
SHORT REPORT Open Access

Dietary fiber intake from fresh and
preserved food and risk of nasopharyngeal
carcinoma: observational evidence from a
Chinese population
Zhi-Ming MAI1,2, Roger Kai-Cheong NGAN2,3,4, Dora Lai-Wan KWONG2,3, Wai-Tong NG2,3,5, Kam-Tong Yuen2,6,
Dennis Kai-Ming Ip1,2, Yap-Hang CHAN2,7, Anne Wing-Mui LEE2,3,8, Sai-Yin HO1, Maria Li LUNG2,3 and
Tai-Hing LAM1,2*

Abstract

Background: The role of dietary fiber intake on risk of nasopharyngeal carcinoma (NPC) remains unclear. We
examined the associations of dietary fiber intake on the risk of NPC adjusting for a comprehensive list of potential
confounders.

Methods: Using data from a multicenter case-control study, we included 815 histologically confirmed NPC incident
cases and 1502 controls in Hong Kong, China recruited in 2014–2017. Odds ratios (ORs) of NPC (cases vs controls)
for dietary fiber intake from different sources at different life periods (age 13–18, age 19–30, and 10 years before
recruitment) were evaluated using unconditional logistic regression, adjusting for sex, age, socioeconomic status,
smoking and drinking status, occupational hazards, family history of cancer, salted fish, and total energy intake in
Model 1, Epstein-Barr virus viral capsid antigen serological status in Model 2, and duration of sun exposure and
circulating 25-hydroxyvitamin D in Model 3.
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Results: Higher intake of total dietary fiber 10 years before recruitment was significantly associated with decreased
NPC risk, with demonstrable dose-response relationship (P-values for trend = 0.001, 0.020 and 0.024 in Models 1–3,
respectively). The adjusted ORs (95% CI) in the highest versus the lowest quartile were 0.51 (0.38–0.69) in Model 1,
0.48 (0.33–0.69) in Model 2, and 0.48 (0.33–0.70) in Model 3. However, the association was less clear after
adjustment of other potential confounders (e.g. EBV) in the two younger periods (age of 13–18 and 19–30 years).
Risks of NPC were significantly lower for dietary fiber intake from fresh vegetables and fruits and soybean products
over all three periods, with dose-response relationships observed in all Models (P-values for trend for age 13–18,
age 19–30 and 10 years before recruitment were, respectively, 0.002, 0.009 and 0.001 for Model1; 0.020, 0.031 and
0.003 for Model 2; and 0.022, 0.037 and 0.004 for Model 3). No clear association of NPC risk with dietary fiber intake
from preserved vegetables, fruits and condiments was observed.

Conclusion: Our study has shown the protective role of dietary fiber from fresh food items in NPC risk, but no
association for total dietary fiber intake was observed, probably because total intake also included intake of
preserved food. Further studies with detailed dietary information and in prospective settings are needed to confirm
this finding, and to explore the possible underlying biological mechanisms.

Keywords: Dietary fiber, Fresh vegetable and fruit, Soybean product, Preserved food, Epstein-Barr virus,
Nasopharyngeal carcinoma

Background
Fiber intake has a broad range of potential health bene-
fits [1], including reduction in the risk of coronary heart
disease [2], stroke [3], type 2 diabetes [4], colorectal can-
cer [5], and head and neck cancer (HNC) [6–8]. Kawa-
kita et al. 2017 [6] conducted a pooled analysis of 10
case-control studies participating in the International
Head and Neck Cancer Epidemiology consortium and
reported an inverse association of fiber intake with oral
and pharyngeal cancer combined, and laryngeal cancer.
Their recent prospective study involving 101,700 partici-
pants also showed a potential protective role of fiber in-
take in the development of oral cavity and pharyngeal
cancers, but no association for other types of HNC [7].
A prospective longitudinal cohort study of newly-
diagnosed head and neck cancer patients showed that
pretreatment dietary fiber intake was inversely associated
with all-cause mortality [8]. However, these previous
studies did not report the association between fiber in-
take and nasopharyngeal carcinoma (NPC).
NPC, a rare type of HNC in most parts of the world

