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tors, including residential block, size of residential area,
current smoking, rate of eating, alcohol drinking, physical
activity (total metabolic equivalent-hours/day, continuous),
and energy intake (kilocalories/day, continuous; model 1).
We also included BMI (kilograms per square meter, con-
tinuous) as a confounding factor (model 2). For nutrients,
we further adjusted for intake (continuous) of other nutri-
ents (total fat as percentage of energy and dietary fiber as
grams per 1000 kcal for protein; protein as percentage of
energy and dietary fiber for total fat, saturated, monounsat-
urated, polyunsaturated fatty acids, and carbohydrate; and
protein and total fat for dietary fiber; model 3). For fatty
acids, we further adjusted for other fatty acids (model 4).
Because the distribution of serum leptin concentrations was
highly skewed, the analyses were done using natural log-
transformed values. We tested for linear trends with increas-
ing levels of dietary intake by assigning each participant the
median value for the category and modeling this value as a
continuous variable. All statistical analyses were performed
using SAS 8.2 (SAS Institute, Cary, NC, USA). All reported
P values are two-tailed, and P < 0.05 was considered
statistically significant.

Results

Subject characteristics are listed in Table 1. Mean serum
leptin concentration was 7.7 ng/mL. Mean intakes of pro-
tein, fat, and carbohydrate were 13.9%, 29.6%, and 55.1%
energy, respectively, whereas mean intakes of dietary fiber,
vegetables, and pulses were 7.1, 129.4, and 25.3 g/1000
kcal, respectively. Subject characteristics according to quin-
tile of serum leptin concentration are also presented in Table
1. Women in the higher quintiles of serum leptin weighed
more, consumed less alcohol, and had lower intake of pro-
tein, dietary fiber, vegetables, and pulses.

Independent associations between nutrient intake and
serum leptin concentration are presented in Table 2. Intakes
of protein and polyunsaturated fatty acids were significantly
inversely associated with serum leptin concentration, inde-
pendent of not only potential confounding factors (model 1:
P for trend = 0.004 and 0.008, respectively) but also of
BMI (model 2: P for trend = 0.007 and 0.035, respectively).
This association disappeared after further adjustment for
intake of other nutrients (model 3: P for trend = 0.21 and
0.23, respectively; model 4 for polyunsaturated fatty acids:
P for trend = 0.86). Although total fat intake was signifi-
cantly inversely associated with serum leptin concentration,
independent of potential confounding factors (model 1: P
for trend = 0.033), this was not independent of BMI (model
2: P for trend = 0.23) or other nutrients (model 3: P for
trend = 0.31). Intakes of saturated and monounsaturated
fatty acids and carbohydrate were not significantly associ-
ated with serum leptin concentration regardless of adjust-
ment for other factors. Conversely, dietary fiber intake was
a significant determinant of serum leptin concentration, in-

dependent of not only potential confounding factors (model
1: P for trend = 0.0003) including BMI (model 2: P for
trend = 0.003) but also of other nutrient intakes (model 3:
P for trend = 0.026). Higher dietary fiber intake was inde-
pendently associated with lower serum leptin concentration
(mean difference in serum leptin concentration between the
lowest and highest quintiles of dietary fiber intake = —1.1
ng/mL, model 3).

Table 3 presents independent associations between food
intake and serum leptin concentration. Cereals were signif-
icantly positively associated with serum leptin concentra-
tion, independent of potential confounding factors (model 1:
P for trend = 0.013), but this was not independent of BMI
(model 2: P for trend = 0.22). Vegetables and pulses were
significantly associated with serum leptin concentration in-
dependently of not only potential confounding factors
(model 1: P for trend = 0.001 and 0.027, respectively) but
also of BMI (model 2: P for trend = 0.007 and 0.019,
respectively). Increasing intake of these foods was indepen-
dently associated with a lower serum leptin concentration
(mean difference in serum leptin concentration between the
lowest and highest quintiles of intake = —1.1 ng/mL for
vegetables and — 1.2 ng/mL for pulses, model 2). However,
after further adjustment for intake of dietary fiber, a single
nutrient independently associated with serum leptin concen-
tration in the present study, the significant associations of
intake of vegetables and pulses with serum leptin concen-
tration disappeared (P for trend = 0.50 and 0.25, respec-
tively). Intakes of other foods were not significantly asso-
ciated with serum leptin concentration regardless of
adjustment for other factors.

Discussion

In this study of young Japanese women, we found that
higher intakes of dietary fiber, vegetables, and pulses were
associated with lower serum leptin concentrations, indepen-
dently of potential confounding factors including BMI
Given that our subjects were selected female dietetic stu-
dents rather than a random sample of Japanese women,
these results might not be extrapolated to the general Japa-
nese population. However, the biological relation between
diet and leptin levels in this population is likely similar to
that among women in general. In addition, because the
study population consisted of generally healthy participants,
the clinical relevance of our findings remains to be eluci-
dated. Nevertheless, our results should provide valuable
insight from a prevention perspective. The relatively
healthy dietary habits and the narrower range of leptin
levels in this population of young healthy and lean women
would mean that greater differences might be seen in other
populations.

On average, serum leptin concentration in this study of
18- to 22-y-old Japanese women with a mean BMI of 21.4
kg/m? (arithmetic mean = 8.8 ng/mL) was relatively com-
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Table 1
Subject characteristics according to quintile of serum leptin concentration™
Variable All (n = 424) Quintile of serum leptin concentration Pt
1(n=189) 2 (n = 80) 3 (n = 86) 4 (n = 83) 5 (n = 86)
Serum leptin concentration 7.7 (7.3-8.1) 4.2 59 7.8 10.4 14.5
(ng/mL)
Age (V) 195+ 1.0 199+ 1.2 19508 193+ 09 193*1.0 194+ 09 0.002
Body height (cm) 1579+ 56 1584 =53 157.8 = 5.1 156.7 £ 6.0 158.7 = 6.0 157.8 +5.3 0.91
Body weight (kg) 533+ 8.1 48.1 > 4.4 502 =48 51854 552 5.1 614+ 109 <0.0001
Body mass index (kg/m?) 21429 192+ 1.6 201 £ 1.6 211+ 1.8 219+ 1.7 246 £38 <0.0001
Residential block 0.038
North (Kanto and Tohoku) 263 (62) 47 (53) 43 (54) 61 (71) 57 (69) 55 (64)
Central (Tokai and Hokuriku) 68 (16) 17 (19) 17 (21) 10(12) 11 (13) 13 (15)
South (Kyushu and Chugoku) 93 (22) 25 (28) 20 (25) 1507 15 (18) 18 (21)
Size of residential area 0.23
City with population =1 75 (18) 1537 15(19) 21(24) 12(15) 12 (14)
million
City with population <1 314 (74) 66 (74) 61 (76) 60 (70) 64 (77) 63 (73)
million
Town and village 35(8) 8(9) 4.(5) 5(6) 7(8) 11(13)
Current smoking 0.55
No 412 (97) 86 (97) 76 (95) 86 (100) 80 (96) 84 (98)
Yes 12(3) 3(3) 4(5) 00 3(4) 22
Rate of eating 0.013
Slow 134 (32) 3236 28 (35) 29 (34 19 (23) 26 (30)
Medium 134 (32) 30 (34) 26 (33) 29 (34) 33 40y 16 (19)
Fast 156 (37) 27 (30) 26 (33) 28 (33) 3137 44 (51
Alcohol drinking 0.033
Non-drinker 253 (60) 47 (53) 39 (49) 58 (67) 53 (64) 56 (65)
>0% to <1% energy 103 24 25(28) 22 (28) 22 (26) 17 20) 17 20)
=1% energy 68 (16) 17 (19) 19 24 6(7) 13 (16) 13 (15)
Physical activity (total 34135 341 £33 34.0 £ 3.0 345+48 345+ 39 334 2.1 0.27
metabolic equivalents-h/d)
Encrgy intake (kcal/d) 1764 * 408 1715 + 417 1831 + 420 1775 = 373 1723 + 397 1782 + 429 0.83
Nutrient intake
Protein (% energy) 139+ 19 143 €20 138 1.9 141+18 138 = 1.7 13418 0.003
Total fat (% energy) 296 5.0 30.0 5.0 301 £5.1 20742 28.6 4.9 29.4 =55 0.18
Saturated fatty acids 8.6 +20 86+ 1.8 89 +22 86+ 1.8 8421 85+ 121 0.29
(% energy)
Monounsaturated fatty acids 102 £ 2.1 104 = 2.1 104 =20 102+ 19 9.9 +20 10.1£24 0.13
(% energy)
Polyunsaturated fatty acids 65> 1.3 6.6 = 1.2 65+ 12 65+ 13 64*14 63+ 16 0.071
(% energy)
Carbohydrate (% energy) 55157 54357 546 58 550 %49 558+ 5.7 555+ 64 0.089
Dietary fiber (g/1000 kcal) 7.1 =21 76+25 73x22 7.1 1.8 7.0+ 2.1 6618 0.0009
Food intake (g/1000 kcal)
Cereals 2157 £ 555 2069 = 52.3 210.5 £ 51.5 214.1 = 499 229.1 + 61.7 2184 £ 59.8 0.052
Potatoes 182 £ 129 197+ 122 164+ 119 19.1 £ 13.6 19.0 = 12.8 16.6 £ 13.6 0.32
Confectioneries 504 =212 50.2 £ 209 50.0 =203 494 =218 45.1 = 16.7 570242 0.079
Fats and oils 11850 123+52 118+ 44 119 =48 115250 114+53 0.22
Fruits 357 + 339 36.9 + 33.1 353 + 304 38.4 *+ 38.1 32.3 £ 307 352 *+36.6 0.61
Vegetables* 1218 =724 138.7 = 87.1 126.5 = 80.3 121.7 = 58.8 119.8 =597 101.8 = 68.1 0.0008
Pulses® 253+ 164 267 +17.9 26.1 + 16.7 259 £ 144 26.5 + 16.7 215+ 156 0.040
Meats 332 =162 356+ 17.9 342 £ 187 31.1 % 136 338 £133 3152169 0.15
Eggs 209+ 128 219+ 123 18.3 + 10.7 245 + 14.5 187 £ 11.2 209 + 14.1 0.69
Fish and shellfish 297 £ 155 326172 294 *+ 154 295+ 16.6 29.6 + 13.6 274 =143 0.052
Dairy products 892+ 758 845 =624 86.0 = 70.7 99.8 * 74.1 99.7 = 94,0 76.4 = 73.9 0.58
Beverages 411.8 = 254.8 4484 * 272.1 4094 *+ 2300 392.1 =253.8 4108 = 253.6 397.0 *+262.4 0.29

* Values are means * standard deviations for continuous variables and number of subjects (%) for categorical variables except for serum leptin

concentration (geometric mean [95% confidence interval] for total sample and median for each quintile).

¥ Tests for linear trend used the median value in each quintile as a continuous variable in linear regression; a Mantel-Haenszel chi-square test was used

for categorical variables.

