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Abstract

Background Vitamin B6 is an important enzymatic

cofactor in pathways relevant for the development of

pancreatic cancer. In order to evaluate vitamin B6 as a

preventive factor for pancreatic cancer, a biomarker

approach is needed to overcome the limitations inherent in

self-reported dietary information.

Methods To determine whether levels of serum B6 vita-

mers, including pyridoxal 50-phosphate (PLP), pyridoxal

(PL), 4-pyridoxic acid (PA), and the PA/(PLP ? PL) ratio

(PAr), were associated with risk of pancreatic cancer, two

nested case–control studies of 187 incident pancreatic

cancer cases and 258 individually matched controls were

conducted within two prospective cohorts of 81,501 par-

ticipants in Shanghai, China, and Singapore. PLP, PL, and

PA were quantified in pre-diagnostic serum samples. Odds

ratios and 95% confidence intervals (CIs) were calculated

using conditional logistic regression with adjustment for

potential confounders.

Results The median (5th–95th percentiles) concentrations

of serum PLP among control subjects of the Shanghai and

Singapore cohorts were 25.7 (10.0–91.7) nmol/L and 58.1

(20.8–563.0) nmol/L, respectively. In pooled analyses,

high serum PLP was associated with a reduced risk of

pancreatic cancer (P for trend = 0.048); the adjusted odds

ratio for the highest category of PLP ([52.4 nmol/L) was

0.46 (95% CI 0.23, 0.92) compared to vitamin B6 defi-

ciency (\20 nmol/L). No associations were found for

serum PL, PA, or PAr with pancreatic cancer risk.

Conclusions Higher concentrations of PLP may protect

against the development of pancreatic cancer. The protec-

tive effect may be more apparent in populations with low

concentrations of circulating vitamin B6.

Keywords Biomarker � Case–control studies � Cohort

studies � Epidemiology � Pancreatic cancer � Pyridoxal 50-
phosphate � Risk factors � Vitamin B6

Introduction

Pancreatic cancer is the seventh leading cause of cancer-

related death in the world, with an estimated 331,000

deaths due to pancreatic cancer in 2012 [1]. Cigarette

smoking and excess body fatness are of the few
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established modifiable risk factors for pancreatic cancer

[2, 3], and studies are needed to identify novel targets of

primary prevention for pancreatic cancer. Consumption of

fruits and vegetables has been associated with reduced

risk of pancreatic cancer in some epidemiological studies

[4, 5]. However, the associations between specific nutri-

ents and pancreatic cancer risk have not been well

studied.

Vitamin B6 is present in a wide variety of foods such as

beef liver, tuna, and bananas [6]. We recently reported an

inverse association between dietary intake of vitamin B6

and risk of pancreatic cancer in a prospective cohort of

Chinese in Singapore; there was a 48% reduction in risk of

developing pancreatic cancer associated with the highest

([1.21 mg/day) versus lowest (\0.96 mg/day) quartile of

vitamin B6 intake [7]. However, similar studies in popu-

lations with higher intake (i.e., Europe and USA) did not

observe inverse associations [i.e., highest (C2.22–

2.81 mg/day) versus lowest quartiles (\1.77–2.09

mg/day)] [8–10]. It is possible that the etiologically

relevant range of intake was not captured in the Euro-

pean and US populations, or the discrepancies could be

due to the inherent limitation of measurement error

associated with assessing dietary vitamin B6 intake from

food frequency questionnaires. A biomarker approach for

vitamin B6 and its related metabolites in bodily fluid

would overcome the limitation of relying on self-reported

diet, and it would provide insights on the potential role

of the various B6 vitamers in the development of pan-

creatic cancer.

Pyridoxal 50-phosphate (PLP), the metabolically

active form of vitamin B6, is a coenzyme in the syn-

thesis of nucleic acids, amino acids, and cellular

antioxidants [11]. PLP accounts for most of the total

vitamin B6 in the circulation and is commonly used as

a primary measure of whole-body vitamin B6 status

[12]. Besides PLP, other major forms of vitamin B6 in

the circulation in humans include pyridoxal (PL) and

4-pyridoxic acid (PA) [13]. The ratio of PA to the sum

of PLP and PL (PAr) is speculated as a marker of

increased vitamin B6 catabolism during inflammation

[14]. Recently, PAr has been shown to be positively

associated with several inflammatory markers [14], thus

suggesting PAr may be a biomarker for pancreatic

cancer risk [15]. Given the inconsistent results on the

relationship between circulating PLP concentration and

pancreatic cancer risk [16–18], we conducted a com-

prehensive assessment of the individual B6 vitamer

levels, as well as PAr in relation to pancreatic cancer

risk in two prospective cohorts of Asians in order to

clarify the potential role of vitamin B6 in pancreatic

cancer development.