while relatively common in Southern China, is distinct
from other types of HNC in terms of histopathological
spectrum, geographical distribution, and etiology [9].
NPC age-standardized incidence rates (ASIRs) in both
sexes were less than 1 per 100,000 person-years in most
parts of the world [10]. However, over 60,000 new cases
per year occurred in China (> 47% of all 129,000 NPCs
diagnosed globally in 2018) with an ASIR of 3.0 [11].
The ASIR was particular high in south China (28.9 and
11.3 for men and women in Sihui [12], 26.8 and 10.7 in
Zhongshan [13], 13.4 and 5.2 in Guangzhou [14], and
11.5 and 2.9 in Hong Kong [15]). Despite identification
of several important non-viral environmental risk factors

such as consumption of salted fish and preserved vege-
table and fruit [16, 17], the etiology of NPC related to
dietary fiber intake remains debatable. A few epidemio-
logical studies have investigated the role of fiber-rich
food intake in NPC [18–25], but only two observational
studies (one case-control and one cohort study) reported
protective associations of fiber intake with NPC inci-
dence [26, 27]. However, these two studies were con-
ducted in non-endemic populations with different
dietary habits (no consumption of Chinese preserved
vegetable and fruit), and they did not adjust for other
important risk factors of NPC, especially Epstein-Barr
virus (EBV). While EBV infection is a consistently strong
risk factor of NPC and is ubiquitously present in the
general populations worldwide, it cannot explain the
unique geographic disease pattern of NPC [28].
We examined the association between dietary fiber in-

take across life periods (age 13–18, and 19–30, and 10
years before recruitment) and risk of NPC using data from
the Hong Kong Area of Excellence NPC case-control
(HKAoENPC) study with adjustment for a comprehensive
list of potential confounders. This is a large study to
examine the source-specific associations (either from fresh
or preserved food items) in an NPC endemic region.

Methods
Study population and patient’s ascertainment
The HKAoENPC study is a multicenter case-control
study conducted in five major regional hospitals (Queen
Mary Hospital, Pamela Youde Nethersole Eastern Hos-
pital, Queen Elizabeth Hospital, Princess Margaret Hos-
pital and Tuen Mun Hospital) that treated up to 75% of
all NPC new cases in Hong Kong, China. Cases and con-
trols were recruited from March 2014 to September
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2017. Detailed descriptions of the study and methods
have been previously published [29, 30]. Briefly, cases
were incident NPC patients diagnosed with histological
and/or radiological evidence in the Department of Clin-
ical Oncology in the hospitals (response rate 78.4%)
within the past 3 months to minimize the effects of re-
call bias and lifestyle changes secondary to NPC. Con-
trols were frequency-matched (by 5-year age group and
sex; response rate 85.1%) new outpatient attendees or
new inpatients admitted in specialist clinics of the same
hospitals, within the past 12 months and 3months, re-
spectively. Those controls with a history of NPC, de-
mentia, or suspected symptoms of NPC were excluded.
Following the AsiaLymph guideline of the U.S. National
Cancer Institute, we also specified that no more than
15% of controls had one specific type of disease. In
addition to self-reported dietary information collected by
the Food Frequency Questionnaires (FFQs), the subjects
provided 10ml of peripheral blood on the same date of
recruitment. The samples were centrifuged at 3000 rpm
at 4 degrees Celsius for 10 min, and then were stored at
− 80 degrees Celsius before measurements of EBV VCA-
IgA serostatus and serum level of 25-hydroxyvitamin D
(25OHD).

Dietary fiber intake
Dietary information on fiber intake was collected with
the Semi-Quantitative Food Frequency Questionnaire
(which was embedded in the computer-assisted, self-
administered questionnaire) covering 12 high-fiber food
items (6 for fresh vegetables, 3 for soybean products,
and 3 for preserved foods) over three life periods (age
13–18, and 19–30, and 10 years before recruitment). We
calculated dietary fiber intake by multiplying the seven
categories of frequency (never, < 1 time/month, 1–2
times/month, 1–3 times/week, 4–6 times/week, 1–2
times/day, 3 times/day or more) of consumption and
three categories of portion sizes (small [50 g], medium
[75 g], and large [100 g], unless stated otherwise) of each
item by its fiber content and summing the products
across all food items in a specific period. High-fiber food
groups such as fresh vegetables and fruits, soybean prod-
ucts, and preserved foods were assessed according to the
Standard Tables of Food Composition in China (2008
No.2). For example, fresh vegetables and fruits included
green leafy vegetables (lettuce, Chinese kale, Chinese
flowering cabbage, Chinese white cabbage, water spin-
ach, cabbage, broccoli, etc.), vegetables other than green
leafy vegetables (cucumber, angled loofah, etc.), carrot,
tomatoes, and citrus (orange, mandarin orange, pomelo,
tangerine, etc.; portion: 75/150/300 g) and fruits other
than citrus. Soybean products included tofu, soybean
milk and bean curd. Preserved foods included items such
as preserved vegetables (different types of pickled

