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Abstract

FFQ require validation as part of epidemiological research of diet—disease relationships. Studies exploring associations between carbo-
hydrate type and chronic diseases are rapidly increasing, but information on the validity of carbohydrate fractions, dietary glycaemic
index (GD and the glycaemic load (GL) estimated by FFQ is scarce. Likewise, the effects of subject characteristics on FFQ validity have
been poorly documented. The present study evaluates the relative validity of an 131-item FFQ in relation to two 3d food records (FR)
performed 6 months apart focusing on the intake of carbohydrate fractions, dietary GI and the GL. Furthermore, we assessed the
extent to which subjects’ age, education and BMI explain differences between these methods. The study sample comprised 218 men
and 292 women aged 25-74 years participating in a large population-based survey in Finland. Energy-adjusted Spearman’s rank
correlations ranged from 0-27 (sugars) to 0-70 (lactose) for men and from 0-37 (sugars) to 0-69 (lactose) for women. On average, 73 %
of the subjects were categorised into the same or adjacent distribution quintile based on the two methods. In general, the FFQ overesti-
mated the intakes compared with FR. Especially in women, FFQ validity for some nutrients was associated with the level of intake, subjects’
age and, to a lesser extent, education but not BMI. In conclusion, the FFQ appears to be reasonably valid in the assessment of carbohydrate
exposure variables, but the findings show a need for adjustment of diet—disease relationships for subjects’ age and education.
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Due to feasibility and low cost, FFQ are widely used in
large-scale epidemiological studies"?. FFQ validity testing is

In recent years, the potential importance of carbohydrate

type in healthy diets has been repeatedly emphasised™?.

The effects of different carbohydrate fractions, such as fibre,
starch and sugars, as well as dietary glycaemic index (G
and the glycaemic load (GL) on various health outcomes
have been increasingly studied®~>. The validity of dietary
assessment methods in measuring different carbohydrate
beyond total carbohydrate and dietary fibre,
however, seems to be poorly documented. For instance,
FFQ wvalidation studies have rarely included results for
several carbohydrate fraction intakes, dietary GI and the
GLOE-1D.

fractions

required to picture FFQ performance and shortcomings in
measuring usual intake and ranking of subjects accordingly,
which generally represents the main purpose of FFQ, includ-
ing the one used in the present study. Food records (FR) are
recommended as the self-reported reference method for FFQ
validations and they remain commonly utilised*~'>. In gen-
eral, FFQ validation studies using FR as the reference method
produce acceptable results 101110,
Personal of study

been supposed to affect FFQ validity

characteristics subjects have long

7 In spite of this,

Abbreviations: FR, food record; GL, glycaemic load; GI, glycaemic index.
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little documentation exists on how personal characteristics
other than sex affect FFQ performance in adult populations.
In one Australian study using 12d weighed FR as the refer-
ence, it has been shown that age, BMI and medical condition,
but not school-leaving age, were associated with the relative
FFQ validity for some nutrients, including total carbohydrate,
fibre, starch and sugars®. In an earlier Finnish study, a slightly
weaker FFQ validity among younger women (30-50 years)
and overweight men and women emerged when comparing
FFQ estimates with 3d FR'®. However, no difference in cor-
relations between high- and low-educated Midwestern Amer-
icans has been found when comparing FFQ estimates with
those derived from 2 to 8d FR?.

The aim of the present study was to evaluate the validity of
an FFQ relative to FR among Finnish adults participating in a
large population-based survey focusing on the intake of
various carbohydrate fractions, dietary GI and the GL. Further-
more, the aim was to explore whether nutrient intake level
and subject characteristics, such as age, education and BMI,
are associated with the relative FFQ validity.

Methods
Selection of study subjects

The base population comprised the National FINRISK 2007
Study — the eighth population-based health survey conducted
in 5-year intervals to monitor chronic diseases and their risk
factors in Finland®”. The FINRISK 2007 sample (12 10000,
aged 25-74 years) was drawn randomly from the Finnish
population register stratified by sex, 10-year age groups and
five geographical areas. Of the invited subjects, 63% partici-
pated in the health examination in January—March 2007.