Materials and methods

Study subjects

The design of the Shanghai Cohort Study has been

described in detail elsewhere [19]. Briefly, 18,244 men

aged 45–64 years in Shanghai, China, were enrolled

between 1986 and 1989. At the time of recruitment, all

participants were interviewed in person by a trained nurse

using a structured questionnaire that asked for information

on demographics, height, weight, use of tobacco and

alcohol, and medical history. In addition, each study par-

ticipant provided a non-fasting blood samples and a spot

urine sample following the interview. All collected

biospecimens were kept on ice (at around 4 �C) before they

were processed, and aliquots of serum and urine specimens

have been stored at -80 �C until laboratory analysis.

The design of the Singapore Chinese Health Study has

been described in detail elsewhere [20]. Briefly, 63,257

Chinese men and women aged 45–74 years in Singapore

were enrolled between 1993 and 1998. At the time of

recruitment, all participants were interviewed in person

using a structured questionnaire including sections of

background information, occupational exposure, physical

activity, and family history of cancer and provided infor-

mation on height, weight, use of tobacco and alcohol,

dietary supplemental use, and medical history. Information

on habitual diet was collected using a validated 165-item

food frequency questionnaire [21]. Daily intake of nutrients

including vitamin B6 was calculated using the nutrient

content information from the Singapore Food Composition

Database [21]. Non-fasting blood samples and spot urine

samples were collected from a 3% random sample of

cohort members between 1994 and 1999 and extended to

all surviving cohort members between 2000 and 2005. By

April 2005, blood and/or urine specimens were collected

from 32,543 participants, representing a consent rate of

60%. Serum and urine specimens were kept in insulated

boxes with ice (4 �C) until processing and stored at

-80 �C. For Singapore subjects, blood sample was col-

lected on average 6.5 (range 1.2–11.0) years after the

baseline interview. Follow-up I interview (n = 52,322)

was administered during 1999–2003, and the consent rate

reached over 90% among surviving cohort members. Since

the status of smoking and diabetes may change over time,

the information on smoking and diabetes was derived

mainly from follow-up I interview (98%), which was

administered on average 8 months before blood draw,

supplemented by baseline interview (2%). A validation

study of the incident diabetes cases in the Singapore cohort

observed that 99% of individuals who reported a history of

diabetes were considered valid cases [22]. Another study
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analyzed percentage of hemoglobin A1c (HbA1c) (gly-

cated hemoglobin) among individuals who reported no

history of diabetes at baseline and follow-up interview and

observed 94.4% of those individuals were below the

HbA1c threshold for diabetes [23]. Other demographic and

lifestyle factors used were derived from the baseline

interview only.

Written informed consent was obtained from all par-

ticipants. The study was approved by the Institutional

Review Boards of the Shanghai Cancer Institute, the

National University of Singapore, and the University of

Pittsburgh.

Case ascertainment and control selection

In the Shanghai cohort, all surviving cohort participants

were re-contacted annually and interviewed in person to

update the information on selected lifestyle factors and

medical history. As of the most recent follow-up in 2015,

3.7% of original cohort participants were lost to the follow-

up interview and 3.3% declined the continued follow-up

interview. The incident cancer cases and deaths among

cohort participants were identified through annual re-con-

tacts of surviving study participants or next of kin for

deceased participants, and through record linkage analyses

with the databases of the population-based Shanghai Can-

cer Registry and the Shanghai Municipal Vital Statistics

Office. The diagnosis of all incident cancer cases was

confirmed via review of medical records. As of 31

December 2009, the cutoff date for the present study, 129

incident cases of pancreatic cancer [International Classifi-

cation of Disease (ICD)-9 code, 157] were identified

among participants of the Shanghai cohort.

In the Singapore cohort, \1% of original cohort mem-

bers were lost to follow-up due to their migration out of

Singapore. The incident cancer cases and deaths among

cohort members of the Singapore cohort were identified

through routine record linkage with databases of the Sin-

gapore National Birth and Death Registry and National

Cancer Registry [24]. As of 31 December 2013, 58 incident

pancreatic cancer cases (ICD-Oncology code, C25) were

identified among participants of the Singapore cohort who

had available serum samples.

