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Novelty and Impact 107 

Low vitamin B6 status, assessed by circulating pyridoxal 5'-phosphate (PLP), 108 

has been associated with increased risk of lung cancer. However, factors 109 

other than vitamin B6 status may contribute to lower PLP, possibly 110 

confounding its association with lung cancer. In the present study we 111 

demonstrated, by using a novel functional biomarker of B6 status that 112 

impaired functional vitamin B6 status was associated with increased risk of 113 

lung cancer, especially squamous cell carcinoma.  114 
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 115 

Abstract 116 

 117 

Circulating vitamin B6 levels have been found to be inversely associated with 118 

lung cancer. Most studies have focused on the B6 form pyridoxal 5'-119 

phosphate (PLP), a direct biomarker influenced by inflammation and other 120 

factors. Using a functional B6 marker allows further investigation of the 121 

potential role of vitamin B6 status in the pathogenesis of lung cancer. We 122 

prospectively evaluated the association of the functional marker of vitamin B6 123 

status, the 3-hydroxykynurenine:xanthurenic acid ratio (HK:XA), with risk of 124 

lung cancer in a nested case-control study consisting of  5,364 matched case 125 

control pairs from the Lung Cancer Cohort Consortium (LC3). We used 126 

conditional logistic regression to evaluate the association between HK:XA and 127 

lung cancer, and  random effect models to combine results from different 128 

cohorts and regions. High levels of HK:XA, indicating impaired functional B6 129 

status, were associated with an increased risk of lung cancer, the odds ratio 130 

comparing the fourth and the first quartiles (OR 4th vs 1st) was 1.25 [95% 131 

confidence interval, 1.10-1.41]. Stratified analyses indicated that this 132 

association was primarily driven by cases diagnosed with squamous cell 133 

carcinoma.  Notably, the risk associated with HK:XA was approximately 50% 134 

higher in groups with a high relative frequency of squamous cell carcinoma, 135 

i.e. men, former and current smokers. This risk of squamous cell carcinoma 136 

was present in both men and women regardless of smoking status.  137 

138 
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 139 
 140 

Introduction  141 

Lung cancer is the most common cause of cancer related death, 142 

contributing to almost 20% of all cancer deaths worldwide 1. The four major 143 

histological types of lung cancer are adenocarcinomas, squamous cell 144 

carcinomas, large cell carcinomas, and small cell carcinomas. The most 145 

important risk factor for lung cancer is smoking, but the strength of the 146 

association depends on the type of lung cancer 2.  Some lung cancer types 147 

like small cell and squamous cell carcinomas occur almost exclusively due 148 

to smoking, while others, like adenocarcinomas, also occur frequently in 149 

non-smokers 2.  150 

 Vitamin B6 may play a role in carcinogenesis, since it is involved in 151 

DNA synthesis, methylation, and repair 3, chromosomal stability 4 and 152 

oxidative stress 5. Indeed, circulating B6 measured as pyridoxal 5'-153 

phosphate (PLP) was found to be inversely associated with lung cancer risk 154 

in two earlier case control studies, nested in prospective cohorts 6 7, but in a 155 

recent analysis within the Lung Cancer Cohort Consortium (LC3), vitamin 156 

B6 was found to be only marginally associated with cancer risk in former 157 

and current smoking men 8.  158 

However, circulating levels of the vitamin B6 measure used in these 159 

papers, the widely used PLP, are influenced by factors other than vitamin 160 

B6 status. These factors include inflammation, alkaline phosphatase 161 

activity, low serum albumin and renal function 9, and reduce the usefulness 162 

of PLP as a marker of vitamin B6 status.  163 
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A recently established functional marker of vitamin B6 status is the 164 

ratio of circulating levels of two metabolites in the kynurenine pathway of 165 

tryptophan metabolism, 3-hydroxykynurenine (HK) and xanthurenic acid 166 

(XA), i.e. HK:XA [4]. The conversion of HK to XA is catalyzed by the PLP-167 

dependent enzyme kynurenine aminotransferase, while the formation of HK 168 

does not require PLP 10. The substrate-product ratio HK:XA has been 169 

shown to increase in B6 deficient individuals and reduced to normal levels 170 

after supplementation with B6 10.   171 

Given the drawbacks of PLP as a marker of vitamin B6 status, the aim 172 

of the present study was to use the functional vitamin B6 marker HK:XA to 173 

further investigate the role of vitamin B6 status as a predictor of lung cancer 174 

