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ABSTRACT

Introduction: This study aimed to develop and examine the validity and
reproducibility of a semi-quantitative food frequency questionnaire (FFQ) among
Malay pregnant women in Kelantan, Malaysia. Methods: A total of 177 Malay
pregnant women participated in the validation study while 85 of them
participated in the reproducibility study which was carried out in the antenatal
clinic of Universiti Sains Malaysia Hospital. The newly developed FFQ was
validated against two 24-hour dietary recalls (DR). The FFQ was repeated 20 to
28 days apart. Results: Results showed that the FFQ moderately over estimated
the nutrient and food intakes compared to the DR. Spearman correlation
coefficients for nutrients ranged from 0.24 (fat) to 0.61 (calcium) and for foods,
ranged from 0.13 (organ meats, onion and garlic) to 0.57 (malt drink). For
nutrients, 72 to 85% of women were classified into the correct quartiles from the
FFQ and the DR while for foods, 67 to 85% of women were classified correctly.
Bland-Altman plot showed relatively good agreement between these two dietary
methods. The intra-class correlation (ICC) was used to estimate reproducibility.
It ranged from 0.75 (vitamin C) to 0.94 (phosphorus) for nutrients while it ranged
from 0.73 (confectionary) to 0.96 (coffee) for foods. Conclusion: On average, at
least 90% of pregnant women were correctly classified into the quartiles for
nutrients and foods from the two sets of the FFQ. The FFQ presented  acceptable
reproducibility and appears to be a valid tool for categorising pregnant women
according to dietary intake.

Keywords: Assessment of nutritional status, diet, food frequency questionnaire,
maternal nutrition.

* Correspondence author: Hamid Jan Jan Mohamed; Email: hamidjan@kb.usm.my

INTRODUCTION

The diet-disease relationship is important
as it helps in identifying ways to change or
supplement a diet for health improvement
(Emmett, 2009). This is particularly crucial

in pregnancy  as it helps to improve maternal
health and birth outcomes. Variations in
maternal dietary intake have shown
potential programming effects on adult
diseases (Sayer & Cooper, 2005). Thus,
renewed interest in pregnancy nutrition has
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been generated by the ‘developmental
origins’ hypothesis (Barker, 1992).

As maternal nutrition is a determinant
in subsequent maternal health and fetal
growth, assessment of maternal diet is
crucial to investigate the long term effects on
pregnancy outcomes. The food frequency
questionnaire (FFQ) has been shown to be a
valuable tool to assess diet in a wide variety
of epidemiologic settings, including
prospective studies in pregnancy (Knudsen
et al., 2008).

Dietary habits vary greatly depending
on the demographic and cultural
background of target participants. The FFQ
must be tailored specifically to encompass
the diet of the  respective population.
Although FFQs have been used to assess
maternal nutrition by other investigators
(Knudsen et al., 2008), it  has not been able to
reflect the habitual dietary intake in
Malaysian pregnant women. Any newly
developed FFQ must be assessed for validity
and reproducibility in nutritional
epidemiology (Cade et al., 2002).

FFQ validation is essential to minimise
measurement errors of associations between
diet variables and disease markers (Cade et
al., 2004). FFQ reproducibility is important
to determine repeatability results in the same
situation (Emmett, 2009). Validity and
reproducibility of the FFQ for pregnant
women have been examined in several
studies (Erkkola et al., 2001; Baer et al., 2005).
The 24-hour dietary recall (DR) has been
reported as a suitable reference method to
assess the validity of the FFQ (Cade et al.,
2002). However, a sufficient number of
independent replicate 24-hour DRs is
needed to represent average dietary intakes
(Cade et al., 2002).  Since one day is unlikely
to represent an individual’s  habitual intake,
thus two days of 24-hour DR could be used
to reduce the chance of variation between
the dietary methods (Mouratidou, Ford &
Fraser, 2006).

As an integral part of the Universiti
Sains Malaysia (USM) birth cohort study,
developing valid and reliable FFQ to elicit

information about the usual dietary intake
in pregnancy is essential. Hence, the aim of
the present study was to validate the FFQ
against the 24-hour DR among pregnant
women. The FFQ was also designed to rank
pregnant women according to their nutrient
and food intake.

METHODS

Study subjects

The study subjects consisted of pregnant
women attending antenatal clinic at USM
Hospital, Kelantan, which is one of the states
in North-east Peninsular Malaysia with a
95%  majority Malay ethnicity. All the
subjects were selected based on a purposive
sampling technique. The inclusion criteria
of the subjects were (1) Malaysian and Malay
ethnicity; (2) aged 19 to 40 year old; (3) within
gestational age of 12 to 22 weeks and 28 to
38 weeks based on last menstrual period or
ultrasound scan; (4) able to give informed
consent. Pregnant women with multiple
gestations and pre-existing chronic diseases
were excluded. A total of 178 pregnant
women were recruited into the pilot study,
177 participated in the validation study
while 85 were involved in the reproducibility
study. The study was approved by the USM
Human Research Ethics Committee.

Phase 1: Development of the semi-
quantitative FFQ

Development of the FFQ followed  three
major steps.  First, was the construction of a
food list in the pilot 24-hour DR study.
Second, was the prioritisation of the food
list and categorisation of the food items while
the third was the assignment of food
frequency intake and portion size.

