.eat’ AmericanDietetic
right. Association

Current Research

RESEARCH

Validity and Calibration of Food Frequency
Questionnaires Used with African-American
Adults in the Jackson Heart Study

TERESA C. CARITHERS, PhD, RD, LD; SAMEERA A. TALEGAWKAR, PhD; MARJUYUA L. ROWSER, MS, RD; OLIVIA R. HENRY, MS, RD;
PATRICIA M. DUBBERT, PhD; MARGARET L. BOGLE, PhD, RD; HERMAN A. TAYLOR, Jr, MD, MPH; KATHERINE L. TUCKER, PhD

ABSTRACT

Objective To examine the relative validity of two food fre-
quency questionnaires (FFQs) developed for use in inves-
tigating diet and disease relationships within the adult
African-American population in the southern United
States.

Design Cross-sectional analyses of dietary nutrient intake
data, comparing four 24-hour dietary recalls with an FFQ
developed by the Lower Mississippi Delta Nutrition In-
tervention Research Initiative, and its shorter version
adapted for use in the Jackson Heart Study.

Subjects A representative subset of participants (n=499,
aged 35 to 81 years) from the baseline Jackson Heart
Study cohort (N=5,302) was selected for this study. Data
collection took place between winter 2000 and spring
2004.

Statistical analyses Pearson’s correlation coefficients (en-
ergy adjusted and de-attenuated) for 26 nutrients esti-
mates from each of the FFQs, comparing them with the

T. C. Carithers is chair and associate professor, Depart-
ment of Family and Consumer Sciences, The University
of Mississippi, University. S. A. Talegawkar is a post-
doctoral associate, and K. L. Tucker is a senior scientist,
Dietary Assessment and Epidemiology Research Depart-
ment, Jean Mayer USDA Human Nutrition Research
Center on Aging at Tufts University, Boston, MA. M. L.
Rowser is assistant professor, Department of Human
Sciences, College of Agriculture and Applied Sciences,
Alcorn State University, Alcorn, MS. O. R. Henry is a
clinical research coordinator, Division of Digestive Dis-
eases, and H. A. Taylor, Jr, is a professor of medicine,
University of Mississippi Medical Center, Jackson. P. M.
Dubbert is professor of Psychiatry and Medicine, Uni-
versity of Mississippi School of Medicine, Jackson. M. L.
Bogle is executive director, Delta NIRI, USDA Agricul-
tural Research Service, Little Rock, AR.

Address correspondence to: Katherine L. Tucker, PhD,
Dietary Assessment and Epidemiology Research Depart-
ment, Jean Mayer USDA Human Nutrition Research
Center on Aging at Tufts University, 711 Washington
St, Boston, MA 02111. E-mail: Katherine.tucker@tufts.edu

Manuscript accepted: December 19, 2008.

Copyright © 2009 by the American Dietetic
Association.

0002-8223/09/ 10907-0006$36.00/0

doi: 10.1016/j.jada.2009.04.005

1184  Journal of the AMERICAN DIETETIC ASSOCIATION

mean of four 24-hour dietary recalls. The ability of the
FFQs to rank individuals based on nutrient intakes was
compared to that of the mean of four 24-hour dietary
recalls and attenuation coefficients were also calculated.
Results Median nutrient intake estimates tended to be
higher on the long and lower on the short FFQ compared
to the median for the mean of four 24-hour dietary recalls.
Energy adjusted and deattenuated correlations of FFQ
intake estimates with recalls ranged from 0.20 for sodium
to 0.70 for carbohydrate for the short FFQ and from 0.23
for polyunsaturated fat to 0.75 for dietary fiber and mag-
nesium for the long. Attenuation coefficients for men on
average were 0.42 for the short and 0.49 for the long FFQ.
For women, these were 0.31 for the short and 0.42 for the
long FFQ.

Conclusions Both FFQs appear to be reasonably valid for
assessment of dietary intake of adult African Americans
in the South. The Lower Mississippi Delta Nutrition In-
tervention Research Initiative FFQ exhibited higher in-
take estimates and stronger correlations with recalls
than the Jackson Heart Study FFQ for most nutrients
analyzed, more so for women than men.

J Am Diet Assoc. 2009;109:1184-1193.

cohort study located in Jackson, MS, with a mission

to investigate risk factors associated with coronary
vascular disease in African-American populations. Inves-
tigation of diet as a chronic disease risk factor requires
culturally sensitive and valid measurement instruments
(1-6). Because an appropriate diet assessment tool could
not be found at the initiation of the study, a new food
frequency questionnaire (FFQ) (7) that was previously
created for use in assessing the diet of the US population
living in the South was used as a dietary assessment tool
in the Jackson Heart Study (8). The Diet and Physical
Activity Sub-Study (DPASS), a substudy within the Jack-
son Heart Study, was conducted to examine the validity
of the dietary assessment instruments used in the Jack-
son Heart Study.

FFQs allow for assessment of the usual patterns of food
intake over an extended period of time (9). They can also
capture past dietary intake patterns and are considerably
less expensive in both time and cost in comparison to
other measurement tools, which is an important consid-
eration in studies involving large cohorts (10,11). FFQs
rely on recall from generic memory, which may be more
easily recalled than episodic memory and are widely used

The Jackson Heart Study is a single site, longitudinal
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dietary assessment tools and are vital to nutrition re-
search, but because of the importance of cultural sensi-
tivity, all require some adjustments and validation when
used for a select cultural group (12). Measurement errors
can adversely affect results arising from studies examin-
ing diet and disease associations (13). Thus, validation
and calibration are both considered critical to the success
of FFQs in accurately measuring dietary intake in sub-
groups of the population (9,14).

