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Validity of a Self-Administered Diet History
Questionnaire for Assessment of
Sodium and Potassium
—— Comparison With Single 24-hour Urinary Excretion ——

Satoshi Sasaki, MD; Ryoko Yanagibori, Ph D*; Keiko Amano, MD**

We developed a self-administered diet history questionnaire (DHQ) for use in prevention and control of
cardiovascular diseases and cancer, and validated it by comparison with single 24-h urinary excretion of
sodium (Na) and potassium (K). The subjects were 154 male and 69 female freshmen university students.
Mean intakes (mmol/day) assessed by DHQ and the urinary excretion of Na were 196 and 165 respectively for
men and 179 and 136 respectively for women. Those of K were 61.5 and 43.9 respectively for men and 56.8
and 41.6 respectively for women. The ratios of urinary excretion to dietary intake of Na were 0.97 in men and
0.84 in women. Those of K were 0.78 in men and 0.80 in women. The results for both Na and K were
reasonable, except for Na in men. When Pearson correlation was examined between dietary and urinary Na
and K, no significant correlations for Na in men (r=0.14) or women (r=0.23, p=0.06), or significant
correlations for K in men (r=0.34, p<0.001) or women (r=0.40, p<0.001) were observed. The results
suggest a reasonable ability to estimate a subject mean for Na in women, K in both sexes, and individual level
for K for both sexes. The validity for individual level for Na intake is not conclusive because the duration of

urine collection was too short. (Jpr Circ J 1998; 62: 431—435)
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relationship between intake level of sodium (Na)

and hypertension! stroke? and stomach cancer?-*
A negative relationship between intake level of potassium
(K) and hypertension' and stroke mortality!-> has also
been reported. These 2 nutrients are important for the
prevention and control of these diseases. Reliable dietary
assessment methods on these nutrients are necessary both
for epidemiologic studies and for prevention and dietary
therapy. Dietary assessment of Na is considered especial-
ly difficult because the intra-subject variation is wider
than the inter-subject variation$ and assessment of sea-
soning is difficult by either diet record or diet recall?
Measurement of urinary Na excretion with multiple days
of collection is considered a reliable method$ It is,
however, difficult to use in field settings and for general
populations. Several questionnaires for the assessment of
Na and/or K intake levels have therefore been developed
and validated to date8-1° Although some questionnaires
were also developed and validated in Japan}!-'? they were
all designed to categorize subjects into groups. To our
knowledge, no questionnaire has been developed to assess
Na and K intake levels as a quantitative value, ie, in
mmol/day or g/day in Japan.

S everal epidemiologic studies have suggested a

(Received September 1, 1997; revised manuscript received December 26,
1997; accepted January 14, 1998)

Epidemiology and Biostatistics Division, National Cancer Center Research
Institute, East, Kashiwa, Japan

*Aichi Prefectural College of Nursing and Health, Nagoya, Japan
**Tokyo University of Fisheries, Tokyo, Japan

Mailing address: Satoshi Sasaki, MD, Epidemiology and Biostatistics Di-
vision, National Center Research Institute, East 5-1 Kashiwanoha 6,
Kashiwa 277-8577, Japan

Japanese Circulation Journal Vol.62, June 1998

We developed a self-administered diet history question-
naire (DIHQ) for use in evaluation of nutrient intake
levels and health education for both healthy individuals
and high-risk populations. The DHQ was designed to
obtain dietary habits for the previous month for total
energy and 17 nutrients including Na and K. The test ver-
sion of the DHQ was validated by a 3-day diet record and
showed reasonable validity for most nutrients examined,
but not Nal3 For a validation study of a newly developed
dietary assessment questionnaire, studies with biomarkers
of target nutrients are recommended!* We therefore
compared the dietary intake levels of Na and K estimated
by the DHQ and the urinary excretion levels measured by
a single 24-h urine collection in university students.