Of the FINRISK sample, 33 % (72 3286) were randomised to a
Finnish diet and nutrition monitoring survey (FINDIET 2007
Survey), in which, concurrently with the FINRISK health
examinations, 2054 (63 %) subjects performed one 48 h dietary
recall each®. Half of the interviewees (1 1039) received
instructions to fill in one 3d FR in January—March (7 935,
returned) and a second 3d FR in June—October 2007 (7
624, returned). All FR were entered using uniform coding
decisions. Due to incompleteness and missing identification
labels, 606 subjects completed two 3 d FR. Further exclusions
were made due to FR classified as unreliable during the data
entry (n 45) and illness affecting the diet (e.g. stomach flu)
during food recording (12 6).

A second study visit of all FINRISK 2007 participants was
conducted in April-June 2007 to gather detailed information
on the dietary, lifestyle and genetic determinants of obesity
and the metabolic syndrome (7 5024, 84%). During this
study visit, subjects filled in FFQ (1 4996) and other self-
administered questionnaires, delivered blood samples and
underwent anthropometric measurements. Trained study
nurses checked the completed FFQ and a nutritionist entered
the data. Exclusions were made due to incompletely filled
FFQ (n 74) and daily energy intake cut-offs corresponding
to 0-5% at both ends of the daily energy intake distributions
for men and women (7 48), resulting in 4874 FFQ.

A total number of 510 (218 men and 292 women) subjects
had completed both the FFQ and two 3d FR and formed
the final population for the FFQ validation study. The admin-
istration sequence of the test and reference method featured
two food-recording periods timed approximately 6 months
apart (January—March and June—October 2007) and the FFQ
administered in-between these periods (April-June 2007).

The study was conducted according to the guidelines laid
down in the Declaration of Helsinki and the ethical guidelines
of the National Institute for Health and Welfare. All procedures
involving human subjects were approved by the Ethics
Committee of the Hospital District of Helsinki and Uusimaa.
Written informed consent was obtained from all subjects.

FFQ

The FFQ was an updated version of the one used in earlier
studies of the National Institute for Health and Welfare, for
instance the Health 2000 Survey"®. The 48h dietary recalls
of the FINDIET 2007 Survey were used as the data source
for the updates. These included a revision of the food list to
reflect the continuously growing selection of available foods.
For example, commonly eaten foods, such as grapes and
milk puddings, were added. We also assigned fixed FFQ-
item portion sizes separately for men and women based on
self-reported usual portion size information derived from
48h dietary recalls.

The updated 131-item FFQ was designed to measure the
habitual diet over the previous 12 months. The FFQ items
were presented in twelve food groups (e.g. milk products,
cereal products and fruits). The subjects were asked to indi-
cate the average consumption frequency of each FFQ item,
with the nine frequency categories ranging from never or
seldom to six or more times per d. The predefined FFQ-item
portion sizes appeared as household and natural units (e.g.
glass or slice) on the FFQ. The subjects were also able to
report other frequently consumed foods not listed.

Food records

Subjects obtained face-to-face instruction on how to record
everything they ate or drank during three consecutive days
starting the day after the FINRISK health examination. To
facilitate the estimation of portion sizes, a 170-item photo-
graphic picture booklet was provided®®. The second 3d FR
were mailed to those subjects who returned the first. Both
3d FR were returned by mail to the National Institute for
Health and Welfare.

Personal characteristics and anthropometric measures

Total years of education were inquired on a self-administered
questionnaire and used to classify participants into three edu-
cational levels (low, middle and high) according to birth year.
This was done to adjust for the extension of the basic edu-
cation system and increase of average school years over
time. Body weight was measured to the nearest 0-1kg and
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height to the nearest 0-1cm. BMI was calculated as weight
(kg) divided by the square of height (m?).