The objectives of validation and calibration studies are
to compare a new instrument against an accepted mea-
sure, and to quantify the measurement error (15). Vali-
dation of a FFQ refers to the degree to which the ques-
tionnaire measures the aspect of diet it was designed to
measure (16). Calibration refers to the process whereby
adjustments are made to measurements obtained using
the FFQ, based on comparison with a more superior
method, so as to obtain relatively unbiased estimates
(16,17). Factors affecting validity include respondent
characteristics, questionnaire design and quantification,
quality control, and the adequacy of the reference data.
Because no gold standard is usually available, FFQs are
most often compared with multiple 24-hour dietary re-
calls or diet records as the reference.

In our study, nutrient intakes assessed by the Delta
Nutrition Intervention Research Initiative (NIRI) FFQ
for use with African-American adults in a southern US
population, as well as a shortened version of the ques-
tionnaire, were compared with four 24-hour dietary re-
calls. The overall goal of the study was to validate the two
regionally specific FFQs against four 24-hour recalls.

SUBJECTS AND METHODS
Study Population

The men and women in this cross-sectional analysis were
participants of the DPASS of the Jackson Heart Study.
The Jackson Heart Study is a single-site prospective
epidemiologic investigation of cardiovascular disease
among African Americans from the Jackson, MS, metro-
politan area. The Jackson Heart Study design initially
included participants from the Jackson cohort of the Ath-
erosclerosis Risk in Communities study (18), a random
component, a family component and later (to meet re-
cruitment goals) a structured volunteer sample. Overall,
3,395 women and 1,907 men, with a mean age of 55 years,
completed the baseline visit. Data collection for the Jack-
son Heart Study began in late 2000 and ended in early
2004. A more detailed description of the original study
has been published elsewhere (19,20).

Study Design

A subset of participants (n=499) from the Jackson Heart
Study cohort (N=5,302) was selected for DPASS. The aim
of DPASS was to provide data for validation of the diet
and physical activity instruments used for the entire
cohort of the Jackson Heart Study. DPASS investigators
identified potential participants for DPASS based on
specified criteria. The goal for recruitment for the DPASS
was to include an equal number of men and women from
younger (34 to 64 years) and older (65 years and older)
age groups, from lower and higher socioeconomic status,

and from lower and higher physical activity groups. Pre-
screening for these enrollment criteria was conducted
with data collected during the home induction visit. De-
tails on this process have been published previously (8).

Participants who agreed to be part of the DPASS un-
derwent extensive dietary assessment interviews. These
included administration of the Delta NIRI Jackson Heart
Study FFQ (a categorical subset of the Delta NIRI FFQ)
during the initial clinic visit, followed by four 24-hour
dietary recalls scheduled a month apart on average start-
ing from a month after the initial clinic visit. A week after
administration of the last recall, participants were ad-
ministered the original Delta NIRI FFQ. Although it was
recognized that a random assignment to Delta NIRI Jack-
son Heart Study vs Delta NIRI FFQs at the beginning
and end would be an optimal design, the flow of the
Jackson Heart Study research did not allow this. Rather,
all participants in the Jackson Heart Study completed
the Delta NIRI Jackson Heart Study FFQ as part of the
standard data collection and a subset were then enrolled
into DPASS. Protocols for both the Jackson Heart Study
and the DPASS were approved by the University of Mis-
sissippi Medical Center’s Institutional Review Board. All
participants gave written informed consent before enroll-
ment.

24-Hour Dietary Recalls

The four 24-hour dietary recalls were scheduled approx-
imately 1 month apart from each other, generally over a
6-month period. These were collected on a rolling basis,
similar to admission to the DPASS. A participant was
required to provide information on 2 weekdays and 2
weekend days.

All dietary recalls were administered, by registered
dietitians, who had been trained and certified to use the
University of Minnesota Nutrition Data System for Re-
search (version 4.04, 2001, Nutrition Coordinating Cen-
ter, University of Minnesota, Minneapolis) software used
to collect the dietary recall information. All recalls were
audiotaped allowing for immediate review of the entries.
Five percent of these recordings were randomly selected
for a second round of quality control checks by the prin-
cipal investigator of the DPASS (8).

FFQs

Two FFQs were used to capture the dietary intake of the
DPASS participants. The Delta NIRI Jackson Heart
Study FFQ (short FFQ) is a 158-item questionnaire ad-
ministered by trained Jackson Heart Study clinic staff to
all participants of the Jackson Heart Study on the day of
their clinic visit. The Delta NIRI FFQ (long FFQ) is a
283-item interviewer-administered questionnaire that
was completed 1 week after the last 24-hour dietary re-
call, from participants of the DPASS only.

The FFQs used in the Jackson Heart Study and DPASS
cohorts were developed specifically for use in a southern
population. Details regarding the development of the 283-
item Delta NIRI FFQ have been published (7). Briefly,
the FFQ was created using data from 24-hour dietary
recalls administered to African-American and white
adults in the lower Mississippi Delta region in the year
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2000. The methodology used for the development of this
questionnaire was similar to the one used to create the
modified 1989 National Cancer Institute-Block FFQ (21),
on which it was based. Foods that contributed at least
0.5% to nutrients examined were included in the FFQ
food list. Some of the regional foods that were included in
the food list for the FFQ included foods such as grits, ham
hocks, and crawfish. The FOODS 2000 data revealed that
there was tremendous variation in reported portion sizes.
Therefore, four options for portion sizes were included in
the FFQ. The medium size was based on the mode or the
median of the FOODS 2000 data; the small portion was
half the medium, the large portion was one and a half
times the medium, and the extra large was defined as
twice or more of the medium serving size. The short FFQ
was a categorical subset of the long FFQ, shortened to fit
the time requirements of the Jackson Heart Study proto-
col, which allowed only 20 minutes for dietary assess-
ment. This FFQ was designed to include all foods on the
longer FFQ, by collapsing similar foods to combine line
items and simplifying adjustment questions. University
of Minnesota Nutrition Data System for Research (ver-
sion 5.0-35, 2004, Nutrition Coordinating Center, Univer-
sity of Minnesota, Minneapolis) software was used to
create the FFQ and recall database.

