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Abstract 

Background Platelet count (PLT) is associated positively with lung cancer risk but has a more complex association 
with body mass index (BMI), positive only in women (mainly never smokers) and inverse in men (mainly ever smok-
ers), raising the question whether platelets interact with obesity in relation to lung cancer risk. Prospective associa-
tions of platelet size (an index of platelet maturity and activity) with lung cancer risk are unclear.

Methods We examined the associations of PLT, mean platelet volume (MPV), and platelet distribution width (PDW) 
(each individually, per one standard deviation increase) with lung cancer risk in UK Biobank men and women using 
multivariable Cox proportional hazards models adjusted for BMI and covariates. We calculated Relative Excess Risk 
from Interaction (RERI) with obese (BMI ≥ 30 kg/m2), dichotomising platelet parameters at ≥ median (sex-specific), 
and multiplicative interactions with BMI (continuous scale). We examined heterogeneity according to smoking status 
(never, former, current smoker) and antiaggregant/anticoagulant use (no/yes).

Results During a mean follow-up of 10.4 years, 1620 lung cancers were ascertained in 192,355 men and 1495 
lung cancers in 218,761 women. PLT was associated positively with lung cancer risk in men (hazard ratio HR = 1.14; 
95% confidence interval (CI): 1.09–1.20) and women (HR = 1.09; 95%CI: 1.03–1.15) but interacted inversely with BMI 
only in men (RERI = − 0.53; 95%CI: − 0.80 to − 0.26 for high-PLT-obese; HR = 0.92; 95%CI = 0.88–0.96 for PLT*BMI). Only 
in men, MPV was associated inversely with lung cancer risk (HR = 0.95; 95%CI: 0.90–0.99) and interacted positively 
with BMI (RERI = 0.27; 95%CI = 0.09–0.45 for high-MPV-obese; HR = 1.08; 95%CI = 1.04–1.13 for MPV*BMI), while PDW 
was associated positively (HR = 1.05; 95%CI: 1.00–1.10), with no evidence for interactions. The associations with PLT 
were consistent by smoking status, but MPV was associated inversely only in current smokers and PDW positively 
only in never/former smokers. The interactions with BMI were retained for at least eight years of follow-up and were 
consistent by smoking status but were attenuated in antiaggregant/anticoagulant users.

Conclusions In men, PLT was associated positively and MPV inversely with lung cancer risk and these associations 
appeared hindered by obesity. In women, only PLT was associated positively, with little evidence for interaction 
with obesity.
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Background
Platelets can promote carcinogenesis by releasing growth 
and angiogenic factors and extracellular vesicles, which 
induce changes in stromal and tumour cells [1]. The lung, 
as well as a major cancer cite [2], is a major site of termi-
nal platelet production from circulating megakaryocytes 
[3]. Correspondingly, platelet count (PLT) is not only 
higher at the time or shortly prior to lung cancer diagno-
sis [4, 5], but lung cancer risk remains consistently higher 
in individuals with higher PLT for at least ten years prior 
to diagnosis [6].

Although general obesity, as reflected in body mass 
index (BMI), is associated with higher risk of venous 
thromboembolism [7], BMI shows an inverse, smoking-
related association with lung cancer risk [8, 9]. Moreo-
ver, we have previously shown in UK Biobank that BMI 
is associated positively with PLT only in women, most 
strongly in never smokers, but inversely in men, most 
strongly in ever smokers [10]. This raises the question 
whether PLT interacts with obesity in relation to lung 
cancer risk.

PLT is only one aspect of platelet pathology and does 
not provide information about platelet functionality, 
while platelet size could be indicative of platelet activity, 
as thrombotic conditions are associated with large mean 
platelet volume (MPV) [11] and large platelet variabil-
ity (platelet distribution width, PDW) [12]. Platelet size 
could also provide information about platelet maturity, as 
platelet precursors are larger than mature platelets [13]. 
Therefore, examining platelet size in conjunction with 
PLT could provide more information about potential 
mechanistic pathways than examining PLT in isolation. 
Little is known, however, about associations of platelet 
size with lung cancer risk. The available studies are few, 
with small number of patients, focused on lung cancer 
diagnosis and prognosis, and reporting mainly higher 
MPV and PDW in lung cancer patients compared to 
healthy controls [14, 15]. To our knowledge, there are no 
studies evaluating prospectively associations of MPV or 
PDW with lung cancer risk.