Step 1: Pilot 24-hour Dietary Recall Study

A pilot study on 24-hour DR was conducted
among 178 pregnant women within the
gestational weeks of 12 to 22 and 28 to 38
respectively, from August to September 2009.
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This group of pregnant mothers who
participated in the pilot study was different
from those who participated in the validation
study. Weekdays and weekend food intakes
were obtained from the mothers through
interview. A list of seasonal foods was asked
at the end of the DR. To our knowledge, there
has been no published data on the dietary
habits of pregnant women in Malaysia; thus
this data from the DR were used to develop
a new structured semi-quantitative FFQ
designed for use on Kelantan pregnant
women.

Step 2: Food list identification and food group
categorisation for FFQ

A total of 295 food items which covered food
intakes on weekdays and weekends was
derived from DR. The mean intake of each
food item was calculated and the percentage
of energy and nutrients were derived using
the Block equation (Block et al., 1985). The
nutrients contributed by each food item were
determined followed by calculating the
cumulative percent distribution of total
energy and each macronutrient and
micronutrient until at least 90% of them had
been included. The number of foods which
contributed to 90% of total energy, protein,
carbohydrate, fat, sodium, potassium,
calcium, iron, phosphate, vitamin A, vitamin
C, thiamin, riboflavin, niacin and dietary
fibre were 77, 63, 62, 48, 43, 90, 61, 70, 70, 44,
33, 64, 68, 54 and 68 respectively. A total of
145 food items was determined from the
analysis. These food items and mixed dishes
were organised into 10 main food groups,
which were: (1) Cereals and cereal products;
(2) Meat and eggs, (3) Milk and milk
products; (4). Nuts; (5) Vegetables; (6) Fruits
and fruit juices; (7) Beverages; (8) Fats; (9)
Sweet and baked goods; (10) Condiments.
The arrangement of the food list was not in
specific order as there is no major impact of
nutrient estimates from the questionnaire
(Wheeler et al., 1994).

Food items within each food group were
further grouped into smaller food categories

based on similar food types for simpler
administration. Those individual food items
which were inappropriate to incorporate
them into a certain food group were
preserved. Finally, it yielded a FFQ
comprising 82 food categories. Two
summary questions on overall fruit and
vegetable intakes per week were asked to
reduce over- or under-estimation of fruit and
vegetable intake. Questions on the overall
cooking oil and salt used for family per
month, number of cooking days per month
and number of family members were also
asked. The mean intake represented the
individual daily oil and salt consumption.
.
Step 3: Assignment of food frequency and
portion size

The frequency of intake was based on
habitual intake over the past six months.
There were four options in the category for
frequency of intake, which were ‘per day’,
‘per week’, ‘per month’ and ‘never’. Subjects
were asked on the frequency of intake for
each food category by responding to the
number of times in either one of the four
options. For seasonal food intake, subjects
would respond to the frequency of intake at
that time.

In order to obtain food portion size, we
reviewed all reported portions based on DR
and referred to the Malaysia food
composition books and atlas (Tee et al., 1997;
Suzana et al., 2009). One or few commonly
consumed portion sizes were defined as the
units of measurement for each food category.
The portion size was based on the medium
size.

Phase 2: Validation of the FFQ

Four local dieticians reviewed the FFQ to
confirm content validity in October 2009.
Comprehensibility and applicability of the
newly developed FFQ were evaluated on 177
pregnant women to assess face validity.
Overall, the FFQ at this initial stage was
judged to have a good comprehensibility by
174 (98%) mothers and with adequate
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chosen portion sizes by 171 (97%) mothers.
The mothers agreed that their usual food
intakes were covered in the FFQ and the
indicated portion sizes were compatible to
their intakes. Only 4 (2%) mothers responded
that the aided tools did not help in choosing
portion size and 11 (6%) mothers stated that
the FFQ was difficult to fill in and time
consuming. On average, 20 to 30 min was
spent to complete the FFQ administered by
an interview. Based on the feedback from
the dieticians and the pregnant women,
modifications were made on food
nomenclature, food category and portion
size.

The questionnaires were administered
on an  interview basis to  enhance the
response rate and data accuracy. Both FFQ
and DR interviews for each mother were
conducted by the same interviewer to reduce
inter-rater bias. Dietary data collection was
carried out from November 2009 to April
2010.

Semi-quantitative FFQ administration

The FFQ was interview-administered to 177
pregnant women at 28 to 38 weeks of
gestation by the dieticians. The subjects were
first asked if they had consumed that
particular food in the FFQ during the
preceding six months of  pregnancy. If they
took the food, they were asked on how often
the food was consumed and the serving size.

24-hour Dietary Recalls (DR)

The first 24-hour DR (DR1) was conducted
immediately after the first FFQ (FFQ1)
administration. There was no time gap
between the FFQ1 and DR1 administration
due to consideration of the follow-up rate.
After 10 to 14 days of DR1 administration,
the same subjects were re-contacted to carry
out the second 24-hour DR (DR2). Estimated
mean daily intake of nutrients and foods from
the two DR were used as reference values to
compare with the results from the FFQ.

Phase 3: Reproducibility of the FFQ

Repeated FFQ was assessed in 85 pregnant
women as 68 of them refused to be followed-
up for the reproducibility study, eight could
not be traced  after follow up and 16  were
admitted to the ward for delivery after DR2
administration. The same FFQ (FFQ1 and
FFQ2) was administered 20 to 28 days apart
in the clinic.

Nutrient intake

Amount of daily food intake was calculated
according to the formula: frequency of intake
per day x serving size x total number of
servings x weight of food in one serving
(Wessek Institute of Public Health, 1995) and
entered into the Nutritionist ProTM software
(Axxya Systems LLC., USA) to obtain the
energy and nutrient values. For food items
which are not available in the Malaysian
Nutrient Composition of Foods such as goat
milk, honeydew and dates, USDA nutrient
database (U.S. Department of Agriculture,
2009) was referred. For mixed dishes that
were not available in the database, local
recipes were entered into the software.
Assumptions about the relative frequencies
of intake and portion sizes of the foods were
made to compute the gram weights of each
of the 82 food categories in FFQ (Cade et al.,
2002). No subject was removed due to
implausibly low energy intake (<800 kcal).