Both the FFQs were interviewer administered. The
Jackson Heart Study clinical staff administered the short
FFQ, whereas DPASS registered dietitians administered
the long FFQ. Interviewers of the short FFQ were trained
to administer the questionnaire in 20 to 25 minutes.
Administration of the short FFQs was timed and if the
timing exceeded the allotted, retraining was conducted.
Quality control checks were performed on both the short
and the long FFQs. Similar to quality controls performed
on the 24-hour dietary recalls, 5% of all the FFQ admin-
istrations were audiotaped and reviewed by the DPASS
staff. Retraining of the clinical staff was conducted if
errors in accuracy of the interviews were identified by the
DPASS staff. Both of these FFQs are available upon
request from the corresponding author.

Assessment of Covariates

Information on age, smoking status, and education level
was collected by questionnaire at either the home induc-
tion visit or at the time of the participant’s clinic visit.
The variable on education level was based on a similar
question on the questionnaire administered at the home
induction visit. The variable on smoking status was cre-
ated using questions on cigarette smoking, specifically if
the participant had smoked at least 400 cigarettes in his
or her lifetime and if they smoked cigarettes currently.
Participant height and weight were measured using phy-
sician quality measurement scales in an exam gown with
no shoes by trained technicians at the clinic visit. Weight
and height scales were of the Health-o-meter brand
(model 402KLS, Jarden Consumer Solutions, Boca Raton,
FL). Detailed information regarding the procedures used
for the anthropometric procedures conducted at the clinic
visit have been published elsewhere (20). Body mass in-
dex was calculated as kg/m?.
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Table 1. Demographic characteristics of participants in the
Jackson Heart Study Diet and Physical Activity Sub-Study

Men Women
Characteristic (n=163) (n=273)
<—— mean=standard eror—
Age (y) (n=436) 60.1+0.76 61.4=0.58
Body mass index® (n=435) 29.4+0.51 31.9+0.39*
%
Smoking status (%)
(n=436)
Never 51.5 74.7
Former 35.6 18.7
Current 12.9 6.6*
Education (%) (n=433)
<12y 19.9 16.5
High school diploma or GED® 20.5 191
Vocational degree or college
with no degree 13.7 18.4
Associates/bachelor’s/
professional degree 46.0 46.0

aSex groups were compared by general linear models, adjusting for age.
SGED=General Education Development certificate.
*Different from men at P<<0.05.

Statistical Analyses

DPASS participants who did not have either of the FFQs
or less than four 24-hour dietary recalls (n=12) were
excluded. Participants who reported energy intake out-
side the plausible range (=600 or =4,000 kcal/day) on any
of the FFQs or on the mean of the four 24-hour dietary
recalls (n=46), were excluded. Participants who had five
or more questions on food items missing on the FFQs
(n=>5) were excluded from analyses resulting in a sample
of 436 individuals.

Descriptive analyses were used to assess the demo-
graphics of the study population. Median intakes of 26
nutrients were calculated. All nutrients were log trans-
formed before analyses. Nutrients (except energy) from
each of the dietary assessment instruments that were
studied were adjusted for energy intake from the same
instrument using residual analyses. Reasons for energy
adjustment have been described previously (22). Pearson
correlations were computed to assess the associations
between nutrient intakes as assessed by each of the FFQs
and the mean of the 24-hour dietary recalls. Correlations
between nutrients across instruments are a well accepted
method for establishing the relative validity of FFQs.
Day-to-day within person variation in the reference
method (mean of the four 24-hour dietary recalls) can
attenuate the correlations between nutrient intakes de-
rived from the FFQs and the mean of the dietary recalls.
The intra- to interperson variance for the nutrient in-
takes as estimated by the four 24-hour dietary recalls
were also calculated and reviewed. The formula ex-
pressed below was used to calculate the de-attenua-
ted correlation coefficients: r,=r_\/(1+intra,/inter /n,),
where r, is the observed correlation coefficient between
the nutrient intake as determined from the mean of the
four 24-hour dietary recalls and the FFQs; intra, is the



in the study

Table 2. Median (25th, 75th percentiles) daily dietary nutrient intakes of the participants in the Jackson Heart Study Diet and Physical Activity
Sub-Study as measured by the dietary assessment instruments (24-hour dietary recalls [Recalls] and food frequency questionnaires [FFQs]) used

Nutrient

Men

Women

Recalls

Short FFQ

Long FFQ

Recalls

Short FFQ

Long FFQ

Energy (kcal)

Vitamin D (ug calciferol)

1,985 (1,645, 2,407)

4. 12 (2.59, 5.86)

1,973 (1,487, 2,584)

4.73(3.43,7.13)

2,018 (1,488, 2,670)

4.92%(3.36, 7.18)

median (25th, 75th percentiles)
1,568 (1,267, 1,941)

282(1 98, 4.33)

1,647 (1,272, 2,149)

3.48%(2.33,4.94)

1,688 (1,336, 2,091)

Protein (g) 80.1 (63.7, 98.8) 72.5 (53.8, 94.9) 74.2(59.2, 95.3) 59.4 (48.0, 73.3) 55.6 (42.5, 76.6) 61.2(47.3,77.8)
Carbohydrate (g) 237 (188, 287) 249 (186, 313) 261 (198, 322) 204 (163, 253) 218 (169, 288) 221 (171, 276)