For each case, two control subjects were randomly

selected among all eligible participants who were free of

cancer at the time of cancer diagnosis of the index case

within the same cohort. To be consistent with the matching

criteria used in previous nested case–control studies in the

Shanghai cohort, controls were matched to the index case

on date of birth (±2 years), date of biospecimen collection

(±1 month), and neighborhood of residence at time of

enrollment [25]. In the Singapore cohort, cases and con-

trols were matched on age at baseline interview (±3 years),

date of baseline interview (±2 years), gender, dialect

group (Cantonese, Hokkien), and date of biospecimen

collection (±6 months).

Assessment of serum biomarkers

For each subject, 60 lL serum was pulled from the

biorepository. Serum PLP, PL, PA, and creatinine were

measured by liquid chromatography–tandem mass spec-

trometers (LC–MS/MS) using the methods described pre-

viously [26]. All biochemical analyses were performed at

Bevital A/S (www.bevital.no) at Bergen, Norway. Serum

specimens of cases and their matched controls were pro-

cessed, aliquoted, shipped in insulated boxes with dry ice,

and assayed together in the same batch. Laboratory tech-

nicians were blinded about case–control status of the test

samples. For quality control purposes, 14 duplicated sam-

ples (2% of testing samples) from a pooled serum sample

collected from potential study subjects for the Shanghai

Cohort Study but later determined ineligible were included

in seven batches (two duplicated samples per batch). The

within-batch coefficients of variation (CVs) for PLP, PL,

PA, and creatinine were 3.3, 7.5, 6.0, and 3.3%, respec-

tively. The corresponding between-batch CVs were 7.9,

8.1, 7.5, and 4.0%.

Statistical analysis

PAr was calculated by dividing serum concentrations of PA

by the sum of PL and PLP. We logarithmically transformed

original values of PLP, PL, PA, and PAr to normalize their

skewed distributions toward high values. Pairwise corre-

lations between biomarkers of PLP, PL, PA, and PAr were

evaluated using Spearman correlation coefficients. The

differences in concentrations of PLP, PL, PA, and the value

of PAr between different categories of baseline demo-

graphic characteristics and lifestyle factors were evaluated

using analysis of covariance (ANCOVA).

Conditional logistic regression [27] was used to calcu-

late odds ratios (ORs) and their 95% confidence intervals

(CIs) of pancreatic cancer associated with higher categories

of PLP, PL, PA, and PAr, comparing with the lowest cat-

egory. In the primary analysis of both cohorts combined,

we used \20 nmol/L PLP as the lowest (i.e., reference)

category for OR because it has been suggested as a cut

point for vitamin B6 deficiency [28], and divided the

remaining total subjects into equal tertiles based on the

distribution of PLP among controls of both cohorts. For PL,

PA, and PAr, study subjects were divided into quartiles

based on the distribution of individual biomarkers among

total controls. In cohort-specific analysis, quartiles of PLP,

PL, PA, and PAr were derived from their distributions

among controls within each cohort. The potential
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modifying effect of study location on the biomarker–pan-

creatic cancer risk association was assessed by including an

interaction term between a biomarker and study location

(Shanghai versus Singapore) in the regression models.

Ordinal values (e.g., 1, 2, 3, and 4) for each of biomarkers

were used for testing linear trend in the biomarker–pan-

creatic cancer risk association.

The multivariable logistic regression models included

following reported risk factors for pancreatic cancer as

potential confounders: body mass index (BMI) (\18.5,

18.5 to\23, C23), level of education (no formal schooling,

primary school, secondary school, and above), smoking

status (never smokers, former smokers, current smokers),

alcohol consumption (number of drinks per day), history of

physician-diagnosed diabetes (no, yes), and study site

(Shanghai, Singapore). Given the impact of renal clearance

on PA [13], we further adjusted for estimated glomerular

filtration rate (eGFR) [29] in the analysis for the associa-

tion between PA, PAr, and pancreatic cancer risk.

To minimize the potential residual confounding of dia-

betes, we conducted a sensitivity analysis by excluding

subjects who reported a history of diabetes. In addition, to

reduce the potential effect of disease progression on

diminishing circulating B6 vitamers, we conducted separate

analysis after excluding cases diagnosed within 2 years

after blood draw and their matched controls.

Statistical analyses were carried out using SAS software

version 9.3 (SAS Institute, Cary, NC) All p values reported

are two-sided, and those that were\0.05 were considered

to be statistically significant.

Results

The mean age at pancreatic cancer diagnosis was 69.0 and

71.7 years in the Shanghai and Singapore cohorts,

respectively. The average (range) time between blood draw

and cancer diagnosis was 12.5 years (3 months to

23.2 years) for cases of the Shanghai cohort and 6.8

(5 months to 13.0 years) for cases of the Singapore cohort.