risk. The study used data from over 5,000 cases-controls pairs from the Lung 175 

Cancer Cohort Consortium (LC3), nested within 20 prospective cohorts from 176 

the USA, Europe, Asia and Australia.  177 

 178 

Methods 179 

Study population 180 

All prospective cohort studies within the National Cancer Institute (NCI) 181 

Cancer Consortium were invited to participate in the study. Twenty cohorts, 182 

from USA (11 cohorts), Europe (total of 4 cohorts from Norway, Sweden, and 183 

Finland), Asia (4 cohorts consisting of Chinese populations residing in 184 

Shanghai and Singapore) and Australia (1 cohort), fulfilled the inclusion 185 

criteria (having cryopreserved baseline plasma or serum samples, and being 186 

members of the US National Cancer Institute (NCI) Cohort Consortium in 187 
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2009) and accepted to participate. Details on design of the cohorts and their 188 

follow-up procedures have been previously published 8.  189 

 190 

Selection of cases and controls  191 

Lung cancer cases were defined on the basis of the International 192 

Classification of Diseases for Oncology, Second Edition (ICD-O-2) and 193 

included invasive cancers coded as C34.0-C34-9. From the 11,399 incident 194 

lung cancer cases with pre-diagnostic blood samples, 5,545 cases were 195 

selected by oversampling never and former smoking cases. For each case, 196 

one control was randomly chosen from risk-sets consisting of all cohort 197 

members alive and free of cancer (except non-melanoma skin cancer) at the 198 

time of diagnosis of the index case. Matching criteria were cohort, sex, date of 199 

blood collection, and date of birth. Controls were also matched by smoking 200 

status at time of blood collection in 5 categories; never smokers, short and 201 

long term quitters among former smokers (<10 years, ≥10 years since 202 

quitting), and light and heavy smokers among current smokers (< 15, ≥15 203 

cigarettes per day). In total, 5,364 lung cancer case-control pairs were eligible 204 

for inclusion after excluding cases who were not correctly matched on 205 

smoking status (n=124), who had insufficient plasma sample volume for 206 

analysis of biomarkers (n=42), or had a revised date of diagnosis prior to 207 

blood draw (n=13) 8.  208 

 209 

Biochemical analyses 210 

Analysis of all serum or plasma samples was performed in the Bevital 211 

A/S laboratory (http://www.bevital.no) in Bergen, Norway. Concentrations of 212 
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HK, XA, PLP and cotinine, a marker of recent nicotine exposure 11 were 213 

determined using a liquid chromatography–tandem MS assay 12, and C-214 

reactive protein (CRP) was analysed by immuno-MALDI-MS 13 in batches of 215 

86 samples.  Quality control procedures included 6 calibration plasma, 2 216 

control plasma, and 1 blank sample (water) in each batch. All blood samples 217 

were stored at −80°C or lower until analysis and cases and their matched 218 

controls were analyzed together within the same batches in random order, 219 

with laboratory staff blinded to case-control status. Further details on the 220 

biochemical analyses have been published elsewere 8.  221 

 222 

Statistical analysis 223 

We used conditional logistic regression (conditioning on individual case 224 

sets) to calculate the odds ratios (OR) with 95% confidence intervals (CI) for 225 

lung cancer according to levels of HK:XA. The analysis was adjusted for 226 

smoking intensity using quartiles of cotinine concentrations based on the 227 

distribution of cotinine among current smokers. We performed analyses within 228 

each cohort, comparing the fourth to the first quartile (OR 4th vs 1st) of HK:XA. 229 