Fat (g) 78.5 (57.7,97.4) 73.4 (54.5,110.8) 76.8 (58.1, 106.4) 59.4 (48.0, 73.3) 59.7 (43.8, 82.7) 64.5 (48.3, 82.7)
Saturated fat (g) 23.3 (16.6, 30.0) 22.5(15.3, 33.2) 24.9 (16.5, 32.1) 18.0 (14.1,23.7) 18.5 (13.0, 26.4) 19.3 (14.3, 25.8)
Monounsaturated fat (g) 31.6 (23.8, 39.5) 28.5(19.9, 40.8) 29.6 (22.4, 40.7) 24.1 (18.0, 31.9) 22.1 (16.1, 31.0) 25.0 (18.3, 32.6)
Polyunsaturated fat (g) 15.2 (1.7, 20.1) 16.4 (12.2, 23.9) 17.1 (12.4, 23.6) 12.0 (8.9, 16.8) 14.0% (10.0, 19.9) 14,42 (10.8, 19.1)
Cholesterol (mg) 334 (233, 438) 334 (208, 461) 335 (233, 502) 218 (161, 312) 233 (157, 353) 233 (168, 337)

Dietary fiber (g) 15.9 (1.0, 20.6) 15.6 (12.0, 20.2) 16.9 (12.6, 22.3) 14.0 (10.4, 18.3) 13.5 (10.6, 16.6) 15.0 (12,0, 19.7)
Vitamin A (ug RE?) 884 (591, 1,586) 1,0772 (773, 1,279) 999 (796, 1,341) 827 (556, 1,231) 863 (654, 1,145) 908 (677, 1,198)
Vitamin E (mg a-tocopherol)  6.29 (4.60, 8.28) 6.59 (4.74, 8.85) 6.52 (4.90, 9.35) 5.37 (4.06, 7.13) 5.61 (4.21, 7.99) 5.83 (4.52, 7.93)

3.67%(2.58, 5.15)

(
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Vitamin C (mg) 80 (51, 131) 98° (63, 147) 84 (56, 124)
Folate (1.0) 385 (209, 510) 296° (229, 377) 334 (247, 421) 326 (255, 414) 2522 (193, 310) 285 (226, 359)
Thiamin (mg) 1.69 (1.30, 2.11) 1.70 (1.27, 2.04) 1.79 (1.33, 2.26) 1.33 (1.06, 1.69) 1.34 (0.98, 1.73) 1.43(1.13, 1.86)
Riboflavin (mg) 1.75(1.36, 2.19) 1.79 (1.35, 2.35) 1.90 (1.46, 2.43) 1.42 (1.1, 1.78) 1.38 (1.05, 1.87) 1.47 (1.15,1.90)
Niacin (mg) 22.4(17.3, 27.6) 19.6 (14.9, 25.9) 21.3(16.2, 28.8) 16.6 (13.2, 21.3) 15.2 (1.8, 20.8) 17.7 (13.6, 22.8)
Vitamin B-6 (mg) 1.81 (1.30, 2.31) 1.79 (1.30, 2.18) 1.94 (1.45, 2.53) 1.48 (1.09, 1.80) 1.42 (110, 1.82) 1.65 (1.26, 2.13)
Vitamin B-12 (ug) 4.06 (2.55, 5.65) 5.312 (3.67, 7.93) 5.272 (3.84, 7.30) 2.65 (2.00, 3.96) 3.922 (2.85, 5.95) 4212 (2.82, 5.74)
Calcium (mg) 605 (452, 772) 7352 (540, 954) 7022 (550, 961) 538 (408, 707) 591 (466, 799) 659° (480, 860)
Iron (mg) 145 (1.0, 17.4) 14.9 (1.2, 19.5) 16.0 (1.9, 20.0) 11.2(8.7, 13.8) 12.0 (8.9, 15.4) 12.9%(10.4, 16.7)
Magnesium (mg) 263 (203, 331) 285 (216, 357) 291 (232, 375) 223 (175, 272) 245 (195, 310) 254 (209, 322)
Phosphorus (mg) 1,140 (926, 1,480) 1,196 (895, 1,585) 1,261 (986, 1,552) 911 (722,1,151) 949 746,1,293) 1,026 (832, 1,284)
Zinc (mg) 10.1 (7.9, 12.9) 11.0 (7.9, 14.1) 10.7 (8.5, 14.8) 5(5.9,9.7) 5.9, 11.4) 9.12(7.0, 11.7)
Potassium (mg) 2,448 (1,887,3,003) 2,699 (2,073,3,286) 2,655 (2,126, 3,378) 2129 (1,672, ,2557) 2282 1,799, 2,855) 2,286 (1,838, 2,879)
Sodium (mg) 3,282 (2,533, 4,156) 3,737 (2,833,4,922) 3,578 (2,661,4,652) 2,467 (1,972,3,150)  3,0812 (2,197, 4,371)  2,848% (2,186, 3,661)
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RE=retinol equivalents.

aThe FFQ value is >15% different than the value of the median values for the average of the four 24-hour dietary recalls.

intrasubject variation; inter, is the intersubject compo-
nent of variance for each nutrient; and n_ is the number
of days of dietary recalls, which in our study was 4 days
(23). Attenuation factors, which are equivalent to the
slope of the linear regression of the mean of the 24-hour
dietary recalls on each of the FFQs were also calculated
for the energy adjusted transformed nutrients (24).

The ability of both the FFQs to rank dietary intakes of
individuals in the population compared to the mean of the
recalls was also calculated. Bland Altman plots for energy
were also examined (see the online supplementary Fig-
ures 1-4 at www.adajournal.org) to obtain a visual com-
parison of assessment using each of the FFQs and the
mean of the four 24-hour dietary recalls (25). All analyses
were conducted using SAS (version 9.1, 2002-2003, SAS
Institute, Cary, NC). Alpha for all analyses was set at the
.05 level.