Patients who developed pancreatic cancer were more likely

to smoke cigarettes at baseline in the Shanghai cohort,

whereas the distributions of smoking status between cases

and controls in the Singapore cohort were comparable

(Table 1). Overall circulating mean levels of PLP, PL, and

PA were 20–56% lower in controls of the Shanghai cohort

than those of the Singapore cohort. Compared with con-

trols, patients who developed pancreatic cancer had lower

serum levels of PLP and PL at baseline in the Shanghai

cohort and similar levels in the Singapore cohort. No dif-

ference in PA and PAr between cases and controls was

seen in both cohorts. Serum concentrations of PLP, PL, and

PA were highly correlated with each other in the study

population (Supplemental Table S1, Online Resource).

Current smokers showed the lowest concentrations of

serum PLP, PL, and PA among controls of both cohorts,

whereas smoking status was not associated with PAr

(Table 2). Alcohol intake was inversely associated with

PAr in the Shanghai study controls. In Singapore cohort,

controls who reported use of any vitamins or minerals

showed a markedly increase in concentrations of PLP, PL,

and PA, and PAr compared to nonusers. PAr was higher in

diabetic patients than non-diabetics in both cohorts. Lower

renal function (i.e., low eGFR) was associated with higher

levels of PL, PA, and PAr in both cohorts.

High levels of PLP were associated with reduced risk of

pancreatic cancer (Table 3). Compared with PLP

\20 nmol/L, subjects with PLP[52.4 nmol/L at baseline

had a 59% reduced risk of developing pancreatic cancer.

Adjustment for level of education, BMI, cigarette smoking,

alcohol intake, and history of diabetes slightly attenuated

the association with PLP (Table 3). Circulating PL and PA

levels were inversely associated with pancreatic cancer risk

(both P trend values C0.06), and these associations were

further attenuated with the adjustment for potential con-

founders. No association between PAr and pancreatic

cancer risk was observed. In cohort-specific analysis, we

used quartile levels of all B6 vitamers for the risk associ-

ation analysis because there were very few subjects with

PLP \20 nmol/L in the Singapore cohort (Supplemental

Table S2, Online Resource). The inverse association

between PLP and risk of pancreatic cancer was stronger in

the Shanghai cohort (p = 0.01) compared with the Singa-

pore cohort (p = 0.58) (Supplemental Table S3, Online

Resource). There was no evidence for associations between

other biomarkers of vitamin B6 and pancreatic cancer in

either cohort. There was no modifying effect of study

location on the associations between PLP, PL, PA, or PAr

and risk of pancreatic cancer. The p values for interaction

between B6 vitamers or PAr and study site were[0.46.

Excluding cases and controls with a history of diabetes

(7 cases and 14 controls), the inverse association between

serum PLP and pancreatic cancer risk remained; the mul-

tivariable-adjusted ORs (95% CIs) for the 2nd, 3rd, and 4th

quartile of PLP were 0.70 (0.41–1.20), 0.72 (0.4–1.29), and

0.45 (0.22–0.93), respectively, compared with\20 nmol/L

(P for trend = 0.048). Excluding cases (n = 13) whose

blood samples were collected within 2 years prior to pan-

creatic cancer diagnosis and their matched controls

(n = 26) did not appreciably change the association with

PLP. The multivariable-adjusted OR of pancreatic cancer

for PLP [52.4 nmol/L relative to PLP \20 nmol/L was

0.45 (0.22–0.94) (P trend = 0.056). No association of PL,

PA, or PAr with pancreatic cancer risk was found.
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Discussion

The present study demonstrated that higher concentrations

of PLP in serum collected many years before cancer

diagnosis were associated with reduced risk of developing

pancreatic cancer in two prospective cohorts of Chinese

populations. Compared with vitamin B6-deficient individ-

uals, participants with PLP at the highest quartile

([52.4 nmol/L) had a 54% reduced risk of pancreatic

cancer. These results supported an inverse association

between dietary intake of vitamin B6 and pancreatic cancer

risk that we reported previously in the Singapore cohort [7]

and suggested that vitamin B6 may play a protective role in

the development of pancreatic cancer. The present study

did not demonstrate an association for serum levels of PL,

PA, and PAr with risk of pancreatic cancer.