Results were combined for each region (United States [USA], Europe, Asia, 230 

Australia), and for the overall study population by using random effects 231 

models. Heterogeneity across subgroups was quantitatively assessed by the 232 

Q-test and I2 index14.   233 

We further performed stratified analyses for sex, smoking category 234 

(never, former, and current smokers), histology of lung cancer (by HK:XA 235 

tertiles), and time between blood sample collection and diagnosis. Due to the 236 

large differences in vitamin status between regions15, quartiles (or tertiles) of 237 
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concentrations for each biomarker were based on the distribution among 238 

controls by region. We additionally used  conditional logistic regression for 239 

calculating the odds ratio for lung cancer across quartiles by region and for 240 

the total population, using the first quartile as reference. Quartiles were 241 

included as a continuous variable to calculate p for trend.  242 

  In supplementary analysis stratified by histology in addition to smoking 243 

status or sex we included HK:XA as a continuous variable, using the base-2 244 

logarithm (log2) of the biomarker in a conditional logistic regression model. 245 

Estimates from this model may be interpreted as the relative risk associated 246 

with a doubling in circulating biomarker concentration. Partial Spearman 247 

correlations adjusted for age and sex were used to describe the association 248 

between HK:XA and PLP, and both biomarkers with cotinine. All statistical 249 

analyses were conducted using R 3.2.2 for Macintosh 16. The package 250 

“survival”17 was used for conditional logistic regression, and package 251 

“metafor” for forestplots 18.  252 

 253 

Results 254 

Study population 255 

The final study population included 5,364 lung cancer cases and 5,364 256 

matched controls, with a median age of 62 years at blood sample collection 257 

(Table 1). Median time between blood draw and lung cancer diagnosis was 258 

6.3 years. Of the total study population, 46% of the participants were women. 259 

At baseline, nearly half of the participants were current smokers, and one 260 

fourth were former, and never smokers, respectively (Table 1). Due to 261 

different inclusion criteria in the original cohorts, five cohorts (Health 262 
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Professionals Follow-up Study, Physicians Health Study, ATBC, The 263 

Shanghai Cohort Study and The Shanghai Mens' Health Study) included only 264 

men, and five cohorts (WHI, NYUWHS, WHS, NHS and SWHS) only women 265 

(Figure 1). The prevalence of smoking also differed substaintially between 266 

cohorts (Figure 1).  267 

 268 

Determinants of HK:XA within the LC3  269 

HK:XA varied somewhat across regions, (median values ranging from 270 

2.88 to 3.28 among controls) with the lowest level among Australian controls 271 

and the highest among Europeans. Larger variations were observed for 272 

plasma PLP, with the highest concentrations in the controls from US cohorts 273 

(median 49.9 nmol/L) and the lowest concentrations among the European 274 

cases, at 28.1 nmol/L. We observed an inverse relation between HK:XA and 275 

PLP (Spearman rho =-0.37), while smoking was essentially not associated 276 

with HK:XA (rho =0.11), but was inversely related to plasma PLP (rho =-0.30) 277 

(all p<0.001).  278 

 279 

HK:XA and lung cancer 280 

Random effects models were used to investigate the relation of HK:XA 281 

with risk of lung cancer across geographic regions because the heterogeneity 282 

by cohort varied significantly across the geographic regions (Supplemental 283 

Table S1). Overall, high levels of HK:XA (4th vs. 1st quartile) were associated 284 

with a 25% increased risk for lung cancer (Figure 2). However, results differed 285 

across regions with positive associations observed in Europe, with an odds 286 

ratio comparing the fourth and the first quartiles (95% confidence interval) of 287 
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1.43 (1.06, 1.95), and the USA 1.31 (1.05, 1.62), but no association in Asia or 288 

Australia (Figure 2). Results were similar when using quartiles based on the 289 

distribution of each region, instead of cohort specific cut-offs (Supplemental 290 

Table S2).  291 

The weakest associations were observed in cohorts that included only 292 

women. When those cohorts (The Women's Health Intiative, The New York 293 

University Women’s Health Study , Women's Health Study and Nurses Health 294 

Study) were excluded, the association of HK:XA with risk of lung cancer in the 295 