RESULTS

Of the 436 participants eligible for analysis, more than 60%
(n=273) were women. Ages ranged between 35 and 81 years
and did not differ significantly between men and women.
(Table 1). Mean age adjusted body mass index was higher
for women than men (32 vs 29, P<<0.05). A lower percentage
of women than men were current smokers (P<0.05).
Median dietary intakes of the 26 nutrients estimated
by the two FFQs and the mean of four 24-hour recalls are
shown in Table 2. Both FFQs appeared to overestimate

vitamins C and B-12 intake for men and women relative
to the 24-hour recalls. For men, calcium intake was
higher from both FFQs, vitamin A and folate was higher
from the short FFQ and vitamin D by the long. For
women, both FFQs estimated higher intakes of polyun-
saturated fat, vitamin D, and sodium intakes. The long
FFQ also estimated higher calcium, iron, and zinc in
women relative to the 24-hour recalls. Folate intakes
were lower from the short FFQ than from the dietary
recalls, in both women and men.

Energy adjusted and deattenuated correlations for ma-
cronutrient intakes between the short FFQ and dietary
recalls ranged from 0.33 for polyunsaturated fat to 0.70
for carbohydrate intake in men and 0.30 for polyunsatu-
rated fat to 0.49 for cholesterol intake in women (Table 3).
For the long FFQ, these correlations with recalls for men
ranged from 0.27 for polyunsaturated fat to 0.75 for di-
etary fiber in men and from 0.23 for polyunsaturated fat
to 0.61 for cholesterol intake in women. For women, long
FFQ correlations were stronger than short FFQ correla-
tions for all macronutrients except polyunsaturated fat.
In contrast, for men several of the energy adjusted, deat-
tenuated macronutrient correlations with dietary recalls
were higher for the short vs the long FFQ. Exceptions
were protein, cholesterol, and dietary fiber where the long
FFQ correlations with dietary recalls were greater than
the short FFQ.

Energy adjusted and deattenuated correlations for di-
etary vitamin and mineral intakes between the short
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Table 3. Pearson’s correlations for energy and macronutrient in-
takes between the food frequency questionnaires (FFQs) and the
mean of four 24-hour dietary recalls, for participants in the Jackson
Heart Study Diet and Physical Activity Sub-Study

Men Women

Short Long Short Long
Nutrient FFQ FFQ FFQ FFQ
Energy 035 032 029 0.28
De-attenuated 041 038 033 0.33
Protein
Energy adjusted 031 036 030 041
Energy adjusted and de-attenuated 0.39 0.45 0.37 0.50
Carbohydrate
Energy adjusted 061 058 0.38 0.45

Energy adjusted and de-attenuated 0.70 0.67 0.44 0.53
Fat

Energy adjusted 040 037 032 0.36
Energy adjusted and de-attenuated 0.49 046 0.39 0.44
Saturated fat

Energy adjusted 045 042 029 045
Energy adjusted and de-attenuated 0.54 0.50 0.36 0.57
Monounsaturated fat

Energy adjusted 041 037 028 034
Energy adjusted and de-attenuated 0.52 0.47 0.35 0.42
Polyunsaturated fat

Energy adjusted 024 021 023 0.18
Energy adjusted and de-attenuated 0.33 0.27 0.30 0.23
Cholesterol

Energy adjusted 036 050 0.36 0.44
Energy adjusted and de-attenuated 0.46 0.65 0.49 0.61
Dietary fiber

Energy adjusted 035 060 0.36 0.47
Energy adjusted and de-attenuated 0.43 0.75 0.44 0.7

FFQ and recalls ranged from 0.20 for sodium to 0.60 for
magnesium for men and from 0.23 for zinc and sodium to
0.55 for magnesium for women. For the long FFQ, these
ranged from 0.33 for sodium to 0.75 for magnesium for
men and from 0.24 for vitamin A to 0.69 for magnesium
for women. For both men and women, the long FFQ
exhibited higher correlations with recalls than for most
micronutrients compared to the short FFQ. Exceptions
included vitamins A, D, and C, where correlations were
comparable for both the FFQs for men; and vitamin A
where correlations were higher with the short; and vita-
min E, where they were comparable for both FFQs, for
women (Table 4).

In nutrition research, attenuation coefficients range
between zero and one, with those closer to zero indicating
maximum attenuation and those closer to one indicating
minimum attenuation (24). These coefficients are used to
quantify the amount by which the log relative risk be-
tween the dietary exposure and disease outcome would be
distorted because of measurement error in the FFQ. For
the questionnaires used in the Jackson Heart Study, co-
efficients tended to be, but were not always, higher for the
long than the short FFQ. For men (Table 5), the energy
adjusted attenuation coefficients for intake of macronu-
trients ranged from 0.25 for polyunsaturated fat to 0.70
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for carbohydrate for the short FFQ and from 0.23 for
polyunsaturated fat to 0.75 for dietary fiber for the long
FFQ. For micronutrients, these ranged from 0.13 and
0.27 for sodium for the short and long FFQs, respectively,
to 0.8 for vitamin A for the short and 0.75 for magnesium
for the long FFQ. For women, attenuation coefficients for
macronutrient intakes ranged from 0.21 for polyunsatu-
rated fat to 0.50 for dietary fiber for the short FFQ and from
0.20 for polyunsaturated to 0.63 for dietary fiber on the long
FFQ. For micronutrients, these ranged from 0.13 for sodium
to 0.54 for magnesium on the short FFQ and from 0.25 for
sodium to 0.72 for magnesium for the long FFQ.