* Including mushrooms and sea vegetables.

* Including nuts.
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Table 2
Serum leptin concentration (mg/ml) according to quintile of nutrient intake (n = 424)*
Variable Quintile of nutrient intake P for trend®
1(n=84) 2 (n = 85) 3 (n = 85) 4 (n =85 5 (n = 85)
Protein (% energy) 11.7 12.8 13.8 14.6 16.3
Model 1* 8.8 (7.8-9.8) 8.1(7.2-9.1) 7.4 (6.6-8.3) 7.2 (6.4-8.1) 7.1(6.3-7.9) 0.004
Model 2% 8.5(7.8-9.3) 7.8(7.1-8.5) 7.5(6.9-8.1) 7.6 (1.0-8.3) 7.1(6.5-7.8) 0.007
Model 3! 8.2 (1.5-9.0) 7.6 (1.0-8.3) 7.4 (6.8-8.1) 7.7(7.1-8.4) 7.4 (6.8-8.1) 0.21
Total fat (% energy) 235 27.1 29.6 319 36.0
Model 1* 8.6 (1.6-9.7) 7.5(6.7-8.5) 7.6 (6.7-8.5) 7.9 (7.0-8.9) 6.9 (6.1-7.8) 0.033
Model 2¢ 8.0 (7.3-8.7) 7.6 (1.0-8.3) 7.7 (7.1-8.4) 7.9 (7.3-8.6) 72(6.6-1.9) 0.23
Model 3% 7.9 (7.2-8.6) 7.6 (1.0-8.3) 7.8 (1.2-8.5) 7.9(7.2-8.6) 7.2 (6.6-1.9) 0.31
Saturated fatty acids (% energy) 6.3 7.5 8.3 9.4 11.4
Model 1# 8.5(7.5-9.5) 7.4 (6.6-8.4) 7.4 (6.6-8.3) 7.7 (6.8-8.6) 7.5(6.6-8.4) 0.29
Model 2% 8.1(7.4-8.8) 7.3(6.7-1.9) 7.6 (7.0-8.3) 8.0 (7.4-8.7) 7.4 (6.8-8.1) 0.55
Model 3% 8.1 (7.4-8.8) 7.4 (6.8-8.0) 7.7(1.0-8.3) 8.0(7.4-8.7) 7.3 (6.7-8.0) 0.37
Model 4** 7.8(1.0-8.7) 7.3(6.6-7.9) 7.6 (1.0-8.3) 8.1(7.5-8.9) 7.6 (6.8-8.5) 0.88
Monounsaturated fatty acids (% energy) 7.6 9.0 10.1 11.2 13.0
Model 1* 8.4 (7.5-9.4) 7.7 (6.9-8.7) 7.8 (6.9-8.7) 7.3(6.5-8.2) 7.3(6.5-8.2) 0.08
Model 28 8.1(7.4-8.8) 7.7(7.1-8.4) 7.6 (7.0-8.3) 7.5(6.9-8.1) 7.5(6.9-8.2) 0.26
Modet 3% 8.0 (7.3-8.8) 7.7(7.1-8.4) 7.7 (7.1-8.4) 7.5(6.9-8.1) 7.5(6.9-8.2) 0.26
Model 47F 7.7 (6.7-8.8) 7.6 (6.9-8.3) 7.7 (1.1-8.4) 7.6 (6.9-8.3) 7.9 (6.8-9.0) 0.85
Polyunsaturated fatty acids (% energy) 4.9 5.7 6.4 7.1 8.1
Model 1% 9.0 (8.0-10.1) 7.9 (1.1-8.9) 7.4 (6.6-8.3) 6.7 (6.0-17.5) 7.5(6.7-8.4) 0.01
Model 2% 8.5(7.8-9.2) 7.8(1.1-8.5) 7.5 (6.9-8.2) 7.2 (6.6-7.8) 7.5(6.9-8.2) 0.035
Model 3% 8.3(7.5-9.0) 7.7 (1.1-8.4) 7.5(6.9-8.2) 7.2(6.6-1.9) 7.7(1.1-8.4) 0.23
Model 4%* 8.0(7.0-9.2) 7.6 (6.9-8.4) 7.5(6.9-8.2) 7.3(6.7-8.0) 8.0 (6.9-9.1) 0.86
Carbohydrate (% energy) 47.8 52.4 55.0 57.8 62.4
Model 1* 7.5 (6.7-8.5) 7.5(6.6-8.4) 7.2 (6.4-8.0) 7.8 (6.9-8.7) 8.5 (7.6-9.6) 0.14
Model 2% 7.5(6.9-8.2) 7.6 (71.0-8.3) 7.6 (6.9-8.2) 7.7(1.1-8.4) 7.9(7.3-8.7) 0.38
Model 3% 7.7 (6.9-8.4) 7.7(1.0-8.4) 7.6 (1.0-8.3) 7.7(7.1-8.4) 7.8 (7.0-8.6) 0.84
Dietary fiber (g/1000 kcal) 5.0 6.0 6.8 7.8 9.7
Model 1# 9.1(8.1-10.2) 8.4(7.5-9.4) 7.1 (6.4-8.0) 6.9 (6.2-7.8) 7.0(6.3-7.9) 0.0003
Model 2} 8.7 (8.0-9.4) 8.0(7.3-8.7) 7.5(6.9-8.2) 7.0 (6.4-7.6) 7.4 (6.8-8.0) 0.003
Model 3%¢ 8.6 (71.9-9.4) 7.9 (1.3-8.6) 7.5(6.9-8.1) 7.0(6.5-1.7) 7.5(6.8-8.2) 0.026

* Values are medians for nutrient intake and geometric means (95% confidence intervals) for serum leptin concentration,

 Tests for linear trend used the median value in each quintile as a continuous variable in linear regression.

* Adjusted for residential block (north: Kanto and Tohoku, central: Tokai and Hokuriku, and south: Kyushu and Chugoku), size of residential area (city
with population =1 million, city with population with <1 million, or town and village), current smoking (yes or no), rate of eating (slow, medium, or fast),
alcohol drinking (non-drinker, >0% to <1% energy, or =1% energy), physical activity (total metabolic equivalents-hours/day, continuous), and energy
intake (kcal/d, continuous).

§ Adjusted for variables used in model 1 and body mass index (kg/m?, continuous).

U Adjusted for variables used in model 2 and intakes (continuous) of total fat (% energy) and dietary fiber (g/1000 kcal).

1 Adjusted for variables used in model 2 and intakes (continuous) of protein (% energy) and dietary fiber (g/1000 kcal).

** Adjusted for variables used in model 3 and intakes (continuous) of monounsaturated fatty acids (% energy) and polyunsaturated fatty acids (% energy).

** Adjusted for variables used in model 3 and intakes (continuous) of saturated fatty acids (% energy) and polyunsaturated fatty acids (% energy).

# Adjusted for variables used in model 3 and intakes (continuous) of saturated fatty acids (% energy) and monounsaturated fatty acids (% energy).

% Adjusted for variables used in model 2 and intakes (continuous) of protein (% energy) and total fat (% energy).

parable to those in a limited number of studies of lean young
women. Arithmetic mean values of circulating leptin level
were 8.2 ng/mL in 63 Canadian women aged 18-35 y
(mean BMI = 21.9 kg/mz) [18], 9.1 ng/mL in 18 American
women aged 20-31 y (mean BMI = 21.9 kg/m?) [7], and
9.9 ng/mL in 61 Greek women aged 14-26 y (mean BMI =
21.2 kg/mz) [8]. Our mean estimate of dietary fiber intake
was 12.6 g/d, which was comparable to that in a represen-
tative sample of Japanese women aged 18-29 y (12.0 g/d)
[19].

Intakes of protein, fat (including fatty acids), and carbo-
hydrate were not independently associated with serum lep-

tin concentration in the present study. Although protein and
polyunsaturated fatty acid intake was inversely associated
with serum leptin concentration independent of potential
confounding factors including BMI, this association was not
independent of other nutrient intake. This may be due to
relatively strong positive correlations of intakes of protein
and polyunsaturated fatty acids with dietary fiber intake, a
single nutrient independently associated with serum leptin
concentration in the present study (Pearson’s correlation
coefficient, r = 0.42 and 0.20, respectively) compared with
those of other nutrients (r = —0.15 to —0.01). No associ-
ation between macronutrient intake and circulating leptin
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Table 3

Serum leptin concentration (mg/ml) according to quintile of food intake (n = 424)*

Variable Quintile of nutrient intake P for trend’
1(n = 84) 2 (n = 85) 3 (n = 85) 4 (n = 85) 5 (n = 85)

Cereals (g/1000 kcal) 144.8 187.4 2142 240.8 285.3

Model 1# 7.3 (6.5-8.2) 7.1 (6.3-8.0) 7.4 (6.6-8.3) 7.7 (6.8-8.6) 9.0 (8.0-10.2) 0.013

Model 2% 7.8 (7.1-8.5) 7.3 (6.7-8.0) 7.1 (6.6-7.8) 7.9 (7.3-8.6) 8.3 (7.6-9.0) 0.22
Potatoes (g/1000 kcal) 6.2 10.8 15.1 20.9 33.7

Model 1# 8 (7.1-8.9) 7.8 (6.9-8.7) 8.5 (7.6-9.6) 6.9 (6.2-7.8) 7.3 (6.5-8.1) 0.12

Model 2% 8.0 (7.3-8.7) 7.6 (7.0-8.3) 7.8 (7.1-8.5) 7.3(6.7-1.9) 7.8 (7.2-8.5) 0.70
Confectioneries (g/1000 kcal) 26.9 39.1 46.8 57.0 77.8

Model 1% 7.3 (6.5-8.2) 7.6 (6.8-8.5) 8.3(7.5-9.3) 6.8 (6.1-7.6) 8.4 (71.5-9.4) 0.25

Model 2*¢ 7.6 (7.0-8.3) 7.2 (6.6-7.8) 8.0(7.4-8.7) 7.3 (6.7-1.9) 8.3 (7.6-9.0) 0.15
Fats and oils (/1000 kcal) 6.0 8.8 11.1 14.1 17.8

Model 1* 7.9 (7.1-8.9) 8.2(7.3-9.1) 7.9 (7.1-8.9) 7.2 (6.4-8.0) 7.2 (6.4-8.1) 0.07

Model 2% 7.9 (7.3-8.6) 7.9 (7.3-8.6) 7.7 (1.1-8.4) 7.5 (6.9-8.2) 7.3 (6.7-8.0) 0.14
Fruits (2/1000 kcal) 7.8 16.0 25.1 40.6 75.2

Model 1# 8.7 (7.8-9.8) 7.4 (6.6-8.3) 8.1(7.2-9.1) 6.8 (6.1-7.7) 7.4 (6.6-8.3) 0.09

Model 2% 8.5(7.8-9.3) 7.4 (6.8-8.1) 7.9 (1.3-8.6) 7.0 (6.5-7.6) 7.6 (7.0-8.3) 0.13
Vegetables (g/1000 keal)! 475 79.3 105.6 139.0 211.0