USA was similar, 1.41 (1.15, 1.46), to that seen in Europe. Additional 296 

adjustment for CRP, a marker for systemic inflammation, did not attenuate the 297 

risk association for HK:XA (data not shown).  298 

 299 

Analyses stratified by sex and smoking  300 

In analysis stratified by sex the overall association between HK:XA and 301 

lung cancer risk was primarily seen among men, with a 50% increased risk of 302 

lung cancer when comparing fourth vs. first quartile (Figure 3). No significant 303 

association was observed for women, (p heterogeneity = 0.01 and I2 = 62.4%, 304 

Supplemental Table S3). Smoking habits differed between sexes, with the 305 

proportion of never smokers much higher among women (Figure 1). A similar 306 

effect modification was present for smoking categories, with the association 307 

between HK:XA and lung cancer limited to current and former smokers (p for 308 

heterogeneity =0.18, I2 = 30.1%, Supplemental Table S4) (Figure 4).   309 

 310 

Histology of lung cancer  311 
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Histology of lung cancer differed according to smoking status, with 312 

squamous cell carcinoma being more common among current and former 313 

smokers (28% and 20% respectively, compared to 6% among never smokers) 314 

and in men compared to women (29% vs. 10%). In analysis according to 315 

histology of lung cancer in the overall population, HK:XA was related to an 316 

increased risk for squamous cell carcinoma OR (95%CI) 1.42 (1.10, 1.82) for 317 

3rd vs. 1st tertile, but not with other histological types (data not shown).  318 

This association with HK:XA and squamous cell carcinoma was 319 

consistently present in subgroup analysis by both sex and smoking status. 320 

Specifically, for a continuous log2 model, representing a doubling of HK:XA 321 

concentrations, the OR (95%CI) was 1.20 (1.02, 1.41) in men, 1.59 (1.20, 322 

2.10) in women (Supplemental Figure S2). In current smokers the OR (95% 323 

CI) was 1.22 (1.02, 1.46), in former smokers 1.37 (1.08, 1.73), and in never 324 

smokers 1.59 (0.90, 2.80), even though in this last group the confidence 325 

interval was quite wide due to the low number of cases (Supplemental figure 326 

S1).  327 

 328 

Time to diagnosis 329 

In analysis stratified by time to diagnosis, the association was limited to 330 

participants who were diagnosed with lung cancer within 36 months from 331 

blood draw, ORlog2 (95%CI) 1.43 (1.27, 1.61) for a doubling in the 332 

concentration of HK:XA. No significant association between HK:XA and lung 333 

cancer risk was observed for those with a longer time between blood draw 334 

and diagnosis (p for heterogeneity <0.001).  335 

 336 

Page 14 of 25

John Wiley & Sons, Inc.

International Journal of Cancer

This article is protected by copyright. All rights reserved.



A
ut

ho
r M

an
us

cr
ip

t

13 
 

Discussion 337 

Main findings 338 

High levels of HK:XA, indicating an impaired functional vitamin B6 339 

status, were associated with an increased risk of lung cancer. In stratified 340 

analysis the risk of lung cancer was approximately 50% higher for those in the 341 

highest category of HK:XA in men, and in former and current smokers, but not 342 

significant in women or never smokers. In analysis stratified by histology 343 

HK:XA was associated with an increased risk of squamous cell carcinoma, 344 

but not other histological types. When histopathology subtype of lung cancer 345 

was considered, a consistent association was found for squamous cell 346 

carcinoma regardless sex and smoking status. The lack of association of 347 

HK:XA with overall lung cancer among women and never smokers could be at 348 

least partly attributed to the low number of cases of squamous cell carcinoma 349 

in those strata of the present study population.  350 

 351 

Comparison with previous findings  352 

Overall, our findings are in agreement with published results on the B6 353 

vitamer PLP and cancer risk 19, even though stronger inverse associations 354 

were noted in relation to lung cancer in  the EPIC 6 and ATBC 7 studies. 355 

Concordant with the current study, we recently observed an inverse 356 

association of PLP with lung cancer risk in LC3, an association that was 357 

primarily confined to former and current smoking men 8.  358 

We observed a positive association between HK:XA and risk of 359 

squamous cell carcinoma, but no significant association with other histological 360 

types of lung cancer. This observation is also in line with a previous 361 
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observation of an inverse association between plasma PLP and risk of cancer 362 