The ability of the FFQs to classify individuals in the
population into the same quartiles of dietary intake (for
10 of the nutrients) relative to the dietary recalls was also
examined (Table 6). On average, both the FFQs classified
more than 30% of the population into the same quartiles
as the reference instrument. Misclassification of partici-
pants in opposite quartiles was =8% for both the FFQs
for all nutrients tested, with the exception of vitamin E
for the long FFQ (12% for men, 9% for women) and total
energy and protein intake on the short FFQ (approxi-
mately 8% and 9%, respectively, for women only).

Bland Altman plots (Figures 1-4, available online at www.
adajournal.org) demonstrated that for men, for both the
short and the long FFQ (Figures 1 and 2, available online at
www.adajournal.org), there was no trend in the differences
between the measurements using the FFQ and the recalls
across the range of measurements. For women (Figures 3
and 4, available online at www.adajournal.org), as energy
intake increased the difference between the measurements
also increased. However, no systematic trend was seen in
the scatter plots.

DISCUSSION

Dietary intake is a modifiable risk factor for chronic dis-
ease. An FFQ is the instrument of choice for assessing
diet in large epidemiologic studies because of its ease of
administration, relative low cost, and ability to rank in-
dividuals based on dietary intake (26). Minority and eth-
nic subgroups, like African Americans living in the South,
have different dietary patterns as compared to the gen-
eral US population. Exclusion of ethnic and minority
foods can lead to extensive misclassification of dietary
intakes of such populations (14,27).

Relative to 24-hour dietary recalls, the FFQs used in
the DPASS of the Jackson Heart Study appear to provide
valid estimates of most macro and micronutrients. Fur-
ther, the mean intakes of macronutrients obtained by
24-hour dietary recall in this population were similar to
those reported among participants of a diet survey con-
ducted in the lower Mississippi Delta, expanding gener-
alizability of the results to the region (28). Upon compar-
ing the median dietary intakes with those reported for
the general US population in the National Health and
Nutrition Examination Survey 2001-2002 (29), there
were several nutrients where differences in estimated
mean intakes were 10% or greater. For men and women,
these included riboflavin, vitamin B-12, phosphorous,
zinc, and calcium. For men only, these included vitamins
E and B-6, magnesium, iron, zinc, calcium, and potas-
sium. Higher relative intakes were observed for vitamin
C for women.
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Table 4. Pearson’s correlations for dietary vitamin and mineral intakes between the food frequency questionnaires (FFQs) and the mean of four
24-hour dietary recalls for the participants in the Jackson Heart Study Diet and Physical Activity Sub-Study

Men Women
Nutrient Short FFQ Long FFQ Short FFQ Long FFQ
Vitamin A
Energy adjusted 0.33 0.33 0.19 0.16
Energy adjusted and de-attenuated 0.42 0.43 0.27 0.24
Vitamin E
Energy adjusted 0.21 0.32 0.26 0.26
Energy adjusted and de-attenuated 0.27 0.41 0.33 0.33
Vitamin D
Energy adjusted 0.37 0.37 0.27 0.41
Energy adjusted and de-attenuated 0.49 0.48 0.36 0.57
Vitamin C
Energy adjusted 0.44 0.45 0.35 0.47
Energy adjusted and de-attenuated 0.55 0.56 0.49 0.65
Folate
Energy adjusted 0.35 0.43 0.33 0.38
Energy adjusted and de-attenuated 0.44 0.54 0.44 0.50
Thiamin
Energy adjusted 0.34 0.48 0.26 0.36
Energy adjusted and de-attenuated 0.45 0.64 0.34 0.46
Riboflavin
Energy adjusted 0.48 0.51 0.33 0.47
Energy adjusted and de-attenuated 0.59 0.62 0.40 0.58
Niacin
Energy adjusted 0.43 0.46 0.26 0.31
Energy adjusted and de-attenuated 0.55 0.59 0.34 0.40
Vitamin B-6
Energy adjusted 0.39 0.55 0.32 0.48
Energy adjusted and de-attenuated 0.49 0.70 0.40 0.59
Vitamin B-12
Energy adjusted 0.29 0.36 0.18 0.35
Energy adjusted and de-attenuated 0.40 0.49 0.27 0.51
Calcium
Energy adjusted 0.38 0.45 0.38 0.44
Energy adjusted and de-attenuated 0.48 0.57 0.49 0.56
Iron
Energy adjusted 0.46 0.59 0.31 0.40
Energy adjusted and de-attenuated 0.57 0.73 0.37 0.49
Magnesium
Energy adjusted 0.51 0.64 0.47 0.59
Energy adjusted and de-attenuated 0.60 0.75 0.55 0.69
Phosphorus
Energy adjusted 0.37 0.47 0.32 0.50
Energy adjusted and de-attenuated 0.47 0.59 0.40 0.62
Zinc
Energy adjusted 0.25 0.46 0.18 0.32
Energy adjusted and de-attenuated 0.35 0.64 0.23 0.41
Potassium
Energy adjusted 0.30 0.50 0.34 0.49
Energy adjusted and de-attenuated 0.37 0.61 0.40 0.58
Sodium
Energy adjusted 0.16 0.26 0.19 0.21
Energy adjusted and de-attenuated 0.20 0.33 0.23 0.27

Our study used energy adjusted and energy adjusted
and deattenuated correlations between FFQ estimates
and the mean of four 24-hour dietary recalls to establish

the relative validity of the questionnaires. Concern has
been expressed that comparisons with self-reported
methods are prejudiced with bias at the individual level,
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Table 5. Attenuation coefficients for energy adjusted (except for
energy intake itself) macro- and micronutrients reported on food
frequency questionnaires (FFQs) by participants in the Jackson
Heart Study Diet and Physical Activity Sub-Study
Men Women