Table 1 Baseline demographic characteristics and lifestyle factors of pancreatic cancer cases and control subjects, the Shanghai Cohort Study

(Shanghai) and the Singapore Chinese Health Study (Singapore)

Characteristic Shanghai cohort Singapore cohort

Controls Cases pa Controls Cases pa

n 258 129 104 58

Age at interview, mean (SD), years 56.4 (5.5) 56.5 (5.5) 0.74 57.1 (7.2) 57.9 (7.5) 0.51

Age at blood draw, mean (SD), years 56.4 (5.5) 56.5 (5.5) 0.74 64.0 (7.1) 64.9 (7.6) 0.47

BMI, mean (SD), kg/m2 21.9 (2.8) 22.5 (3.0) 0.08 23.1 (3.2) 23.2 (3.6) 0.79

Female (%) 0 0 39.4 39.7 0.98

Education level (%) 0.36 0.42

No formal schooling 5.0 2.3 20.2 12.1

Primary school 28.7 26.4 43.3 48.3

Secondary school or above 66.3 71.3 36.5 39.7

Smoking status (%) 0.003 0.87

Never 43.8 27.1 60.6 58.6

Former 6.2 4.7 22.1 20.7

Current 50.0 68.2 17.3 20.7

Alcohol intake, drinks/week (%) 0.74 0.61

0 56.6 54.3 82.7 87.9

\7 11.2 14.0 10.6 8.6

C7 32.2 31.8 6.7 3.5

Diabetes (%) 0.52 0.88

No 98.5 99.2 90.4 89.7

Yes 1.55 0.78 9.6 10.3

Weekly use of any vitamins or minerals (%) – 0.69

No – – 89.4 91.4

Yes – – 10.6 8.62

Serum biomarker concentrations

(median, 5th–95th)

PLP (nmol/L) 25.7 (10.0–91.7) 21.7 (8.9–60.0) 0.01 58.1 (20.8–563.0) 50.6 (23.8–465.0) 0.29

PL (nmol/L) 15.0 (15.0–55.0) 14.0 (6.8–34.8) 0.03 20.0 (8.4–2680.0) 21.1 (8.2–3960.0) 0.84

PA (nmol/L) 10.9 (4.6–64.2) 9.6 (4.0–28.4) 0.11 21.6 (9.9–1727.0) 22.8 (9.1–2887.0) 0.82

PAr 0.28 (0.11–0.62) 0.30 (0.12–0.55) 0.68 0.32 (0.14–0.85) 0.31 (0.17–1.02) 0.86

eGFR (mL/min/1.73 m2) 92.7 (65.7–106.5) 93.3 (70.6–106.3) 0.33 77.2 (47.6–99.8) 76.8 (44.2–106.9) 0.82

eGFR estimated glomerular filtration rate (\60, moderate to severe renal function loss; 60–89, mild renal function loss; C90, normal renal

function), PLP pyridoxal 50-phosphate, PL pyridoxal (PL), PA 4-pyridoxic acid, PAr PA/(PLP ? PL) ratio
a Two-sided p values were based on t test for normally distributed continuous variables, Mann–Whitney U test for non-normally distributed

continuous variables, or Chi-square test for categorical variable
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Table 2 Geometric means of serum pyridoxal 50-phosphate (PLP),

pyridoxal (PL), 4-pyridoxic acid (PA), and PA/(PLP ? PA) ratio

(PAr) in relation to demographic characteristics and lifestyle factors

among control subjects, the Shanghai Cohort Study and the Singapore

Chinese Health Study

Shanghai cohort Singapore cohort

n PLP (nmol/

L)

PL (nmol/

L)

PA (nmol/

L)

PAr n PLP (nmol/

L)

PL (nmol/

L)

PA (nmol/

L)

PAr

258 26.4 16.7 11.9 0.26 104 69.2 36.3 39.1 0.32

Smoking status

Never 113 32.3 18.8 14.4 0.28 63 81.8 45.3 48.0 0.32

Former 16 25.0 18.5 11.6 0.26 23 63.9 36.8 38.4 0.34

Current 129 22.3 14.8 10.0 0.26 18 42.6 16.4 19.6 0.32

p value \0.0001 0.02 0.002 0.51 0.005 0.03 0.04 0.90

Among current smokers

Cigarettes/day

B12 58 24.3 16.9 10.8 0.26 8 41.9 12.2 18.2 0.34

13–22 63 21.3 13.3 9.5 0.26 8 42.2 21.8 21.9 0.32

C23 8 17.8 13.3 9.2 0.30 2 47.3 16.5 17.2 0.26

P trend 0.09 0.03 0.27 0.36 0.77 0.23 0.84 0.65

Age at blood draw, yeara

45–\55 106 28.5 16.5 10.9 0.24 11 64.8 23.1 22.8 0.26

55–\60 67 27.0 17.2 11.7 0.26 21 63.0 29.1 27.0 0.26

60–\65 85 23.6 16.4 13.3 0.32 22 68.1 32.8 35.8 0.32

C65 0 – – – – 50 73.5 45.9 53.6 0.40

P trend 0.046 0.97 0.09 \.0001 0.49 0.14 0.03 \0.001

BMIa,b (kg/m2)