In this study, we used data from the UK Biobank cohort 
to investigate the prospective associations of PLT, MPV, 
and PDW with lung cancer risk and their interactions 
with obesity in men and women.

Methods
Study population
UK Biobank includes half a million participants regis-
tered with the National Health Service, which were aged 
40 to 70  years at recruitment (years 2006 to 2010) and 
were living within 40 km of an assessment centre in Eng-
land, Scotland, and Wales [16]. In this study, we included 
participants with self-reported white ancestry, due to 

limited numbers from other ethnic groups, and excluded 
participants with prevalent cancer at recruitment, miss-
ing or extreme anthropometric measurements, mis-
match between the genetic and self-reported sex, missing 
platelet measurements, using antihemorrhagic agents, 
and pregnant women (total excluded 91,253 (18.2%), see 
Additional file 1: Table S1 for details).

Lung cancer ascertainment
Cancer cases in UK Biobank are ascertained based on 
linkage to the national cancer registry of the United 
Kingdom. The outcome of interest was first primary lung 
cancer diagnosed after recruitment, defined with code 
C34 from the 10th version of the International Statistical 
Classification of Diseases (ICD10) and malignant behav-
iour (behavioural code 3 or 5), defined as in [17]. Follow-
up was censored at the date of diagnosis for first primary 
incident lung cancers with rare morphology (codes 8710, 
8800, 8801, 8990, 9050, 9120, 9133, 9591, 9680, 9699) 
and for cancers in locations other than the lung (exclud-
ing non-melanoma skin cancers but including skin squa-
mous-cell carcinomas). For all participants remaining 
cancer-free, follow-up was censored at the earlier of the 
date of death or 31st March 2020 (last complete cancer 
registry).

Platelet and anthropometric measurements
Blood samples were collected at recruitment in EDTA 
(ethylenediaminetetraacetic acid) vacutainers, through-
out the day (irrespective of fasting status) and were ana-
lysed within 24  h of blood draw [18]. PLT  (109/L) was 
measured directly, while MPV (fL) and PDW (%) were 
derived from scatter plots and histograms of platelet size 
on Beckman Coulter LH750 automated analysers. We 
log-transformed all platelet parameters, to mitigate right-
skewness of the distributions.

The anthropometric assessments were obtained at 
recruitment by trained technicians according to estab-
lished protocols [19]. We calculated BMI as weight (kg) 
divided by height squared (m).

Analytical approach
We examined as exposures platelet parameters (PLT, 
MPV, or PDW) on a standardised continuous scale 
(z-scores, value minus mean, divided by standard devia-
tion (SD) after log-transformation), interpreting hazard 
ratios (HR) per one SD increase. We examined men and 
women separately, due to the pronounced sex differ-
ences in the associations of obesity with platelet param-
eters [10]. We examined platelet parameters individually, 
because they are correlated substantially with each other 
[10] and could be biologically related and hence not 
independent.
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We explored heterogeneity in groups according to BMI 
(normal weight BMI = 18.5 to < 25  kg/m2; overweight 
BMI = 25 to < 30  kg/m2; obese BMI = 30 to < 45  kg/m2) 
and used the data augmentation method of Lunn and 
McNeil [20] to compare HR estimates for men vs women 
and for obese vs normal/overweight within each sex.

To evaluate additive interactions, we calculated 
the Relative Excess Risk from Interaction (RERI) [21] 
in fully adjusted models including a platelet-obesity 
cross-classification, defined by dichotomising to high/
low at ≥ median (sex-specific) PLT (234.0 men; 261.4 
women), MPV (9.17 men; 9.25 women), and PDW (16.50 
men; 16.38 women), and dichotomising BMI ≥ 30 kg/m2 
(obese):

We obtained confidence intervals and p-values for 
RERI with the delta method applied in function nlcom in 
STATA-13 [22].

To evaluate multiplicative interactions between platelet 
parameters and BMI on a continuous scale, we used the 
Wald test for the corresponding interaction term, exam-
ining each platelet-BMI pair in a separate model with 
adjustment for covariates.

Statistical models
We used STATA-13 for the statistical analyses and R 
version 4.1.3 [23] for data management. Tests of statis-
tical significance were two-sided. Given the exploratory 
nature of the analysis and the higher power requirements 
for testing interactions, we used nominal statistical sig-
nificance (p < 0.05).