Calculation of carbohydrate fraction intakes, dietary
glycaemic index and the glycaemic load

Daily intakes were calculated using the Finnish National Food
Composition Database (Fineli®%®. The weights of the FFQ
items as a daily average were obtained by multiplying the indi-
cated frequencies of consumption by sex-specific fixed por-
tion sizes. The Fineli® database contains GI values assigned
for FFQ items and foods consumed by the FINDIET 2007
participants®?. Thus, 100% of the FFQ and FR items could
be linked to a GI value. The methodology for the assignment
of GI values to Finnish food items has previously been
described®*®>_ Dietary GI for both the FFQ and the FR
were calculated as the weighted mean of the GI values of
the carbohydrate-containing foods in the diet, where weight-
ing is based on the proportion of the total carbohydrate con-
tent provided by each food®*?”. Dietary GL was calculated by
multiplying the dietary GI value with the carbohydrate content
of the diet and dividing by 100“%*”_ Thus, the GL accounts for
both the quality and quantity of the carbohydrates, and two
diets with comparable GI can possess different GL due to lar-
gely different carbohydrate contents.

Statistical methods

All analyses were performed separately for men and women
due to sex-specific portion sizes. Means and standard devi-
ations of the selected subject characteristics (age and BMI)
and educational-level proportions, as well as nutrient intakes,
dietary GI and the GL from the FFQ and FR were calculated by
sex. Nutrient intakes, dietary GI and the GL were log (natural)-
transformed in order to satisfy the normality assumption and
subsequently adjusted for each individual’s energy intake by
using the residual method®®. Each of the calculated residuals
was added to the mean intake of the study population accord-
ing to each dietary method. The food groups contributing
most to the intake of total carbohydrate, carbohydrate frac-
tions and the dietary GL were calculated.

The Spearman rank correlation coefficients between the
FFQ and FR were calculated for all crude and energy-adjusted
nutrients, dietary GI and the GL. The ability of the FFQ to rank
subjects according to their intakes was assessed by categoris-
ing them by sex into quintiles of intake by the two methods.
The proportion of subjects classified into the same or adjacent
quintile and the opposite quintile (gross misclassification) by
the two methods was calculated. Gross misclassification was
defined as disagreement by four quintiles. The level of agree-
ment in intake estimates between the two dietary methods
was explored by calculating the mean ratios (FFQ/FR X 100)
and corresponding 95% CI of the energy-adjusted nutrient
intakes, dietary GI and GL. Values greater than 100 % indicate
that at the population level, the FFQ-based intake exceeds the
FR-based intake, while the opposite holds true for values
<100 %.

Linear regression analysis was performed to investigate
whether the difference in intake estimates (FFQ — FR, depen-
dent variable) varied across the mean of intake estimates
(FFQ + FR/2, independent variable), as suggested by Bland
& Altman®". The slope of the regression line was tested for
a significant deviation from zero. The slopes significantly
different from zero indicate a relationship between the level
of intake and the measurement error in the FFQ relative to
the FR. Linear regression analyses were also used to explore
whether the difference between the methods was associated
with each of the studied subject characteristics (age, education
and BMD. All statistical analyses were performed using the
SAS statistical software package version 8.2 (SAS Institute
Inc., Cary, NC, USA).

Results

The participants’ mean age was 55 and 52 years (range 25—74
years), and BMI was 27-2 and 26-7 kg/m? for men and women,
respectively. Of men, 36-5% and of women, 36-7% belonged
to the highest educational group, while 27-2 and 30-4%
belonged to the lowest educational group, respectively. The
means and standard deviations of the crude (unadjusted)
daily nutrient intakes, dietary GI and the GL based on the
FFQ and FR for men and women are given in Table 1.

The same food groups explained over 90 % of the intake in
each carbohydrate fraction and dietary GL in FFQ and FR. The
relative contribution of the food groups differed, however,
slightly between the methods. In general, milk products,
fruits and berries, and juice contributed with greater percen-
tages in the FFQ compared with FR, whereas in the latter,
cereal products, sugar and confectionery, sugar-sweetened
beverages, and alcoholic beverages received more emphasis.

The crude Spearman rank correlation coefficients (Table 1)
ranged from 0-32 (dietary GD to 0-68 (lactose) for men and
from 0-16 (energy) to 0-67 (lactose) for women. The energy-
adjusted correlations were between 0-27 (total sugars) and
0-70 (lactose) for men and between 0-37 (total sugars) and
0-69 (lactose) for women. Overall, nine out of eleven
energy-adjusted dietary factors exceeded 0-40 in both sexes.