Statistical analysis

Validity

The median and 5th and 95th percentiles were
computed for the FFQ1 and the average DR.
Relative differences were calculated between
the two methods. Non-parametric statistical
method was used as the nutrient and food
intakes distributions were skewed.
Wilcoxon’s sign rank test was used to test
the differences between the two dietary
methods. Spearman correlation coefficients
were computed to determine the strength of
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relation between the assessments for
absolute values and energy-adjusted values.
Total energy intake was adjusted using
residual method described by Willett (1998).
The ability of the FFQ to categorise
individuals into quartiles of the nutrient and
food distributions when compared with DR
was evaluated using cross-classification
analysis. Individuals were classified
correctly if they were assigned into the same
or within one quartile by both methods.
Bland-Altman plot was performed to further
assess the agreement between the dietary
data obtained from the FFQ and DR, which
was defined as limit of agreement (LOA; +
2SD).

Reproducibility

The median and 5th and 95th percentiles were
computed for the FFQ1 and the FFQ2.
Relative differences between the two series
of assessments were calculated. Wilcoxon’s
sign rank test was used to test their
differences. Intra-class correlation (ICC) was
used to measure the reproducibility between
the two sets of FFQ. The dietary variables
were log-transformed to meet the
assumptions of normal distribution for the
calculation of ICC. The reproducibility of
absolute nutrient and food intakes from the
FFQ1 and FFQ2 were further assessed by
cross-classification analysis.

All statistical evaluations were
computed using the Statistical Package for
the Social Sciences (SPSS) version 12.0 (SPSS,
Inc., Chicago, IL, USA). Two sided p< 0.05
was considered statistically significant at
95% confidence interval.

RESULTS

The selected characteristics of pregnant
women in validation and reproducibility
studies were similar, except for the
educational level and incidence of hyperemis
gravidarum during pregnancy. Higher
educated pregnant women (47.0%) were
more likely to participate in a reproducibility

study.  A lesser proportion of pregnant
women who experienced hyperemis
gravidarum during pregnancy participated
in the reproducibility study (4.7%) compared
to those in the validation study (7.3%) (Table
1). None of them reported smoking.

Validity

Tables 2 and 3 show median daily intake of
nutrients and food, and the correlations
between the two methods. The FFQ produced
a significantly higher intake of most
nutrients (average relative difference 34%)
and foods (average relative difference 22%)
than the DR. Both methods gave rather
similar intakes for 3 nutrients and 12 foods.
Compared with the DR, the most marked over
estimation of nutrients by the FFQ was
observed for vitamin C (97%). Reporting bias
between the FFQ and the DR was larger for
food intake compared to nutrient intake.
Intake of fresh fruits showed the greatest
overestimation by the FFQ (162%).

On average, Spearman correlation of
absolute nutrient intake between the two
dietary assessments was 0.46, ranging from
0.24 (p<0.01) (fat) to 0.61 (p<0.01) (calcium),
whereas for food intake, it  was 0.37, ranging
from 0.13 (p>0.05) (organ meats, onion and
garlic) to 0.57 (p<0.01) (malt drinks). The
correlations for nutrients and foods were
similar when pregnant women who were co-
morbidities and hyperemesis gravidarum
were excluded from the analysis (data not
shown). The average correlations decreased
after energy adjustment for intakes of
nutrients (0.31) and food (0.32). The greatest
changes in nutrients and food were observed
in carbohydrate and coffee respectively.

For nutrients (Table 2),an  average 79%
of pregnant women, ranging from 72% to
85% were classified into the correct quartile
while less than 10% of them were grossly
misclassified when ranked by the FFQ and
the DR. For foods (Table 3), an average 77%
of pregnant women, ranging from 67 to 85%
were correctly classified while less than 15%
of them were grossly misclassified.
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Validation study       Reproducibility study
      (n=177)*                  (n=85)*

Mean (SD) Mean (SD)
Age at recruitment (years) 29.9 (5.1) 30.1 (4.6)
Gestational age at recruitment (weeks) 32.9 (4.3) 32.1 (4.2)
BMI prior to pregnancy (kgm-2) 24.5 (5.2) 25.0 (5.2)
BMI at recruitment (kgm-2) 29.1 (5.1) 29.4 (5.1)
Weight gain rate (kg/week) 0.3 (0.2) 0.3 (0.2)

n (%) n (%)

Gravidity
Primigravida 45 (25.4) 21 (24.7)
Multigravida 113 (63.8) 55 (64.7)
Grand multigravida 19 (10.7) 9 (10.6)

Occupation
Employed 94 (53.1) 49 (57.6)
Unemployed 83 (46.9) 36 (42.4)

Education
Primary school 3 (1.7) 2 (2.4)
Secondary school 97 (54.8) 43 (50.6)
University/ college 77 (43.5) 40 (47.0)

Monthly household income (Ringgit Malaysia)
<1500 56 (31.8) 23 (27.1)
1500-3500 77 (43.8) 39 (45.9)
>3500 43 (24.4) 23 (27.1)

Health status
Co-morbidities during pregnancy‡ 36 (20.3) 16 (18.8)
Hyperemis gravidarum during pregnancy 13 (7.3) 4 (4.7)

Table 1. Characteristics of pregnant women in validation study vs reproducibility study

SD, standard deviation; BMI, body mass index
* Number may not total  177 or 85 for each characteristic due to missing values
‡ Included gestational diabetes mellitus, pregnancy induced hypertension, anemia, renal infection

Spearman correlations were less than 0.3
when at least 10% of pregnant women were
grossly misclassified, with the exception of
fat and organ meats.