Model 1# 8.5(7.6-9.5) 8.5 (7.6-9.5) 7.3 (6.6-8.2) 7.6 (6.8-8.5) 6.6 (5.9-7.4) 0.001

Model 2% 8.1(7.5-8.9) 8.1 (7.5-8.8) 7.6 (6.9-8.2) 7.7 (7.1-8.4) 7.0 (6.4-7.6) 0.007
Pulses (/1000 kcal)? 8.5 152 21.2 30.5 46.9

Model 1% 9.0 (8.0-10.0) 8.1 (7.3-9.1) 6.9 (6.2-1.7) 7.2 (6.4-8.0) 7.4 (6.6-8.3) 0.027

Model 2*¢ 8.8 (8.1-9.6) 7.9 (7.3-8.6) 7.1 (6.6-7.8) 7.1(6.5-1.7) 7.6 (7.0-8.2) 0.019
Meats (g/1000 kcal) 15.8 23.7 30.0 39.9 52.4

Model 1* 8.1 (7.2-9.0) 7.4 (6.7-8.3) 7.8 (7.0-8.7) 7.9 (7.1-8.9) 7.2 (6.4-8.0) 0.32

Model 2% 8.1 (7.4-8.8) 7.4 (6.8-8.0) 7.6 (7.0-8.3) 7.8 (7.2-8.5) 7.5 (6.9-8.2) 0.53
Eggs (/1000 kcal) 47 13.1 213 27.5 355

Model 1% 8.4 (7.5-9.4) 7.5 (6.7-8.4) 7.4 (6.6-8.3) 7.4 (6.6-8.3) 7.8 (1.0-8.7) 033

Model 2% 8.2 (7.5-8.9) 7.2 (6.6-7.8) 7.5(6.9-8.2) 7.6 (7.0-8.3) 7.9 (7.2-8.6) 0.83
Fish and shellfish (g/1000 kcal) 123 21.0 272 352 50.6

Model 1* 8.3 (7.4-9.3) 7.5 (6.7-8.4) 7.8 (7.0-8.8) 7.6 (6.8-8.5) 7.2 (6.4-8.1) 0.14

Model 238 8.1 (7.4-8.8) 7.7 (1.1-8.4) 7.8 (7.2-8.5) 7.5 (6.9-8.2) 7.3 (6.7-7.9) 0.08
Dairy products (/1000 kcal) 139 37.7 69.1 110.0 210.8

Model 1* 8.2(7.3-9.2) 8.0(7.1-8.9) 7.3 (6.5-8.2) 7.3 (6.5-8.2) 7.7 (6.8-8.6) 0.46

Model 2% 8.5(7.8-9.2) 7.7 (7.1-8.4) 7.1 (6.6-1.7) 7.3 (6.7-1.9) 7.9 (7.2-8.6) 0.52
Beverages (g/1000 kcal) 119.8 267.4 355.7 505.8 767.8

Model 1# 8.2(7.492) 7.1 (6.3-8.0) 8.1(7.3-9.1) 7.4 (6.6-8.3) 7.6 (6.8-8.5) 0.46

Model 2% 8.2 (7.6-9.0) 7.5 (6.9-8.1) 7.9 (7.2-8.5) 7.3 (6.7-1.9) 7.6 (7.0-8.3) 022

* Values are medians for food intake and geometric means (95% confidence intervals) for serum leptin concentration.

T Tests for linear trend used the median value in each quintile as a continuous variable in linear regression.

* Adjusted for residential block (north: Kanto and Tohoku, central: Tokai and Hokuriku, and south: Kyushu and Chugoku), size of residential area (city
with population =1 million, city with population with <1 million, or town and village), current smoking (yes or no), rate of eating (slow, medium, or fast),
alcohol drinking (non-drinker, >0% to <1% energy, or =1% energy), physical activity (total metabolic equivalents-hours/day, continuous), and energy

intake (kcal/d, continuous).
§ Further adjusted for body mass index (kg/m?, continuous).
I ncluding mushrooms and sea vegetables.
9 Including nuts.

level was obtained in 32 American men and women aged
20-31 y [7] and 114 Greek men and women aged 14-26 y
[8]. In contrast, although macronutrient composition was
not independently associated with plasma leptin concentra-
tions in 268 American men aged 47-83 y, the percentage of
energy from total fat and monounsaturated fat showed an
independent positive association in a subanalysis of 121
men with a BMI <25 kg/m? [9]. These discrepancies might
be explained at least in part by the different populations
investigated, different dietary assessment methods used, dif-
ferences in the number and type of variables used as con-
founding factors, whether or not other nutrients in multi-

variate analysis were taken into account. Further studies are
needed in this poorly investigated field.

Dietary fiber intake showed an independent inverse as-
sociation with serum leptin concentration. At the food level,
an independent negative association was seen between the
intake of vegetables and pulses and serum leptin concentra-
tion. The finding on vegetables and pulses is very consistent
with the finding on dietary fiber, because vegetables and
pulses were the top and second contributors to dietary fiber
in the present study (39.1% and 11.4%), respectively, and
the significant associations of vegetables and pulses with
serum leptin disappeared after further adjustment for dietary
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fiber. To our knowledge, no previous study has investigated
an association between circulating leptin level and dietary
fiber and its main sources such as vegetables and pulses.
However, a study in 938 middle-aged American men and
women found that the intake of whole grains, which are
high in dietary fiber, showed an independent inverse asso-
ciation with plasma leptin levels [10]. We were unable to
investigate this association because only 7% of our subjects
reported the consumption of whole grains, In addition, a
Polish study found that vegetarian prepubertal children (n =
22) had a significantly higher dietary fiber intake and sig-
nificantly lower serum leptin concentrations than did control
omnivores (n = 13) [11]. These findings do not conflict with
our results. An African population consuming fish as the
main component of their diet (n = 279) had significantly
lower plasma leptin levels than a population that consumed
no fish at all but rather mainly maize and rice (n = 329)
{12]. In the present study, fish and shellfish intake showed
an inverse association with serum leptin concentration, al-
though without statistical significance (P for trend = 0.08).
Further research in a range of populations is required to
elucidate the apparent influence of diet on circulating leptin
levels.

It remains unknown whether dietary factors influence
circulating leptin levels directly or indirectly. One possibil-
ity is that dietary factors (such as dietary fiber, vegetables,
and pulses) are associated with a decrease in serum concen-
trations through decreased leptin production. Alternatively,
they may increase leptin sensitivity, leading in turn t a
subsequent decline in leptin production through unknown
feedback mechanisms, a possibility suggested by interven-
tional [20] and observational [9] studies of circulating leptin
levels and physical activity.

Several limitations of our study warrant mention. First,
the cross-sectional nature of the study does not permit the
assessment of causality owing to the uncertain temporality
of the association. Second, we used a self-administered
semiquantitative dietary assessment questionnaire for di-
etary data collection [13-15]. Although the questionnaire
had been previously validated, actual dietary habits were not
observed, so the results should be interpreted cautiously. A
population of young female dietetic students in particular
would be expected to report the assumed “correct” and
balanced dietary intake. However, mean reported intakes of
energy, protein, total fat, and carbohydrate (1764 kcal/d,
61.4 g/d, 58.8 g/d, and 240.9 g/d, respectively) and mean
percentages of energy from total fat and carbohydrate
(29.6% and 55.1% energy, respectively) were relatively
comparable to those in a representative sample of Japanese
women aged 18-29 y (1701 kcal/d, 64.0 g/d, 56.0 g/d, 226.4
g/d, 29.1% energy, and 55.7% energy, respectively; not
available for percentage of energy from protein) [19]. To
minimize the influence of dietary under-reporting, an ongo-
ing controversy in studies that collect dietary information
using self-report instruments [21], we used energy-adjusted
values of dietary intake. Third, single measurement of se-

rum leptin concentration may represent short-term status
only and introduce random errors. Nonetheless, this kind of
error would tend to bias toward attenuating rather than
enhancing the relation, and multiple or serial leptin mea-
surements would have only increased the precision of the
results. Fourth, although we attempted to adjust for a wide
range of potential confounding variables, we could not rule
out residual confounding. In particular, physical activity
was assessed relatively roughly from only five activities,
which might not have been sufficient. Furthermore, we
could not adjust for body fat mass, which is strongly asso-
ciated with circulating leptin levels [1], because of a lack of
information on this variable in the present study, although
we did adjust for BML. Moreover, although leptin levels
change during the menstrual cycle {22], we unfortunately
did not assess menstrual cycle. Further research examining
association of lifestyle factors with circulating leptin in
reproductive-age women should take into account menstrual
cycle.

Conclusion

Increasing intakes of dietary fiber, vegetables, and pulses
were independently associated with lower serum leptin con-
centrations in young Japanese women. Because the cross-
sectional nature of our study precludes causal inferences,
any firm conclusions regarding the effect of diet on circu-
lating leptin levels will require additional observational and
experimental studies.
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Association between dietary fiber, water and
magnesium intake and functional constipation
among young Japanese women

K Murakami®, S Sasaki!, H Okubo?, Y Takahashi', Y Hosoi!, M Itabashi' and the Freshmen
in Dietetic Courses Study II Group

!Nutritional Epidemiology Program, National Institute of Health and Nutrition, Shinjuku-ku, Tokyo, Japan
and 2Department of Nutrition Sciences, Kagawa Nutrition University, Saitama, Japan

Objective: Most research on constipation has focused on dietary fiber intake. Here, we examined the intake of water
and magnesium, nutrients possibly associated with constipation, as well as that of dietary fiber in relation to constipation.
Design: Cross-sectional study.

Subjects: A total of 3835 female Japanese dietetic students aged 18-20 years from 53 institutions in Japan.

Methods: Dietary intake was estimated with a validated, self-administered diet history questionnaire. Functional constipation
was defined using the Rome | criteria.

Results: The prevalence of functional constipation was 26.2%. Neither dietary fiber intake (mean = 6.4 g/4186 k) nor intakes of
total water and water from fluids were associated with constipation. Conversely, low intake of water from foods was associated
with an increasing prevalence of constipation. In comparison with women in the first (lowest) quintile, the multivariate adjusted
odds ratio (OR) (95% confidence interval (CI)) for women in the second, third, fourth, and fifth quintiles were 0.72 (0.57, 0.90),
0.78 (0.62, 0.98), 0.71 (0.56, 0.89), and 0.77 (0.61, 0.97), respectively (P for trend = 0.04). Additionally, low magnesium intake
was associated with increasing prevalence of constipation. Compared with women in the first quintile, the multivariate adjusted
OR (95% CI) for women in the second, third, fourth and fifth quintiles were 0.70 (0.56, 0.88), 0.75 (0.60, 0.95), 0.73 (0.58,
0.92) and 0.79 (0.63, 0.996), respectively (P for trend =0.09).