Methods

Data Collection

The subjects were freshmen students at Tokyo Univer-
sity of Fisheries. They filled out the DHQ in April, 1996.
A single 24-h urine collection was performed 3 or 4 days
after the dietary survey!s The subjects collected their
urine into 1-L plastic containers. Three and 2 containers
were given to the male and female students, respectively.
For subjects who habitually drank beer or relatively large
quantities of non-alcoholic beverages, an additional con-
tainer was given. All the subjects attended a class on how
to collect 24-h urine and then voided all the urine in the
bladder at that time, recorded the time, and started the
urine collection. They were requested to record the
estimated volume of urine when they failed to collect
urine. They were also requested to record the time at
which they finished the urine collection. They submitted
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Table 1 Sodium (Na) and Potassium (K) Intake Assessed by a Self-Administered Diet History Questionnaire
and Urinary Excretion Measured by Single 24-h Urinary Collection. Fresh Students of Tokyo University of

Fisheries, April, 1996

Men (n=154) Women (n=69)
Mean +SD Range Mean+SD Range

Dietary intake
Na (mmollday) 196170 49—410 179459 61—-332

From seasonings! (% of total Na) 36 42

From pulses? (% of total Na) 11 12

From vegetables and fruits3 (% of total Na) 19 17

From other vegetable products* (% of total Na) 6 6

From animal products’ (% of total Na) 17 18

From othersé (% of total Na) 12 6
K (mmol/day) 61.5+22.9 19.7—165.5  56.8+19.5 19.1-102.1

From seasonings’ (% of total K) 2 1

From pulses? (% of total K) 5 6

From vegetables and fruits? (% of total K) 23 20

From other vegetable products* (% of total K) 28 34

From animal products’ (% of total K) 34 33

From othersé (% of total K) 8 6
NalK (mmollmmol) 3.324+0.96 1.16—7.21 3.33+1.16 1.75-9.36
Total energy (kcallday) 23951632 1140—4049 1877 £521 1004—3829
Urinary excretion
Na (mmolfday) 165+ 54 57357 136459 25—359
K (mmoliday) 43.9+17 13.4—132.9  41.6+17.5 13.8—96.8
NalK (mmollmmol) 4.09+1.59 1.36—9.92 3.58+1.57 1.02-8.27
Creatinine (g/day) 1.5240.28 0.76—2.52 0.95+0.20 0.50—1.59
Volume (mllday) 880+286 3501670 8141289 240—1580
Urinary-dietary ratio

Urinary Naldietary Na (mmollmmol) 0.97+0.66 0.24—6.59 0.84+0.46 0.23—-2.29

Urinary Kldietary K (mmollmmol) 0.78+0.36 0.16—2.27 0.80+0.39 0.27—1.94

Seasonings added during cooking processes are included. 2Miso for miso soup is included. 3Salted pickles, mushrooms,
and sea plants are included. “Cereals, potatoes, nuts, and sweets. SMeats, fish, and dairy products. SAll others not

included in the above 5 food groups, such as noodle soup.

the collected urine and the above reports to the staff of
the university health center. The completed question-
naires were checked by the authors and 1 nurse. Ques-
tionnaires with missing and/or illogical answers were filled
in again by the subjects 1 week after the first survey. A
total of 312 DHQs and 339 urine samples were obtained.
The volume of voided urine was reported by the subject’s
estimation. Both sets of data were obtained from 310
subjects.

Estimation of Na, K, and Total Energy from DHQ

The questionnaire contained the following 7 sections:
food frequencies, main staples, seasonings, alcoholic
beverages, dietary behavior, nutrient supplements, and
open-ended questions. Food intake was mainly calculated
from the questions on frequency and relative quantity of
foods listed in the questionnaire. The use of scasonings
such as soy sauce, salt, oil, and sugar was estimated from
the answers to questions on preference for cooking
methods and seasonings and food items consumed. The
calculation method was based on the diet history method
developed by Burke'¢ and others!” A specially designed
program was used for the estimation of Na, K, and total
energy intake in this analysis.

Measurement of Na, K, and Creatinine
from the Urine Samples

The urine samples were analyzed for Na and K by
flame photometry and creatinine by Jaffe’s procedure.
The 24-h urine volume was estimated from the collected

and voided urine. The reported collection time was not
considered for estimation of 24-h urine volume because
most of the students collected urine over 24 h 430 min.

Data Analysis

Subjects were excluded from the analysis if they met
either of the following criteria: (1) sex, body height, or
body weight was missing; (2) the creatinine (mg)/body
weight (kg) ratio was smaller than 14.4 or greater than
33.6 in men or smaller than 10.8 or greater than 25.2
in women!8 A total of 310 subjects (154 men and 69
women) remained and were included in the analysis.