Bland-Altman plots were created to
present the differences between the FFQ and
the DR for absolute intakes of nutrient and
food. The majority of the nutrients and foods
showed a similar pattern to the plots as
shown in Figure 1, for which the differences
in absolute intake increased with increasing
intake or the discrepancies between the two
methods were equally distributed in either
direction. The scattered plots were

predominantly distributed within the 95%
limit of agreement for all nutrients and foods.
The positive and negative values shown by
the differences between the assessments
imply over- and under-reporting of the FFQ
compared to the DR.

Reproducibility

Tables 4 and 5 present the median daily
intakes of nutrient and food and the
correlations between the FFQ1 and the FFQ2.
The intake of most nutrients and foods were
larger when estimated by the FFQ2
compared to the FFQ1, but the majority did
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Figure 1. Bland-Altman plot showing agreement between the FFQ1 and the average of 24-h DR for energy,
protein, carbohydrate, fat, iron and cereal intakes. The solid line represents the mean difference in absolute
intake between the two dietary assessment methods, while the dashed lines represent the limits of agreement
(+2SD).



Development, Validity & Reproducibility of a Food Frequency Questionnaire for a Birth Cohort Study 11

T
ab

le
 4

. 
R

ep
ro

d
u

ci
bi

lit
y 

st
u

d
y:

 m
ed

ia
n 

d
ai

ly
 i

nt
ak

e 
of

 n
u

tr
ie

nt
, 

re
la

ti
ve

 d
if

fe
re

nc
e,

 S
pe

ar
m

an
 c

or
re

la
ti

on
 c

oe
ff

ic
ie

nt
 a

nd
 c

ro
ss

 c
la

ss
if

ic
at

io
n

   
   

   
   

   
 f

or
 t

he
 c

om
pa

ri
so

n 
be

tw
ee

n 
FF

Q
1 

an
d

 F
FQ

2 
in

 p
re

gn
an

t 
w

om
en

 (
n=

85
).

R
el

at
iv

e
In

tr
ac

la
ss

 C
ro

ss
-c

la
ss

ifi
ca

ti
on

FF
Q

1
FF

Q
2

di
ffe

re
nc

e†
co

rr
el

at
io

n
in

to
 q

ua
rt

ile
s 

(%
)

N
ut

ri
en

t
(%

)
co

ef
fic

ie
nt

‡

M
ed

ia
n 

(P
5, 

P
95

)
M

ed
ia

n 
(P

5, 
P

95
)

P
 v

al
ue

*
C

or
re

ct
ly

G
ro

ss
ly

   
   

   
   

   
   

   
   

cl
as

si
fie

d§   
   

 m
is

cl
as

si
fie

d¶

E
ne

rg
y 

(k
ca

l/
d

)
20

69
 (

12
52

, 3
59

9)
20

36
 (

12
10

, 3
41

1)
0.

78
0.

03
0.

93
96

1
P

ro
te

in
 (

g/
d

)
76

.7
 (

43
.1

, 1
77

.2
)

85
.7

 (
44

.3
, 1

53
.4

)
0.

15
7

0.
91

91
2

C
ar

bo
hy

d
ra

te
 (

g/
d

)
30

6.
4 

(1
74

.1
, 5

48
.7

)
30

6.
4 

(1
81

.1
, 5

14
.2

)
0.

13
-2

0.
92

94
0

Fa
t 

(g
/

d
)

53
.8

 (
26

.8
, 9

7.
4)

52
.1

 (
28

.6
, 1

02
.7

)
0.

30
5

0.
89

94
1

So
d

iu
m

 (
m

g/
d

)
27

71
.7

 (
10

76
.3

, 6
45

8.
0)

25
60

.6
 (

13
75

.3
, 5

89
5.

6)
0.

93
6

0.
86

92
2

P
ot

as
si

u
m

 (
m

g/
d

)
16

71
.5

 (
86

1.
0,

 3
03

5.
9)

17
88

.8
 (

82
8.

6,
 2

99
7.

1)
0.

60
3

0.
85

87
2

C
al

ci
u

m
 (

m
g/

d
)

89
0.

6 
(3

12
.2

, 1
83

8.
3)

89
1.

3 
(3

19
.3

, 1
93

2.
0)

0.
98

6
0.

92
97

0
Ir

on
 (

m
g/

d
)

20
.1

 (
10

.3
, 4

2.
4)

21
.0

 (
10

.3
, 4

5.
1)

0.
31

15
0.

84
95

0
P

ho
sp

ho
ru

s 
(m

g/
d

)
10

18
.4

 (
50

4.
7,

 2
15

9.
7)

10
02

.8
 (

52
1.

9,
 1

86
9.

2)
0.

56
3

0.
94

94
1

V
it

am
in

 A
, R

E
 (

µ
g/

d
)

98
6.

4 
(4

24
.2

, 5
28

6.
4)

95
9.

0 
(4

32
.8

, 3
66

6.
1)

0.
24

3
0.

91
98

0
V

it
am

in
 C

 (
m

g/
d

)
13

2.
6 

(4
6.

8,
 3

35
.6

)
13

2.
6 

(4
6.

8,
 3

05
.5

)
0.