Conclusions: Low intakes of water from foods and magnesium are independently associated with an increasing prevalence of
functional constipation among a population whose dietary fiber intake is relatively low.
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Constipation is a common health problem (Wong et al.,
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Johanson, 2004), and diet is considered a major modifiable
lifestyle factor associated with this condition (Locke et al.,
2000; Talley, 2004). The favorable effect of dietary fiber
on constipation is widely accepted and several (Dukas ef al.,
2003; Sanjoaquin et al., 2004), although not all (Campbell
et al., 1993; Towers et al., 1994; Murakami et al., 2006),
observational studies have indicated an inverse relation
between dietary fiber intake and constipation. However,
while most previous studies have defined constipation
according to the infrequency of bowel movement (Campbell
etal., 1993; Towers et al., 1994; Dukas et al., 2003; Sanjoaquin
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et al, 2004) or the subjective perception of patients
(Murakami et al., 2006), a consensus definition of constipa-
tion consists of straining, hard stools and incomplete
evacuation in addition to infrequency (Rome criteria)
(Whitehead et al., 1991).

Other nutrients that might be associated with constipation
include water and magnesium. Low intake of water can
reduce the water content of stools and hence lead to
constipation (Arnaud, 2003), although the potential
benefit of an increase in intake is unknown (Klauser et al.,
1990; Anti et al., 1998; Young et al., 1998; Chung et al., 1999).
Magnesium might form sulfate or citrate salts that would
promote fluid retention in the digestive tract and indirectly
alter motility, and thereby act as a light laxative (Saez, 1991).
To our knowledge, however, no observational studies have
investigated the intake of water and magnesium in relation
to constipation.

The aim of this cross-sectional study of young Japanese
women was to examine associations between dietary
fiber, water and magnesium intake, as assessed with a
previously validated, self-administered diet history question-
naire (DHQ) (Sasaki et al., 1998a,b, 2000), and functional
constipation as defined according to the Rome criteria
(Whitehead et al., 1991).

Subjects and methods

Subjects and survey procedure

The study was based on a self-administered questionnaire
survey of a wide range of dietary and non-dietary behaviors
among dietetic students (n1=4679) from 54 universities,
colleges and technical schools in 33 of 47 prefectures in
Japan. Staff at each institution distributed two question-
naires on dietary habits (DHQ) and other lifestyle items
during the previous month to students during an orientation
session or a first lecture designed for freshman students
entering dietetic courses in April 2005; in most institutions,
this was carried out within 2 weeks after the course began.
Students filled out the questionnaires during the session,
lecture, or at home and then submitted the completed
forms to staff at each institution as soon as possible. A third
questionnaire on lifestyle during the previous 6 years (i.e.
junior high school and high school) was also distributed
and answered in similar fashion; in most institutions, this
was carried out within 4 weeks after the course began.

The staff at each institution checked the responses as soon
as possible according to the survey protocol. When missing
answers or logical errors were identified, the student was
asked to complete the questionnaire again. The staff at each
institution mailed the questionnaires to the survey center.
Staff at the survey center checked the answers again and,
when necessary, returned problematic questionnaires to staff
at the respective institution, and the student was asked
to complete the questionnaires again. All questionnaires
were thus checked at least once by staff at the respective
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institution and by staff at the survey center. Most surveys
were completed by May 200S. The protocol of the study was
approved by the Ethics Committee of the National Institute
of Health and Nutrition.

A total of 4286 students (4066 women and 220 men)
answered all three questionnaires (response rate=91.6%).
For the purposes of the current analysis, we selected female
subjects aged 18-20 years (n=3967). We then excluded from
these 3967 women those who were in an institution where
the survey had been conducted at the end of May (n=97),
those with extremely low or high energy intake (<2093 or
>16744k]/day) (n=23), and those with missing informa-
tion on the variables studied (n=24). As some subjects were
in more than one exclusion category, the final analysis
sample comprised 3825 women. Further exclusion of sub-
jects with intentional dietary change within the preceding
year (1= 649), those habitually using oral laxatives (n=231),
or both did not materially alter the findings, and these were
therefore included in the analyses.

Dietary intake
Dietary habits during the previous month were assessed
using a previously validated, self-administered DHQ
(Sasaki et al., 1998a,b, 2000). This is a 16-page structured
questionnaire that consists of the following seven sections:
general dietary behavior; major cooking methods; consump-
tion frequency and amount of six alcoholic beverages;
consumption frequency and semi-quantitative portion
size of 121 selected food and non-alcoholic beverage items;
dietary supplements; consumption frequency and semi-
quantitative portion size of 19 staple foods (rice, bread and
noodles) and miso soup (fermented soybean paste soup); and
open-ended items for foods consumed regularly (>once/
week) but not appearing in the DHQ. The food and beverage
items and portion sizes in the DHQ were derived primarily
from data in the National Nutrition Survey of Japan and
several recipe books for Japanese dishes (Sasaki et al., 1998a).
Estimates of dietary intake for 147 food and beverage
items, energy, total, soluble and insoluble dietary fiber, total
water, water from fluids, water from foods, and magnesium,
were calculated using an ad hoc computer algorithm for the
DHQ, which was based on the Standard Tables of Food
Composition in Japan (Science and Technology Agency,
2000). Information on dietary supplements and data from
the open-ended questionnaire items were not used in
the calculation of dietary intake. Dietary fiber was deter-
mined by an enzymatic-gravimetric procedure (modified
Prosky method) (Science and Technology Agency, 2000)
from the intake of 86 fiber-containing foods in the DHQ.
Total water was defined as the sum of water from all 147 food
and beverage items. Water from fluids was defined as the
sum of water from all beverages, milks, juices, and soups and
water, whereas water from foods was defined as the sum of
water from all other food items. Although we calculated
magnesium intake from foods and drinks only, and not from
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dietary supplements, no subjects used magnesium supple-
ments and only 14 (0.4%) used multimineral supplements,
rendering it unlikely that dietary supplementation had
a major impact on the findings. Detailed descriptions of
the methods used for calculating dietary intake and the
validity of the DHQ have been published elsewhere (Sasaki
et al., 1998a,b, 2000). The Pearson correlation coefficient
between DHQ and 3-day estimated dietary records was
0.48 for energy among 47 women (Sasaki et al., 1998a). In
addition, the Pearson correlation coefficients between DHQ
and 16-day weighed dietary records were 0.69 for total
dietary fiber, 0.62 for soluble dietary fiber, 0.70 for insoluble
dietary fiber, 0.25 for total water, 0.25 for water from fluids,
0.64 for water from foods and 0.57 for magnesium in 92
women (S Sasaki, unpublished observations, 2006).

Constipation

A constipation questionnaire was developed based on a
previous study (Garrigues et al., 2004) and incorporated into
the 20-page questionnaire for lifestyle during the previous
6 years. We used the definition of functional constipation
recommended by an international workshop on the manage-
ment of constipation (Rome I criteria) (Whitehead et al.,
1991). Although the Rome I criteria were modified in 1999 to
the Rome 1II criteria (Thompson et al., 1999), epidemiologic
studies have consistently shown that the latter may be too
restrictive for the diagnosis of constipation (Pare ef al., 2001;
Garrigues et al., 2004), and we therefore used the former. The
following four questions were used to assess Rome I-defined
functional constipation: (1) Do you strain during a bowel
movement? (2) Do you feel an incomplete emptying
sensation after a bowel movement? (3) How often are your
stools hard? and (4) How many bowel movements do you
usually have each week? These questions referred to the last
12 months. For questions 1-3, four answers were offered:
never, sometimes (<25% of the time), often (>25% of the
time) and always. Functional constipation was defined as
meeting two or more of the four criteria (an answer of often
or always to questions 1-3 and <3 bowel movements per
week (question 4)).

Other variables

In the questionnaires, subjects reported body weight and
height, residential area, current smoking (yes or no) and oral
medication usage (yes or no). Body mass index (BMI) was
calculated as weight (kg) divided by the square of height (m).
We classified BMI into three categories (<18.5, 18.5-24.9
and »25kg/m?) according to the Japan Society for the Study
of Obesity (Matsuzawa et al., 2000). The reported residential
areas were grouped into six categories (Hokkaido and
Tohoku; Kanto; Hokuriku and Tokai; Kinki; Chugoku and
Shikoku; and Kyushu) based on the regional blocks used
in the National Nutrition Survey in Japan (Ministry of
Health, Labour, and Welfare, 2004) (hereafter referred to as
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‘residential block’). The residential areas were also grouped
into three categories according to population size (city with a
population >1 million; city with a population <1 million;
and town and village) (hereafter referred to as ‘size of
residential area’).

Additionally, subjects reported the time when they usually
went to bed and arose in the morning, which was used to
calculate sleeping hours, and the frequency and duration
of high- and moderate-intensity activities, walking, and
sedentary activities. For subjects whose recorded total hours
were <24h, unrecorded hours were assumed to be spent on
sedentary activities. For subjects whose recorded total hours
were >24h, the total number of hours spent daily were
proportionately decreased to equal 24. Each activities was
assigned a metabolic equivalent (MET) value from a
previously published table; 0.9 for sleeping, 1.5 for sedentary
activity, 3.3 for walking, 5.0 for moderate-intensity activity
and 7.0 for high-intensity activity (Ainsworth et al., 1993,
2000). The number of hours spent per day on each activity
was multiplied by the MET value of that activity, and all
MET-hour products were summed to give a total MET-hour
score for the day. This score essentially corresponds to the
number of kilojoules per kilogram of body weight expended
by an individual during the day. The standard value of basal
metabolic rate for Japanese people is also expressed as the
number of kilojoules per kilogram of body weight expended
by an individual during the day. Physical activity level was
then calculated by dividing total MET-hour score (kJ/kg of
body weight/day) by the standard value of basal metabolic
rate for Japanese women aged 18-29 years (99 kJ/kg of body
weight/day) (Ministry of Health, Labour, and Welfare, 2005).

Statistical analysis

Associations between functional constipation (the depen-
dent variable) and energy-adjusted (/4186 KJ) intakes of total,
soluble and insoluble dietary fiber, total water, water from
fluids, and water from foods and magnesium were examined.
We calculated both crude and multivariate adjusted
odds ratios (ORs) and 95% confidence intervals (Cls) for
functional constipation for each quintile category of dietary
variable using logistic regression analysis. Multivariate
adjusted ORs were calculated by adjusting for BMI (three
categories), residential block (six categories), size of residen-
tial area (three categories), current smoking (two categories),
current alcohol drinking (two categories (yes or no) because
of extremely low alcohol intake: mean=0.8 g/day), oral
medication usage (two categories), physical activity level
(quintiles) and energy intake (quintiles). We further
conducted multivariate analyses including dietary fiber,
water and magnesium simultaneously in order to investigate
the independent associations with constipation. As results
for the crude and multivariate analyses were similar for
all variables analyzed, we present here only those derived
from the multivariate models. Trend of association
was assessed by a logistic regression model assigning scores
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to the levels of the independent variable. All statistical
analyses were performed using SAS statistical software,
version 8.2 (SAS Institute Inc., Cary, NC, USA). All reported
P-values are two-tailed, and a P-value of <0.05 was
considered statistically significant.