Based on the two methods, an average of 71% (62% for
dietary GI to 81% for lactose) for men and 65% (58% for
energy and dietary GL to 81% for lactose) for women were
correctly classified in the same or adjacent quintile of crude
intakes (see Appendix). The extent of correct classification
was higher for the energy-adjusted intakes, on average 73 %
for both men (62% for total sugars to 83% for lactose)
and women (64 % for total sugars to 83% for lactose). Gross
misclassification was rare for the energy-adjusted dietary
factors in both sexes: =6% for men and =4 % for women.

As indicated by the mean ratios (FFQ % of FR), the FFQ con-
sistently overestimated the energy-adjusted intakes of the
nutrients and dietary GL in both sexes compared with the
FR (Table 2). The most overestimated carbohydrate fractions
were fructose and lactose. The Bland—Altman analysis
revealed that a growing intake level in all of the studied diet-
ary factors, except sucrose and the dietary GI, was associated
with the between-method difference in women. In men, this
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Table 1. Daily nutrient intakes, dietary glycaemic index (Gl) and the dietary glycaemic load (GL) based on the FFQ and two 3d food records (FR) and corresponding between-method crude and

energy-adjusted Spearman’s rank correlation coefficients for men and women

(Mean values and standard deviations)

Women (n 292)

Men (n 218)

Crude intake

Crude intake

Spearman’s correlation

FFQ FR

FR Spearman’s correlation

FFQ

Adjusted*”

Crude

SD

Mean

SD

Mean

Adjusted*

Crude

SD

Mean

SD

Mean

Nutrient/dietary factor

0-16

1665

7371

2998

9277

0-34
0-42
0-42
0.37
0-40
0-68
0-47
0-59
0-57
0-59
0-32
0-41

2344

9320

4048

11734

Energy (kJ)

0-54
0-48
0-37
0-39
0-69
0-46
0-58
0-62
0-55
0-41
0-49

0-28
0-32
0-28
0-28
0-67
0-36
0-40
0-43
0-37
0-42
0-28

54
30
32

208

110

95

266
137
127

0-51
0-41
0-27
0-44
0-70
0-49
0-67
0-66
0-66
0-31
0-43

73
47

252

128

325

Total carbohydrate (g)

Starch (g)

51

143
108

71

178
146

97

56
14
14
29
13

40

67

Total sugars (g)
Fructose (g)
Lactose (g)
Sucrose (g)

6-6
10
22

15
15
48

23
23
57

81
13
28
10

14
19
50
24

15
19
37

23
30
62

71

22

30

13

31

Dietary fibre (g)

5-0

15

89

21

77
2-3

4.8
50

18

92
3-2

23

Insoluble dietary fibre (g)

1.8
37
34

51
63
130

33
3-8

58

7-2

62
164

5.4
67
168

7-2

65
210

Soluble polysaccharides (g)

Gl

4.0
82

GL

. E. Kaartinen et al.

* Energy-adjusted using the residual method®®.

phenomenon was observed for total carbohydrate, sugars,
fructose, lactose, and dietary GI and GL. Figs. 1 and 2 provide
examples of the Bland—Altman analysis (fructose and
SuCrose).

Age was associated with the absolute between-method
difference in two out of eleven dietary factors in men (lactose
and dietary GL; Table 3). In women, this was observed for all
studied dietary factors, except starch, lactose and insoluble
dietary fibre. In men, the belonging to the middle educational
group (compared with the highest) was associated with the
between-method difference in total and insoluble dietary
fibre estimates. In women, associations emerged between
the belonging to the lowest educational group (compared
with the highest) and the between-method difference in
total carbohydrate, starch, lactose and dietary GL estimates.
BMI did not associate with the between-method difference
in any of the studied dietary factors.