32
6

0.
75

92
4

T
hi

am
in

 (
m

g/
d

)
1.

7 
(0

.7
, 3

.0
)

1.
6 

(0
.7

, 2
.8

)
0.

83
3

0.
93

99
0

R
ib

of
la

vi
n 

(m
g/

d
)

2.
2 

(0
.9

, 4
.0

)
2.

2 
(1

.0
, 4

.2
)

0.
72

12
0.

87
98

1
N

ia
ci

n 
(m

g/
d

)
16

.4
 (7

.1
, 3

5.
2)

17
.1

 (8
.0

, 3
1.

0)
0.

03
11

0.
91

94
0

D
ie

ta
ry

 f
ib

er
 (

g/
d

)
7.

4 
(2

.4
, 1

6.
3)

7.
6 

(2
.0

, 1
3.

8)
0.

61
3

0.
87

94
1

FF
Q

1,
 f

oo
d

 f
re

qu
en

cy
 q

u
es

ti
on

na
ir

e 
d

u
ri

ng
 1

st
 a

d
m

in
is

tr
at

io
n;

 F
FQ

2,
 f

oo
d

 f
re

qu
en

cy
 q

u
es

ti
on

na
ir

e 
d

u
ri

ng
 2

nd
 a

d
m

in
is

tr
at

io
n;

 P
5, 

5th
 p

er
ce

nt
il

e;
 P

95
, 

95
th

p
er

ce
nt

ile
; 

R
E

, 
re

ti
no

l 
eq

u
iv

al
en

ts
* 

W
ilc

ox
on

 s
ig

ne
d

 r
an

k 
te

st
 t

o 
te

st
 f

or
 d

if
fe

re
nc

es
 b

et
w

ee
n 

FF
Q

1 
an

d
 F

FQ
2

† 
R

el
at

iv
e 

d
if

fe
re

nc
e 

=
 [

(F
FQ

2 
– 

FF
Q

1)
/

 F
FQ

1]
*1

00
‡ 

B
as

ed
 o

n 
lo

g-
tr

an
sf

or
m

ed
 v

al
u

es
§ 

C
or

re
ct

ly
 c

la
ss

if
ie

d
 i

f 
cl

as
si

fi
ed

 i
nt

o 
sa

m
e 

or
 a

d
ja

ce
nt

 (
+

/
 -

 1
) 

qu
ar

ti
le

s
¶

 G
ro

ss
ly

 m
is

cl
as

si
fi

ed
 i

f 
cl

as
si

fi
ed

 i
nt

o 
op

p
os

in
g 

qu
ar

ti
le

s



Loy SL, Marhazlina M, Nor Azwany Y & Hamid Jan JM12

T
ab

le
 5

.
R

ep
ro

du
ci

bi
li

ty
 s

tu
dy

: m
ed

ia
n 

da
il

y 
in

ta
ke

 o
f 

fo
od

, r
el

at
iv

e 
di

ff
er

en
ce

, S
pe

ar
m

an
 c

or
re

la
ti

on
 c

oe
ff

ic
ie

nt
 a

nd
 c

ro
ss

 c
la

ss
if

ic
at

io
n 

fo
r 

th
e 

co
m

pa
ri

so
n

   
   

   
   

   
   

be
tw

ee
n 

F
F

Q
1 

an
d 

F
F

Q
2 

in
 p

re
gn

an
t w

om
en

 (
n=

85
).

R
el

at
iv

e
In

tr
ac

la
ss

 C
ro

ss
-c

la
ss

ifi
ca

ti
on

FF
Q

1
FF

Q
2

di
ffe

re
nc

e†
co

rr
el

at
io

n
in

to
 q

ua
rt

ile
s 

(%
)

(%
)

co
ef

fic
ie

nt
‡

Fo
od

 g
ro

up
M

ed
ia

n 
(P

5, 
P

95
)

M
ed

ia
n 

(P
5, 

P
95

)
P

 v
al

ue
*

C
or

re
ct

ly
G

ro
ss

ly
   

   
   

   
   

   
   

   
   

cl
as

si
fie

d§   
 m

is
cl

as
si

fie
d¶

C
er

ea
l 

pr
od

u
ct

s
47

2.
7 

(2
44

.5
, 8

54
.4

)
43

7.
5 

(2
26

.1
, 7

76
.0

)
0.

24
1

0.
80

89
4

P
ou

lt
ry

17
.1

 (
0.

3,
 1

11
.0

)
17

.1
 (

2.
0,

 1
11

.0
)

0.
43

57
0.

90
92

0
R

ed
 m

ea
ts

4.
0 

(0
, 5

0.
1)

4.
0 

(0
, 3

7.
7)

0.
68

62
0.

84
91

1
O

rg
an

 m
ea

ts
1.

7 
(0

, 6
2.

9)
0 

(0
, 4

2.
9)

0.
33

21
0.

93
95

0
Fi

sh
 a

nd
 o

th
er

 s
ea

fo
od

94
.4

 (
19

.4
, 3

32
.4

)
94

.4
 (

21
.6

, 2
73

.2
)

0.
44

17
0.

92
92

2
E

gg
s

14
.7

 (1
.8

, 5
1.

7)
14

.7
 (0

.5
, 5

3.
7)

0.
81

42
0.

79
85

6
D

ai
ry

 p
ro

d
u

ct
s

51
.0

 (0
, 3

68
.0

)
49

.2
 (0

, 3
45

.9
)

0.
88

25
0.

91
97

0
N

u
ts

 a
nd

 l
eg

u
m

e
1.

5 
(0

, 3
2.

6)
2.

0 
(0

, 4
1.