Results

Basic characteristics of the subjects are shown in Table 1.
Mean total dietary fiber intake was 6.4 g/4186kJ, mean total
water intake was 1025g/4186k] and mean magnesium
intake was 119mg/4186k]J. A total of 1002 women (26.2%)
were classified as having constipation. Table 2 shows the
multivariate adjusted ORs for constipation by quintiles of
dietary variables. Dietary fiber intake was not associated with
constipation. Further, no association was seen for total water
intake or intake of water from fluids. However, low intake of
water from foods was associated with increasing prevalence

Table 1 Characteristics of 3825 Japanese women aged 18-20 years

Mean+s.d. or %

Age (years) 18.14+0.3
Body height (cm) 157.94+5.3
Body weight (kg) 523+7.7
Body mass index (kg/m?) 21.0+2.8
<18.5 14.6
18.5-24.9 77.8
=25 7.6
Residential block
Hokkaido and Tohoku 9.8
Kanto 343
Hokuriku and Tokai 14.0
Kinki 20.0
Chugoku and Shikoku 11.0
Kyushu 10.9
Size of residential area
City with a population =1 million 19.5
City with a population <1 million 65.2
Town and village 153
Current smoker 1.5
Current alcohol drinker 19.0
Oral medication user 9.9
Physical activity level 1.45+0.15
Dietary intake
Total energy (kj/day) 761542101
Total dietary fiber (g/4186 k)) 6.4+2.0
Soluble dietary fiber (g/4186 kJ) 1.7+0.6
Insoluble dietary fiber (g/4186 k) 4.7+1.5
Total water (g/4186kj) 1028 +360
Water from fluids (g/4186kj) 654+337
Water from foods (g/4186k|) 374+65
Magnesium (mg/4186 kj) 118+29
Functional constipation®
No 73.8
Yes 26.2

°Defined according to the Rome | criteria (Whitehead et al., 1991).
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of constipation. In comparison with women in the first
(lowest) quintile of intake of water from foods, the multi-
variate adjusted OR (95% CI) for women in the second, third,
fourth and fifth quintiles were 0.72 (0.57, 0.90), 0.78 (0.62,
0.98), 0.71 (0.56, 0.89) and 0.77 (0.61, 0.97), respectively (P
for trend = 0.04). Low magnesium intake was also associated
with increasing prevalence of constipation. Compared with
women in the first quintile of magnesium intake, the
multivariate adjusted OR (95% CI) for women in the second,
third, fourth and fifth quintiles were 0.70 (0.56, 0.88), 0.75
(0.60, 0.95), 0.73 (0.58, 0.92) and 0.79 (0.63, 0.996),
respectively (P for trend=0.09). Including dietary fiber,
water and magnesium intake simultaneously in the models
generally attenuated the association between dietary intake
and constipation (see multivariate and nutrient-adjusted
ORs in Table 2). However, these analyses did not materially
change the relations of intake of water from foods and intake
of magnesium to constipation, suggesting that both are
independently associated with an increasing prevalence of
constipation.

Discussion

To our knowledge, this study is the first to examine dietary
fiber, water and magnesium intake in relation to Rome
I-defined functional constipation. After controlling for a
series of potential confounding factors, we found that a low
intake of water from foods and magnesium was associated
with an increasing prevalence of functional constipation. In
contrast, no association was seen for dietary fiber, total water
and water from fluids.

The prevalence of Rome I-defined functional constipation
in the present group was 26.2%. A similar prevalence by
these criteria has been reported in Canadian (21.0%) (Pare
et al., 2001) and Spanish (28.6%) (Garrigues et al., 2004)
women, whereas a somewhat smaller ratio was seen in
elderly Singaporean women (10.5%) (Wong et al., 1999).

Increased intake of dietary fiber is widely considered to
protect against constipation, and several studies have indeed
found an inverse relation between dietary fiber intake and
constipation (Dukas et al., 2003; Sanjoaquin et al., 2004).
Here, however, in common with several other studies
(Campbell et al., 1993; Towers et al., 1994; Murakami et al.,
2006), we failed to find such an association. A possible
explanation for this is that the dietary fiber intake of most
subjects was too low to have a protective effect. Estimated
intake in the present study (mean=11.8g/day) was, how-
ever, comparable to that observed in women aged 18-29
years in the Japanese National Nutrition Survey (mean-
12.0 g/day) (Ministry of Health, Labour, and Welfare, 2004).

Although we saw no relation between the intake of total
water and water from fluids, and constipation, a low intake
of water from foods was associated with an increasing
prevalence of constipation. To our knowledge, no previous
observational study has investigated the relationship
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Table 2 Multivariate adjusted odds ratios (ORs) and 95% confidence intervals (Cls) for functional constipation by quintiles of dietary fiber, water, and
magnesium intake in 3825 Japanese women aged 18-20 years®

Quintiles of dietary intake

(95% Cf

1 (h=765) 2 (n=765) 3 (n=1765) 4 (n=765) 5 (n=765) P for
trend
Total dietary fiber (g/4186 k))° 4.3 [1.94.9] 5.3 [4.9-5.7] 6.1 [5.7-6.6] 7.1 [6.6-7.7] 8.9 [7.7-28.5]
n with/without functional constipation 203/562 199/566 197/568 203/562 200/565
Multivariate adjusted OR (95% CI)* 1.0 0.94 (0.75, 1.19) 0.96 (0.76, 1.21) 0.97 (0.77, 1.22)  0.93 (0.74, 1.18) 0.66
Multivariat§ and nutrient adjusted OR 1.0 1.07 (0.84, 1.37) 1.17(0.90,1.52) 1.21(0.91,1.61) 1.15(0.83,1.59) 0.28
(95% Ch)~
Soluble dietary fiber (g/4186k])® 1.1 [0.3-1.2] 1.4 [1.2-1.5] 1.6 [1.5-1.7] 1.9 [1.7-2.1] 2.4 [2.1-6.4]
n with/without functional constipation 195/570 188/577 211/554 202/563 206/559
Multivariate adjusted OR (95% CI)* 1.0 0.92 (0.72, 1.16) 1.08 (0.86, 1.37) 1.02 (0.80, 1.28) 1.01 (0.80, 1.28) 0.63
Multivariatg and nutrient adjusted OR 1.0 1.02 (0.80, 1.31) 1.26 (0.98, 1.62) 1.23 (0.94, 1.60) 1.23 (0.91, 1.65) 0.08
(95% CI)>
-Insoluble dietary fiber (g/4186 k])b 3.2 [1.7-3.6] 3.9 [3.6-4.2] 4.4 [4.2-4.8] 5.1 [4.8-5.6] 6.5 [5.6-22.0]
n with/without functional constipation 208/557 205/560 193/572 192/573 204/561
Multivariate adjusted OR (95% CI)¢ 1.0 0.96 (0.76, 1.21) 0.92(0.73,1.16) 0.87 (0.69, 1.10) 0.94 (0.74, 1.18) 0.38
Multivariatée and nutrient adjusted OR 1.0 1.07 (0.84, 1.37) 1.09 (0.84, 1.42) 1.05(0.78, 1.40) 1.11 (0.80, 1.55) 0.63
(95% CI)~
Total water (g/4186 kj)° 656 [311-747] 823 [747-891] 959 [891-1037] 1125 [1037-1259] 1485 [1259-4340]
n with/without functional constipation 218/547 197/568 179/586 193/572 215/550
Multivariate adjusted OR (95% CI)¢ 1.0 0.89 (0.70, 1.11) 0.76 (0.60, 0.96) 0.81 (0.64, 1.02) 0.92 (0.73, 1.16) 0.33
Multivariate and nutrient adjusted OR 1.0 0.94 (0.74, 1.19) 0.82(0.64, 1.04) 0.88 (0.69, 1.13) 1.01 (0.78, 1.31) 0.89
(95% Cly®
Water from fluids (g/4186 k])b 316 [62-397] 461 [397-518] 580 [518-654] 746 [654-862] 1085 [862-4145]
n with/without functional constipation 209/556 190/575 188/577 199/566 216/549
Multivariate adjusted OR (95% Ch)¢ 1.0 0.87 (0.69, 1.10) 0.84 (0.66, 1.06) 0.89 (0.71, 1.13)  0.97 (0.77, 1.22) 0.86
Multivariate and nutrient adjusted OR 1.0 0.91 (0.72, 1.15) 0.89 (0.70, 1.12)  0.95(0.75, 1.21)  1.05 (0.82, 1.34) 0.60
(95% Ch)>®
Water from foods (g/4186 kJ)b 279 [106-307] 327 {307-347] 364 {347-385] 406 [385-434] 478 [434-1282]
n with/without functional constipation 240/525 184/581 196/569 184/581 198/567
Multivariate adjusted OR (95% CI)° 1.0 0.72 (0.57, 0.90) 0.78 (0.62, 0.98) 0.71 (0.56, 0.89) 0.77 (0.61, 0.97) 0.04
Multivariate and nutrient adjusted OR 1.0 0.74 (0.59, 0.94) 0.82 (0.64, 1.05) 0.74 (0.57, 0.96) 0.79 (0.58, 1.07) 0.12
(95% CI)©
Magnesium (mg/4186 k])b 87 [60-95] 102 [95-108] 114 [108-120] 127 [120-138] 155 [138-350]
n with/without functional constipation 231/534 182/583 197/568 188/577 204/561
Multivariate adjusted OR (95% CI)° 1.0 0.70 (0.56, 0.88) 0.75(0.60, 0.95) 0.73 (0.58, 0.92) 0.79 (0.63, 0.996) 0.09
Multivariate and nutrient adjusted OR 1.0 0.68 (0.53, 0.87) 0.71 (0.54, 0.93) 0.67 (0.50, 0.91) 0.73 (0.51, 1.02) 0.09

2Functional constipation was defined according to the Rome | criteria (Whitehead et al., 1991).

®Values are median [range].

‘Adjusted for body mass index (<18.5, 18.5-24.9, and >25 kg/m?), residential block (Hokkaido and Tohoku; Kanto; Hokuriku and Tokai; Kinki; Chugoku and
Shikoku; and Kyushu), size of residential area (city with a population =1 million; city with a population <1 million; and town and village), current smoking (yes or
no), current alcohol drinking (yes or no), oral medication usage (yes or no), physical activity level (quintiles) and energy intake (quintiles).
9Further adjusted for total water and magnesium intake (quintiles).
Further adjusted for total dietary fiber and magnesium intake (quintiles).
fFurther adjusted for total dietary fiber and total water intake (quintiles).

between the intake of water (as a nutrient) and constipation.
In contrast, experimental studies have shown that low water
intake may be an etiologic factor for constipation, although
the potential beneficial effect of extra water intake is unclear
(Klauser et al., 1990; Anti et al.,, 1998; Young et al., 1998;
Chung ef al., 1999; Arnaud, 2003).