mustard, sour buckwheat head, takuan and pickled white
radish), preserved fruits (salty dried plum, dried apricot,
licorice olive, sun-dried tangerine peel, dried mango,
preserved chayote and raisin), and condiments (shrimp
paste, crab paste, soy sauce, fermented black soybean
and fermented bean curd; portion: less than half of the
spoon, half of the spoon, and a spoon). Participants who
did not answer questions related to the frequency or
consumption of food items were considered as having
“zero intake.” Energy-adjustment for nutrients based on
about 30 food items in our questionnaire was conducted
using the residual method. Our questionnaire of food
items had acceptable test-retest reliability (coefficients
0.2–0.9) [29].

Covariate assessment
Information on covariates collected by the questionnaire
included sex, 5-year age group, socioeconomic status
(SES) score [range: − 1 (lowest) to 13 (highest), calcu-
lated by the subject’s, and his/her father’s and mother’s
education, housing type at age 10, personal income, and
household income], smoking and drinking status (ever
vs never), salted fish consumption (ever vs never), occu-
pational hazards (yes vs no), family history of cancer (yes
vs no), and duration of sunlight exposure (2- < 5, 5- < 8
and 8+ vs < 2 h/day).
Antibody of IgA against EBV viral capsid antigen

(VCA-IgA) was measured using a commercial kit
(EUROIMMUN AG, Lübeck, Germany) based on the
standard ELISA method. Results were analyzed semi-
quantitatively by calculating the ratio of the optical dens-
ity (OD) value of the sample over the optical OD of the
calibrator, expressed as relative OD. According to the
manufacturer’s instruction, the serostatus of VCA-IgA
was classified as seronegative (rOD value: < 1.2) or sero-
positive (rOD value: ≥1.2). Serum level of 25OHD was
measured using validated enzyme immunoassay (Abbott
ARCHITECT i2000SR). The sensitivity was 4.75 nmol/L
and the range was 0–400 nmol/L, and no sample had a
concentration below or above these limits. The intra-
assay coefficient of variation was 4.3–8.1% by repeating
measurements of 50 samples, and the reliability coeffi-
cient was acceptable (< 10%). Circulating 25OHD was
classified into three a priori categorizes based on clinic-
ally relevant cut-off points for the main analysis: < 37.5
(deficient), 37.5 < 75 (insufficient), and ≥ 75 (sufficient)
nmol/L [31].

Statistical analysis
To assess the difference between NPC cases and con-
trols, t-test and χ2 test were used to compare the mean
of continuous factors, and proportions of categorical fac-
tors, respectively. To examine the associations of NPC
with quartiles of total dietary fiber intake, dietary fiber

MAI et al. Nutrition Journal           (2021) 20:14 Page 3 of 10



intake from different sources (from fresh vegetables and
fruits, and soybean products, or from preserved vegeta-
bles, fruits and condiments) at each life period (age 13–
18, and 19–30, and 10 years before recruitment), odds
ratio (OR) and 95% confidence interval (CI) were calcu-
lated using unconditional logistic regression. The lowest
quartile was set as the reference. Model 1 was adjusted
for sex, 5-year age group, SES score, smoking and drink-
ing status, occupational hazards, family history of cancer,
salted fish and total energy intake as appropriate. Add-
itional variables were adjusted for in Model 2 (EBV
VCA-IgA serological status) and Model 3 (EBV VCA-
IgA serological status, duration of sun exposure and cir-
culating 25OHD). Missing values were classified as separ-
ate categories and included as indicator variables in the
models. A sensitivity analysis was conducted on only
World Health Organization III subtype NPC (the predom-
inant subtype, about 90% in NPC endemic areas) [32],
which did not substantially affect our results. To assess
dose-response effect between exposure and NPC risk, lin-
ear trend was tested for each continuous exposure with P-
values for trend < 0.05 indicating significance. Interactions
by potential risk factors of NPC were tested based on the
likelihood ratio test by introducing interaction terms into
the Model 3. We repeated the analyses stratified by factors
with any P-values for interaction < 0.2.
All statistical tests were two-sided with a specific type-

I error of 0.05, and analyses were performed in Stata/SE
version 15.0 software (STATA corporation, College Sta-
tion, Texas, USA).