We obtained HRs and 95% confidence intervals (CI) 
from delayed-entry Cox proportional hazards models, 
which account for left-truncation and are conditional on 
surviving cancer-free to cohort recruitment. We used age 
as the underlying time scale, with origin at the date of 
birth, entry time at the date at recruitment, and exit time 
at the earliest of the date of diagnosis of the first primary 
incident cancer, or death, or last complete follow-up. We 
stratified all models by age at recruitment (five-year cate-
gories), region of the assessment centre, and for women, a 
combined variable reflecting menopausal status and hor-
mone replacement therapy (HRT) use (defined similarly 
to [24]), with four categories (pre-menopausal women; 
post/unknown menopause never HRT; post/unknown 
menopause past HRT; post/unknown menopause current 
HRT). We adjusted all models for BMI and height (sex-
specific z-scores), weight change within the year preced-
ing recruitment (weight loss, stable weight, weight gain), 
smoking status and intensity (never smoked; just tried; 
former occasional; former regular quit ≥ 20 years; former 
regular quit ≥ 10  years; former regular quit < 10  years; 

RERI = HRHigh-High −HRHigh-Low −HRLow-High + 1

current occasional; current regular ≤ 10 cigarettes/day; 
current regular > 10 cigarettes/day), alcohol consump-
tion (≤ 3 times/month; ≤ 4 times/week; daily), physi-
cal activity (less active; moderately active; very active), 
Townsend deprivation index quintiles (as proxy of socio-
economic status), family history of cancer (no cancer; 
breast/bowel/prostate; lung cancer), time of blood col-
lection (< 12:00; 12:00 to < 16:00; ≥ 16:00), fasting time 
(0–2  h; 3–4  h; ≥ 5  h), self-reported diabetes (assuming 
that all participants with self-reported diabetes were 
treated), use of lipid lowering drugs, antihypertensive 
drugs, antiaggregant/anticoagulants, non-steroidal anti-
inflammatory drugs (NSAID), and paracetamol (defined 
as no/yes similarly to [25]). Non-smoking covariates were 
selected a priori, based on previous reports for associa-
tions with platelet parameters and lung cancer risk. The 
adjustment for drug use aimed to account for exogenous 
influences on metabolic and inflammatory conditions, 
thrombosis, and liver fat accumulation and function, 
which can affect platelet parameters and platelet activity 
(see further details in Additional file  1). Antiaggregant/
anticoagulant users included > 90% aspirin users and < 7% 
anticoagulant-only users, which were added to this group 
as they were too few to be considered separately. Infor-
mation for all covariates was obtained at recruitment 
(initial assessment visit). We replaced missing values for 
covariates (< 2%, see Additional file 1: Table S2 for details) 
with the median category for each sex.

To confirm correlations between platelet parameters 
in this study, we calculated partial Pearson correlation 
coefficients adjusted for all covariates, except region of 
the assessment centre, and using age, Townsend depriva-
tion index, time of blood collection, and fasting time as 
continuous variables, and smoking with categories never, 
former, and current smoker.

Sensitivity analyses
To examine the influence of adjustment on the observed 
associations and interactions, we used models stratified 
by age only and models additionally adjusted only for 
smoking status and intensity. To examine the potential 
influence of reverse causality, we excluded participants 
with less than two years and less than eight years of fol-
low-up and lagged the entry date with two or eight years, 
correspondingly, to condition on surviving cancer free to 
later than recruitment.

Last, we examined the consistency of our findings in 
groups according to smoking status (never/former smok-
ers combined and individually never, former, and cur-
rent smokers), as smoking can affect platelet parameters 
[26], and according to antiaggregant/anticoagulant use, 
as this would alter platelet function. For exposures on a 
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continuous scale, we compared HR estimates between 
groups with the augmentation method of Lunn and 
McNeil [20].

Results
Cohort characteristics
During a mean follow-up of 10.4 years, 1620 lung cancers 
were ascertained in 192,355 men and 1495 lung cancers 
were ascertained in 218,761 women (Table 1). Less than 
a quarter of participants were obese. Men were more 
likely to be current smokers and antiaggregant/antico-
agulant users, while women were more likely to be never 
smokers. PLT and MPV were lower in men, while PDW 
was lower in women. MPV and PDW were correlated 
inversely with PLT and positively with each other, as pre-
viously reported [10].