2)
0.

57
68

0.
86

88
5

L
ea

fy
 v

eg
et

ab
le

s
18

.4
 (

2.
4,

 1
09

.6
)

18
.4

 (
1.

6,
 1

14
.6

)
0.

31
7

0.
90

95
0

C
ru

ci
fe

ro
u

s 
ve

ge
ta

bl
es

7.
1 

(0
, 6

0.
0)

7.
1 

(0
, 6

7.
5)

0.
97

31
0.

90
95

0
L

eg
u

m
e 

ve
ge

ta
bl

es
3.

3 
(0

, 1
9.

7)
3.

3 
(0

, 1
4.

8)
0.

13
10

6
0.

82
93

4
T

u
be

r 
ve

ge
ta

bl
es

3.
1 

(0
, 4

5.
5)

2.
9 

(0
, 2

5.
8)

0.
46

51
0.

87
91

1
R

aw
 v

eg
et

ab
le

s 
‘U

la
m

’
1.

3 
(0

, 2
1.

3)
1.

3 
(0

, 1
8.

0)
0.

11
-3

0.
90

94
1

O
th

er
 v

eg
et

ab
le

s
14

.7
 (0

, 1
03

.0
)

14
.7

 (0
, 9

4.
7)

0.
49

11
0.

88
93

1
O

ni
on

 a
nd

 g
ar

lic
10

.8
 (0

, 4
1.

0)
9.

0 
(0

, 4
1.

0)
0.

04
-8

0.
89

95
4

Fr
es

h 
fr

u
it

s
16

1.
2 

(3
2.

4,
 4

71
.8

)
16

6.
5 

(3
4.

2,
 4

87
.0

)
0.

74
24

0.
88

92
2

D
ri

ed
 f

ru
it

s
2.

0 
(0

, 3
8.

8)
2.

1 
(0

, 3
6.

4)
0.

41
62

0.
83

86
4

P
ic

kl
ed

 f
ru

it
s

0 
(0

, 1
2.

0)
0 

(0
, 1

7.
6)

0.
89

41
0.

75
87

0
Ju

ic
es

57
.1

 (0
, 3

24
.3

)
57

.1
 (0

, 4
00

.0
)

0.
89

50
0.

83
91

4



Development, Validity & Reproducibility of a Food Frequency Questionnaire for a Birth Cohort Study 13

R
el

at
iv

e
In

tr
ac

la
ss

 C
ro

ss
-c

la
ss

ifi
ca

ti
on

FF
Q

1
FF

Q
2

di
ffe

re
nc

e†
co

rr
el

at
io

n
in

to
 q

ua
rt

ile
s 

(%
)

(%
)

co
ef

fic
ie

nt
‡

Fo
od

 g
ro

up
M

ed
ia

n 
(P

5, 
P

95
)

M
ed

ia
n 

(P
5, 

P
95

)
P

 v
al

ue
*

C
or

re
ct

ly
G

ro
ss

ly
   

   
   

   
   

   
   

   
   

cl
as

si
fie

d§   
 m

is
cl

as
si

fie
d¶

T
ea

51
.4

 (0
, 5

40
.0

)
51

.4
 (0

, 4
98

.0
)

0.
50

20
0.

86
91

2
C

of
fe

e
0 

(0
, 1

56
.9

)
0 

(0
, 1

80
.0

)
0.

35
-1

3
0.

96
95

0
M

al
t 

d
ri

nk
s

5.
1 

(0
, 3

6.
0)

5.
1 

(0
, 2

7.
2)

0.
46

97
0.

85
91

1
C

or
d

ia
ls

0 
(0

, 1
34

.3
)

0.
3 

(0
, 1

14
.3

)
0.

45
83

0.
90

95
0

So
yb

ea
n 

m
il

k
35

.7
 (0

, 2
43

.6
)

28
.6

 (0
, 2

50
.0

)
0.

00
2

-1
2

0.
94

97
0

Fa
ts

 a
nd

 o
ils

24
.8

 (5
.6

, 5
3.

5)
22

.6
 (6

.6
, 6

4.
1)

0.
50

17
0.

90
92

1
C

on
fe

ct
io

n
ar

y
52

.6
 (

5.
8,

 1
68

.9
)

54
.6

 (
0.

1,
 1

86
.5

)
0.

29
29

0.
73

90
2

B
is

cu
it

s
10

.3
 (

0,
 7

2.
0)

10
.3

 (
0,

 8
8.

8)
0.

88
23

0.
86

92
2

Su
ga

r
15

.0
 (0

.6
, 8

1.
0)

15
.0

 (0
, 7

0.
5)

0.
85

28
0.

87
92

2
Sa

lt
2.

0 
(0

.8
, 7

.0
)

2.
1 

(0
.9

, 8
.0

)
0.

67
11

0.
75

94
1

C
on

d
im

en
ts

16
.0

 (
1.

