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Abstract

Thyroid cancer is the most common cancer among Korean women. However, there are few data on dietary factors related to thyroid cancer
risk. The objective of the present study was to evaluate the association between raw vegetables and fruits intake and thyroid cancer in a
case—control study. We included 111 histologically confirmed malignant thyroid cancer cases and 115 benign cases. Controls who did not
have nodules in thyroid ultrasonography were matched to cases by age (%2 years). Food and nutrient intakes were estimated using a
quantitative FFQ with 121 items. Conditional logistic regression analysis was used to obtain OR and corresponding 95% CI. The intake
of total vegetables was not associated with malignant thyroid cancer, but inversely associated with benign cases. High raw vegetable
intake was inversely associated with thyroid cancer risk both in malignant and benign cases (P for trend=0-01 in both malignant and
benign cases). Among fruits, persimmon intake had an inverse association with thyroid cancer risk in both malignant and benign cases
(P for trend=0-06 in malignant cases; P for trend=0-01 in benign cases) and tangerine intake had an inverse association in malignant
cases (P for trend=0-03). The frequency of consumption of raw vegetables and persimmon also had a consistent inverse association in
both malignant and benign cases. These results suggest that high consumption of raw vegetables, persimmons and tangerines may
decrease thyroid cancer risk and help prevent early-stage thyroid cancer.
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Thyroid cancer is the most common tumour type of the
endocrine system™”. Since the 1970s, thyroid cancer incidence
rates have increased worldwide”
countries, where breast cancer is the most common cancer
type in women, thyroid cancer is the most common cancer
type in adult Korean women*®. The age-standardised inci-
dence rate of thyroid cancer in Korean women (86-1/100 000)
is higher than that of other countries and worldwide
(22:3/100000 for the USA, 11:5/100000 for Europe, 83/
100 000 for Japan, 3:0/100 000 for China and 6-6/100 000 world-
wide)?. Furthermore, the incidence of this cancer type in
Korean women has increased remarkably over time from
11:9/100 000 in 1999 to 80-2/100 000 in 2008,

The best-established risk factors for thyroid cancer are
exposure to radiation” and a history of benign thyroid
) Exposure to radiation and benign

. In contrast to Western

nodules or adenomas

thyroid nodules or adenomas may induce thyroid cancer
through gene rearrangements'® or mutations'”. However, to
our knowledge, only one cohort study reported some possible
risk factors such as family history of cancer, BMI and hormonal
factors for benign thyroid nodules®, while little is known
about lifestyle factors that may increase or decrease the risk
of benign thyroid nodules or adenomas. Some dietary factors
have also been reported to be related to thyroid cancer risk

O O .
® O=12 " cruciferous

including fruit intake”’, vegetable intake
intake 1913 fish (12-16)

index, glycaemic load”, micronutrients'?®, iodine"'*'> and

vegetable intake glycaemic
nitrate"*?”. Among dietary factors, fruits and vegetables have
been reported to have protective effects against many different
cancers”®"?*? . Some epidemiological studies have investigated

the effect of fruit and vegetable intake on thyroid cancer risk.

Abbreviation: KNHANES, Korean National Health and Nutrition Survey.
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However, those studies were conducted primarily in Western
countries™™~"" and their findings were inconsistent'?.

Vegetables can be consumed raw, cooked or pickled; these
latter two procedures may destroy the antioxidants present
in raw vegetables®~%®_ Thus, the effect of raw vegetables
on cancer risk might be masked if total vegetable consump-
tion, including all raw, cooked and pickled vegetables, is
examined. Nevertheless, previous studies have not deter-
mined the effect of raw vegetable consumption on cancer
risk separately, except for a Greek study that reported an
inverse association between raw vegetable dietary pattern
and thyroid cancer®.

Although the effects of fruit intake on thyroid cancer risk
have been investigated in a few previous studies, inconsistent
results were reported. This could be because different fruits
have different effects on different cancer types. A Norwegian
study reported an increased risk of thyroid cancer with
citrus fruit consumption, but no association with apple
19 A Greek study reported that fresh tomatoes and
lemons may reduce thyroid cancer risk (P for trend=0-002
for tomatoes; P for trend=0-001 for lemons). Our objective
in the present study was to investigate the association between
total and raw vegetable intake and fruit intake on benign and
malignant thyroid cancer risk in a Korean population.

intake

Materials and methods
Cases and controls

From June 2008 to June 2010, cases and controls were
recruited at Hanyang University Medical Center in Seoul,
South Korea. All participants were women between the ages
of 20 and 70 years. All potential subjects were examined by
ultrasonography to confirm the presence of thyroid cancer.
Malignant cases were diagnosed by fine needle aspiration
biopsy and ultrasonography. About 90% of malignant cases
were papillary carcinoma. Benign cases were subjects who
had benign nodules or adenomas in ultrasonography and/or
fine needle aspiration biopsy. We included 111 histologically
confirmed malignant cases and 115 benign cases in this study.
Subjects were excluded from the study if they had any
history of cancer (ten cases), or an estimated total energy
intake <2093kJ/d (500 kcal/d) or >16744k]J/d (4000 kcal/d)
(eighteen cases and one control). Controls were patients
who visited the otolaryngology or orthopaedic surgery depart-
ments of the same hospital. Patients with hormone-related
diseases, abnormal thyroid hormone
thyroid-stimulating hormone) or thyroid nodules found by
ultrasonography were excluded. Cases and controls were
matched by their age (within 2 years) (111 pairs of malignant
cases and controls and 115 pairs of benign cases and controls).
All interviews were conducted in the hospital and the
response rates for malignant and benign cases combined
and controls were 70-4 and 41-0%, respectively. This study
was conducted according to the guidelines laid down in the
Declaration of Helsinki and all procedures involving human
subjects were approved by the Institutional Review Board of

levels (thyroxine,

Hanyang University Medical Center. Written informed consent
was obtained from all participants.