Results
Compared with 1502 controls, the 815 NPC cases were
older, had a greater proportion of men, and those with
lower SES, family history of NPC, ever-smoking, EBV
seropositivity, and exposure to any occupational hazards
(P-values < 0.001). NPC cases also consumed less green
leaf vegetables, other vegetables, carrot, tomato, citrus,
fruits other than citrus and tofu, but more condiments
than controls (P-values < 0.05). No difference for other
factors was observed (P > 0.15) (Table 1).
Higher intake of total dietary fiber 10 years before re-

cruitment was significantly associated with decreased
NPC risk, with demonstrable dose-response relationship
(P-values for trend = 0.001, 0.020 and 0.024 in Models
1–3, respectively). The adjusted ORs (95% CI) in the
highest versus the lowest quartile were 0.51 (0.38–0.69)
in Model 1, 0.48 (0.33–0.69) in Model 2, and 0.48 (0.33–
0.70) in Model 3. While higher intake of total dietary
fiber both at age of 13–18 and 19–30 years was also sig-
nificantly associated with decreased NPC risk with dose-
response relationships in Model 1 (OR in the highest
versus the lowest quartile = 0.56, 95% CI = 0.40–0.79, P
for trend = 0.006, and 0.49, 0.37–0.66, 0.003,

respectively), these dose-response relationships became
non-significant after additionally adjusting for EBV
VCA-IgA in Model 2, and sun exposure and 25OHD in
Model 3. Risks of NPC were also significantly lower for
dietary fiber intake from fresh vegetables and fruits and
soybean products over all three periods, with dose-
response relationships (P-values for trend = 0.002 for age
of 13–18 years, 0.009 for age of 19–30 years and 0.001
for 10 years before recruitment, 0.020, 0.031 and 0.003,
and 0.022, 0.037 and 0.004 in Models 1–3, respectively)
observed in all Models. No clear association of NPC risk
with dietary fiber intake from preserved vegetables, fruits
and condiments was observed (Table 2).
No evidence (P-values for interaction > 0.20) of inter-

action was found by sex, age, drinking status, occupa-
tional hazards, family history of cancer, consumption of
salted fish, duration of sun exposure and circulating
levels of 25-hydroxyvitamin D for the association be-
tween dietary fiber intake and NPC, except for SES and
tobacco use. Higher NPC risks were observed for the
highest quartile of dietary fiber intake from preserved
vegetables, fruits and condiments 10 years before recruit-
ment in participants with high SES (adjusted OR = 2.30,
95% CI = 1.26–4.19), but not with low SES (0.92–0.58-
1.45) (P for interaction = 0.067). In addition, risks of
NPC were significantly lower for higher total dietary
fiber intake or intake from fresh vegetables and fruits
and soybean products 10 years before recruitment only
in never smokers, but not in ever smokers. The P-values
for trend were 0.025 and 0.009 in never smokers, and
0.27 and 0.41 in ever smokers (P-values for interaction =
0.112 and 0.189, respectively) (Table 3).

Discussion
Our study has shown an inverse association between
total dietary fiber intake 10 years before recruitment and
NPC risk in Hong Kong, where NPC is endemic. The as-
sociation was less clear after adjustment of other poten-
tial confounders (e.g. EBV) in the two younger periods
(age of 13–18 and 19–30 years). Our results can
strengthen the evidence for dietary fiber intake from
fresh foods as a protective factor of NPC, which were
consistent across life periods, but we found no evidence
for an association for dietary fiber intake from preserved
foods. We also observed a multiplicative interaction
(marginal P-values < 0.20) with SES and smoking for the
association between fiber intake and NPC risk. The
combination of high SES & high dietary fiber intake
from preserved foods was associated with a higher ex-
cess risk of NPC, whereas the protective role of dietary
fiber intake (total or from fresh foods) was only observed
in never smokers.
These findings are consistent with results from one

case-control study and one prospective cohort study
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Table 1 Distribution of 815 cases of NPC and 1502 controls by demographics, putative risk factors of NPC, and factors related to
dietary fiber intake in Hong Kong, China, 2014–2017