Associations of platelet parameters with lung cancer risk
PLT was associated positively with lung cancer risk in 
men (HR = 1.14; 95%CI: 1.09–1.20 per one SD increase) 
and women (HR = 1.09; 95%CI: 1.03–1.15), more specifi-
cally in normal weight and overweight and not in obese 
participants, but with clear evidence for heterogene-
ity between BMI categories only in men  (pobese = 0.002) 
(Fig. 1). Although there was no heterogeneity by sex with 
nominal statistical significance, MPV was associated 
inversely with lung cancer risk only in men (HR = 0.95; 
95%CI: 0.90–0.99), more specifically for normal weight 
and overweight but not for obese men  (pobese = 0.002). 
PDW was associated weakly positively with lung cancer 
risk also only in men (HR = 1.05; 95%CI: 1.00–1.10).

Interactions of platelet parameters with obesity
High-PLT was associated positively with lung cancer risk 
for BMI < 30  kg/m2 in men and women, but the risk in 
high-PLT-obese participants was lower than expected by 
an additive effect mainly for men (RERI = − 0.53; 95%CI: 
− 0.80 to − 0.26 for high-PLT-obese) and less for women, 
and there was a matching inverse multiplicative inter-
action only in men (HR = 0.92; 95%CI = 0.88–0.96 for 
PLT*BMI) (Table 2). High-MPV was associated inversely 
with lung cancer risk for BMI < 30  kg/m2 only in men, 
and there was consistent evidence for positive additive 
and multiplicative interactions of MPV with BMI only 
in men (RERI = 0.27; 95%CI = 0.09–0.45 for high-MPV-
obese; HR = 1.08; 95%CI = 1.04–1.13 for MPV*BMI). 
High-PDW was associated positively with lung cancer 
risk for BMI < 30 kg/m2 also only in men, but with no evi-
dence for additive or multiplicative interactions.

Sensitivity analyses
The positive associations of PLT with lung cancer risk 
in men and women were stronger in the age-stratified 

unadjusted model and were partly attenuated after 
adjustment for smoking status and intensity, but with no 
material influence of additional stratification and adjust-
ment for covariates (Fig.  2). The positive associations 
with PLT were retained to at least 8  years of follow-up, 
although with some attenuation, and were directionally 
consistent in all groups according to smoking status but, 
for men, were partly attenuated in antiaggregant/antico-
agulant users.

The inverse association of MPV with lung cancer risk 
in men was influenced little by adjustment for smok-
ing or covariates but was partly attenuated after 8 years 

Table 1 Anthropometric characteristics and platelet parameters 
of study participants

BMI body mass index, MPV mean platelet volume, Normal weight – BMI = 18.5 
to < 25 kg/m2, Overweight – BMI = 25 to < 30 kg/m2, Obese – BMI = 30 to < 45 kg/
m2, PDW platelet distribution width, PLT platelet count
a Mean (standard deviation); bnumber (percent from total per sex); cgeometric 
mean (95% reference range); dPartial Pearson correlation coefficient; #aspirin 
users were 36,558 (91.1% of antiaggregant/antiaggregant users) in men and 
21,784 (92.8%) in women; participants using only anticoagulants were also 
included in this group, because they were too few to be considered separately: 
2685 (6.7% of the group) in men and 1170 (5.0%) in women

Comparisons between sexes were performed with unpaired-samples t-test for 
BMI on a continuous scale and log-transformed platelet parameters and χ2-test 
for BMI categories, smoking categories, and antiaggregant/anticoagulant use. 
All differences were significant at p < 0.0001

Summaries of all covariates are presented in Additional file 1: Table S2

Characteristics Men Women

Cohort 192,355 218,761

Cases 1620 1495

Cases: per 100,000 842 683

Follow-up (years)a 10.4 (2.3) 10.6 (2.1)

Age at recruitment (years)a 57.2 (8.1) 56.9 (8.0)

BMI (kg/m2)a 27.8 (4.0) 26.9 (4.8)

BMI categories

  Normal  weightb 47,997 (25.0) 88,030 (40.2)

   Overweightb 95,905 (49.9) 81,481 (37.2)

   Obeseb 48,453 (25.2) 49,250 (22.5)

Smoking status

  Never  smokerb 93,527 (48.6) 129,366 (59.1)

  Former  smokerb 75,404 (39.2) 70,219 (32.1)