There is no definite consensus on the cut-off point for
unreliable reporters for dietary assessments!® We com-
pared 2 results analyzed with and without the exclusion
criteria on unreliable reporters of DHQs. The difference
in the results were almost negligible. Therefore, the re-
sults analyzed without the exclusion criteria on unreliable
reporters of DHQ are presented.

The purpose of the study was to examine 2 types of
validity of the questionnaire: one for population mean
and the other for individual ranking. The means between
dietary intake and urinary excretion were compared for
each cation. Pearson correlation coefficients were calcu-
lated to examine the validity of individual level. Because
of the skewed distribution of the values, log-transformed
values were used for the analysis. When the data on
nutrient intake levels obtained by a questionnaire are
analyzed, adjustment for total energy is recommended??
Besides crude values, energy-adjusted intake levels and
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Table 2 Pearson Correlation Coefficients for Sodium Between
Dietary Intake and Urinary Excretion (mmol/day)

Men Women
(n=154) (n=09)

Total sodium Crude’ 0.09 0.16
Adjusted?2  0.14 0.23#
Sodium from each food group?  Adjusted!2
Seasonings 0.05 0.13
Pulses 0.18* 0.24*
Vegetables and fruits —0.01 —0.10
Other vegetable products 0.14 0.17
Animal products 0.05 0.13
Others ' 0.09 —0.12

1After log transformation. 2Adjusted for total energy for dietary
sodium and for urinary creatinine for urinary sodium. 3See Table I for
the definition of food group. Significandly different from null correla-
tion: #p=0.05—0.06, *p<0.05.

Table 3 Pearson Correlation Coefficients for Potassium Between
Dietary Intake and Urinary Excretion (mmol/day)

Men Women
(n=154) (n=069)

Total potassium Crude! 0.35%%* 0.28%*
Adjusted’2  0.34***  0.40***

Potassium from each food group®  Adjusted’ 2
Seasonings 0.03 —0.21
Pulses 0.26%** 0.15
Vegetables and fruits —0.07 —0.03
Other vegetable products 0.19 0.42%%*
Animal products 0.28*** 0.11
Others 0.09 0.04

1After log transformation. 2Adjusted for total energy for dietary potas-
sium and for urinary creatinine for urinary potassium. 3See Table 1
for the definition of food group. Significantly different from null cor-
relation: *p <0.05, **p<0.01, ***p<0.001.

Table 4 Means (+:SDs) of Urinary Sodium Excretion Levels
(mmol/day) Adjusted for Creatinine Excretion by Soup-Eating
Behavior Assessed in a Self-Administered Diet History
Questionnaire!

Men (n=154) Women (n=69)

n Mean+8D n Mean=+SD

Seldom 10 157+ 43 25 128140
20% 33 164156 21 145473
40% 25 164+ 42 7 138130
60% 22 159+56 5 122424
80% 34 177455 7 140+39
Almost all 29 157456 4 109+31

1Question; how much soup do you eat when you eat noodle with soup?

creatinine-adjusted urinary excretion levels were used in
the correlation analysis. Specifically for Na, the relation-
ship between urinary Na excretion levels and answers to
some salt-related questions were examined. The signifi-
cance level was set at p<0.05 for all analyses.

Results

Table 1 shows means and standard deviations of the
dietary intake assessed by DHQ and the urinary excretion
of Na and K. Mean intake of Na was 196 mmol/day in
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Table 5 Means (1 SDs) of Urinary Sodium Excretion Levels
(mmol/day) Adjusted for Creatinine Excretion by Frequency of
eating on Selected Foods Rich in Salt in a Self-Administered
Diet History Questionnaire

Men (n=154) Women (n=69)
n Mean+SD n Mean+SD

Miso soup
Once a month or less 0 0
2—3 times a month 24 150461 9 102+40
Once a week 25 162+56 8 94+31
2—3 times a week 34 155442 16 157463
4—6 times a week 26 161+48 16 143430
Once a day 23 172437 12 140+63

More than or equal to twice a day 22 192164 8 136+26
Salted pickles

Once a month or less 30 154451 11 121+42
2—3 times a month 27 150458 15 132461
Once a week 30 165451 8 121435
2—3 times a week 36 175441 16 133444
4—6 times a week 21 167451 10 125434
Once a day 8§ 198+67 8 172171
More than or equal to twice a day 2 1351104 1 190
Dried and salted fish

Once a month or less 27  156+63 17 129458
2—3 times a month 44  163+46 23 127441
Once a week 46 169447 16 127441
23 times a week 30 165+56 11 169+64
4—6 times a week 6 170+82 2 11742
Once a day 1 148 0