Discussion

The present Finnish FFQ validation study was conducted
among a sample of 25-74-year-old men and women (n 510)
participating in a large population-based survey (n 5024). In
general, the 131-item FFQ overestimated carbohydrate fraction
intakes and the dietary GL compared with the two 3d FR. The
ability of the FFQ to rank subjects according to relative nutri-
ent intakes and dietary GI and GL is at an acceptable level and
fairly comparable with other comprehensive FFQ used in large
epidemiological studies"'®. The level of intake, subject age
and, to a lesser extent, education, however, appear to be
associated with FFQ performance for some dietary factors,
especially in women.

In general, correlation coefficients are the most applied
statistical procedures used to analyse the wvalidity of
FFQ*3? The present results for total carbohydrate and
fibre compared reasonably well with those from classical

AL19 and earlier studies from Finland"*'®,

validation studies
showing correlation coefficients in the range of 0-42—0-64
for total carbohydrate and 0-51-0-73 for fibre. Moreover,
subject classification into the same or adjacent quintiles
was generally acceptable and gross misclassification was
rare, which is relevant for the intended use of our FFQ.
Thus far, only a few large (77 = 100) validation studies have
reported correlations between comprehensive FFQ and FR for
carbohydrate fractions beyond total carbohydrate and fibre.
Energy-adjusted Spearman’s or Pearson’s correlations for
total starch (range 0-19-0-68) and sugars (range 0-39—0-63)
have been reported in six studies each® 13339 Corre-
lations for sucrose intake ranging from 0-41 to 0-69 have
been reported by one study from the USAY®,
Australia”, two from Denmark®3® and three from
Finland'*"'®_ Only two studies have reported correlations
for lactose intake (0-75 and 0‘72)(7’10) and one for fructose
intake (0-66)”. The present findings compare reasonably
well with the earlier ones for the different carbohydrate frac-
tions. Only total sugars and fructose showed slightly lower
correlations, which may in part originate from the different

one from
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Table 2. Agreement in nutrient intakes, dietary glycaemic index (Gl) and the glycaemic load (GL) between the FFQ and two 3d food records (FR)

(Mean values, 95 % confidence intervals and regression coefficient)

Women (n 292)

Men (n 218)

Regression coefficientt P Mean FFQ % of FRt 95% Clt Regression coefficientt

95% Clt

Mean FFQ % of FRt

Nutrient/dietary factor§

0-0022**

0-211 0-0057** 126 124, 128 0-198
0-5373 0-379

124, 128

126

Total carbohydrate (g)

Starch (g)

<.0001***

122, 128

125
132

0-053

121, 129
131, 143
167, 204
165, 201

125

<.0001***

0-363

128, 136

0-0005**
<0-0001***
<0-0001***

0-359

137
185

Total sugars (g)
Fructose (g)
Lactose (g)
Sucrose (g)

0-602 <.0001***

162, 187

175
225

0-544

<.0001***
0-2341

0-286
0.087

168, 283
121,132
138, 147

0-393
—0-016
-0-012
—0.-061

183

126

0-8515
0-8392
0-3365
0-3634

129, 150

139
133
133
135

<.0001***

0-393
0-388
0-360
—0-026

143
141

128, 138

Dietary fibre (g)

<.0001***

137, 146
140, 150

128, 139

Insoluble dietary fibre (g)

<.0001***
0-7298

145

0-058
—0-235

130, 141

Soluble polysaccharides (g)

98, 99
122, 127

99

124

0-0074**

98, 100
121, 126

99
124

Validity of dietary carbohydrate fractions 1371

<.0001***

0-275

0-0155*

0-203

GL

*P<0-05, **P<0.01, **P<0.0001 (Hy: slope = 0, & = 0-05).

1 The mean ratio of the two dietary methods at the population level and calculated as FFQ/FR x 100 with 95 % CI.

1 Slope of the regression of the mean of the two methods, (FFQ+FR)/2, v. their difference, FFQ— FR (Bland & Altman®").

§ Energy-adjusted using the residual method®.

emphasis of the food groups as sources for sugars and fruc-
tose in the two methods.