primarily classified as squamous cell carcinoma 8. 363 

 In EPIC an inverse association of PLP on lung cancer was also 364 

observed in never smokers, but the number of cases that were never smokers 365 

was low (n=96) 6, and this results should be viewed with caution.  366 

In a previous cohort study where PLP and HK:XA were 367 

simultaneously assessed as  predictors of  cancer no clear association was 368 

found for any of the two markers. However, this study had limited statistical 369 

power due to the small number of cases (ncases=85) 20. 370 

 371 

HK:XA as a marker of vitamin B6 status and predictor of lung cancer 372 

There are consistent reports on plasma PLP as a predictor of cancer in 373 

the lungs 6, 7 and other organs 19. Plasma PLP is the most commonly used 374 

marker of vitamin B6 status, but plasma PLP concentrations are reduced by 375 

several factors linked to lung cancer carcinogenesis or progression, such as 376 

smoking 21, inflammation measured as CRP 22-24, and increased level of 377 

alkaline phosphatase 25.  On the other hand, inflammation and elevated 378 

alkaline phosphatase (ALP) are not associated with impaired vitamin B6 379 

availability in tissues 9.  380 

Smoking is associated with lower levels of PLP, and vitamin B6 status 381 

gradually improves over years after smoking cessation 26. In contrast, 382 

smoking shows no or a weak association with the HK:XA ratio 10, an 383 

observation confirmed in the present study. In the current study, cases and 384 

controls were matched for smoking status and we additionally adjusted for 385 

smoking intensity, using circulating cotinine concentrations. We cannot 386 
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exclude residual confounding by smoking, but since the association between 387 

HK:XA and lung cancer was also present in former smokers, confounding by 388 

smoking is unlikely. 389 

CRP is inversely associated with plasma PLP 27, 28 but shows a weak 390 

positive association with HK:XA 10
.  After additional adjustment for CRP, the 391 

risk estimates of HK:XA and lung cancer remained essentially the same, 392 

suggesting no or minor confounding from inflammation. Elevated ALP may 393 

reduce PLP through conversion to pyridoxal (PL) 9, but HK and XA are not 394 

substrates for ALP, and one would not expect any direct effects from ALP on 395 

the plasma levels of these metabolites. 396 

Similarly to the findings on PLP in the LC3 study 8, the association 397 

between HK:XA and lung cancer was stronger among participants with a short 398 

time between blood draw and diagnoses.  399 

 Therefore, it is possible that the observed association between HK:XA 400 

and risk may reflect impaired vitamin B6 status due to pre-clinical changes in 401 

lung cancer.  402 

 403 

Strengths and limitations of the study 404 

The present study is based on a an unprecedented sample of 5,364 405 

pre-diagnostic blood samples from lung cancer cases with comparable control 406 

samples recruited in 20 prospective cohorts from around the world. The 407 

prospective study design minimizes the risk of reverse causality and selection 408 

bias. The use of a centralized laboratory with a stringent quality control 409 

protocols and cases and matched controls analyzed together minimizes any 410 

technical differential bias, and an overrepresentation of never and former 411 
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smokers provided adequate power for stratified analysis. By using a functional 412 

marker that is largely independent on factors that are related to circulating 413 

PLP, we found a clear inverse relation of vitamin B6 status with risk of lung 414 

cancer. 415 

There was only one blood sample available for measurement of 416 

biomarkers for each participant, so the association between HK:XA and lung 417 

cancer may be attenuated due to regression dilution bias. It is possible that 418 

depending on the time of the blood draw and the length of study follow-up, the 419 

single measurement may not represent the exposure period most relevant for 420 

lung cancer development. Lastly, information on the histology of lung cancer 421 

was missing for 34 % of the participants.  422 

 423 

Conclusions 424 

Our findings provide evidence for an inverse association of functional 425 

vitamin B6 status and risk of lung cancer, especially squamous cell 426 

carcinoma. This expands our understanding beyond what can be concluded 427 

from the modest relation observed for the direct vitamin B6 marker PLP 8, 428 

circulating levels of which is influenced by factors other than vitamin B6 429 

status, in this same study. It is recommended that future studies strive for a 430 

sample size large enough to provide the power necessary for analysis 431 

stratified by duration of follow-up, smoking and histology given the potential 432 

differences of the role of vitamin B6 in pathogenesis and progression of 433 

different histological cancer types.  434 

 435 
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Table 1. Baseline and clinical characteristics of study participants overall and according to region