Data collection

Cases and controls were interviewed using questionnaires to
determine patients’ general characteristics, menstrual and
reproductive history, family history of thyroid cancer, smoking
and drinking habits, intake of multivitamins and average time
spent exercising.

Dietary data were collected using a quantitative FFQ, modi-
fied from the validated FFQ“®”, with visual aids such as food
photographs and models to demonstrate item-specific units.
Kim et al®” evaluated the validity and reproducibility of
semiquantitative FFQ by administering it twice at an interval
of 2 years and comparing it with four or five 24h recalls
collected at intervals of 3 months. The Pearson’s correlation
coefficients between energy-adjusted nutrient intakes aver-
aged 044 on the first questionnaire v. 24h recalls and 0-37
on the second questionnaire ». 24h recalls for fourteen
nutrients (protein, fat, carbohydrate, fibre, Ca, P, Fe, Na, K,
vitamin A, thiamin, riboflavin, niacin and ascorbic acid). The
reproducibility of this FFQ determined by the correlation of
the nutrient intakes was greater than 0-5. Regarding relia-
bility of the modified FFQ, using our data for controls,
the Cronbach’s a was 0-78 for food frequency and 0-87 for
its portion size.

Subjects were asked by trained interviewers to recall their
usual intake of 121 food items over a period of 12 months
beginning from 3 years before the time of the interview®.
Portion sizes were open-ended questions and standard units
were used for all food items. All frequencies were standar-
dised into ‘times per d’ by using the conversion factors
30-4 d/month and 4-3d/week. Daily food intake was calcu-
lated using the standardised frequency per d and the
amount of food per standard unit. Daily nutrient and energy
intake were estimated using the daily food intake and recipe
and nutrient database®”. Nutrient intakes were adjusted for
total energy intake by the residual method to avoid bias due
to the simple relationship between nutrient intake and total
energy intake”®®. Total vegetable intake was estimated
by summing the daily consumption of pickled vegetables
(cabbage kimchi, radish kimchi, watery radish kimchi, cucum-
ber kimchi, sesame leaf kimchi and jangajji), raw vegetables
(lettuce, Korean cabbage, cabbage, cucumber, pepper, carrot,
sesame leaf, onion, radish, crown daisy, water dropwort, chic-
ory, broccoli, celery and garlic), cooked vegetables (soyabean
sprouts, mungbean sprouts, spinach, eggplant and bracken),
mushrooms and seaweeds. Total fruit intake was estimated
by totalling the daily intake of fourteen fruits (persimmon,
tangerine, orange, kiwi, melon, grape, strawberry, watermelon,
pear, apple, banana, peach, tomato and fruit juice).

Statistical analyses

Cases and controls were compared using the Wilcoxon signed
rank test for continuous variables and the McNemar test for
categorical variables. Data were analysed according to
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quartiles of daily intake (g/d) and average consumption
frequency (times/week) of total vegetables, raw vegetables,
total fruits and all single fruits. Among single fruits, only fruits
significantly associated with malignant cancer or benign
thyroid disease are presented in the tables. The OR and
corresponding 95 % CI were obtained using conditional logistic
regression analysis. The general linear model and Cochran—
Mantel-Haenszel analysis were used to assess potential
confounders among controls. Trend tests were conducted by
treating the median values of each quartile of daily fruit and
vegetable intake or the average consumption frequency of
the specific fruit or vegetable as continuous values in each of
the models. Variables that were significantly different between
cases and controls and which showed significant linear trends
across quartiles of daily intake of total vegetables, raw veg-
etables, total fruits, persimmons and tangerines were con-
sidered as potential confounders and adjusted in the analyses.
Antioxidants such as vitamin C, B-carotene, and folate, which
were highly correlated with fruit and vegetable intake
(rp, > 0-40), were not included in multiple logistic regression
models as potential confounders. All multiple logistic

S. K. Jung et al.

regression models included parity (yes/no), energy (quartile)
for malignant pair analyses and energy (quartile) for benign
pair analyses. Additionally, Na (quartile) was added in the
total vegetable model, whereas Na (quartile) and vitamin E
(quartile) were added in the raw vegetable model, and age at
menarche (years) was added in the persimmon model. Parity
(yes/no) was added in the tangerine model. Statistical analyses
were conducted using SAS (version 9.1) software.

Results

Table 1 shows the general characteristics of the cases and con-
trols. The average ages of malignant cases and controls were
459 and 452 years, respectively, and those of benign cases
and controls were 46-8 and 46-5 years, respectively. Parity
was significantly higher in malignant cases than controls.
Daily intake of raw vegetables was higher in controls than
in malignant cases (34-1g/d for malignant cases v. 477 g/d
for controls). Daily intake of total vegetables and persimmons
were higher in controls than benign cases (240-7g/d for
benign cases v. 268:9g/d for controls in total vegetables

Table 1. General characteristics of the study subjects with and without thyroid cancert

(Mean values and standard deviations or proportions)

Malignant

Benign

Cases (n111)

Controls (n 111)

Cases (n 115) Controls (n 115)