Further, while we are unaware of previous studies examin-
ing the association between magnesium intake and
constipation, we found that a low intake of magnesium
was associated with an increasing prevalence of this condi-
tion. Magnesium might form sulfate or citrate salts that
would promote fluid retention in the digestive tract and
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indirectly alter motility, and thereby act as a light laxative
(Saez, 1991). The effect of magnesium on constipation
warrants further examination.

Several limitations of our study can be identified. First,
generally, given that increased intake of dietary fiber and
fluid is a widely recommended treatment for constipa-
tion (Muller-Lissner et al., 2005), subjects suffering from
constipation might be expected to increase their intake of
dietary fiber and water (from fluids). Such dietary change is
particularly likely in our subjects, who were dietetic students
and therefore may have been highly health conscious. In fact,
a considerably large percentage of female Japanese dietetic

— 197 —



students considered a high intake of dietary fiber and water
beneficial for preventing constipation (81 and 42%, respec-
tively) (Ohya and Yoneda, 1995). Thus, the null associations
between dietary fiber, total water and water from fluids and
constipation observed in the present study might have been
due to a possible increase in intake of dietary fiber and water
(from fluids) in subjects defined as having constipation.
However, because water from foods and magnesium are
generally unlikely to be recognized as having an effect on
constipation, it is reasonable to consider that our subjects
suffering from constipation neither increased nor decreased
their intakes of water from foods and magnesium.

Second, all self-reported dietary assessment methods are
subject to measurement error and selective underestimation
and overestimation of dietary intake (Livingstone and Black,
2003). However, to minimize these possibilities, we used a
previously validated DHQ (Sasaki et al, 1998a,b, 2000),
although the validity of total water and water from fluid
was somewhat insufficient, which might explain the
observed null association between these dietary variables
and constipation. Additionally, the same tendency of
associations between dietary variables and constipation was
observed in a repeated analysis of 2717 subjects with a
‘physiologically plausible’ energy intake, namely those
possessing a ratio of reported energy intake to estimated
basal metabolic rate (standard value of basal metabolic
rate for Japanese women aged 18-29 years (99KkJ/kg of
body weight/day) multiplied by body weight of each
subjects (kg) (Ministry of Health, Labour, and Welfare,
2005)) of 1.2-2.5 (Black et al., 1996) (data not shown). Thus,
although the effect of measurement error and selective
underestimation or overestimation of dietary intake can
never be excluded, data inaccuracy is unlikely to have had a
major impact on our findings.

Third, given that our subjects were selected female dietetic
students, our results might not be extrapolatable to general
populations. Additionally, although we attempted to adjust
for a wide range of potential confounding variables, we
cannot rule out residual confounding owing to these or
poorly measured variables such as physical activity level,
which were assessed by a limited number of non-validated
questions, as well as other unknown variables.

In conclusion, after adjustment for a variety of potential
confounders, low intake of water from foods and of
magnesium was independently associated with an increased
prevalence of functional constipation among young women
whose dietary fiber intake was relatively low. Because the
cross-sectional nature of the present study precludes any
causal inferences, however, further studies using prospective
designs are required to clarify these relationships.
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Summary Although we previously observed significant associations between intakes of
several foods and constipation, definition of constipation was completely based on subjective
perception assessed by a quite simple and single question: do you often have constipation? In
this study, we examined the associations between food intake and functional constipation as
defined according to symptom-based criteria (Rome I criteria: straining, hard stools, incom-
plete evacuation, and infrequency of bowel movement). Subjects were 3,835 female Japa-
nese dietetic students aged 18-20y from 53 institutions in Japan. Dietary intake was
estimated with a validated, self-administered diet history questionnaire. The prevalence of
functional constipation was 26.2%. Dietary intakes of several foods were significantly asso-
ciated with functional constipation, A multivariate adjusted odds ratio (95% confidence
interval; p for trend) for women in the highest quintile of dietary intake compared with
those in the lowest was 0.59 (0.46-0.75; <0.0001) for rice, 0.77 (0.61-0.97; 0.003) for
pulses, 1,64 (1.30-2.08; <0.0001) for confectioneries, and 1.41 (1.11-1.78; 0.01) for
bread. In conclusion, intake of rice and pulse was negatively and that of confectioneries and
bread was positively associated with functional constipation among a population of young
Japanese women, which was generally consistent with our previous study where constipa-

tion was assessed by a quite simple question.
Key Words dietary fiber, food, rice, functional constipation, epidemiology

Constipation is a common health problem (1-4), and
food intake is considered to be a major modifiable life-
style factors associated with this condition (5, 6). Foods
related to constipation in previous observational studies
include dairy products (7), beans (7), meats (7), fruits
(7), vegetables (7), rice (3, 8, 9), eggs (9), confectioner-
ies (8), and several nonalcoholic beverages (3, 7, 8, 10,
11). However, while most previous studies have defined
constipation according to the infrequency of bowel
movement only (10-13) or the subjective perception of
patients (7, 8), a consensus definition of constipation
consists of straining, hard stools, and incomplete evacu-
ation in addition to infrequency (Rome criteria) (14).
Further, although Wong et al. (3) and Nakaji et al. (9)
defined constipation using the Rome criteria and origi-
nal subjective criteria, respectively, they assessed diet
with a non-validated, relatively simple food frequency
questionnaire. Moreover, * although we previously
observed associations between intakes of several foods
and constipation (11), using a previously validated,
self-administered, diet history questionnaire (DHQ)
(15-17), the definition of constipation was completely
based on subjective perception assessed by a quite sim-
ple and single question: do you often have constipation?

*To whom correspondence should be addressed.
E-mail; stssasak@nih.go.jp
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Thus, to our knowledge, no study has so far investigated
the relationship of food intake, as assessed with a vali-
dated assessment method, to functional constipation, as
defined using symptom-based criteria. Here, we exam-
ined the associations between food intake, estimated
using DHQ, and functional constipation as defined
according to the Rome criteria (14).

SUBJECTS AND METHODS

Subjects and survey procedure. The present study was
based on a self-administered questionnaire survey
among dietetic students (n=4,679) from 54 institu-
tions in Japan. Staff at each institution distributed a
dietary assessment questionnaire (i.e, DHQ) and
another questionnaire on other lifestyle items during
the preceding month to students during an orientation
session or a first lecture designed for freshman students
entering dietetic courses in April 2005; in most institu-
tions, this was carried out within 2 wk after the course
began to minimize the influence of new school year life
on the answers. Students filled out the questionnaires
during the session, lecture, or at home and then sub-
mitted the completed forms to staff at each institution.
Questionnaires used in the present study included the
explanation on how to answer questions. To standard-
ize the survey procedure, when students asked how to
answer questionnaires, staff at each institution did not
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provide any advice and only asked students to read the
explanation on questionnaires carefully. In addition to
the two questionnaires for the preceding month, a third
questionnaire on lifestyle during the previous 6 y (i.e.,
junior high school and high school) was also distrib-
uted and answered in a similar fashion; in most institu-
tions, this was carried out within 4 wk after the course
began because it was considered burdensome for sub-
jects to answer all three questionnaires at the same time
and it was considered unlikely that new school year life
would influence the answers for lifestyle during the pre-
vious 6 .

The staff at each institution checked the responses
according to the survey protocol. When missing
answers or logical errors were identified, the student
was asked to complete the questionnaire again. The
staff at each institution mailed the questionnaires to the
survey center, Staff at the survey center checked the
answers again, and when necessary returned problem-
atic questionnaires to staff at the respective institution,
and the student was asked to complete the question-
naires again. All questionnaires were thus checked at
least once by staff at each institution and by staff at the
survey center. Most surveys were completed by May
2005. The protocol of the present study was approved
by the Ethics Committee of the National Institute of
Health and Nutrition,

In total, 4,286 students (4,066 women and 220
men) answered all three questionnaires (91.6%). For
the current analysis, we selected female subjects aged
18-20y (n=3,967) because of the small number of
male subjects and women aged >20y. We then
excluded women who were in an institution where the
survey had been conducted at the end of May (n=97)
because the answers were likely influenced by the new
school year life. We further excluded those with
extremely low or high energy intake (<500 kcal/d or
>4,000 kcal/d) (n=23) because their estimated dietary
intake was likely unreliable. We finally excluded those
with missing information on the variables used (n=24)
for the purpose of multivariate analyses. As some sub-
jects were in more than one exclusion category, the final
analysis sample comprised 3,825 women. Although
intentional dietary change or use of oral laxatives
might have influence on dietary intake or constipation,
further exclusion of subjects with intentional dietary
change within the preceding year (n=649), those
habitually using oral laxatives (n=231), or both did not
materially alter the findings, and these subjects were
therefore included in the analyses.

Dietary intake. Dietary habits during the previous
month were assessed using a previously validated, self-
administered DHQ (15-17). This is a 16-page struc-
tured questionnaire that consists of the following seven
sections: general dietary behavior; major cooking meth-
ods; consumption frequency and amount of six alco-
holic beverages; consumption frequency and semi-
quantitative portion size of 121 selected food and non-
alcoholic beverage items; dietary supplements; con-
sumption frequency and semi-quantitative portion size

of 19 staple foods (rice, bread, and noodles) and miso
{(fermented soybean paste) soup; and open-ended items
for foods consumed regularly (=once/wk) but not
appearing in the DHQ. The food and beverage items and
portion sizes in the DHQ were derived primarily from
data in the National Nutrition Survey of Japan (18) and
several recipe books for Japanese dishes (15).

Estimates of dietary intake for 147 food and beverage
items and energy were calculated using an ad hoc com-
puter algorithm for the DHQ, which was based on the
Standard Tables of Food Composition in Japan (19).
Information on dietary supplements and data from the
open-ended questionnaire items were not used in the
calculation of dietary intake, The food and nonalcoholic
beverage items were grouped into the 18 food groups
(as shown in Table 2). Detailed descriptions of the meth-
ods used for calculating dietary intake and the validity
of the DHQ have been published elsewhere (15-~17).
The Pearson correlation coefficient (20) between DHQ
and 3-d estimated dietary records was 0.48 for energy
among 47 women (15). In addition, the mean value of
the Spearman correlation coefficients (20) for energy-
adjusted intakes (g/1,000 kcal) of 16 food groups was
0.35 (range: 0.05-0.59) among 92 women (Sasaki S,
unpublished observations, 2004).

Constipation. A constipation questionnaire was
developed based on a previous study (2) and incorpo-
rated into the 20-page questionnaire for lifestyle during
the previous 6 y. We used the definition of functional
constipation recommended by an international work-
shop on the management of constipation (Rome I crite-
ria) (14). Although the Rome I criteria were modified in
1999 (Rome II criteria) (21), epidemiologic studies have
consistently shown that the latter may be too restrictive
for the diagnosis of constipation (2, 4); we therefore
used the former. The Rome I criteria are a consensus
definition of constipation consisting of various symp-
toms including bowel movement frequency (as shown
below) (14), and have become the research standard for
the definition of constipation (1). The following four
questions were used to assess Rome I-defined functional
constipation: 1) Do you strain during a bowel move-
ment?; 2) Do you feel an incomplete emptying sensation
after a bowel movement?; 3) How often are your stools
hard?; and 4) How many bowel movements do you usu-
ally have each week? These questions referred to the
last 12 mo. For questions 1-3, four answers were
offered: never, sometimes (<25% of the time), often
(=25% of the time), and always. Functional constipa-
tion was defined as meeting two or more of the four cri-
teria [an answer of often or always to questions 1-3 and
<3 bowel movements per week (question 4)].