More than or equal to twice a day 0 0

men and 179 mmol/day in women. The mean intake as
assessed by urinary excretion was 165 mmol/day and 136
mmol/day, respectively. The ratio of urinary excretion to
dietary intake was 0.97 and 0.84, respectively. Mean in-
take of K was 61.5 mmol/day in men and 56.8 mmol/day
in women. The mean intake as assessed by urinary excre-
tion was 43.9 mmol/day and 41.6 mmol/day in men and
women, respectively. The ratio of urinary excretion to
dietary intake was 0.78 in men and 0.80 in women.
Thirty-six percent and 42% of total Na derived from sea-
sonings in men and in women, respectively. Seasonings
were the largest source of Na. Vegetables and fruits,
other vegetable products, and animal products were the
main sources of K. Eighty-five percent and 87% of total
K derived from these 3 food groups in men and women,
respectively. When the ratio of Na to K was compared
between dietary intake and urinary excretion, the former
(3.32) showed a lower value than the latter (4.09) in men.
The values were similar in women: 3.33 for the former
and 3.58 for the latter.

The Pearson correlation coefficients for Na between
dietary intake and urinary excretion are shown in Table 2.
The energy- and creatinine-adjusted correlation was 0.14
in men and 0.23 (p=0.06) in women: Table 3 shows the
corresponding values for K. The energy- and creatinine-
adjusted correlation was 0.34 (p<0.001) in men and 0.40
(p<0.001) in women.

Table 4 shows the means of urinary Na excretion levels
according to soup-eating behavior. Table5 shows the
means of urinary Na excretion levels according to the
frequency of eating 3 selected foods rich in salt. Table 6
shows the mean urinary Na excretion levels according
to the level of salt preference. Three questions about
salt preference were asked. No statistical difference,
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Table 6 Mean (£SD) of Urinary Sodium Excretion Levels
(mmol/day) Adjusted for Creatinine Excretion by Salt
Preference Assessed by 2 Questions in a Self-Administered
Diet History Questionnaire

Men Women
n  Mean+SD n Mean+SD

Question A: Are foods at your home saltier than those in

restaurants?

(n=1353) (n=69)
Much less salty 17 155453 13 126162
Less salty 57 169+40 29 135+53
Similar 58 162+52 20 134+ 46
Saltier 18 166 +74 6 144+ 38
Much saltier 3 169+123 1 130

Question B: Count the number of foods for which you use sauce or
salt when you eat the following 13 kinds of foods?*

(n=154) (n=69)

bi i 206 0

3 3 45+70 0

4 8 174429 5 133430
5 13 155450 3 86+8
6 25 164466 13 132457
7 23 153446 14 125162
8 34 172451 18 146+51
9 22 164437 12 127437
10 17 162449 4 172442
11 3 1924107 0

12 5169494 0

13 0 0

Queation C: Do you use more sauce or salt than others do when
you eat the following 13 kinds of foods?*

(n=154) (n=09)
Much less 5 165+57 120+ 66
Relatively less 25 153+47 20 138456
Usual 97  166+55 31 131439
Relatively more 27 169+49 10 143162
Much more 0 0

*The 13 foods were curry and rice, raw fish, sliced cabbage, Tenpura,
pickled Chinese cabbage, boiled and seasoned spinach, raw tofu, sun-
ny side up, grilled salmon, Chinese dumplings (Gyoza), fermented soy
beans (Natto), dried small fish, and wakame and vinegar.

examined by one-way ANOVA, was observed in any
analyses in Tables 4—6. Only for the frequencies of eat-
ing “miso-soup” and “salted pickles” in men were slight
gradients observed (Table 5).

Discussion

The study examined the relationship between dietary
intake of Na and K assessed by a DHQ and urinary excre-
tion measured by single 24-h urine collection. The
observed mean ratio of urinary excretions to dietary
intake, for Na 84% in women and 78% in men and for K
80% in women (Table 1), were similar to the values
obtained by a previous carefully designed study: 86% for
Na and 77% for K2! The ratio of Na in men was higher in
this study (97%) than in the previous study (82%)?' The
results suggest a reasonable validity of the DHQ for the
assessment of subject means of K for both sexes and of
Na only for women. The reasonable results for K indicate
that incompleteness of the urine collection would only be
a minor problem if it occurred. The Na intake assessed by
DHQ in men seems to be less reliable judging from the
higher excretion/intake ratio for Na in men than in the
previous study?!