  Current  smokerb 23,424 (12.2) 19,176 (8.8)

Antiaggregant/anticoagulant  use#

  Yesb 40,138 (20.9) 23,470 (10.7)

Platelet parameters

  PLT (*109/L)c 232 (145–370) 260 (165–409)

  PDW (%)c 16.6 (15.6–17.6) 16.4 (15.5–17.4)

  MPV (fL)c 9.23 (7.40–11.49) 9.31 (7.46–11.62)

Correlation of platelet parameters

  PLT-MPVd − 0.47 − 0.49

  PLT-PDWd − 0.37 − 0.36

  MPV-PDWd 0.40 0.41
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of follow-up and in antiaggregant/anticoagulant users 
and was observed only in current smokers (HR = 0.91; 
95%CI = 0.84–0.98) and not in never or former smokers 
(Fig.  2). On the contrary, the positive association with 
PDW in men was revealed only after adjustment for 
smoking and was retained to at least 8 years of follow-up. 
Moreover, it was observed only in never/former smokers 
(HR = 1.09; 95%CI = 1.02–1.16) and not in current smok-
ers and was prominent in antiaggregant/anticoagulant 
users (HR = 1.08; 95%CI = 1.00–1.17) (Fig. 2).

The inverse interactions of PLT with BMI and the posi-
tive interactions of MPV with BMI were partly attenuated 
after adjustment for smoking but with no material influ-
ence of additional adjustment for covariates and were 
largely retained for at least 8 years of follow-up (Fig. 3). 
They remained directionally consistent in groups accord-
ing to smoking status but were attenuated in antiag-
gregant/anticoagulant users.

Antiaggregant/anticoagulant users had higher lung 
cancer risk compared to non-users, independent of 
PLT, BMI, and covariates, but more prominently in 
men (HR = 1.20; 95%CI = 1.06–1.37) than in women 
(HR = 1.10; 95%CI = 0.95–1.27).

Discussion
In this study, PLT was associated positively with lung 
cancer risk in women and men but showed consist-
ent inverse additive and multiplicative interactions with 
BMI only in men. Also only in men, MPV was associated 
inversely with lung cancer risk and showed positive addi-
tive and multiplicative interactions with BMI, while PDW 
was associated weakly positively, with no evidence for 
interactions with obesity.

Our findings corroborate previous prospective stud-
ies reporting positive associations of PLT with lung can-
cer risk within the year prior to diagnosis [4, 27] and for 
at least ten years prior to diagnosis [6]. Given that lung 
cancer has unfavourable prognosis, with a global mor-
tality-to-incidence ratio as high as 0.82 [28], longer-term 
prospective associations with PLT are compatible with 
a mechanistic involvement of platelets in lung cancer 
development. A causal association is further supported 
by positive associations of genetically predicted PLT, 
which has high genetic heritability [29], with lung cancer 
risk [30]. To our knowledge, however, there are no pre-
vious prospective studies to be able to compare the pro-
spective associations of MPV and PDW with lung cancer 

Fig. 1 Associations of platelet parameters (continuous scale) with lung cancer risk. BMI body mass index, Cases number of lung cancer cases 
per group, CI confidence interval, HR hazard ratio, MPV mean platelet volume, NW normal weight BMI = 18.5 to < 25 kg/m2; OW overweight 
BMI = 25 to < 30 kg/m2; OB obese BMI = 30 to < 45 kg/m2; p-value Wald test for the individual term, PDW platelet distribution width, PLT platelet 
count, SD standard deviation. Cox proportional hazards models with exposure either PLT, MPV, or PDW (sex-specific z-scores, value minus mean 
divided by standard deviation after log-transformation), stratified by age at recruitment, region, and in women, menopausal status and hormone 
replacement therapy use, and adjusted for BMI and height (sex-specific z-scores), recent weight change, smoking status and intensity, alcohol 
consumption, physical activity, Townsend deprivation index, family history of cancer, time of blood collection, fasting time, diabetes, and use 
of lipid-lowering drugs, antihypertensive drugs, antiaggregant/anticoagulants, non-steroidal anti-inflammatory drugs, and paracetamol.  pobese & 
 psex – p-value comparing the association with PLT, MPV, or PDW between OB and NW/OW or between men and women with the augmentation 
method of Lunn and McNeil [20]
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risk described in our study. Several case–control stud-
ies have previously reported higher MPV at lung cancer 
diagnosis [14], in contrast to our findings, but a case–
control study examining patients with advanced lung 
cancer has reported lower MPV at diagnosis, in addi-
tion to higher platelet count [31]. Although prospective 
associations may be retained to cancer diagnosis, studies 
recruiting cases and controls at cancer diagnosis would 
also reflect cancer-related changes and could thus be 
influenced by reverse causality, hence potentially explain-
ing the differences between previous studies and our 
findings. Reports of poor prognosis for lower MPV meas-
ured at diagnosis [31, 32] may be more relevant to our 
findings because these are based on prospective studies 
and reflect lung cancer progression, which may involve 
pathways relevant to lung cancer development. Cancer 
survival, however, is dependent on comorbidities related 
to platelet activity, as well as on cancer progression and 
metastasis, and a large meta-analysis has found little 