Characteristics Mean SD Mean SD P* Mean SD Mean SD P*
Age (years) 45.9 10-8 45.2 10-6 N/A 46-8 10-1 46-5 10-5 N/A
Education (years) 12.3 39 12.0 37 0537 12.3 3.6 1.7 35 0-156
BMI (kg/m?) 234 34 235 3.6 0-930 234 2.8 234 34  0-980
Children (n) 2.0 0-9 1.8 1.2 0134 1.9 1.0 1.9 1.2 0246
Age at menarche (years) 14-6 2.0 146 19 0-905 146 1.8 14.7 1.9 0.647
Age at first birth (years) 26-0 36 26-1 39 0-804 254 31 25.7 37 0-559
Age at menopause (years) 496 4.6 49.2 51 0-701 49-3 5.0 49-6 4.3 0-567
Dietary intake
Energy (kJ/d) 8401-6 704.2 8567-7 681-1 0-772 8561-0 6312 83321 6512  0-391
Carbohydrate (g/d) 304-4 41.8 307-0 44.8 0-691 305-7 44.0 309-3 42.6  0-596
Fibre (g/d) 8-1 2.5 83 2.8 0-811 81 2.9 8-6 33 0-250
B-Carotene (j.g/d) 3660-8 1492.6 41305 30485 0-685 40985 41682 44053  4276-8  0-457
Vitamin C (mg/d) 1354 59-3 144-6 732 0-470 1393 707 148-9 814  0-391
Folate (ng/d) 267-5 836 270-0 1020 0-979 259-0 855 276-8 120-8  0-341
Vitamin E (mg/d) 92 32 90 37 0344 9-6 36 91 38 0196
Na (mg/d) 4146.7 1301-3  4048.7 14356 0-599 3907-8 14471 4053-7 1506-5  0-400
Total vegetables (g/d) 2436 1615 265-1 196-3 0-391 240-7 319.2 268-9 203-3  0-030
Raw vegetables (g/d) 341 43.0 47.7 59.5 0-015 45.0 799 53.2 71.8 0316
Total fruits (g/d) 297-4 243.5 331.0 2911 0-418 347.7 341-1 323-8 287-4  0-598
Persimmon (g/d) 141 34.0 182 377 0-063 14.2 40-6 19-3 37-8  0-036
Tangerine (g/d) 38-6 62-0 46-1 66-1 0-103 44.8 52.4 4441 65-1 0-688
Menopause women (%) 46-0 40-5 0-109 47-0 461 0-835
Family history of thyroid cancer (%) 3-6 2.7 0-706 1.7 1.7 1-000
Current smoker (%) 09 4.5 0-103 4.4 4.4 1-000
Current alcohol drinker (%) 34.2 40-5 0-274 40-0 42-6 0-686
Regular exercise (>22-5 MET-h/week, %) 22.5 16-2 0-162 20-9 17.4 0-493
Multivitamin user (%) 14.4 216 0-182 217 217 1.000
Parity (%) 919 83-8 0-013 887 85-2 0-206
Oral contraceptive use (ever, %) 19.8 19-8 1-000 15.7 226 0-206
Breast-feeding (ever, %) 757 70-3 0-330 70-4 713 0-862
Used hormone compound (ever, %) 12:6 18-0 0-239 11-3 191 0-083

N/A, not applicable; MET, metabolic equivalent.

*Wilcoxon signed rank test for continuous variables and McNemar test for categorical variables.

1 All nutrient intakes are total energy-adjusted values.
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Table 2. Potential confounders according to quartile of intake of total vegetables and raw vegetables among controlstt

Quartiles of daily total vegetable intake Quartiles of daily raw vegetable intake
1st 2nd 3rd 4th P for trend* 1st 2nd 3rd 4th P for trend*

Median (g) 733 1524 2465 450-1 4.7 181 34.8 79-2

Age (years) 41.8 43.9 483 46-3 0-158 40-5 43.9 48.-8 45.3 0-250
Menopause women (%) 41-0 44.3 40-2 416 0-829 45.9 36-1 49.2 375 0-699 ~
Education (years) 115 121 121 12.4 0-241 11.2 11.9 12.3 12.4 0-184 2
BMI (kg/m?) 219 24.3 23.0 23.8 0-189 22.8 236 236 231 0-877 e
Family history of thyroid cancer (%) 10-5 4.7 0-0 0.0 0-064 23 4.2 0.0 1.7 0-510 &
Current smoker (%) 4.5 41 0-0 4.6 0-831 0-0 2.8 82 1.7 0-488 2
Current alcohol drinker (%) 355 391 491 401 0-817 319 42.0 37-8 47.0 0-464 “:p
Regular exercise (>22-5 MET-h/week, %) 20-1 13-8 124 16-2 0-717 16-6 11.2 19-3 12.9 0-914 =3
Multivitamin user (%) 277 26-1 119 19.2 0-287 24.0 27.2 135 26-4 0-725 g
Parity (%) 80-6 82.5 907 81.6 0-796 84.3 78-6 76-1 907 0-286 I
Children (n) 1-8 1.9 2.0 1.7 0-645 1.9 1.8 1.7 1.9 0-485 3
Oral contraceptive use (ever, %) 99 17-4 37-8 216 0-356 15.2 16-0 18-3 255 0-360 8
Breast-feeding (ever, %) 75-0 49-4 831 72-4 0-317 69-9 64-1 692 76-1 0-399 a
Used hormone compound (ever, %) 252 21.8 10-3 18:6 0-272 33.7 184 15.5 16-9 0-356 =
Age at menarche (years) 151 14.0 15.0 14.2 0-161 14.4 14.8 14.5 14.4 0-624 E
Age at first birth (years) 24.9 26-4 26-1 26-1 0-482 25.9 25.5 26-1 26-1 0-631 o
Age at menopause (years) 47-9 484 49.2 50-5 0-074 47-9 47-4 50-2 49.7 0-293 g
Energy intake (kJ/d) 7499-2 8262-6 7724.3 97761 0-002 8068-0 7969-2 8474-8 90156 0177 2
B-Carotene (pg/d) 2459.7 3503-8 41514 6644-8 <0-0001 24382 32677 32811 7452.3 <0-0001 e
Vitamin C intake (mg/d) 98-1 1289 152-6 191.7 <0-0001 100-5 124.0 141.0 197-4 <0-0001

Folate intake (n.g/d) 1859 235-8 285-9 360-1 <0-0001 200-0 239-3 254-4 365-5 <0-0001

Vitamin E intake (mg/d) 83 8-6 9-6 9-8 0-090 6-7 84 88 11-3 <0-0001

Na intake (mg/d) 2587.7 34275 4385-1 5391-9 <0-0001 32265 4026-8 3925.6 4775-3 <0-0001

MET, metabolic equivalent.

