the error for any of the nutrients, and we
found no appreciable differences between
correlation coefficients from analyses with
and without 26 men who had more than

two food items blank on their questionnaire.
Finally, the errors, as defined above, were
not correlated with age, body mass index, or
alcohol consumption (r < 0.08 for the av-
erage error over all macronutrients (satura-
ted, monounsaturated, and polyunsaturated
fat, protein, and carbohydrate), vitamins
without supplements, minerals, and choles-
terol and fiber).

DISCUSSION

We compared individual nutrient intakes
estimated by a 131-item food frequency
questionnaire with intake calculated from
two one-week diet records collected approx-
imately 6 months apart in a population of
male health professionals. Correlations, after
correcting for within-person variation as-
sessed by dietary records, averaged 0.60 for
macronutrients. As we observed previously,
correlations between the two methods (2)
were somewhat higher for the energy-
adjusted nutrients (mean correlation = 0.54
for macronutrients) than for raw nutrients
(mean correlation = 0.44 for the same nu-
trients). This results because the reduction
of correlated measurement error for total
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calories and the macronutrients exceeds the
reduction in between-person variation for
nutrient intake caused by controlling for
total energy intake (I).

Results from this study could be biased if
men who agreed to participate in the vali-
dation study completed the first food fre-
quency questionnaire differentially from
subjects who were contacted, but refused to
participate. However, for questionnaire I
(completed by all men), the median number
of blanks were quite low and almost identi-
cal between the validation study participants
(median = 1) and nonparticipants (median
= 2). In addition, the percent of calories
from fat did not significantly differ between
the participants (30.5 percent) and the non-
participants (31.3 percent) in the validation
study. Therefore, reasons for nonparticipa-
tion do not appear to be associated with
major differences in diet or with the ability
to complete a questionnaire.

Other validation studies of food frequency
questionnaires (2, 4, 23-29) that have used
diet records or 24-hour recalls for a compar-
ison method have been reviewed elsewhere
(1), with the exception of a few recent pub-
lications (30, 31). Differences in study pop-
ulations and in the magnitude of the be-
tween-person variation in diets among these
populations preclude formal comparisons of
questionnaire validity across studies. Never-
theless, the correlations we observed in this
study were, in general, as high or higher than
those reported earlier, including those using
questionnaires that were much longer (25),
that were administered by interviewers (30),
or that included pictures of foods to help
estimate portion sizes (24). In particular, the
average correlation coefficient for energy-
adjusted nutrient intakes was 0.55 in our
previous comparison of a 61-item self-ad-
ministered food frequency questionnaire
with 4 weeks of diet records among 173
women (2); for the same nutrients in this
study, the mean de-attenuated correlation
coefficient was 0.67. Although we did not
directly compare interviewer administration
with our self-administered, mailed format,
the relatively high correlations seen in this
study do not support the suggestion by So-

bell et al. (15) that mailed dietary question-
naires may provide a low degree of validity.

In assessing the validity of a dietary mea-
surement technique, an absolute standard
does not exist, therefore it is desirable to
compare two methods with uncorrelated er-
rors to reduce the possibility of artificially
inflating correlation coefficients (1). The
food frequency questionnaire relies primar-
ily on a person's ability to recall usual fre-
quency of intake over the past year, whereas
the diet record depends on a person's ability
(and willingness) to weigh and record cur-
rent diet rather than relying on memory.
Completing two one-week diet records could
have influenced responses to the second food
frequency questionnaire, however, it is un-
likely that the baseline food frequency ques-
tionnaire, which requires approximately 20-
30 minutes to complete, would have influ-
enced actual dietary consumption months
later. Correlations comparing nutrients from
the diet records with nutrients from the sec-
ond questionnaire were only slightly higher
than correlations for nutrients from the first
questionnaire. This small difference may re-
flect some learning bias, but, alternatively,
some difference would be expected because
the second questionnaire represents the time
period during which the diet records were
collected.

The lower correlation between the food
frequency questionnaire and diet records for
polyunsaturated fat appears to be due
equally to error in our standard (diet rec-
ords) as to error with the food frequency
questionnaire. Hunter et al. (32) compared,
in our same population, polyunsaturated
fatty acid intake calculated from two one-
week dietary records and from the food fre-
quency questionnaire with polyunsaturated
fatty acid concentrations from subcutaneous
fat aspirates. Correlations comparing the
two dietary methods to actual polyunsatu-
rated fat stores were very similar, thus indi-
cating that both methods have similar de-
grees of error for this nutrient.

In addition to assessing the validity of the
food frequency questionnaire, the results
from a validation study can also be used to
"calibrate" a questionnaire used in a larger
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cohort study to correct observed diet-disease
associations for measurement error. Using
the slope from regressing average nutrient
intake from diet records on nutrients from
a food frequency questionnaire, Rosner et
al. (22) have described a linear approxima-
tion method to correct observed relative risk
estimates. For example, if the observed rel-
ative risk in a cohort study of saturated fat
and disease was 1.7, the corrected relative
risk estimate would be 2.0, using, from the
validation study, the regression coefficient
of 0.77 for saturated fat (table 3) to compen-
sate for the error from the food frequency
questionnaire. A formula for a corrected
confidence interval has also been reported
(22).

The findings of this validation study can
probably be directly generalized to well-
educated adult US men. However, because
the form is quite simple and earlier versions
have performed reasonably in a variety of
populations (I), it is likely that the validity
would not differ greatly in other general US
populations. Ideally, the expanded food fre-
quency questionnaire should be validated
for use in populations which differ substan-
tially from the men presented in this study.

In summary, the 131-item semiquantita-
tive food frequency questionnaire used in
this population of male health professionals
provided reasonably reproducible measure-
ments for individuals over a one-year period
and mean values for most nutrients were
close to those obtained by dietary records.
Although we did not directly compare this
questionnaire with earlier, shorter versions,
we observed a trend toward higher correla-
tions with intakes measured by diet records
than we found in previous validation stud-
ies. The degree of variation in nutrient in-
take and validity of the questionnaire indi-
cate that important associations between
diet and disease can be reasonably quantified
in the larger cohort of men.
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