1
 

 

  Overall   Asian cohorts   Australian cohort   European cohorts   USA cohorts  

 
Controls 
(n=5364) 

Cases                
(n=5364) 

Controls 
(n=1775) 

Cases               
(n=1775) 

Controls 
(n=354) 

Cases           
(n=354) 

Controls   
(n=835) 

Cases           
(n=835) 

Controls 
(n=2400) 

Cases           
(n=2400) 

Characteristics           

Age2 (years) 62 (47-75) 62 (47-75) 62 (46-74) 62 (46-74) 61 (45-67) 61 (45-67) 60 (45-71) 60 (45-71) 64 (48-78) 64 (48-78) 

Sex           

Men 2908 (54%) 2908 (54%) 1229 (69%) 1229 (69%) 213 (60%) 213 (60%) 475 (57%) 475 (57%) 991 (41%) 991 (41%) 

Women 2456 (46%) 2456 (46%) 546 (31%) 546 (31%) 141 (40%) 141 (40%) 360 (43%) 360 (43%) 1409 (59%) 1409 (59%) 

Smoker           

Never 1327 (25%) 1327 (25%) 602 (34%) 602 (34%) 49 (14%) 49 (14%) 107 (13%) 107 (13%) 569 (24%) 569 (24%) 

Former 1518 (28%) 1518 (28%) 176 (10%) 176 (10%) 145 (41%) 145 (41%) 190 (23%) 190 (23%) 1007 (42%) 1007 (42%) 

Current 2519 (47%) 2519 (47%) 997 (56%) 997 (56%) 160 (45%) 160 (45%) 538 (64%) 538 (64%) 824 (34%) 824 (34%) 

Biomarkers           

HK:XA 2.98 (1.39-7.70) 3.13 (1.44-8.49) 3.01 (1.52-7.09) 3.10 (1.58-7.98) 2.88 (1.45-6.68) 3.00 (1.34-7.55) 3.08 (1.58-7.08) 3.28(1.64-9.13) 2.93 (1.27-8.24) 3.13 (1.29-8.98) 

HK (nmol/L) 36.6 (20.3-70.6) 37.1 (20.1-74.5) 38.7 (21.9-81.6)  39.6 (22.4 -85.4) 36.0 (22.1-65.8) 37.8 (21.3-69.3) 37.2 (21.6-63.9) 38.3 (23.1-67.2) 34.8 (18.9-65.2) 34.7 (18.2-66.2) 

XA (nmol/L) 12.4 (4.6-29.1) 11.9 (4.3-28.7) 13.5 (5.4-29.9) 13.0 (5.1 -29.2) 12.4 (4.9-26.5) 12.9 (5.2-29.4) 11.9 (5.1-26.5) 11.4 (4.5-27.1) 11.8 (4.2-29.4) 11.1 (3.9-29.1) 

PLP (nmol/L) 37.1 (13.9-197) 35.1 (12.5-204) 30.8 (12.3-118) 28.9 (11.0-114) 31.3 (14.3-110) 31.3 (14.2-207) 30.9 (13.1-101) 28.1 (12.5-104) 49.9 (16.4-271) 47.6 (15.2-266) 

Clinical characteristics          

Age at diagnosis (years)  69.8 (53.6-82.0)  69 (52-80)  70 (56-78)  68 (53-81)  70 (55-83) 

Time to diagnosis3 (years)  6.3 (1.0-16.0)  5.8 (0.7-16.5)  9.7 (1.3-16.2)  10.0 (1.8-16.1)  5.2 (1-15.5) 

Histology           

Large cell carcinoma  174 (3%)  16 (1%)  31 (9%)  15 (2%)  112 (5%) 

Small cell carcinoma  492 (9%)  99 (6%)  47 (13%)  103 (12%)  245 (10%) 

Squamous cell carcinoma  836 (16%)  319 (18%)  67 (19%)  162 (19%)  291 (12%) 

Adenocarcinoma  2056 (39%)  615 (35%)  153 (43%)  260 (31%)  1034 (43%) 

Missing / Unknown  1806 (34%)  726 (41%)  56 (16%)  295 (19%)  735 (31%) 