* P -values for trends were determined by the general linear model for continuous variables and by the Cochran—Mantel-Haenszel test for categorical variables.
1 All results except median and age were adjusted for age, and all nutrient intakes are total energy-adjusted values.

} Values are expressed as mean or percentage according to quartile of fruit and vegetable intake.
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intake; 14-2g/d for benign cases v. 19:3g/d for controls in
persimmon intake). Daily intake of energy, carbohydrates,
fibre, B-carotene, vitamin C, folate, vitamin E, Na, total fruits
and tangerines did not differ between cases and controls for
either malignant pairs or benign pairs.

Potential confounding factors determined by using the
quartiles of daily total vegetable and raw vegetable intake
are shown in Table 2. Dietary intake of B-carotene, vitamin
C, folate and Na increased across quartiles of total vegetable
intake and quartiles of raw vegetable intake.

Potential confounding factors determined by using the
quartiles of daily total fruit, persimmon and tangerine intake
are shown in Table 3. Average age and age at menarche
increased across quartiles of daily persimmon intake. Vitamin
C increased across quartiles of total fruit intake, persimmon
intake and tangerine intake. Daily intake of B-carotene and
folate increased across quartiles of total fruit intake.

The association between vegetable and fruit intake and
thyroid cancer risk is shown in Table 4. Total vegetable
intake was inversely associated with benign thyroid cancer
risk (OR 0-42; 95% CI 0-19, 0:91; P for trend=0-028 in
benign cases). After adjusting for potential confounders
(energy intake and Na intake), the significant inverse associ-
ation remained (OR 0-11; 95% CI 003, 0-47; P for
trend=0-003 in benign cases). A significant inverse association
between raw vegetable intake and thyroid cancer risk was
found (OR 0-31; 95% CI 0:12, 0-79; P for trend=0-036 in malig-
nant cases and OR 0-56; 95% CI 0-27, 1-15; P for trend=0-085
in benign cases). The inverse association between raw veg-
etable intake and thyroid cancer risk remained (OR 0-20;
95% CI 0-07, 0-62; P for trend=0-007 in malignant cases and
OR 0:28; 95% CI 0:10, 0-76; P for trend=0-007 in benign
cases) after adjusting for potential confounders (parity,
energy intake, vitamin E intake and Na intake). An inverse
association between thyroid cancer risk and persimmon
intake was found in both malignant and benign cases (OR
0-39; 95% CI 017, 0-88 for the highest quartile; P for
trend=0-037 in malignant cases and OR 0-35; 95% CI 0-15,
0-82 for the highest quartile; P for trend=0-016 in benign
cases). After adjusting for potential confounders, the signifi-
cant inverse associations remained (OR 0-41; 95% CI 0:17,
0-96 for the highest quartile; P for trend=0-061 in malignant
cases and OR 0-35; 95% CI 0-15, 0-83 for the highest quartile;
P for trend=0-014 in benign cases). An inverse association
between tangerine intake and malignant thyroid cancer risk
was found after adjusting for potential confounders, but
there was no significant association between daily tangerine
intake and benign thyroid cancer risk (OR 0-34; 95% CI
0-13, 0-86 for the highest quartile; P for trend=0-027 in malig-
nant cases). There were no associations between thyroid
cancer risk and daily intake of total vegetables or total fruits
in the present study.

The association between thyroid cancer risk and the aver-
age frequency of vegetable and fruit intake is shown in
Table 5. There was a trend for an inverse association between
thyroid cancer risk and the average frequency of raw veg-
etable intake in malignant and benign cases after adjusting
for potential confounders. The frequency of raw vegetable

intake was inversely associated with thyroid cancer risk (OR
0-28; 95% CI 0-10, 078 for the highest quartile; P for
trend=0-009 in malignant cases and OR 0-38; 95% CI 0-16,
091 for the highest quartile; P for trend=0-043 in benign
cases). A high frequency of persimmon intake was inversely
associated with thyroid cancer risk (OR 0-44; 95% CI 0-20,
0-94 for the highest quartile; P for trend=0-040 in malignant
cases and OR 0-35; 95% CI 0-15, 0-81 for the highest quartile;
P for trend=0-017 in benign cases). The inverse association
between the average frequency of persimmon intake and
thyroid cancer risk remained after adjusting for potential con-
founders (OR 0-44; 95 % CI 0-20, 0-99 for the highest quartile; P
for trend=0-060 in malignant cases and OR 0:33; 95% CI 0-14,
0-79 for the highest quartile; P for trend=0-014 in benign
cases). We did not find a significant association between thyr-
oid cancer risk and the frequency of total vegetable intake,
total fruit intake or tangerine intake. The additional adjust-
ments for the risk factors reported in previous studies (edu-
cation, family history of thyroid cancer, BMI, current smoker
and current alcohol drinker) did not substantially change the
results (data not shown).

Discussion

Given that the effects of vegetable and fruit intake on thyroid
cancer risk have not been well characterised, we aimed to
examine the association between vegetable and fruit intake
and the risk of thyroid cancer. We found that consumption
of raw vegetables, persimmons and tangerines had a signifi-
cant protective effect against thyroid cancer. Raw vegetable
and persimmon intake had a dose—response effect on both
malignant cases and benign cases in terms of both frequency
of consumption as well as amount consumed. The amount of
tangerines consumed showed a dose—response association
with malignant cases.