\18.5 23 23.2 14.8 10.3 0.26 7 49.0 15.2 21.2 0.32

18.5–\23.0 147 25.3 16.5 11.7 0.28 43 69.7 38.9 40.7 0.34

C23.0� 88 29.3 17.5 12.7 0.26 54 71.9 38.4 41.1 0.32

P trend 0.053 0.27 0.24 0.84 0.41 0.39 0.48 0.83

Level of educationa

No formal schooling 13 20.3 12.9 9.4 0.28 21 72.4 44.4 44.8 0.32

Primary school 74 23.8 16.1 11.1 0.28 45 61.2 26.5 30.6 0.32

CSecondary 171 28.2 17.3 12.4 0.26 38 78.0 47.1 48.6 0.34

P trend 0.02 0.13 0.14 0.75 0.57 0.65 0.64 0.61

Alcohol intake, drinks/

weeka

0 146 25.9 15.7 12.6 0.30 86 70.3 37.4 41.1 0.34

\7 29 28.9 18.5 11.4 0.24 11 62.8 30.2 29.7 0.28

C7 83 26.5 18.0 10.9 0.24 7 66.0 32.7 33.3 0.32

P trend 0.77 0.12 0.18 0.001 0.73 0.73 0.56 0.52

Weekly use of any vitamins or mineralsa

No – – – – – 93 63.0 30.1 32.3 0.32

Yes – – – – – 11 152.2 173.3 196.9 0.52

p value – – – – 0.001 \0.001 \0.001 0.005

Diabetesa

No 254 26.2 16.5 11.6 0.26 94 74.5 40.5 41.5 0.32

Yes 4 41.4 28.6 40.4 0.58 10 34.4 12.7 22.6 0.48

p value 0.16 0.10 0.001 0.003 0.006 0.04 0.23 0.03

eGFRa,c

\60 4 36.1 21.9 21.5 0.36 15 82.7 49.1 90.3 0.46

60–89 102 27.3 17.9 14.2 0.30 60 69.0 39.6 42.7 0.36

1452 Cancer Causes Control (2016) 27:1447–1456

123



In the cohort-specific analysis, the inverse association

between PLP and pancreatic cancer risk was found in the

Shanghai cohort but not in the Singapore cohort. The lack

of association in the Singapore cohort was primarily due to

the small sample size and relatively higher level of PLP.

Overall only 5.4% of the Singapore study controls who did

not report use of any vitamins or minerals showed PLP

\20 nmol/L; thus, cohort-specific quartile cutoff values

were used in the analysis, resulting in a median concen-

tration of 31.7 nmol/L PLP of the lowest quartile. This is

not surprising for a relatively weak inverse association

between PLP and pancreatic cancer risk in the Singapore

cohort study in which a high level of PLP as a reference

group was observed. It is interesting to note that the overall

incidence rate of pancreatic cancer is approximately 38%

higher in Singapore than in Shanghai, China (4.86 vs 6.78

per 100 000 men) based on the GLOBOCAN 2012 esti-

mates [1]. It is possible that the observed association

between serum PLP and risk of pancreatic cancer was

underestimated given the higher incidence rate of pancre-

atic cancer in Singapore, with relatively higher concen-

trations of serum PLP, compared with Shanghai

populations.

The inverse association between serum PLP and pan-

creatic cancer in our study is consistent with some previous

studies but not others. There were three previous studies

that evaluated associations between circulating PLP and

risk of pancreatic cancer. The first study was a nested case–

control study among current smokers that included 126

cases of pancreatic cancer and 247 matched control sub-

jects within the Alpha-Tocopherol, Beta-Carotene (ATBC)

Cancer Prevention Study in Finland (Supplemental

Table S4, Online Resource). The ATBC study reported an

inverse association between serum PLP, determined by the

enzymatic method (i.e., tyrosine decarboxylase apoenzyme

method) [30], and pancreatic cancer risk; OR was 0.48 for

the highest ([39.46 nmol/L) versus lowest tertile

(\26.34 nmol/L) of PLP (P for trend = 0.02) [18]. The

second study was also a nested case–control study of

pancreatic cancer pooled from four US cohorts including

the Nurses’ Health Study, the Health Professionals Follow-

up Study, the Physicians’ Health Study, and the Women’s

Health Initiative involving 208 cases and 623 controls [16].