1 Characteristics are presented as n (%) for discrete variables and median (5th, 95th percentile) for continuous variables  
2  At blood collection 

3 Time from blood draw to diagnosis 

HK:XA, 3-hydroxykynurenine:xanthurenic acid; PLP, pyridoxal 5’-phosphate  
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Cases Controls  Odds Ratio [95% CI]  

0.5 1 1.5 2 3 
 

Asia 

SCHS 

SCS 

SMHS 

SWHS 

RE Model 

422
 

513
 

421
 

419 

422
 

513
 

421
 

419 

1.45 [0.96, 2.19]
 

0.98 [0.62, 1.55] 

1.02 [0.66, 1.57]
 

0.98 [0.65, 1.50] 

1.10 [0.89, 1.36] 

Australia 

MCCS 

Europe 

ATBC 

HUNT 

MDCS 

NSHDS 

RE Model 

354 354 1.14 [0.72, 1.81] 

200
 

193
 

198
 

244 

200
 

193
 

198
 

244 

0.98 [0.56, 1.72]
 

2.05 [1.09, 3.84]
 

1.37 [0.73, 2.59]
 

1.61 [0.93, 2.80] 

1.43 [1.06, 1.95] 

USA 

CLUE 

CPS 

HPFS 

MEC 

NHS 

NYU 

PHS 

PLCO 

SCCS 
WHI 

WHS 

RE Model 

191
 

182
 

155
 

174 

345 

171 

81 

450
 

226 

241
 

184 

191
 

182
 

155
 

174 

345 

171 

81 

450
 

226 

241
 

184 

1.64 [0.87, 3.08] 

1.13 [0.63, 2.04]
 

1.61 [0.78, 3.29] 

2.45 [1.25, 4.80] 

1.01 [0.65, 1.58] 

0.63 [0.33, 1.20] 

0.71 [0.26, 1.92] 

1.36 [0.92, 2.00]
 

2.20 [1.21, 3.99] 

1.17 [0.67, 2.04] 

1.42 [0.74, 2.73] 

1.31 [1.05, 1.62] 

RE Model for all Studies 1.25 [1.10, 1.41] 

Odds Ratio for 4th vs. 1st. quartile of HK:XA
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Cases  Controls  Odds Ratio [95% CI]   

0.5 1 1.5 2 3 

Odds Ratio for 4th vs. 1st. quartile of HK:XA

 

Men  
 
Asia 1229  1229  1.41 [1.11, 1.79]  

Australia 213  213  1.55 [0.90, 2.67]  

Europe 475  475  1.41 [0.97, 2.07]  

USA 991  991  1.58 [1.20, 2.08]  

RE Model 1.48 [1.26, 1.73]  

Women  
 
Asia 546  546  0.84 [0.59, 1.20]  

Australia 141  141  0.81 [0.41, 1.57]  

Europe 360  360  1.28 [0.80, 2.04]  

USA 1409  1409  0.89 [0.71, 1.10]  

RE Model 0.91 [0.77, 1.08]  
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RE Model for All Studies

0.5 1 1.5 2 3

Odds Ratio HK:XA Q4 vs.Q1 adjusted for smoking

USA

Europe

Australia

Asia

USA

Europe

Australia

Asia

USA

Europe

Australia

Asia

824

538

160

997

1007

190

145

176

569

107

49

602

824

538

160

997

1007

190

145

176

569

107

49

602

1.51 [1.11, 2.05]

1.81 [1.19, 2.74]

1.04 [0.51, 2.10]

1.30 [0.97, 1.74]

1.23 [0.94, 1.61]

2.33 [1.23, 4.39]

1.23 [0.59, 2.54]

1.81 [0.92, 3.56]

1.16 [0.80, 1.70]

1.06 [0.40, 2.82]

0.77 [0.19, 3.13]

0.84 [0.59, 1.20]

1.30 [1.11, 1.52]

Current smokers

Former smokers

Never smokers

Cases Controls Odds Ratio [95% CI]

1.44 [1.20, 1.72]RE Model

1.48 [1.08, 2.03]RE Model

0.98 [0.75, 1.27]RE Model
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