According to the fourth Korean National Health and Nutri-
tion Survey (KNHANES 2007-9), the average intake of total
vegetables and fruits by Korean women is 293-8g/d and
209:6 g/d, respectively. In the present study, the consumption
of total vegetables by malignant cases and benign cases
(243-6g/d for malignant cases, 240-7g/d for benign cases
and 270-5g/d for controls) was lower than that reported by
KNHANES (293-8 g/d). The total fruit intake of cases and con-
trols (2974 g/d for malignant cases, 347-7 g/d for benign cases
and 3254 g/d for controls) was higher than that reported by
KNHANES (209:-6g/d). With regard to persimmon intake,
cases and controls had a lower intake than that reported by
KNHANES (141 g/d for malignant cases, 14-2g/d for benign
cases, 17-8g/d for controls, v. 27-7 g/d for KNHANES). How-
ever, cases and controls had a higher tangerine intake than
that reported by KNHANES (38:6g/d for malignant cases,
44-8g/d for benign cases, 45-1g/d for controls, v. 282g/d
for KNHANES). The level of vegetable consumption by
Korean adults has been reported to be relatively high®®3",
The amount of vegetables consumed per person per year in
Korea in 2005 was relatively high at 695 g for Korea, almost
twice that of the USA (344 g) but lower than that of Greece
(8072)*?. When the intake of fruits and vegetables was
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Table 3. Potential confounders according to quartile of intake of fruit, persimmons and tangerines among controlstf

Quartiles of daily total fruit intake Quartiles of daily persimmon intake Quartiles of daily tangerine intake
1st 2nd 3rd 4th P for trend* 1st 2nd 3rd 4th P for trend* 1st 2nd 3rd 4th P for trend*
Median (g) 66-4 1761 299.5 599.2 0-0 34 79 315 33 20-0 40-0 76-8
Age (years) 481 44.9 43.9 44.9 0-452 41.7 45.3 43.2 48-5 0-014 45.3 46-7 44.4 44.3 0-461
Menopause women (%) 37-0 54.3 39-4 38-0 0-372 40-3 45.7 429 38-2 0-809 40-3 475 41.7 38-0 0-436
Education (years) 11.2 11.6 12.8 12.3 0-143 124 1.7 12.4 12.0 0-835 11.0 11.9 133 11.9 0-424
BMI (kg/m?) 24.2 231 22.9 234 0-726 236 238 22.9 231 0-527 22.9 23-3 236 234 0-602 ~
Family history 4.7 0-0 0-0 5.8 0-598 0-0 51 0-0 1.6 0-865 5.6 0-0 4.2 2.3 0-946 3
of thyroid cancer (%) o
Current smoker (%) 141 0-0 0-0 5.5 0-305 32 6-4 0-0 4.4 0-881 112 28 0-0 25 0-072 &
Current alcohol drinker (%) 50-3 46-6 38-3 34.3 0-134 45.7 43.2 56-3 33-0 0-174 61-3 416 27-8 426 0-208 2
Regular exercise 11.2 12.6 214 21.8 0-266 10-3 17.0 20-9 15.2 0-904 16-4 135 154 16-1 0-800 “:p
(>22-5 MET-h/week, %) =8
Multivitamin user (%) 381 15.6 131 26-9 0-615 321 20-4 191 18-0 0-280 31.9 26-3 180 14.0 0-056 g
Parity (%) 79-5 77-2 83-5 88-0 0-111 80-3 779 87-0 86-3 0-189 757 82-3 84.7 88-2 0-044 I
Children (n) 15 19 1.9 2:0 0-122 1.9 1.6 2:0 19 0-441 1.7 1.8 1.9 19 0-367 -3
Oral contraceptive 21.3 26-5 16-0 16-2 0-482 216 17.0 24.4 209 0-955 214 16-6 25.7 205 0-767 8
use (ever, %) o
Breast-feeding (ever, %) 60-8 70-7 68-5 74.5 0-207 58-5 66-0 701 74-6 0-088 72-0 65-2 749 70-4 0-540 =
Used hormone 22.3 221 16-4 18-9 0-399 37-3 207 172 13.7 0-067 24.7 236 12.8 19.9 0-648 E
compound (ever, %) o
Age at menarche (years) 139 14.9 14.8 14.3 0-943 14.3 139 14.9 14.9 0-027 14.7 14.4 14.3 14-6 0-843 g
Age at first birth (years) 26-0 25.5 25.7 26-4 0-431 26-2 25.9 26-0 25.8 0-762 25.2 25.7 26-9 25.9 0-627 2
Age at menopause (years) 477 50-2 49.7 48-8 0-999 519 47-3 50-2 49-6 0-677 50-3 48-8 49-8 491 0-811 @
Energy intake (kJ/d) 7060-1  7567-4 8757-3  9971-1 <.0001 8538-0 7690-0 8070-5 9273.0 0-135 67567 86159 8632:6 91951 0-004
B-Carotene (pg/d) 30199 38053 4924.8 5523-1 0-021 4352.7 31977 58206 46497 0-479 3387-3 48941 44025 46199 0-566
Vitamin C intake (mg/d) 88-6 122.7 155-8 206-0 <.0001 121.0 114.7 168-6 178-1 0-000 103-9 126-6 1535 192.3 0-039
Folate intake (.g/d) 221.2 258-9 285-6 3236 0-001 2529 248-0 326-2 283-3 0-345 244.7 280-3 2732 294.3 0-191
Vitamin E intake (mg/d) 80 99 85 10-0 0-145 94 8-1 10-1 9-2 0-729 9-0 92 8.9 94 0-657
Na intake (mg/d) 37909 4151.8 40585 4323.2 0-247 3706-1 40182 4569-0 4108-4 0-641 3897-6 4350-5 3789-8 4198.-1 0-802

MET, metabolic equivalent.

* P -values for trends were determined by the general linear model for continuous variables and by the Cochran—Mantel-Haenszel test for categorical variables.
1 All results except median and age were adjusted for age, and all nutrient intakes are total energy-adjusted values.

I Values are expressed as mean or percentage according to quartile of fruit and vegetable intake.
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Table 4. Thyroid cancer according to quartiles of vegetable and fruit intake in multiple logistic regression models

(Odds ratios and 95 % confidence intervals)

No. of cases/no.