Similar to different carbohydrate fractions, information on
the validity of FFQ to measure dietary GI and GL has been
scarce, since only five studies have been published using
either FR comprising a total of 12-28d or 12-24h dietary
recalls as the reference®”?3” In these studies, energy-
adjusted correlation coefficients in the range of 0-40—0-:69 for
dietary GI and 0-32—-0-70 for dietary GL have been reported.
Thus, the correlations in the present study are in the lower
boundary of these ranges. We observed an emphasis of
medium- and high-GI foods (sugar and confectionery, soft
drinks and alcoholic beverages) as carbohydrate sources in
the FR compared with FFQ, whereas low-GI foods (milk pro-
ducts, fruits and vegetables) were emphasised in the latter.
This divergence may in part contribute to the present results.
Overall, possible reasons for the discrepancy across studies
may relate to the variability of carbohydrate sources in popu-
lations and challenges in applying GI values to foods.

In general, variation in correlation results across studies
may be due to population differences. A heterogeneous
population, with regard to sex and age, can magnify
between-person variation in diet and thus the correlations.
Furthermore, comparing validation results is challenging,
since the FFQ food lists differ in length. The number of FFQ
items seems to be of importance, when exploring specific
carbohydrate fractions and dietary GI and GL. Detailed ques-
L3 and  questionnaires especially designed to
measure carbohydrate intake”*” have produced high corre-
lations. However, FFQ with few items (e.g. <100 items)
show good validity for total carbohydrate, sucrose and fibre,
even in populations restricted by sex and age1®3>3®,

The number of food-recording days required to represent
the usual diet, including carbohydrate intake, largely depends
on the within-person variation in food consumption and nutri-
ent intake™?. In general, higher correlations are observed,
when the reference comprises several days"'>. The earlier ver-
sion of the present FFQ was validated against 3d FR®.
Compared with that study, we observed slightly better corre-
lations for carbohydrate in both sexes, and sucrose and fibre
in men. An earlier forerunner of our FFQ was validated against
14d FR among 25-75-year-old women and showed poorer
correlations for total carbohydrate and fibre than the present
study, but better validity for lactose and sucrose™'”. Thus, it
seems that total carbohydrate and fibre intakes may be well
covered with few recording days, whereas specific carbo-
hydrate fractions require more.

The time sequence and the implementation order of the two
methods can also affect between-method correlations. FFQ
validation studies are conducted in a variety of different time
sequences and variation in the number of consecutive FR
days exists"*!». This FFQ inquired about food consumption
during the previous 12 months, and it was completed in-
between the two food-recording periods, which formed the
reference. Ideally, the FFQ should represent the time scale,
during which the FR are kept'?. Unfortunately, this require-
ment was not completely fulfilled in the present study due
to practical issues of the study protocol.

tionnaires

ssaud Ans1anun abpruquie) Ag auljuo paystiand 9627001 LS LLZ000S/£L0L 0L/BI010p//:sd1y


https://doi.org/10.1017/S0007114511004296

o

British Journal of Nutrition

1372 N. E. Kaartinen et al.
(a) 60 (b) 60
o
50 50
o o ° ]
T 40 T 40 oa
= 2 2 -
« 30 = Upper limit of agreement = 25-1 « 30 Upper limit ofagreement:zez& [ °
| - i B o
Qo 20 @ 20 28 o0
8o °
% 10 % 10 T °
o 15} 9 o @
g S o
20 20 2
g g L limit of t=-10-5
= _ = _ ower limit of agreement = -
o -10 a -10 =
o
20 il -20
o
-30 =30

5 10 15 20 25 30 35 40 45

Mean intake: (FFQ+FR)/2 (g/d)

0 10 20 30 40 50 60
Mean intake: (FFQ+FR)/2 (g/d)

Fig. 1. Bland—Altman plots®" of fructose from the FFQ and two 3d food records (FR) for (a) men (n218; y = —0-54x — 2.1, P<0-0001) and (b) women (n 292;
y= —0-60x — 3-5, P<0-0001). The linear trend (Ho: slope = 0, a = 0-05) and the limits of agreement are indicated. Intake values are energy-adjusted using the

residual method©.