That study reported a slightly reduced risk of pancreatic

cancer associated with highest quartile of PLP (OR = 0.87,

95% CI = 0.55–1.37). It is worth noting that a radioen-

zymatic assay was used to quantify plasma PLP that yiel-

ded an average of 12.7 nmol/L PLP [16], which was well

below 20 nmol/L as the cutoff value for vitamin B6 defi-

ciency [28]. This level was 65–80% lower than the median

plasma PLP (39.0–60.2 nmol/L) that was recently mea-

sured using the LC–MS/MS method in plasma samples

from these same four cohorts, which were part of the Lung

Cancer Cohort Consortium project (per communication,

Øivind Midttun, 2015). The LC–MS/MS quantification of

these samples was conducted by the same laboratory as our

study samples in the present study. The third nested case–

control study was conducted within the European

Prospective Investigation into Cancer and Nutrition cohort

and also found an inverse association between plasma PLP,

determined by the same LC–MS/MS method, and pancre-

atic cancer risk in women (OR = 0.4, 95% CI = 0.2–0.8

for 5th versus 1st quintile of PLP) but not in men

(OR = 1.1, 95% CI = 0.6–2.3) [17]. The inconsistent

results from the previous studies could be attributed to

different levels of exposure to vitamin B6 across different

study populations and different methods used in PLP

quantification.

Vitamin B6 may play a role in protecting DNA against

oxidative damage and subsequent mutations and therefore

reduce the potential to develop cancer. As a cofactor for

cystathionine b-synthase and cystathionine c-lyase, PLP is

involved in the production of the important cellular

antioxidant glutathione. In addition to its cofactor role,

Table 2 continued

Shanghai cohort Singapore cohort

n PLP (nmol/

L)

PL (nmol/

L)

PA (nmol/

L)

PAr n PLP (nmol/

L)

PL (nmol/

L)

PA (nmol/

L)

PAr

C90 152 25.6 15.8 10.4 0.24 29 63.5 25.8 21.2 0.24

P trend 0.22 0.03 \0.001 \0.001 0.24 0.03 0.002 \0.001

eGFR estimated glomerular filtration rate (\60, moderate to severe renal function loss; 60–89, mild renal function loss; C90, normal renal

function), PLP pyridoxal 50-phosphate, PL pyridoxal (PL), PA 4-pyridoxic acid, PAr PA/(PLP ? PL) ratio
a Geometric means adjusted for smoking
b The group with a BMI C27.5 kg/m2 was collapsed with the group with a BMI 23–\27.5, because there were only six control subjects from the

Shanghai cohort and twelve control subjects from the Singapore cohort with a BMI C27.5 kg/m2

c Due to the high correlations of PLP and PL with PA, and PA has a high renal clearance. Geometric means of PLP and PL were further adjusted

for PA
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vitamin B6 may serve and act as a scavenger of reactive

oxidative species [31]. In men, serum vitamin B6 was

inversely associated with urinary 8-hydroxy-

deoxyguanosine, a marker of DNA oxidative damage [32].

It has recently been shown that PLP deficiency resulted in

formation of advanced glycation end products (AGEs), a

major contributor of cellular oxidative stress, and subse-

quent chromosome aberrations in HeLa cells [33]. Inter-

estingly, higher serum concentrations of soluble receptors

for AGEs that neutralizes and blocks the effect of AGEs

were associated with reduced risk of multiple cancers

including pancreatic cancer [34, 35]. Future studies are

warranted to study the biological pathways underlying the

potential protective effect of PLP against pancreatic cancer

development.

PLP is the primary form of circulating vitamin B6 and

accounts for 70–90% of the total circulating B6 vitamers

(i.e., sum of PLP, PL, and PA) [36]. PL is the transport

form of PLP across cellular membranes, while PA is the

vitamin B6 catabolite excreted through urine [13]. Our

study evaluated serum concentrations of PL and PA and

pancreatic cancer risk and did not find any associations.

Therefore, PLP may be more relevant in pancreatic car-

cinogenesis compared with PL and PA. No previous study

has evaluated the association between PAr and pancreatic

cancer risk. In the current study, we found no association

between PAr, a marker of vitamin B6 catabolism [14], and

pancreatic cancer risk. In summary, overall vitamin B6

status (e.g., PLP) rather than vitamin B6 catabolism (e.g.,

PAr) may be more relevant in pancreatic carcinogenesis.