evidence for association of MPV measured at diagnosis 
with overall survival [33]. Our findings are compatible 
with a small scale study reporting higher PDW at lung 
cancer diagnosis [15], but only for men. The retention 
of the positive association with PDW to at least 8 years 
of follow-up in our study suggests that this more likely 
reflects the influence of platelets on lung cancer develop-
ment, rather than reverse causality.

A plausible mechanism linking PLT to lung cancer 
development would be an inflammation-related platelet 
increase, as platelets are involved in immuno-inflamma-
tory responses [34] and PLT is high in chronic inflam-
matory conditions [35, 36]. Inflammatory markers have, 
indeed, been associated with higher lung cancer risk, 
more commonly when measured within the years close 
to diagnosis and in smokers [37], but also further away 
from diagnosis [38] and in never smokers [39]. Platelets 
contribute to cancer-associated inflammation by regulat-
ing the migration of haematopoietic and immune cells 

Table 2 Additive and multiplicative interactions of platelet parameters with obesity

BMI body mass index, Cases number of lung cancer cases per group, CI confidence interval, HR hazard ratio, MPV mean platelet volume, p-value p-value from Wald test 
for the individual term for cross-classification categories, or p-value for RERI derived with the delta method, or p-value from Wald test for the multiplicative interaction 
term, PDW platelet distribution width, PLT platelet count, RERI relative excess risk from interaction (additive interaction)

Cox proportional hazards models including, for each platelet parameter indicated in the headings, a cross-classification with obese (RERI) or an interaction term with 
BMI on a continuous scale (*) (sex-specific z-scores, value minus mean divided by standard deviation, after log-transformation for platelet parameters), stratified by 
age at recruitment, region, and in women, menopausal status and hormone replacement therapy use, and adjusted for height, recent weight change, smoking status 
and intensity, alcohol consumption, physical activity, Townsend deprivation index, family history of cancer, time of blood collection, fasting time, diabetes, and use of 
lipid-lowering drugs, antihypertensive drugs, antiaggregant/anticoagulants, non-steroidal anti-inflammatory drugs, and paracetamol

Platelet parameters were dichotomised (high/low) with respect to ≥ median (sex-specific): PLT (234.0 men; 261.4 women), MPV (9.17 men; 9.25 women), PDW (16.50 
men; 16.38 women)

Platelet BMI Men Women
Parameter (kg/m2) Cases HR (95% CI) p-value Cases HR (95% CI) p-value