At the population level, FFQ commonly overestimate carbo-
hydrate fraction intakes compared with FR®11839  Thjs
occurred also in the present study and might relate to general
difficulties in self-reported dietary assessment. Bias may orig-
inate from the relative overestimation of foods (and related
nutrients) perceived as socially desirable and energy (macro-
nutrient) under-reporting. The latter consistently associates
with higher BMI and other subject characteristics such as
female sex and old age™”. The extent to which energy
under-reporting occurs is, however, likely to be population-
and method-specific®”. In estimated FR, the median preva-
lence of energy under-reporting is 30 %"”’. Thus, the observed
overestimation of the FFQ may in part arise from under-
reporting in FR, but the in-depth analysis of this is beyond
the scope of the present study.

Age was associated with FFQ validity for most of the studied
dietary factors in women, whereas in men, the effect of age
was less prominent. This finding recurred in between-
method correlation analyses performed in strata based on
median age. Correlations for =57- and >57-year-old men dif-
fered only slightly, but appeared higher in =52-year-old
women compared with >52-year-olds (data not shown).
In contrast, Paalanen et al."® found a poorer FFQ validity
among young women (30-50 years) compared with older
women (>50 years). Marks et al® did not observe an
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effect of age on FFQ validity in measuring carbohydrates in
25-75-year-old adults. Possible explanations for the present
findings include that older age may undermine the subject’s
ability to diet reporting, which constitutes a demanding cogni-
tive task™?. General interest in health and food preparation
can additionally predispose, especially women, to misreport-
ing operating differently during the life course. The latter
issue could also explain the few associations between edu-
cation and FFQ validity evident in the present study. Earlier
studies have, however, not shown such associations®'”.
Earlier stud1es(9 '® have shown that BMI affects FFQ validity
in measuring total carbohydrate, fibre and total sugars, but we
did not. The present result remained as the linear regression
analysis was repeated in age strata based on the median age
cut-offs in both sexes. Additional between-method correlation
analyses in median BMI-based strata revealed, however, that
men in the lower BMI group (<27kg/m® had slightly
higher correlations than overweight/obese men (=27 kg/m?)
(data not shown) similar to Paalanen et al.“'®
the difference between normal weight (<25 kg/m? and over-
weight/obese (=25kg/m?) did not appear prominently (data
not shown). Regardless of BMI status in both sexes, corre-
lations were acceptable and as in the present main analysis,
lowest in the overweight/obese men and
women emerged for total sugars and dietary GI. This points

. In women,

correlations
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Fig. 2. Bland—Altman plots®" of sucrose from the FFQ and two 3d food records (FR) for (a) men (n 218; y = —0-016x + 9-2, P=0-85) and (b) women (n 292;
y = —0-087%x + 3-3, P=0-23). The linear trend (Ho: slope = 0, « = 0-05) and the limits of agreement are indicated. Intake values are energy-adjusted using the

residual method©?.
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Table 3. Characteristics of study subjects associated with the difference in the energy-adjusted®® intakes of nutrients, dietary glycaemic index (Gl)
and the dietary glycaemic load (GL) from the FFQ and two 3d food records (FR) (FFQ—FR)

Regression coefficientt

Men (n 218) Women (n 292)
Educationt Educationt
Age (years)§ Low Middle BMI (kg/m?)§  Age (years)§ Low Middle BMI (kg/m?)§
Nutrient/dietary factor difference (FFQ—FR)

Total carbohydrate (g) 0-312 2:397 —0-894 0-370 0-589*** —10-548* —-7-910 0-123
Starch (g) 0-143 2528 —0-104 -0-120 0-046 -12.077** —2.339 —0-011
Total sugars (g) 0-223 —0-120 0-912 0-386 0-491* 1-548 —5.345 0-198
Fructose (g) —0-030 2-802 1.431 0-071 0-092* 2170 0-493 0-046
Lactose (g) —0-133* —-2.755 —2.831 —0-235 —0-020 —-3-208* —2.255 0-088
Sucrose (g) 0-134 —0-988 2.346 0-163 0-244* 0-184 —2-804 —0-166
Dietary fibre (g) 0-010 -1.001 —2.221* 0-021 0-064* —0-195 0-851 0-050
Insoluble dietary fibre (g) —0-004 -0-863 —1.648" 0-001 0-035 —0-473 0-360 0-036
Soluble polysaccharides (g) 0-008 -0262 —0-359 0-008 0-016* 0-119 0-065 0-005
Gl 0-043 0-516 0-294 0-050 —0-043* -0-778 0-799 0-003
GL 0-325** 1.676 —0-209 0-323 0-249* —8-965** —2.990 0-094

*P<0-05; **P<0.01; ***P<0-0001.