2,
 1

17
.4

)
14

.7
 (

1.
1,

 1
03

.4
)

0.
72

12
5

0.
86

88
5

FF
Q

1,
 f

oo
d

 f
re

qu
en

cy
 q

u
es

ti
on

na
ir

e 
d

u
ri

ng
 1

st
 a

d
m

in
is

tr
at

io
n;

 F
FQ

2,
 f

oo
d

 f
re

qu
en

cy
 q

u
es

ti
on

na
ir

e 
d

u
ri

ng
 2

nd
 a

d
m

in
is

tr
at

io
n;

 P
5, 

5th
 p

er
ce

nt
il

e;
 P

95
, 

95
th

p
er

ce
nt

ile
; 

R
E

, 
re

ti
no

l 
eq

u
iv

al
en

ts
* 

W
ilc

ox
on

 s
ig

ne
d

 r
an

k 
te

st
 t

o 
te

st
 f

or
 d

if
fe

re
nc

es
 b

et
w

ee
n 

FF
Q

1 
an

d
 F

FQ
2

† 
R

el
at

iv
e 

d
if

fe
re

nc
e 

=
 [

(F
FQ

2 
– 

FF
Q

1)
/

 F
FQ

1]
*1

00
‡ 

B
as

ed
 o

n 
lo

g-
tr

an
sf

or
m

ed
 v

al
u

es
§ 

C
or

re
ct

ly
 c

la
ss

if
ie

d
 i

f 
cl

as
si

fi
ed

 i
nt

o 
sa

m
e 

or
 a

d
ja

ce
nt

 (
+

/
 -

 1
) 

qu
ar

ti
le

s
¶

 G
ro

ss
ly

 m
is

cl
as

si
fi

ed
 i

f 
cl

as
si

fi
ed

 i
nt

o 
op

p
os

in
g 

qu
ar

ti
le

s

Ta
bl

e 
5:

 C
on

tin
ue

d



Loy SL, Marhazlina M, Nor Azwany Y & Hamid Jan JM14

not report significant differences between the
two series of assessment, with the exception
of niacin for nutrient and soybean milk,
onion and garlic for food. The ICC between
nutrients measured approximately one
month apart by the FFQ ranged from 0.75
(vitamin C) to 0.94 (phosphorus) (Table 4).
The ICC for foods were generally similar to
nutrients and ranged from 0.73
(confectionary) to 0.96 (coffee) (Table 5).
Overall, the mean ICC for both nutrients and
foods was 0.87. On average, classifications
into quartiles for nutrients and foods showed
that at least 90% of the subjects were correctly
classified, while less than 2% of them were
grossly misclassified.

DISCUSSION

This is perhaps the first validation study of
FFQ conducted among Malaysian pregnant
women. Food list in the FFQ was developed
using data-based approach which better
reflects representative dietary data among
Kelantan pregnant women instead of using
an adapted questionnaire. Pregnant women
in early and late trimesters were included in
the FFQ development process in order to
compile a comprehensive food list which
covered habitual intake throughout the
pregnancy. It is complicated to assess dietary
intake in pregnancy due to sequential
physiological change throughout the
gestational period (Coad & Dunstall, 2005).
The present study showed relatively low to
moderate agreement between dietary data
derived from the FFQ and DR. The sample
size of 177 subjects was sufficient to assess
validity of a questionnaire (Willett, 1998).
No respondent was excluded from the study
on the basis of misreporting as indicated in
other studies (Wei et al., 1999; Baer et al.,
2005). Therefore, any bias among the
included subjects which cannot be corrected
by subject  exclusion with improbable energy
intake was avoided (Brantsaeter, 2007).
Moreover, the high or low levels of energy
intake reported by some of the women
should not be viewed solely as misreporting

but may due to appetite and meal pattern
changes in pregnancy. Poslusna et al.
suggested that energy adjustment approach
using a residual model was more appro-
priate to handle misreporting and to
examine a diet-disease relationship instead
of subject exclusion (Poslusna et al., 2009).

The FFQ often over estimated nutrient
and food intakes as shown in our study and
by others (Erkkola et al., 2001). The highest
over-estimation which was seen in vitamin
C and fruit intake indicates  that cross-check
questions may not contribute much to better
estimation of the consumption compared to
individual intake. It reveals difficulty in
translating the reported dietary values into
the actual dietary intakes. However, over-
estimation may not be problematic in
epidemiologic studies aimed at  investigating
diet-disease associations provided
individuals’ ranking according to dietary
intake is valid (Beaton, 1991). Thus, precise
numerical estimation of dietary intake  has
not been the focus. The over-estimation of
intake can be explained by the long list of
food items and predefined portion sizes in
the FFQ compared to the actual consump-
tion in DR.

Spearman coefficients were used to
measure the strength of relation between the
FFQ and the DR since it may be more reliable
as it uses rank order and is not as sensitive
to extreme values as the Pearson coefficients
(Masson et al., 2003). The poor correlations
for fat in nutrient, onion and garlic, fats and
oils and salt in food can be explained by the
difficulty in estimating the amount
consumed since they are more likely to act
as seasonings in cooking and the
measurements are not straightforward.
Irregular intake of organ meats may raise
the same situation. In order to improve the
validity in future studies, total serving size
of those food items used in each cooking will
be specified in the FFQ for better estimation
instead of individual amounts. The average
correlation coefficients between the FFQ and
the DR for the absolute nutrient intakes were
stronger than in the food intakes in our study
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(0.46 vs. 0.37). The weaker correlations in
food may reflect higher variations in food
intake than in the nutrient intake. However,
contradictory findings were reported in
validation studies for pregnant Finnish
women (0.37 vs. 0.47) (Erkkola et al., 2001)
and Norwegian women (0.36 vs. 0.48)
(Brantsaeter et al., 2008).  A similar mean of
correlations for nutrients were found in
previous validation studies among pregnant
Portuguese women (0.41) (Pinto et al., 2010)
and Massachusetts women (0.47) (Wei et al.,
1999), while a lower mean correlation for
nutrients was found in a validation study
among Sheffield pregnant women (0.20)
(Mouratidou et al., 2005). In general, it was
difficult to compare the studies since limited
validation studies  have been conducted
among pregnant women especially among
the Asian population. Differences in FFQ
designations, reference methods, periods of
administration and target populations may
lead to discrepancies in study findings.