Daily intake Median Min, max of controls Crude OR 95% Cl Adjusted OR 95% CI*
Malignant cases 111111
Total vegetables (g/d)
Qi 83-3 8-2, 136-2 25/30 1-00 Referent 1-00 Referent
Q2 168-6 136-8, 211-9 31/25 1.53 0-69, 3-38 1.20 0-47, 3-09
Q3 254.3 2131, 3357 31/25 1.44 0-69, 3-04 0-90 0-34, 2-42
Q4 454.0 335-8, 1185-4 24/31 0-92 0-43, 1-94 0-51 0-15, 1.78
P for trend 0-603 0-202
Raw vegetables (g/d)
Qi 4.5 0.0, 10-7 30/17 1-00 Referent 1-00 Referent
Q2 179 11.4,24.3 32/28 0-53 0-23, 1.22 0-64 0-25, 1-62
Q3 34.6 24.3, 50-5 25/34 0-32 0-13, 0-78 0-23 0-08, 0-70
Q4 725 50-5, 359-5 24/32 0-31 0-12, 0-79 0-20 0-07, 0-62
P for trend 0-036 0.007
Total fruits (g/d)
Q1 81.7 0-0, 128-0 30/24 1-00 Referent 1-00 Referent
Q2 176-4 129-4, 230-4 26/25 0.77 0-34, 1.78 0-84 0-34, 2.07
Q3 285-2 232-1, 381-0 29/30 0.74 0-35, 1-59 0-78 0-35, 1.76
Q4 606-1 385-8, 18732 26/32 0-62 0-28, 1-38 0-59 0-23, 1-52
P for trend 0-283 0-250
Persimmons (g/d)
Qi 0 0.0, 05 33/21 1.00 Referent 1.00 Referent
Q2 31 07,53 31/30 0-64 0-29, 1-39 0-63 0-27, 1-47
Q3 10-5 6-8, 13-5 21/22 0-61 0-27, 1-37 0-61 0-25, 1-46
Q4 29-3 15-8, 330-8 26/38 0-39 0-17,0-88 0-41 0-17, 0-96
P for trend 0-037 0-061
Tangerines (g/d)
Qi 41 0.0, 10-5 30/20 1-00 Referent 1-00 Referent
Q2 20-0 10-7, 267 28/32 0-60 0-28, 1-27 0-64 0-29, 1-39
Q3 40-0 30.-0, 50-0 30/26 0.72 0-33, 1-54 0-61 0-27, 1-39
Q4 79-3 52.4, 600-0 23/33 0-45 0-20, 1-03 0-34 0-13, 0-86
P for trend 0-086 0-027
Benign cases 115/115
Total vegetables (g/d)
Qi 80-8 13.9, 1167 34/23 1-00 Referent 1-00 Referent
Q2 153.0 117.3, 201-0 30/28 0-75 0-35, 1-60 0-48 0-19, 1.23
Q3 2379 201-2, 3114 29/29 0-69 0-33, 1-43 0-32 0-11, 0-95
Q4 422.2 311.5, 3137-1 22/35 0-42 0-19, 0-91 0-11 0-03, 0-47
P for trend 0-028 0-003
Raw vegetables (g/d)
Q1 6-0 0-0, 10-8 28/19 1.00 Referent 1.00 Referent
Q2 186 11.8, 24-3 30/24 0-84 0-38, 1-89 0-68 0-27, 1.72
Q3 35.7 24.8, 49-2 31/36 0-61 0-28, 1-34 0-42 017, 1-06
Q4 77-3 52.0, 591-9 26/36 0-56 0-27, 1-15 0-28 0-10, 0-76
P for trend 0-085 0-007
Total fruits (g/d)
Qi 67-0 0.0, 1277 23/26 1-00 Referent 1-00 Referent
Q2 1761 131.9, 2304 30/27 1.25 0.-59, 2-64 1.26 0-59, 2.71
Q3 290-3 231-0, 380-3 31/31 112 0-53, 2-36 1-10 0-50, 2-44
Q4 643-8 382-3, 1873-2 31/31 112 0-53, 240 1.05 0-46, 2-37
P for trend 0-924 0-910
Persimmons (g/d)
Qi 0-0 0-0,0:5 28/21 1-00 Referent 1-00 Referent
Q2 31 07,56 26/30 0-69 0-33, 1-47 0-70 0-33, 1-51
Q3 6-8 6-2,13:5 36/22 1-30 0-61, 2.77 1.36 0-62, 2-98
Q4 24.8 15.5, 346-5 25/42 0-35 0-15, 0-82 0-35 0-15, 0-83
P for trend 0-016 0-014
Tangerines (g/d)
Q1 33 0-0, 10-5 30/23 1.00 Referent 1.00 Referent
Q2 20-0 10-7, 26-7 24/35 0-54 0-25, 117 0-53 0-24, 1-16
Q3 40-0 30-0, 50-0 29/25 0-83 0-35, 1-96 0-79 0-32, 1.93
Q4 79-3 51.4, 600-0 32/32 0-73 0-32, 1-65 0-71 0-30, 1-67
P for trend 0.937 0-912

Min, minimum; max, maximum.