Variable NPC cases (N = 815) Controls (N = 1502) P-value‡

n % n %

Mean socioeconomic status score (SD)ǂ 3 2.8 3.7 3.0 < 0.001

Family history of cancer < 0.001

None 288 35.3 753 50.1

Yes, but not NPC 269 33.0 561 37.4

Yes, NPC 134 16.4 77 5.1

Don’t know 124 15.2 111 7.4

Exposure to any occupational hazards < 0.001

Never 285 35.0 758 50.5

Ever 399 49.0 597 39.8

Don’t know 131 16.1 147 9.8

Smoking < 0.001

Never 417 51.2 945 62.9

Ever 392 48.1 552 36.8

Refuse to answer 6 0.7 5 0.3

Alcohol drinking 0.19

Never 512 62.8 977 65.1

≤ 210 g/week 203 24.9 377 25.1

> 210 g/week 100 12.3 148 9.9

EBV VCA-IgA† < 0.001

Seronegative 56 10.8 902 88.1

Seropositive 463 89.2 122 11.9

Sources of dietary fiber intake, g/week

Fresh

Green leafy vegetables 0.001

< 9.2 327 40.1 502 33.4

9.2- < 17.2 384 47.1 731 48.7

17.2- < 52 93 11.4 250 16.6

Don’t know/missing 11 1.4 19 1.3

Other vegetables 0.013

< 2.2 475 58.3 831 55.3

2.2- < 5.5 175 21.5 340 22.6

5.5- < 24 119 14.6 377 18.4

Don’t know/missing 46 5.6 54 3.6

Carrot < 0.001

< 0.6 318 39.0 521 34.7

0.6- < 2.4 199 24.4 402 26.8

2.4- < 34 132 16.2 361 24.0

Don’t know/missing 166 20.4 218 14.5

Tomato < 0.001

< 1.9 366 44.9 618 41.2

1.9- < 4.7 331 40.6 629 41.9

4.7- < 40 43 5.3 156 10.4

Don’t know/missing 75 9.2 99 6.6

Citrus 0.006
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Table 1 Distribution of 815 cases of NPC and 1502 controls by demographics, putative risk factors of NPC, and factors related to
dietary fiber intake in Hong Kong, China, 2014–2017 (Continued)