Short Long Short Long
Nutrient FFQ FFQ FFQ FFQ
Energy 0.26 0.26 0.22 0.24
Protein 0.27 0.35 0.23 0.42
Carbohydrate 0.70 0.74 0.47 0.32
Fat 0.43 0.39 0.25 0.34
Saturated fat 0.50 0.47 0.22 0.44
Monounsaturated fat 0.47 0.40 0.23 0.32
Polyunsaturated fat 0.25 0.23 0.21 0.20
Cholesterol 0.34 0.46 0.32 0.43
Dietary fiber 0.47 0.75 0.50 0.63
Vitamin A 0.81 0.68 0.37 0.28
Vitamin E 0.27 0.42 0.30 0.37
Vitamin D 0.46 0.45 0.29 0.48
Vitamin C 0.64 0.50 0.44 0.47
Folate 0.40 0.44 0.37 0.37
Thiamin 0.39 0.56 0.25 0.37
Riboflavin 0.45 0.52 0.29 0.50
Niacin 0.40 0.51 0.24 0.35
Vitamin B-6 0.47 0.62 0.45 0.58
Vitamin B-12 0.40 0.48 0.22 0.39
Calcium 0.38 0.41 0.38 0.42
Iron 0.46 0.61 0.32 0.41
Magnesium 0.68 0.75 0.54 0.72
Phosphorus 0.38 0.47 0.27 0.54
Zinc 0.28 0.53 0.19 0.37
Potassium 0.32 0.54 0.35 0.59
Sodium 0.13 0.27 0.13 0.25

which correlates across methods (30,31). An alternate
model was, therefore, proposed by Kipnis and colleagues
(32) that allows for correlations in biases of the reference
instruments and the FFQ. However, studies have sug-
gested that this model may overestimate the correlations
between reference instruments and FFQs (33).

The use of biomarkers is an important though not al-
ways feasible way to validate dietary assessment meth-
ods, as recovery biomarkers are only available for a few
nutrients (34). In many studies, including ours, the use of
doubly labeled water as a recovery biomarker for total
energy intake was not possible due to design and cost
issues. Correlational biomarkers, including many serum
nutrients are also useful, and some of these were exam-
ined in this study population (35). After adjustment for
covariates, correlations between serum and dietary mea-
sures of carotenoids, for the short FFQ and the long FFQ,
respectively, were: 0.35 and 0.21 for alpha carotene, 0.26
and 0.28 for total (diet plus supplements) beta carotene,
0.17 and 0.20 for dietary beta carotene, 0.34 and 0.26 for
beta-cryptoxanthin, 0.15 and 0.17 for lutein plus zeaxan-
thin, and 0.19 and 0.14 for lycopene (35). These are com-
parable with correlations with other populations, using
other FFQs (36,37).
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The energy-adjusted and deattenuated correlations for
the comparison between nutrient intakes from the four
24-hour recalls and the FFQs ranged from 0.20 to 0.70 for
the short FFQ, and from 0.23 to 0.75 for the long FFQ. On
average, the correlation for these nutrients was around
0.4. For women, nutrients with correlations below 0.4
with the short FFQ included energy; protein; total fat;
saturated, monounsaturated, and polyunsaturated fats;
vitamins A, E, D, thiamin, niacin, and B-12; iron; zinc;
and sodium. For the long FFQ, these included only en-
ergy, polyunsaturated fat, vitamins A and E, and sodium.
For men, nutrients with correlations below 0.4 for the
short FFQ included protein, polyunsaturated fat, vitamin
E, zinc, potassium, and sodium; and for the long FFQ,
only energy, polyunsaturated fat, and sodium. These re-
sults, particularly for the long FFQ, are comparable to
those reported by similar validation studies (38-43). The
FFQs consistently underperformed for polyunsaturated
fat and sodium. Reasons for lower correlations for poly-
unsaturated fat may include the irregular distribution of
oils used in food preparation. For sodium these may in-
clude variation in content of processed foods and difficulty
in estimation of added salt in cooking and at the table.
Dietary estimation of sodium intake is known to be diffi-
cult, with 24-hour urinary excretion of sodium considered
to be the best method (44).

In our study, men tended to have higher attenuation
coefficients, and correlations with 24-hour recalls, than
women. Similar observations were also made by Millen
and colleagues (24) for food groups. They attributed these
finding to greater differential misclassification by women
than by men (45). The range of attenuation coefficients
was similar to those reported by other studies (43,46,47).
Lower attenuation coefficients, reflecting greater attenu-
ation, were seen for energy and nutrients like polyunsat-
urated fat and sodium, which also demonstrated lower
Pearson correlation coefficients between recall and FFQ
estimates.

The percentages of participants correctly classified into
the same, as well as opposite, quartiles were also compa-
rable to those reported by other validation studies (48-
50). For example, for dietary fat, the 60- and 100-item
National Cancer Institute questionnaires were able to
correctly classify around 40% of the study population into
the same percentiles as the reference instrument. Though
the correlation coefficients for the short FFQ tended to be
lower than for the long FFQ, the ability of both FFQs to
rank individuals in the population did not differ greatly.