* All adjusted OR models included parity (yes/no), energy (quartile) in the malignant cancer model. Energy (quartile) was adjusted for in the benign cancer model. The model
for total vegetables was additionally adjusted by Na intake (quartile). The model for raw vegetables was additionally adjusted for Na intake (quartile) and vitamin E intake
(quartile). The model for persimmons was additionally adjusted for age at menarche (years). The model for tangerines was additionally adjusted for parity (yes/no).
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Table 5. Thyroid cancer according to quartiles of the average frequency of vegetable and fruit consumption in multiple logistic regression models
(Odds ratios and 95 % confidence intervals)
No. of cases/no.
Average frequency Median Min, max of controls Crude OR 95% ClI Adjusted OR 95% CI*
Malignant cases 111/111
Total vegetables (times/week)
Qi 17-5 3-8, 22.7 21/34 1.00 Referent 1-00 Referent
Q2 277 231, 31-8 37/19 2.75 1.30, 5-83 2.54 1-11, 5.80
Q3 37-4 32:2, 451 27/29 1.32 0-61, 2-86 1-19 0-49, 2.90
Q4 58-4 45.6, 92.0 26/29 1.30 0-59, 2.87 1.24 0-43, 3-59
P for trend 0-921 0-924
Raw vegetables (times/week)
Q1 0-8 0-0, 2.4 30/25 1.00 Referent 1.00 Referent
Q2 32 24,39 31/25 0-94 0-44, 2.02 0-76 0-33, 1-79
Q3 5.2 39,67 29/27 0-81 0-36, 1-84 0-66 0-25,1-73
Q4 10-0 6-8, 284 21/34 0-48 0-21, 1-11 0-28 0-10, 0-78
P for trend 0-050 0-009
Total fruits (times/week)
Q1 27 0.0, 4-3 29/26 1-00 Referent 1-00 Referent
Q2 6-2 4.3,77 31/25 113 0-50, 2-52 1.31 0-55, 3-10
Q3 9.7 7-7,12.0 26/30 0-75 0-35, 1-65 0-80 0-35, 1-85
Q4 16-1 12.0, 44-9 25/30 0-75 0-35, 1-62 0-73 0-30, 1-78
P for trend 0-318 0-267
Persimmons (times/week)
Q1 0-0 0-0, 0-0 33/22 1.00 Referent 1.00 Referent
Q2 0-3 0-1,0-3 30/29 0-71 0-34, 1-51 0-61 0-26, 1-39
Q3 0-4 0-3,0-6 24/24 0-67 0-31, 1-45 0-76 0-33,1-78
Q4 1.2 0.9, 53 24/36 0-44 0-20, 0-94 0-44 0-20, 0-99
P for trend 0-040 0-060
Tangerines (times/week)
Q1 0-3 0.0, 0-4 39/27 1.00 Referent 1-00 Referent
Q2 09 0-5, 0-9 22/20 0.77 0-33, 176 0-83 0-35, 1-97
Q3 1.2 09,14 24/36 0-47 0-23, 0-96 0-41 0-19, 0-88
Q4 1.8 1.5, 53 26/28 0-60 0-27, 1-30 0-50 0-21,1-19
P for trend 0-112 0-066
Benign cases
Total vegetables (times/week)
Q1 14.7 3-2, 20-6 30/27 1.00 Referent 1.00 Referent
Q2 26-0 20-8, 31-3 23/35 1.81 0-83, 3-96 1.84 0-83, 4-06
Q3 36-2 31.7, 458 33/25 0-76 0-35, 1-69 0-71 0-28,1-78
Q4 58-0 45.9, 101-4 29/28 1.03 0-45, 2.32 0-94 0-35, 2.52
P for trend 0-716 0-858
Raw vegetables (times/week)
Q1 1-4 0.0, 2:4 33/24 1.00 Referent 1-00 Referent
Q2 31 24,39 29/29 0-72 0-33, 1-59 0-57 0-24, 1-36
Q3 5-6 4.0,7-3 27/31 0-68 0-34,1-37 0-45 0-19, 1-05
Q4 107 7-5,29-5 26/31 0-67 0-34,1-32 0-38 0-16, 0-91
P for trend 0-288 0-043
Total fruits (times/week)
Qi 3-0 0-0, 4-6 28/29 1.00 Referent 1.00 Referent
Q2 5.9 47,73 32/26 1.27 0-59, 2.73 1.30 0-58, 2-89
Q3 9.7 7-3,12.2 25/33 0-80 0-38, 1-71 0-82 0-38, 1-80
Q4 186 12.2, 44.9 30/27 1.14 0-53, 2-46 1-09 0-46, 2-59
P for trend 0-902 0-928
Persimmons (times/week)
Q1 0-0 0-0, 0-1 33/25 1.00 Referent 1.00 Referent
Q2 0-3 0-1,0-3 26/29 0-67 0-33, 1-38 0-67 0-32, 1-37
Q3 0-4 0-4,0-6 33/22 1.28 0-59, 2.74 1-31 0-59, 2.92
Q4 1.2 0.9, 53 23/39 0-35 0-15, 0-81 0-33 0-14, 0-79
P for trend 0-017 0-014
Tangerines (times/week)
Q1 0-3 0-0, 0-4 34/27 1.00 Referent 1.00 Referent
Q2 09 0-5, 0-9 21/20 0-50 0-22, 113 0-50 0-22,1-14
Q3 1.2 12,15 28/36 0-94 0-43, 2.08 091 0-40, 2.07
Q4 1.8 1.5,7-0 32/28 0-95 0-43, 2-11 0-92 0-40, 2-12
P for trend 0.727 0-811

Min, minimum; max, maximum.

* All adjusted OR models included parity (yes/no), energy (quartile) for the malignant cancer model. Energy (quartile) was adjusted for in the benign cancer model. The model
for frequency of consumption of total vegetables was additionally adjusted for Na intake (quartile). The model for frequency of consumption of raw vegetables was addition-
ally adjusted for Na intake (quartile) and vitamin E intake (quartile). The model for frequency of consumption of persimmons was additionally adjusted for age at menarche
(years). The model for tangerines was additionally adjusted for parity (yes/no).
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combined (5034 g/d in the fourth KNHANES), the intake by
Koreans based on national surveys was higher than that of
Europeans(sg’%{

Several meta-analyses of the association between fruit and
vegetable intake and the risk of cancers including breast
cancer®, colon cancer®, oral cancer®” and gastric
cancer™ have found that vegetable intakes were inversely