Variable NPC cases (N = 815) Controls (N = 1502) P-value‡

n % n %

< 0.6 218 26.8 344 22.9

0.6- < 6.7 339 41.6 583 38.8

6.7- < 29 73 9.0 189 12.6

Don’t know/missing 185 22.7 386 25.7

Fruits other than citrus < 0.001

< 2.2 379 46.5 574 38.2

2.2- < 3.0 216 26.5 439 29.2

3.0- < 32 159 19.5 394 26.2

Don’t know/missing 61 7.5 95 6.3

Soybean products

Tofu 0.015

< 1.2 362 44.4 603 40.2

1.2- < 4.0 330 40.5 639 42.5

4.0- < 51 70 8.6 182 12.1

Don’t know/missing 53 6.5 78 5.2

Soymilk 0.18

< 0.2 180 22.1 366 24.4

0.2- < 0.4 229 28.1 437 29.1

0.4- < 11 211 25.9 396 26.4

Don’t know/missing 195 23.9 303 20.2

Bean curd, servings/week 0.53

< 0.1 313 38.4 563 37.5

0.1- < 0.2 181 22.2 359 23.9

0.2- < 10 190 23.3 366 24.4

Don’t know/missing 131 16.1 214 14.3

Preserved vegetables, servings/week 0.28

< 0.5 275 33.7 512 34.1

0.5- < 2.7 211 25.9 437 29.1

2.7- < 44 225 27.6 385 25.6

Don’t know/missing 104 12.8 168 11.2

Preserved fruits, servings/week 0.15

< 0.3 348 42.7 666 44.3

0.3- < 0.7 88 10.8 196 13.1

0.7- < 33 157 19.3 285 19.0

Don’t know/missing 222 27.2 355 23.6

Condiments, servings/week 0.022

< 0.5 260 31.9 552 36.8

0.5- < 2.2 283 34.7 456 30.4

2.2- < 24 211 25.9 408 27.2

Don’t know/missing 61 7.5 86 5.7

Abbreviation: NPC Nasopharyngeal carcinoma; SD Standard deviation; g Gram; EBV VCA-IgA, IgA against Epstein-Barr virus viral capsid antigen VCA
‡ t-test and Chi-square test were used to compare the mean of continuous factors, and proportions of categorical factors between cases and
controls, respectively
ǂ Socioeconomic status score ranged from −1 (lowest socioeconomic status) to 13 (highest socioeconomic status), and was calculated by the subject’s,
and his/her father’s and mother’s education, personal income, household income and housing type at age 10
† Epstein-Barr virus viral capsid antibody (EBV VCA-IgA) levels: optical density value < 1.2 (seronegative) or ≥ 1.2 (seropositive)
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Table 3 Adjusted† OR and 95% CI of NPC with dietary fiber intake by socioeconomic status and tobacco use in Hong Kong China,
2014–2017

Low
SES⋁

High
SES⋁

P for
interaction

OR
95% CI

P for
trend‡

OR
95% CI

P for
trend‡

All subjects

1
(lowest)

2 3 4
(highest)

1
(lowest)

2 3 4
(highest)

Total fiber intake

10 years before
recruitment

1 (Ref) 0.88 0.78 0.46 0.16 1 (Ref) 0.93 0.67 0.51 0.07 0.79

0.59–
1.30

0.51–
1.20

0.28–
0.74

0.56–
1.55

0.40–
1.11

0.28–
0.94

Sources

From intake of fresh vegetables and fruits and soybean products

10 years before
recruitment

1 (Ref) 0.92 0.73 0.52 0.27 1 (Ref) 0.92 0.66 0.35 0.011 0.61

0.62–
1.35

0.48–
1.11

0.33–
0.85

0.56–
1.52

0.39–
1.12

0.19–
0.64

From intake of preserved vegetables, fruits and condiments

10 years before
recruitment

1 (Ref) 1.19 1.29 0.92 0.20 1 (Ref) 1.51 2.21 2.30 0.11 0.07

0.78–
1.83

0.84–
1.97

0.58–
1.45

0.87–
2.62

1.27–
3.85

1.26–
4.19

Never smokers Ever smokers

OR
95% CI

P for
trend‡

OR
95% CI

P for
trend‡

All subjects

1
(lowest)

2 3 4
(highest)

1
(lowest)

2 3 4
(highest)