Confounding factors. In epidemiologic research, it is
usual to divide the main dependent variables (food
intake in the present study) and confounding factors
(other lifestyle factors described below in the present
study) based on previous studies (I-13). Thus, we
assessed not only dietary intake but also several lifestyle
factors described below in the present survey. In the
questionnaires, subjects reported body weight and
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Table 1. Characteristics of subjects.?
All Subjects with Subjects without
Variable functional constipation® functional constipation e
(n=3,825) (n=1,002) (n=2,823)

Body mass index (kg/m?) 21.0+2.8 20.8+2.5 21.0+2.9 0.08
<18.5 557 (14.6) 139(13.9) 418 (14.8) 0.19
18.5-24.9 2,976 (77.8) 798 (79.6) 2,178 (77.2)
=25 292 (7.6) 65 (6.5) 227 (8.0)

Residential block
Hokkaido and Tohoku 375(9.8) 93 (9.3) 282 (10.0) 0.20
Kanto 1,310 (34.3) 351 (35.0) 959 (34.0)

Hokuriku and Tokai 537 (14.0) 159 (15.9) 378(13.4)
Kinki 765 (20.0) 203 (20.3) 562 (19.9)
Chugoku and Shikoku 421(11.0) 99 (9.9) 322 (11.4)
Kyushu 417(10.9) 97 (9.7) 320(11.3)

Size of residential area
City with a population =1 million 745 (19.5) 195(19.5) 550 (19.5) 0.98
City with a population <1 million 2,495 (65.2) 652 (65.1) 1,843 (65.3)

Town and village 585 (15.3) 155 (15.5) 430(15.2)

Current smoking
No 3,769 (98.5) 980(97.8) 2,789 (98.8) 0.02
Yes 56 (1.5) 22(2.2) 34 (1.2)

Current alcohol drinking
No 3,097 (81.0) 770 (76.9) 2,327 (82.4) 0.0001
Yes 728 (19.0) 232(23.2) 496 (17.6)

Oral medication usage
No 3,447 (90.1) 840 (83.8) 2,607 (92.4) <0.0001
Yes ‘ 378(9.9) 62 (16.2) 216(7.7)

Physica] activity level 1.45x0.15 1.45+0.16 1.45%0.15 0.56
Quintile 1 (<1.36) 758 (19.8) 200 (20.0) 558 (19.8) 0.96
Quintile 2 (1.36-1.38) 772 (20.2) 205 (20.5) 567 (20.1)

Quintile 3 (1.39-1.42) 765 (20.0) 206 (20.6) 559 (19.8)
Quintile 4 (1.43-1.49) 765 (20.0) 196 (19.6) 569 (20.2)
Quintile 5 (>1.49) 765 (20.0) 195 (19.5) 570 (20.2)

Energy intake (kcal/d) 1,819%502 1,835+531 1,814%x491 0.26
Quintile 1 (<1,407) 765 (20.0) 206 (20.6) 559 (19.8) 0.19
Quintile 2 (1,407-1,636) 765 (20.0) 195 (19.5) 570 (20.2)

Quintile 3 (1,637-1,869) 765 (20.0) 191 (19.1) 574 (20.3)
Quintile 4 (1,870-2,181) 765 (20.0) 186 (18.6) 579 (20.5)
Quintile 5 (>2,182) 765 (20.0) 224 (22.4) 541 (19.2)

&Values are mean standard deviation or n (%).
bDefined according to the Rome I criteria (14).

<For continuous variables, independent t-test was used; for categorical variables, chi-square test was used.

height, residential area, current smoking (yes or no),
and oral medication usage (yes or no). Body mass index
(BMI) was calculated as weight (kg) divided by the
square of height (m). We classified BMI into three cate-
gories (<18.5, 18.5-24.9, and >25 kg/m?) according
to the Japan Society for the Study of Obesity (22). The
reported residential areas were grouped into six catego-
ries (Hokkaido and Tohoku; Kanto; Hokuriku and
Tokai; Kinki; Chugoku and Shikoku; and Kyushu) based
on the regional blocks used in the National Nutrition
Survey in Japan (23) (hereafter referred to as ‘residen-
tial block’). The residential areas were also grouped into
three categories according to population size (city with
population >1 million; city with population <1 mil-
lion; and town and village) (hereafter referred to as ‘size
of residential area’).

Additionally, subjects reported the time when they
usually went to bed and arose in the morning, which
was used to calculate sleeping hours, and the frequency
and duration of high- and moderate-intensity activities,
walking, and sedentary activities. Each activity was
assigned a metabolic equivalent (MET) value (24, 25).
The number of hours spent per day on each activity was
multiplied by the MET value of that activity, and all
MET-hour products were summed to give a total MET-
hour score for the day. Physical activity level was then
calculated by dividing total MET-hour score (kcal/kg of
body weight/d) by the standard value of basal metabolic
rate for Japanese women aged 18-29 y (23.6 kcal/kg of
body weight/d) (26).

Statistical analysis. Associations between functional
constipation (the dependent variable) and energy-
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Table 2. Multivariate adjusted odds ratios (ORs) and 95% confidence intervals (CIs) for functional constipation® by quin-
tiles of food intake® (n=3,825).
Quintile category of food intake
p for trend
1 2 3 4 5
Rice (g/1,000 kcal)® 78 [0-101] 119[101-135] 152[135-169] 188[169-214] 251[214-448)
n with/without functional constipation 247/518 206/559 191/574 197/568 161/604
Multivariate adjusted OR (95% CI)? 1.00 0.81 (0.65-1.02) 0.73 (0.58-0.92) 0.76 (0.60-0.96) 0.59 (0.46-0.75) <0.0001
Bread (g/1,000 kcal)¢ 410-9] 14 [9-18] 23 [18-28] 34 [28-41] 53 [41-171]
n with/without functional constipation 178/587 199/566 206/559 195/570 224/541
Multivariate adjusted OR (95% CI)d 1.00 1.16 (0.92-1.47) 1.27 (1.00-1.61) 1.17 (0.92-1.49) 1.41 (1.11-1,78) 0.01
Noodles (g/1,000 kcal)® 0f{0-11} 16 [11-24] 31[24-38] 47 [38-59] 79 [59-355]
n with/without functional constipation 204/561 211/554 207/558 185/580 195/570
Multivariate adjusted OR (95% CI)¢ 1.00 1.06 (0.84-1.33) 1.02 (0.81-1.29) 0.90 (0.71-1.14) 0.94 (0.75-1.19) 0.30
Potatoes (g/1,000 kcal)® 6 [0-8] 10[8-11] 13[11-15] 18 [15-22] 29 [22-165]
n with/without functional constipation 199/566 169/596 206/559 218/547 210/555
Multivariate adjusted OR (95% CI)¢ 1.00 0.80 (0.63-1.02) 1.03 (0.82-1.30) 1.10(0.87-1.38) 1.04 (0.83-1.31) 0.15
Confectioneries® (g/1,000 kcal)® 18 [1-24] 29 [24-33] 37[33-42] 47 [42-54] 63 [54-142]
n with/without functional constipation 162/603 185/580 191/574 224/541 240/525
Multivariate adjusted OR (95% CI)¢ 1.00 1,17 (0.92-1.50) 1.20(0.94-1.53) 1.51 (1.19-1.92) 1.64 (1.30-2.08) <0.0001
Fat and oil (g/1,000 kcal)® 7{1-8) 10 [8-11] 12[11-14] 15[14-18) 21 [18-67]
n with/without functional constipation 196/569 210/555 205/560 194/571 197/568
Multivariate adjusted OR (95% CI)¢ 1.00 1.14 (0.91-1.44) 1.11 (0.88-1.40) 1.04 (0.82-1.32) 1.03 (0.81-1.31) 0.90
Pulses' (g/1,000 kcal)® 7 [0-10] 13[10-17] 20{17-25] 30 [25-37] 48 [37-174]
n with/without functional constipation 234/531 216/549 174/591 181/584 197/568
Multivariate adjusted OR {95% CI)? 1.00 0.90 (0.72-1.12) 0.64 (0.50-0.80) 0.68 (0.54-0.86) 0.77 (0.61-0.97)  0.003
Fish and shellfish (g/1,000 kcal)® 11 [0-16] 20 [16-24} 27 [24-31] 35{31-41} 50[41-164]
n with/without functional constipation 209/556 208/557 194/571 184/581 207/558
Multivariate adjusted OR (95% CI)¢ 1.00 1.00 (0.80-1.26) 0.92 (0.73-1.16) 0.88 (0.70-1.11) 0.98 (0.78-1.23) 0.54
Meats (g/1,000 kcal)® 15 [0-20] 23[20-27]} 31[27-35] 39 [35-46] 55 {46-134]
n with/without functional constipation 199/566 192/573 194/571 219/546 198/567
Multivariate adjusted OR (95% CI)d 1.00 0.98 (0.78-1.24) 1.03 (0.81-1.29) 1.17(0.93-1.47) 1.03 (0.81-1.30) 0.39
Eggs (g/1,000 kcal)® 3[0-5] 8[5-13] 15[13-20] 25 [20-29] 36 [29-127]
n with/without functional constipation 192/573 211/554 197/568 200/565 202/563
Multivariate adjusted OR (95% CI)? 1.00 1.12 (0.89-1.42) 1.02 (0.80-1.29) 1.04 (0.82-1.31) 1.12 (0.89-1.42) 0.58
Dairy products (g/1,000 kcal)¢ 16 [0-26] 38 [26-52] 66 [52-82] 100 [82-123] 172{123-596]
n with/without functional constipation 212/553 200/565 198/567 193/572 199/566
Multivariate adjusted OR (95% CI)4 1.00 0.90 (0.72-1.14) 0.88 (0.70-1.11) 0.87 (0.69-1.10) 0.91 (0.72-1.15) 0.39
Vegetables? (g/1,000 kcal)® 49 [2-67] 80 {67-95] 110[95-126] 146{126-173] 221[173-1142]
n with/without functional constipation 218/547 201/564 187/578 197/568 199/566
Multivariate adjusted OR (95% CI)¢ 1.00 0.89 (0.71-1.12) 0.81 (0.64-1.02) 0.84 (0.67-1.06) 0.86 (0.68-1,09) 0.18
Fruits (g/1,000 kcal)® 8 [0-14] 20 [14-27]} 36 [27-45] 57 [45-74] 104 {74-614]
n with/without functional constipation 224/541 189/576 201/564 176/589 212/553
Multivariate adjusted OR (95% CI)d 1.00 0.80 (0.64-1.01) 0.84 (0.67-1.06) 0.70 (0.55-0.89) 0.87 (0.69-1.09) 0.11
Water (g/1,000 kcal)® 0[0] 11 [2-14] 34 [14-62] 96 [62-185] 319[185-1649]
n with/without functional constipation 319/950 62/199 205/560 203/562 213/552
Multivariate adjusted OR (95% CI)? 1.00 0.93 (0.68-1.28) 1.05 (0.85-1.29) 1.04 (0.84~1.28) 1.10(0.89-1.35) 0.36
Japanese and Chinese tea® (g/1,000 kcal)® 44 [0-80] 124[80-189] 237[189-288] 366[288-459] 635 [459-1806]
n with/without functional constipation 212/553 190/575 188/577 210/555 202/563
Multivariate adjusted OR (95% CI)d 1.00 0.87 (0.69-1.09) 0.86 (0.68-1.09) 1.00(0.79-1.26) 0.93 (0.74-1.17) 0.97
Black tea! (g/1,000 kcal)® 0[0] 11[2-14] 25 [14-40] 72 [40-1,069]
n with/without functional constipation 482/1,351 108/354 206/559 206/559
Multivariate adjusted OR (95% CI)? 1.00 1.02 (0.83-1.24) 0.83 (0.63~1.09) 1.02 (0.81-1.28) 0.99
Coffee (g/1,000 kcal)® 0[0] 13 [4-29] 65[29-1,282]
n with/without functional constipation 638/1,800 171/451 193/572
Multivariate adjusted OR (95% CI)¢ 1.00 1.10(0.91-1.34) 1.11 (0.87-1.42) 0.41
Other nonalcoholic beverages (g/1,000 kcal)°0 [0-0.002] 4 [0.002-10] 18 [10-29] 42 [29-61} 96 [61-860]
n with/without functional constipation 197/568 212/553 178/587 198/567 217/548
Multivariate adjusted OR (95% CI)¢ 1.00 1.11 (0.88-1.40) 0.87 (0.69-1.11) 1.02 (0.81-1.29) 1.11 (0.88-1.40) 0.60