1 In cases where the mean of intake (FFQ+ FR/2) was significantly associated with the difference (FFQ— FR), the mean was included in the model (Table 2).
1 Reference: high education. Due to missing values, n 217 (for men) and n 289 (for women).

§ Continuous variable.

towards a possible difficulty of overweight subjects to report
certain food groups. The effect of this phenomenon on
future studies cannot be ruled out.

Overall, reasons for the discrepancy of findings across studies
relating to the effects of subject characteristics, including BMI,
on FFQ wvalidity are not well established. Given the small
number of studies reporting these effects, more studies among
different populations are needed. Most importantly, the effects
are likely to be population- and FFQ-specific, further elucidat-
ing the need for FFQ validation studies and subsequent control
for these factors in epidemiological analyses.

The present study is limited by the rather short time sequence
of the FR, which may in part have led to the underestimation of
FFQ validity. The similarity of consecutive FR days may hinder
capturing the usual food consumption. Furthermore, the pre-
sent study protocol did not allow for biomarkers reflecting
carbohydrate fractions, such as the predictive biomarker for
sugar intake“™®. This precludes the investigation of the
measurement error, which inevitably accompanies the FFQ
among other dietary assessment methods“®. Major strengths
of the present study include the large sample size (12 510) com-
pared with validation studies in general (median 72 1 100"®, The
subject distributions with regard to sex, age, education and BMI
were similar to those of the entire study population (P values for
differences 0-13, 0-28, 0-80 and 0-70, respectively, data not
shown), suggesting good representativeness. The present
study also reports results for several carbohydrate fractions
and dietary GI and GL and effects of subject characteristics on
the relative FFQ validity, adding to the scant body of knowledge
in these research fields.

In conclusion, the present study provides evidence that the
updated 131-item FFQ is a reasonably good tool for measuring
the intake of macronutrients and several carbohydrate frac-
tions, as well as dietary GI and GL in epidemiological studies,

in which analyses are based on subject ranking. Furthermore,
the present study suggests that among Finnish adults,
especially women, the relative FFQ wvalidity is associated
with the level of intake, age and, to a lesser extent, education.
These factors should be considered in future by executing
careful statistical adjustments in diet—disease relationship
analysis, but also by striving towards further developing the
FFQ method.
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Appendix. Cross-classification of crude and energy-adjusted nutrient, glycaemic index (Gl) and glycaemic load (GL) distribution quintiles from the FFQ
and two 3d food records for men and women

Men (n 218) Women (n 292)

Same = 1 quintile (%) Opposite quintile (%)t Same = 1 quintile (%) Opposite quintile (%)t

Crude Energy-adjusted} Crude Energy-adjustedt Crude Energy-adjustedf Crude Energy-adjustedf

Nutrient/dietary factor

Energy (kJ) 65 - 28 - 58 - 6-5 -
Total carbohydrate (g) 68 70 2-8 1.8 60 75 2.7 21
Starch (g) 67 67 2.3 23 65 72 38 1.7
Total sugars (g) 64 62 3:2 5.5 64 64 41 31
Fructose (g) 65 73 3.2 3.2 60 70 3-8 3-8
Lactose (g) 81 83 0-0 0-5 81 83 1.0 1.0
Sucrose (g) 70 77 23 37 66 70 3-4 2:4
Dietary fibre (g) 79 80 0-5 0-9 68 76 31 1.0
Insoluble dietary fibre (g) 78 78 09 1-4 68 78 2.7 1.0
Soluble polysaccharides (g) 79 82 1.4 14 65 76 2:4 14
Gl 62 65 2.3 41 69 69 31 31
GL 68 69 32 1.0 58 72 2.7 1.4

1 Disagreement by four quintiles (gross misclassification).

+ Energy-adjusted using the residual method®?.
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