SASAKI S et al.

For the individual ranking, only K showed a significant
correlation between dietary intake and urinary excretion
(Table 3). The Pearson correlation coefficients between
urinary excretion of K and dietary intake assessed by diet
record or recall varied from 0.23 to 0.76 in 5 methodolog-
ic studies??—26 All the studies assessed the diets over the
same period as or some days before the urine collection.
In contrast, the DHQ asked for dietary habits of the
previous month. Moreover, most studies collected urine
for more than 1 day. Considering these differences, the
validity of K intake at an individual level obtained in the
present study might have been underestimated.

The DHQ seemed valid enough for the assessment of
subject mean of Na intake, at least for women. But the
mean in men seemed less reliable. Thirty-six percent
and 42% of Na derived from seasonings in men and in
women, respectively. Although comparison is difficult
because of the different population characteristics such
as sex and age range, these values are lower than the
average level for Japanese (58%) reported in the National
Nutrition Survey, Japan, in 199427 The lower mean
intake of Na observed in men may be due partly to the
underreporting of Na derived from seasonings. For the
individual ranking, there was a positive, but not signifi-
cant, correlation between dietary intake and urinary
excretion of Na (Table 2). Only the correlation in women
showed a borderline significance (r=0.23, p=0.06). All
but 1 of the previous 6 studies that examined a correlation
between urinary excretion of Na and dietary intake
assessed by diet record or recall showed a higher degree
of correlation (r=0.04—0.91)22—25282% Thig may be due
to a difference in study designs between the previous
studies and the present study as discussed above for K. A
single 24-h urine collection was used in this study because
this was easy for the study population. However, it has
been suggested that it is necessary to collect urine for at
least 8 days to achieve a precision of less than 10% error
in order to estimate Na intake at an individual level from
urinary excretion® Therefore, urine collection over a
longer period of time is necessary to validate the question-
naire for individual ranking of Na intake.

Tables 4—6 do not show any significant relationship
between urinary excretion of Na and the answers to
salt-related questions. Pietinen et al® reported significant
differences for single 24-h urinary Na excretion by cate-
gory for similar questions in a Finnish population. The
sample size was, however, much greater: 751 men and 720
women. On the other hand, a recent study reported that
salt preference was unrelated to sodium consumption in
both young and older adults3® It suggested that the cor-
relation between salt preference and total Na intake
was low. Intake of Na measured by diet analysis in 6 sub-
jects over a week showed a high degree of correlation
with meal size in grams (r=0.53, p<0.001)3! Two studies
indicated the relative importance of amount of foods con-
sumed rather than subjective measures of salt preference.
They support the approach taken in the DHQ for the cal-
culation of Na intake, ic including both salt preference
and amount of foods consumed.

Some questionnaires have been developed to assess
Na intake?—1229 They reported a significant correlation
between a single 24-h urinary Na excretion and the score
or category calculated from the questions. But these
questionnaires were designed to assess Na intake level
only. Not only Na but also other nutrients are suggested
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as dietary risk factors for cardiovascular disease’-2-32 and
stomach cancer!233 A dietary assessment method that
can measure intake levels of multiple nutrients other than
Na only would seem to be more useful. The DHQ was
designed to assess 17 nutrients including Na and K, and
total energy.

This study examined the validity of a DHQ for assess-
ment of Na and K intake using adolescents living in an
urban area. This age range is important from the view-
point of primary prevention because cardiovascular
disease and cancer are related to long-term lifestyle34.35
Populations at high risk of cardiovascular disease and can-
cer are, however, older than the population examined in
this study. A wvalidation study is also necessary for older
populations.

The procedures used to calculate nutrient intake levels
in the DHQ were developed theoretically from an exten-
sive review of the literature. However, the data in the
literature were mostly obtained in clinical settings or
laboratory experiments. The applicability of these data to
the development of a calculation procedure for nutrient
intake levels in DHQs remains unresolved.

In conclusion, a reasonable validity for the DHQ was
obtained for K for subject mean and individual ranking in
both sexes, and for Na for subject mean in women. Based
on the results, further validation studies with multiple-day
urine collection using broader populations, such as elderly
and rural populations, are necessary, as well as the im-
provement of the DHQ itself.
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