2Defined according to the Rome I criteria (14).
®Except for water (5 categories), black tea (4 categories), and coffee (3 categories) because of more than one fifth nonconsumers.

©Values are median [range].

4 Adjusted for body mass index (<(18.5, 18.5-24.9, and =25 kg/m?), residential block (Hokkaido and Tohoku; Kanto: Hokuriku and
Tokai; Kinki; Chugoku and Shikoku; and Kyushu), size of residential area (city with a population =1 million; city with a population <1
million; and town and village), current smoking (yes or no), current alcohol drinking (yes or no), oral medication usage (yes or no), physi-
cal activity level (quintiles), and energy intake (quintiles).

¢Including sugar and sweeteners.
!Including nuts.

¢Including mushrooms and sea vegetables,

b Non- and semifermented tea.
!{Fermented tea.

— 204 —



34 MURAKAMIK et al.

adjusted intakes (g/1,000 kcal) of the 18 food groups
(as shown in Table 2) were examined. We calculated
both crude and multivariate adjusted odds ratios (ORs)
and 95% confidence intervals for functional constipa-
tion for each quintile category of dietary variables
(except for several drinks because more than one-fifth of
subjects were nonconsumers) using logistic regression
analysis (20). Multivariate adjusted ORs were calcu-
lated by adjusting for BMI, residential block, size of resi-
dential area, current smoking, current alcohol drinking
(yes or no, because of extremely low alcohol intake:
mean=0.8 g/d), oral medication usage, physical activ-
ity level (quintiles), and energy intake (quintiles). As
results for the crude and multivariate analyses were
similar for all variables analyzed, we presented only
those derived from the multivariate models. Trend of
association was assessed by a logistic regression model
assigning scores to the levels of the independent vari-
able. All statistical analyses were performed using SAS
statistical software, version 8.2 (SAS Institute Inc.,
Cary, NC, USA). All reported p values are 2-tailed, and a
p value of <0.05 was considered statistically signifi-
cant.

RESULTS

Basic characteristics of the subjects are shown in
Table 1. Mean (*standard deviation) age, body height,
and body weight was 18.1+0.3y, 157.9+5.3 cm, and
52.3%7.7 kg, respectively. A total of 1,002 women
(26.2%) were classified as having constipation. There
were more current smokers, alcohol drinkers, and oral
medication users among subjects with constipation.
Table 2 shows the association between food intake and
constipation. There was a clear dose-response relation-
ship between an increased intake of rice and a
decreased prevalence of constipation. In comparison
with women in the 1st (lowest) quintile of rice consump-
tion, the multivariate adjusted OR for women in the
2nd, 3rd, 4th, and 5th quintiles were 0.81, 0.73, 0.76,
and 0.59, respectively (p for trend <0.0001). Pulse
intake was also inversely associated with constipation.
Multivariate OR in the 2nd, 3rd, 4th, and 5th quintiles
compared with the 1st quintile were 0.90, 0.64, 0.68,
and 0.77, respectively (p for trend=0.003). In contrast,
the prevalence of constipation clearly increased with
increasing intake of confectioneries. In comparison
with women in the 1st quintile, the multivariate
adjusted OR for women in the 2nd, 3rd, 4th, and 5th
quintiles were 1.17, 1.20, 1.51, and 1.64, respectively
(p for trend <0.0001). A positive relationship was also
seen between bread intake and constipation. Multivari-
ate OR in the highest quintile was 1.41 compared with
those in the lowest quintile (p for trend=0.01). No clear
associations were observed between constipation and
the intake of other foods examined.

DISCUSSION

To our knowledge, this study is the first to examine
food intake as assessed by a validated assessment
method (DHQ in the present study) in relation to func-

tional constipation, as defined according to the Rome I
criteria, We found that after controlling for a series of
potential confounding factors, the consumption of rice
and pulses and of confectioneries and bread were nega-
tively and positively associated with functional consti-
pation, respectively, among this group of young women.

The prevalence of Rome I-defined functional consti-
pation in the present group was 26.2%. A similar prev-
alence by these criteria has been observed in Canadian
(21.0%) (4) and Spanish (28.6%) (2) women, whereas
a somewhat smaller ratio was seen in elderly Sin-
gaporean women (10.5%) (3).

We found clear dose-response relationships between
increased intake of rice with a decreased prevalence of
constipation (Table 2). The favorable effect of rice on
constipation has been consistently reported in previous
studies conducted in Asian countries, where rice is the
main staple food (3, 8, 9). The reason for the associa-
tion is unknown. Nakaji et al. (9) hypothesized that the
effect of rice is due to its dietary fiber, given that rice is
the largest source of dietary fiber for Japanese people
(27). In contrast, Wong et al. (3) hypothesized that the
effect is explained by the increased energy intake
because rice is the largest source of energy. These
hypotheses could not be investigated further, however,
because the authors used a simple diet questionnaire
which did not allow the estimation of dietary intake (3,
9). Our previous results (8) do not support these
hypotheses because the association between rice and
constipation was not dependent on either energy or
dietary fiber intake. Additionally, in the present study,
the association between rice and constipation was inde-
pendent of energy intake; mean dietary fiber intake
(11.8 g/d) was much lower than the Dietary Goal of
dietary fiber of the Dietary Reference Intakes for Japa-
nese, 2005 for this age range (17 g/d) (26), and the
contribution of rice to dietary fiber was only 10% (the
top contributor was vegetables (37%)). These findings
suggest that the effect of rice on constipation is unlikely
due to its energy or dietary fiber. Relation of dietary
fiber to functional constipation in this population is
published elsewhere (28). Rice is a staple food in Japan
and a major contributor of many nutrients; some con-
stituents of rice may, either alone or combination, exert
a preventive effect on constipation. Alternatively, rice
intake might merely reflect an overall healthier lifestyle
that may not have been accurately captured and con-
trolled in our analysis.

An inverse association between pulse intake and con-
stipation was observed (Table 2). A similar finding has
been reported in a study of the US (7). We also found an
adverse effect of confectionery intake (Table 2), which is
in agreement with our previous study of young Japa-
nese women (8). Additionally, a positive association of
bread intake to constipation was found (Table 2),
although we are not aware of any previous report of
this association. It is unclear why these foods had such
effects on constipation. Given the large number of sta-
tistical analyses conducted in the present study, our
findings regarding these foods may have been due to
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chance alone. Alternatively, their intake may be a
marker of other unknown lifestyle factors that were not
addressed in the present study.

In contrast to previous studies (3, 7-11), we found
no association between constipation and the intake of
dairy products, meats, fruits, vegetables, eggs, Japanese
and Chinese tea, black tea, coffee, and other nonalco-
holic beverages (Table 2). These discrepancies may be at
least partly explained by the different populations inves-
tigated, different dietary assessment methods used, dif-
ferent definitions of constipation, and differences in the
number and type of variables used as confounding fac-
tors.

Because it is possible that subjects suffering from con-
stipation might change their diet, our findings, particu-
larly those regarding foods significantly associated with
the presence or absence of constipation (rice, pulses,
confectioneries, and bread), should be interpreted with
caution, We cannot deny the possibility that the associ-
ations merely reflect dietary behaviors changed after,
not before, the development of constipation, although
these foods are not generally considered to influence
constipation. As mentioned above, however, previous
studies have shown similar findings for rice (3, 8, 9),
pulses (7), and confectioneries (8), but not bread.

All self-reported dietary assessment methods are sub-
ject to measurement error and selective under- and
overestimation of dietary intake (29). To minimize these
possibilities, we used a previously validated DHQ (15~
17). Additionally, the same tendency of associations
between food intakes and constipation was observed in
a repeated analysis of 2,717 subjects with a ‘physiolog-
ically plausible’ energy intake, namely those possessing
aratio of reported energy intake to estimated basal met-
abolic rate [standard value of basal metabolic rate for
Japanese women aged 18-29y (23.6 kcal/kg of body
weight/d) multiplied by body weight of each subjects
(kg) (26)] of 1.2 to 2.5 (30) (data not shown). Thus,
although the possibility of measurement error and
selective under- or overestimation of dietary intake can
never be excluded, data inaccuracy is unlikely to have
had a major impact on the findings in the present study.

Given that our subjects were selected female dietetic
students who may be highly health conscious, our
results are likely not extrapolatable to general popula-
tions. Additionally, although we attempted to adjust for
a wide range of potential confounding variables, we
cannot rule out residual confounding due to these or
poorly measured variables such as physical activity
level, which was assessed by a limited number of non-
validated questions, or other unknown variables.

In conclusion, after adjustment for a variety of poten-
tial confounders, the intake of rice and pulses and that
of confectioneries and bread were negatively and posi-
tively associated with functional constipation, respec-
tively, among young women. However, owing to the
cross-sectional nature of the present study, which pre-
cludes any causal inferences, and the lack of biological
explanation for these relationships, further observa-
tional and experimental studies are required to clarify

these relationships.
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