After energy adjustment, the correlations
between the two methods decreased
compared with the unadjusted correlations.
Consistent findings were reported by other
studies in China (Cheng et al., 2008). Cheng
et al. suggested that energy adjustment might
over-adjust the nutrient intake for a
population with staple food as the main
contributor to the total energy intake and this
is reflected in fluctuations in measurement
errors by the methods (Cheng et al., 2008).
The same situation occurred in our study
whereby the main contribution to total
energy was shown by the staple food, cereals
(data not shown). This explains  why energy-
adjusted values were not used for further
agreement analysis due to inflated
correlation coefficients.

We found similar correlations between
the two methods for absolute nutrient and
food intakes when pregnant women who
reported hyperemesis gravidarum were
excluded (data not shown). The present
findings were different from other validation
studies whereby the correlations became
stronger after excluding those pregnant

women with nausea or vomiting (Brantsaeter
et al., 2008). This might be due to the small
proportion of women who were excluded
and which did not  result in significant
changes in correlations. We only considered
women who experienced severe vomiting
until ward admission instead of all
incidences of pregnancy-related nausea or
vomiting.

Hankin et al. suggested that correlation
coefficients between the dietary methods
were considered poor if <0.30, fair if 0.30 –
0.49 and good if >0.50 in most dietary
validations (Hankin et al., 1991). In our study,
the overall correlations were considered fair
for both nutrients and foods. However,
correlations alone are not sufficient to
represent the performance of the FFQ due to
high day-to-day variability caused by
appetite changes in pregnancy. Moreover, it
has been shown to be  flawed as only the
degree of correlations between the two
methods are measured but not the
agreements (Cade et al., 2002). Cross
classification and Bland-Altman plot are the
more appropriate methods to assess the
relative validity of FFQ with the DR (Pinto et
al., 2010). Both methods showed a
satisfactory level of agreement between the
dietary assessments.

Cross-classification gives a much clearer
and undistorted picture of how well the FFQ
performs than the correlation coefficients
(Cade et al., 2002). The degrees of misclassifi-
cation were small for both nutrient and food
intakes. More than two-thirds of the
pregnant women were correctly classified
into the quartiles by the two methods. Similar
findings were shown by other validation
studies among pregnant women but these
were based on cross-classification over
quintiles for nutrient intake (Brantsaeter et
al., 2008; Pinto et al., 2010). It was only a study
showing cross-classification into quintiles
for food intake in pregnancy, with similar
findings (Erkkola et al., 2001). These results
indicate that the FFQ is capable of ranking
pregnant women in relation to their intake
and this is important for investigating diet-
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disease relationship in future maternal
cohort studies.

The Bland-Altman plot was used to
obtain further information regarding the
agreement between the FFQ and the DR
based on graphical interpretation. A
systematic increase or decrease in the
differences between the methods with
increasing intake revealed that individuals
who consumed higher amounts of these
nutrients or foods reported more errors
during diet assessments. Most
micronutrients and micronutrient-rich foods
do not demonstrate a similar trend with
increasing intake compared to
macronutrients and energy-yielding foods
which show more precise dietary
assessments. These findings are consistent
with the study conducted among pregnant
women by Brantsaeter et al.(2008).

The validation study was designed by
administrating the FFQ1 prior to the DR1
and DR2, followed by the FFQ2 at the end.
The use of FFQ before and after the DR may
provide minimal and maximal estimates of
true validity (Erkkola et al., 2001). The DR
administration in between two sets of FFQ
in this study helped to improve the accuracy
of reporting in the latter FFQ2. However, the
high degree of correlations and agreements
as well as low degree of within person
variations between the FFQ1 and FFQ2 for
nutrients and foods, show that  the true
validity of FFQ1 is not much different from
that of the FFQ2. In other words, both FFQ1
and FFQ2 showed similar validity against
the DR. The considerablly high correlations
and percentages in correct quartiles
compared to other studies (Erkkola et al.,
2001) may be  partly due to the short duration
of administration between FFQ1 and FFQ2.
As reviewed by Cade, correlations were
higher for repeat administration 1 month or
less apart compared to 6 months to 1 year
apart (Cade et al., 2002). In general, the FFQ
is found to be reproducible.

Limitations in the reference measures
and time frame of assessments may

attenuate our results. No objective
measurement was used to validate the FFQ
as indicated in another study (Brantsaeter et
al., 2008). The 24-hour DR is based on
subjective measurement and not considered
as a gold standard in dietary assessment as
weighed records. However, it was chosen
due to its high response rate. Its less
demanding effect may reduce the possibility
of under-reporting or usual meal changes
and give higher face validity. The use of two
24-hour DR during the third trimester is
inadequate to capture the complete picture
of usual dietary intake throughout
pregnancy due to high day-to-day
variability, especially when dealing with
pregnancy symptom variations. Multiple
recalls which cover longer periods of
gestation should have been conducted to
give a better daily estimation and represent
a more relevant time span between the two
methods. However, these are beyond our
capability as the time factor was the main
restriction in this project. In general, this
questionnaire provides new information on
the validity of nutrient and food intakes
among Malay pregnant women in Kelantan
state. However, we believe that this FFQ can
serve as the basic tool for further dietary
validation in a multi-ethnic pregnant
population in Malaysia.

In conclusion, a wide range of nutrient
and food intakes showed relative good
validity and reproducibility in the study.
Thus, it suggested that this FFQ is a valid
tool to collect dietary data and rank
individuals by relative level of intake  for
Malay pregnant women in a prospective
study.
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