3> oral cancer®”

associated with the risk of breast cancer
and gastric cancer® | but the site-specific associations of
colon cancer were not consistent®® and that the fruit intakes
were significantly related to oral cancer®” and gastric cancer
risk®®. Fruits and vegetables may exert their protective effects
via antioxidant mechanisms, by serving as substrates for the
formation of anti-neoplastic agents, by inhibiting nitrosamine
formation, and/or by altering hormone metabolism, among
other possible mechanisms'*?. Furthermore, multiple sub-
stances present in fruits and vegetables such as antioxidant
vitamins (3-carotene, vitamin A, vitamin E, vitamin C), dietary
fibres, micronutrients and other phytochemicals may protect
U0 " Several studies have also investigated the
association between thyroid cancer risk and consumption of

against cancer

vegetables, especially in western countries 71219 These
studies reported an inverse association between thyroid
cancer risk and raw vegetable consumption*'°™1? In the
present study, we focused on the effect of raw vegetables to
obtain additional information about the inverse, dose—
response associations between the amount and frequency of
raw vegetable intake and thyroid cancer risk (more than
24-3g/d) in malignant and benign cases. However, unlike
the intake of raw vegetables, the intake of total vegetables
and the frequency of vegetable consumption were not associ-
ated with malignant thyroid cancer. More than 50% of the
total vegetables consumed in Korea are pickled or cooked
based on the results of the third KNHANES in 2005; the con-
sumption of pickled and cooked vegetables may attenuate
the effects of raw vegetables, possibly due to the carcinogenic
effect of salt in pickled vegetables®® and/or the destruction of
the anti-carcinogenic activity of raw vegetables by processing
and storage under acidic and oxygen-rich conditions™?.

No consistent association between fruit intake and thyroid
cancer risk has been found in previous studies. Markaki
et al.” reported that high fruit consumption had a protective
effect on thyroid cancer risk (OR 0:68, P=0-01). In contrast,
studies in Kuwait"® and Northern Europe"'®” showed no
association between the amount of fruit consumed and thyr-
oid cancer risk. We found no significant association between
total fruit intake and thyroid cancer risk but among fruits, per-
simmon and tangerine intakes were inversely associated with
thyroid cancer risk. Diospyros kaki Thunb. (Ebenaceae), more
commonly known as persimmon, is widely distributed in East

(42)

Asian countries such as Korea, Japan and China"*®’. Persim-

mon contains many bioactive agents such as flavonoids, tan-
nins, carotenoids, antioxidant vitamins and minerals“>4%®
that may mediate anti-carcinogenic processes. Furthermore,
the anti-oxidative activity of persimmon has been examined
both in vitro ““=%7 and in vivo “*>. Among the extracts of per-
simmon, tannins in particular may increase catalase and super-

oxide dismutase activity, thereby reducing oxidative damage

to cells“””. As another explanation for the anti-carcinogenic

effects of persimmon, 24-hydroxyursolic acid from persimmon
may inhibit cell proliferation by activating AMP-activated pro-
tein kinase signalling, resulting in growth inhibition and cell
apoptosis(%). However, there is very limited evidence avail-
able regarding the association between persimmon intake
and cancer risk in epidemiological studies“™®. In the present
study, both the amount of persimmon consumed (more than
15-8g/d) and the frequency of consumption (approximately
once per d) had a significant inverse relationship with thyroid
cancer risk. These results are consistent with those reported by
a case—control study in China; the authors of that study reported
that persimmon intake significantly reduced breast cancer risk
(OR 0-60; 95% CI 0-42, 0-86; P for trend=0-006)""®. Tangerine
(Citrus reticulate Blanco) is a citrus fruit that is a good source
of bioactive compounds such as flavonoids, vitamin C, caroten-
oids, limonene and citric acid®". Citrus flavonoids are known
to have strong anti-proliferative activities in human cancer
cells“”. Citrus flavonoids may function as anticancer agents
by inhibiting enzymes such as protein kinases involved in
mitogenic signal transduction®®. Epidemiological studies have
been conducted in the past to determine if there is a relation-
ship between citrus fruit intake, including tangerine intake,
and thyroid cancer risk®®, colon, rectum cancer risk®Y and
breast cancer risk™®>". However, no significant negative
association was observed in any of these previous studies *®>"|

The present study had several limitations. First, it was a
hospital-based case—control study, and thus, the results may
not be generalisable to the general population®®. Second,
recall bias is one of the important potential biases in a
case—control study. The differential recall between cases and
controls may induce biased results®®. However, in the present
study, almost all cases were interviewed before diagnosis so
that differential recall biases may not be substantial. Third,
the sample size was not sufficient to draw definitive con-
clusions and we were not able to analyse the differences in
risk factors according to the subtype of thyroid cancer (papil-
lary, follicular, medullary, anaplastic). The number of pairs
assuming a = 0:05, 8= 010 and an OR of 2-0 (or 0:5) was
281 pairs”?. However, the final sample size was smaller
than the calculated number. Therefore, a weak relationship
(OR < 2:0 or 0-5<OR < 1-0) may not have been detected
in the present study. Fourth, although the semiquantitative
FFQ has been validated in previous studies, we did not per-
form the additional validity—reliability study for the modified
version and for food items. Fifth, among the non-dietary risk
factors for thyroid cancer, the best-established cause of thyroid
cancer is exposure to ionising radiation, particularly during
early childhood®. We could not measure the extent of radi-
ation exposure. In future studies, radiation in everyday life
including medical radiation needs to be assessed and to be
analysed for the association with thyroid cancer. Sixth, we
could not examine the association between benign thyroid
nodules or adenomas and malignant thyroid cancer risk in the
present study, because we recruited controls who did not
have thyroid nodules or thyroid hormone diseases. In the ana-
lyses, after excluding pairs with history of any thyroid disease in
cases (twenty-nine pairs in malignant cancer and forty-three
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pairs in benign thyroid nodules or adenomas), the association
between fruit and vegetable intake and thyroid cancer risk did
not substantially change. To the best of our knowledge, ours
is the first study to focus on benign thyroid cases and to use
controls without any nodules in the thyroid gland.

The findings in the present study suggest that high con-
sumption of raw vegetables, persimmons and tangerines
may decrease thyroid cancer risk. In addition, consumption
of raw vegetables and these fruits may help prevent thyroid
cancer. However, our findings need to be confirmed in a
large-scale cohort study.
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