Total fiber intake

10 years before
recruitment

1 (Ref) 0.73 0.53 0.42 0.025 1 (Ref) 1.13 1.05 0.48 0.27 0.11

0.47–
1.13

0.34–
0.82

0.26–
0.70

0.72–
1.78

0.63–
1.74

0.27–
0.86

Sources

From intake of fresh vegetable and fruit and soybean product

10 years before
recruitment

1 (Ref) 0.78 0.50 0.35 0.009 1 (Ref) 1.09 1.02 0.51 0.41 0.19

0.51–
1.19

0.32–
0.77

0.22–
0.58

0.70–
1.69

0.62–
1.68

0.28–
0.92

From intake of preserved vegetable, fruit and condiment

10 years before
recruitment

1 (Ref) 1.32 1.69 1.72 0.36 1 (Ref) 1.18 1.47 0.95 0.28 0.60

0.84–
2.07

1.08–
2.64

1.05–
2.80

0.71–
1.98

0.88–
2.47

0.55–
1.62

Abbreviation: OR Odds ratio; CI Confidence interval; SES Socioeconomic status score; g Gram; ref. Reference group; EBV VCA-IgA, IgA against Epstein-Barr virus viral
capsid antigen VCA
† Adjusted for sex and 5-year age group (frequency match), and SES score (range: −1 [lowest] to 13 [highest], calculated by the subject’s, and his/her father’s and
mother’s education, housing type at age 10, personal income and household income), smoking and drinking status (never/ever), occupational hazards (never/
ever), family history of cancer (none/NPC/other cancers), consumption of salted fish (never/ever), and total energy intake (residual method), EBV VCA-IgA
(seronegative/seropositive), duration of sun exposure (< 2/2- < 5/5- < 8/8h hours/day) and circulating levels of 25-hydroxyvitamin D (< 37.5/37.5 < 75/≥75 nmol/L)
⋁ Low SES: SES score < 4; High SES: SES score ≥ 4
‡ Test for trend was examined for a model that included continuous fiber variables
P-values for interactions by sex, age (< 40, 40- < 65, 65+), drinking status (never, ever), occupational hazards (never/ever), family history of cancer (none/NPC/other
cancers), consumption of salted fish (never/ever), duration of sun exposure (< 5/5h hours/day) and circulating levels of 25-hydroxyvitamin D (< 37.5/37.5 < 75/≥75
nmol/L) for the association between dietary fiber intake and NPC ranged from 0.22–0.99, except for SES and tobacco use (P for interaction < 0.20)
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both in NPC non-endemic regions [26, 27]. An Italian
case-control study by Bidoli et al. on 198 NPC cases and
594 non-NPC controls during 1992 to 2008 using total
fiber intake based on a 78-item food frequency question-
naire found a suggestive inverse association between total
fiber intake and NPC risk (OR = 0.58 in the highest versus
the lowest quartile of intake, 95% CI = 0.34–0.96) [26]. A
prospective analysis by Kasum et al. on 18 NPC cases in
34,351 postmenopausal women in the Iowa Women’s
Health Cohort Study in the United States found a non-
significant inverse association between total fiber intake
and NPC risk [27]. Both studies did not account for po-
tential confounders (e.g. EBV) and fiber intake from pre-
served foods, and did not examine potential interactions
by other putative risk factors. Epidemiological studies
from NPC endemic regions have shown inverse associa-
tions of NPC risk with consumption of fresh vegetables
and fruits [18–25], and our findings are somewhat in
agreement with these results. However, these studies did
not calculate total dietary fiber intake.
While further prospective studies in other populations

are needed to confirm this finding, several biological
mechanisms have been proposed to explain the protect-
ive role of fiber intake in NPC. One possibility is that
fiber is known to have anti-inflammatory effects [33, 34].
Another possibility is that a high fiber intake may simply
be an indicator of a healthier lifestyle (e.g. never
smoked) [35]. Indeed, our results from stratified analysis
by tobacco use support this hypothesis, as total dietary
fiber intake and intake from fresh foods were signifi-
cantly associated with lower risk of NPC in never
smokers only.
A strength of our study was that it has included a

comprehensive list of potential confounders, and is the
first to show the role of dietary fiber intake from fresh
and preserved food items in an NPC endemic region.
The limitations of our study are common to those that
use FFQs to estimate dietary intakes [36]. The estima-
tion of intake of dietary fiber using FFQs may have con-
siderable error. In addition, as a hospital-based case-
control study, Berkson’s bias, recall bias and residual
confounding could be present. Because we used incident
cases in our case-control study, indirect Berkson’s bias
(exposure-disease associations that arise because another
disease is associated with the exposure under study) is
unlikely [37]. The intake of dietary fiber in our control
group was lower than that in the general Hong Kong
population [38], suggesting that our results might have
underestimated the protective role of fiber intake in
NPC. However, recruiting healthy controls from the
community would not be the best method due to recall
bias from healthy subjects (versus NPC and other hos-
pital patients). Our hospital patients had more similar
mindset and recall behavior with NPC patients than

community controls, resulting in less subjective bias. We
conducted a test-retest reliability study to assess recall
error, and found that the questionnaire data of most
NPC etiology factors of our NPC cases and controls had
acceptable reliability [29]. While we had adjusted for the
most relevant and potential confounders, residual con-
founding cannot be ruled out. The association between
dietary fiber and NPC risk could have been underesti-
mated because the dietary variables such as rice and
wheat were imperfectly measured in our questionnaire.

Conclusion
Our study has shown the protective role of dietary fiber
from fresh food items in NPC risk, but no association
for total dietary fiber intake was observed, probably be-
cause total intake also included intake of preserved food.
Our results suggest that increased fiber intake from fresh
vegetables, fruits, and soybean products but not pre-
served vegetables, fruits, and condiments could be an
option for achieving an adequate fiber intake for the pre-
vention of NPC. Further studies with detailed dietary in-
formation and in prospective settings are needed to
confirm this finding, and to explore the possible under-
lying biological mechanisms.
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