The strengths of our study are the prospective study

design and using a LC–MS/MS-based method with high

accuracy and precision to quantify the B6 vitamers. In

addition, compared with the higher levels of PLP in the

Singapore cohort and the US and European populations,

the Shanghai cohort provided a unique study population to

examine the PLP–pancreatic cancer association at the

lower end of the exposure spectrum. Moreover, the rela-

tively long time interval between blood collection and

pancreatic cancer diagnosis (on average 12.5 years in the

Shanghai cases and 6.8 years in the Singapore cases)

would diminish the potential impact of disease progression

or subclinical symptoms on the circulating PLP concen-

tration. Our study was limited by having a small sample

size, especially in the Singapore cohort. Studies with a

larger sample size in other study populations are warranted

to validate our findings. Participants from the Singapore

cohort were older, had lower level of education, and had

higher levels of B6 vitamers compared with those from the

Shanghai cohort. We included a variable of study site

(Shanghai, Singapore) in the pooled analysis for the asso-

ciations between B6 vitamers and pancreatic cancer risk to

account for the cohort difference in baseline characteris-

tics. In the Singapore cohort, the baseline questionnaire

was administered an average of 6.5 years prior to blood

draw. However, for the major potential confounders (i.e.,

smoking and diabetes), we used information from the fol-

low-up I interview, which was collected an average of

8 months prior to blood draw. No significant change was

observed between baseline and follow-up I BMI, and thus,

we used baseline BMI in the statistical analysis. Although

potential misclassification is still a minor concern, it is

unlikely to be differential in cases and control subjects, and

thus, the underlying associations between B6 vitamers and

Table 3 Associations between serum concentrations of pyridoxal 50-
phosphate (PLP), pyridoxal (PL), and 4-pyridoxic acid (PA), and PA/

(PL ? PLP) ratio (PAr) and pancreatic cancer risk in pooled analysis

of both cohorts

Biomarkers Controls Cases OR (95% CI)a OR (95% CI)b

PLP (nmol/L)

\20.0 89 58 1.00 1.00

20.0–29.0 89 42 0.67 (0.4–1.13) 0.68 (0.4–1.15)

29.1–52.4 93 53 0.69 (0.4–1.18) 0.74 (0.42–1.31)

[52.4 91 34 0.41 (0.21–0.78) 0.46 (0.23–0.92)

P trend 0.01 0.048

PL (nmol/L)

\11.8 92 56 1.00 1.00

11.8–16.6 89 58 1.02 (0.63–1.67) 1.18 (0.71–1.97)

16.7–24.0 92 29 0.47 (0.27–0.84) 0.51 (0.28–0.92)

[24.0 89 44 0.74 (0.43–1.27) 0.82 (0.46–1.44)

P trend 0.06 0.14

PA (nmol/L)

\8.8 92 52 1.00 1.00

8.8–13.0 89 56 1.03 (0.63–1.66) 1.19 (0.71–1.97)

13.1–20.4 91 34 0.55 (0.3–0.99) 0.61 (0.33–1.13)

[20.4 90 45 0.69 (0.38–1.25) 0.94 (0.49–1.84)

P trend 0.09 0.44

PAr

\0.21 91 48 1.00 1.00

0.21–0.29 90 39 0.79 (0.47–1.35) 0.76 (0.44–1.31)

0.30–0.39 91 53 1.08 (0.67–1.74) 1.22 (0.74–2.04)

[0.39 90 47 0.95 (0.58–1.56) 1.07 (0.63–1.81)

P trend 0.85 0.48

PLP pyridoxal 50-phosphate, PL pyridoxal (PL), PA 4-pyridoxic acid,

PAr PA/(PL ? PLP) ratio
a Unadjusted odds ratios
b Odds ratios were derived from conditional logistic regression

models that adjusted for smoking status (never, former, and current

smokers), number of alcoholic drinkers per week (continuous), level

of education (no formal schooling, primary school, and secondary

school or above), history of diabetes (no, yes), BMI (\18.5, 18.5–

\23.0, C23.0 kg/m2), and study site (Shanghai, Singapore). The

models including PA and PAr were further adjusted for estimated

glomerular filtration rate
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pancreatic cancer risk could be stronger than what was

observed.

In conclusion, our study suggested that sufficient PLP in

serum was associated with a 54% reduced risk of pancre-

atic cancer in a pooled analysis of two prospective cohorts

of Asians. These results suggest that a diet high in vitamin

B6 may be protective against the development of pancreatic

cancer, especially in populations with relatively low levels

of in vivo vitamin B6. Although vitamin B6 deficiency in

developed countries is rare, certain groups are at higher

risk of marginal vitamin B6 status including the elderly,

pregnant women, individuals taking certain drugs, and

chronic alcohol abusers [13]. In addition to replication in

other observational studies, further studies are needed to

investigate the potential mechanisms by which PLP exerts

its role against the development of pancreatic cancer.
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