Time constraints and participant burden are critical
research issues, and there is, therefore, great demand for
shorter instruments. Previous research has shown differ-
ing outcomes regarding the validity or shorter diet as-
sessment tools (38,50,51), but all document the need (52).
In a study comparing the effects of length and clarity on
response rates and data quality for two FFQS, the 36-
page Diet History Questionnaire was compared to a much
shorter 16-page FFQ. The results indicated that the
shorter questionnaire did not outperform the longer Diet
History Questionnaire in terms of response rate and data
quality (50). Validation results from the comparison of a
one page rapid Food Screener (developed specifically for
estimating fat, fiber, fruit, and vegetable intake) with a
full-length validated questionnaire showed that the



Table 6. Quantification of dietary intakes of the Jackson Heart Study Diet and Physical Activity Sub-Study participants into quartiles: Comparing
the food frequency questionnaires (FFQs) and the mean of four 24-hour dietary recalls
Men Women
Short FFQ Long FFQ Short FFQ Long FFQ

Same Opposite Same Opposite Same Opposite Same Opposite

Nutrient quartile quartile quartile quartile quartile quartile quartile quartile
%

Energy 38.0 4.9 31.9 8.0 315 8.4 311 6.9
Protein 35.0 6.1 33.1 6.7 38.8 8.8 34.8 6.2
Carbohydrate 35.6 37 38.6 7.4 36.3 7.3 39.9 5.9
Fat 36.2 49 35.0 6.1 32.6 7.3 355 55
Saturated fat 31.3 2.4 28.2 4.3 28.9 6.6 31.5 6.6
Fiber 35.0 55 43.5 1.8 34.1 6.2 38.1 4.8
Vitamin E 31.3 6.7 39.3 12.2 29.7 7.3 31.9 9.1
Vitamin C 34.3 3.7 37.4 24 337 4.8 421 3.7
Calcium 39.3 4.3 44.8 2.4 37.7 4.8 37.0 2.2
Iron 31.9 7.4 42.3 4.9 34.8 8.0 34.4 5.1

shorter questionnaire provided relatively accurate rank-
ings of selected nutrient intakes (53).

A criticism of FFQs is that their lack of detail, relative
to the more complete information obtained by diet record,
can lead to lack of accuracy, as demonstrated for the
assessment of energy and protein intake in the OPEN
biomarker study (45). However, it is also noteworthy that
these estimations have been shown to improve with en-
ergy adjustment (54), and it is important to note that the
FFQ remains the most cost-effective way to rank usual
nutrient intakes in population studies.

Assessment of dietary intake has always been an im-
portant component of the typical role of registered dieti-
tians. When debating limitations of dietary assessment
instruments, most nutrition researchers agree that there
is no perfect measurement tool (55,56). In large popula-
tion studies, FFQ measures must be compared with other
more accurate measures, such as in the Jackson Heart
Study model with four 24-hour recalls and available bio-
markers, to ensure validity within the population to
which it is applied (57).

A limitation of our study, as in most validation studies,
is that results may not be generalizable to other popula-
tions. The all African-American DPASS cohort was well
educated and highly motivated, as evidenced by the com-
pletion of an initial short FFQ, followed by four 24-hour
recalls and the long FFQ.

With the critical health statistics related to the rise of
obesity and the documented relationship of obesity to
numerous chronic diseases, it is important to have as-
sessment tools that are valid and reliable for minority
populations. This is especially true in the African-Amer-
ican community because of the close connection of many
food items and preparation methods that are so closely
associated to the culture itself. The FFQs this study in-
vestigated will provide food and nutrition practitioners
with useful tools for assessment of usual dietary intake
by African Americans. The open-ended component pro-
vides ongoing capture and evaluation of the variation of
intake in this important population. Use of such FFQs

will enable food and nutrition professionals to implement
prevention and treatment models to change the regional
and national trends that stimulated the need for the
important work being accomplished by the Jackson Heart
Study investigators. Clinical care will be positively influ-
enced by being able to better identify cultural food pat-
terns that promote disease states such as heart disease.

CONCLUSIONS

More investigation is needed to better describe the scope
of the relationships between diet and cardiovascular dis-
ease in African Americans. Because the short FFQ in this
study is a categorical subset of a longer FFQ, both allow
for assessment of the full range of nutrients.

The Delta NIRI FFQ exhibited relatively higher corre-
lations on 26 nutrients of interest, but both the Delta
NIRI FFQ and its subset, the Delta NIRI Jackson Heart
Study FFQ were useful in assessing intakes within the
adult African-American community in the southern
United States. Having these valid and culturally sensi-
tive instruments will provide future researchers with
greater flexibility in research design and expand the diet
association investigative capabilities within studies fo-
cusing on African-American populations.
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Figure 1. Bland-Altman plot of the difference between energy intake from mean of four 24-hour dietary recalls and the short food frequency
questionnaire (FFQ) against the mean of the two for the male participants of the Jackson Heart Study-Diet and Physical Activity Sub-Study
(JHS-DPASS) conducted in Jackson, MS, during 2000-2004. (#) Difference (energy intake from mean of four 24-hour dietary recalls—the short FFQ).
(-==----- ) 95% limits of agreement.
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Figure 2. Bland-Altman plot of the difference between energy intake from mean of four 24-hour dietary recalls and the long food frequency
questionnaire (FFQ) against the mean of the two for the male participants of the Jackson Heart Study-Diet and Physical Activity Sub-Study
(JHS-DPASS) conducted in Jackson, MS, during 2000-2004. (#) Difference (energy intake from mean of four 24-hour dietary recalls—the long FFQ).
(===-=-- ) 95% limits of agreement.
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Figure 3. Bland-Altman plot of the difference between energy intake from mean of four 24-hour dietary recalls and the short food frequency
questionnaire (FFQ) against the mean of the two for the female participants of the Jackson Heart Study-Diet and Physical Activity Sub-Study
(JHS-DPASS) conducted in Jackson, MS, 2000-2004. (#) Difference (energy intake from mean of four 24-hour dietary recalls—the short FFQ).

(==----- ) 95% limits of agreement.
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Figure 4. Bland-Altman plot of the difference between energy intake from mean of four 24-hour dietary recalls and the long food frequency
questionnaire (FFQ) against the mean of the two for the female participants of the Jackson Heart Study-Diet and Physical Activity Sub-Study
(JHS-DPASS) conducted in Jackson, MS, during 2000-2004. (#) Difference (energy intake from mean of four 24-hour dietary recalls—the long FFQ).
(===-=-- ) 95% limits of agreement.
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