PLT

PLT-Low  < 30 457 Reference 494 Reference

PLT-High  < 30 719 1.39 (1.23 to 1.56)  < 0.0001 642 1.24 (1.10 to 1.40) 0.0004

PLT-Low  ≥ 30 243 1.17 (1.00 to 1.38) 0.052 165 0.90 (0.75 to 1.08) 0.268

PLT-High  ≥ 30 201 1.03 (0.87 to 1.22) 0.743 194 0.93 (0.79 to 1.11) 0.449

RERI − 0.53 (− 0.80 to − 0.26) 0.0001 − 0.21 (− 0.45 to 0.03) 0.090

PLT*BMI 1620 0.92 (0.88 to 0.96) 0.0003 1495 0.97 (0.92 to 1.02) 0.295

MPV

MPV-Low  < 30 635 Reference 562 Reference

MPV-High  < 30 541 0.87 (0.77 to 0.98) 0.017 574 1.02 (0.91 to 1.15) 0.709

MPV-Low  ≥ 30 187 0.78 (0.66 to 0.92) 0.004 158 0.77 (0.64 to 0.93) 0.006

MPV-High  ≥ 30 257 0.92 (0.79 to 1.07) 0.282 201 0.87 (0.74 to 1.03) 0.110

RERI 0.27 (0.09 to 0.45) 0.004 0.08 (− 0.13 to 0.28) 0.471

MPV*BMI 1620 1.08 (1.04 to 1.13) 0.0006 1495 1.05 (1.00 to 1.11) 0.046

PDW

PDW-Low  < 30 540 Reference 563 Reference

PDW-High  < 30 636 1.13 (1.01 to 1.27) 0.038 573 1.03 (0.91 to 1.16) 0.640

PDW-Low  ≥ 30 181 0.93 (0.78 to 1.10) 0.388 163 0.84 (0.70 to 1.01) 0.061

PDW-High  ≥ 30 263 1.02 (0.87 to 1.19) 0.826 196 0.82 (0.69 to 0.97) 0.021

RERI − 0.04 (− 0.26 to 0.18) 0.728 − 0.05 (− 0.26 to 0.16) 0.628

PDW*BMI 1620 1.02 (0.98 to 1.07) 0.353 1495 0.99 (0.94 to 1.04) 0.579
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towards the tumour cite and facilitate cancer progression 
and metastasis by enabling thrombosis and the forma-
tion of neutrophil extracellular traps, which protect can-
cer cells [40]. Platelet-derived factors are also involved in 
immunomodulation, as is the case with TREM-like tran-
script 1 (TLT-1) protein, which is higher in platelets from 

patients with lung cancer and promotes cancer progres-
sion via suppression of CD8 T-cells [41]. The lung may 
be a particularly vulnerable organ to platelet action, as 
platelets are released in the lung from circulating mega-
karyocytes [3]. Although the stronger association with 
PLT closer to lung cancer diagnosis, described in our and 

Fig. 2 Associations of platelet parameters (continuous scale) with lung cancer risk: sensitivity analyses. Cases number of lung cancer cases 
per model, CI confidence interval, HR hazard ratio, MPV mean platelet volume, p-value Wald test for the individual term, PDW platelet distribution 
width, PLT platelet count, SD standard deviation. Cox proportional hazards models with exposure either PLT, MPV, or PDW (sex-specific z-scores, 
value minus mean divided by standard deviation after log-transformation), with the following stratifications, adjustments, and follow-up times: 
Age—stratified by age at recruitment, with follow-up from recruitment and no adjustment. Smoking—like “Age”, additionally adjusted for smoking 
status and intensity. Main model—stratified by age at recruitment, region, and in women, menopausal status and hormone replacement 
therapy use, and adjusted for body mass index (BMI), height, recent weight change, smoking status and intensity, alcohol consumption, physical 
activity, Townsend deprivation index, family history of cancer, time of blood collection, fasting time, diabetes and use of lipid-lowering drugs, 
antihypertensive drugs, antiaggregant/anticoagulants, non-steroidal anti-inflammatory drugs, and paracetamol. Follow-up: ≥ 2 years / ≥ 8 years—
like “Main model”, excluding participants with less than 2 or 8 years of follow-up and lagging the entry date with 2 or 8 years, correspondingly. 
Smoking: Never / Former / Current—like “Main model”, in groups according to smoking status (retaining the adjustment for smoking intensity 
and time since quit). Antiaggregant: No / Yes—like “Main model”, in groups according to antiaggregant/anticoagulant use. p current & p 

antiaggregant—p-value comparing the association with PLT, MPV, or PDW between current and never/former smokers or between groups according 
to antiaggregant/anticoagulant use with the augmentation method of Lunn and McNeil [20]
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in previous studies [5, 6], indicates an additional cancer-
related PLT increase, the cancer is likely to promote an 
already operational inflammatory pathway.

Notably, the inverse association of MPV with lung can-
cer risk in men was observed in the same BMI categories 
(normal weight and overweight) as the positive associa-
tion with PLT. This is consistent with the inverse corre-
lation between PLT and MPV, which we have previously 
shown in UK Biobank for a restricted dataset excluding 
participants with cardiometabolic conditions [10] and 
have confirmed in this study for the unrestricted UK 

Biobank dataset. A potential explanation for an inverse 
association with MPV coupled to a positive association 
with PLT would be a trade-off between platelet size and 
count related to platelet formation, as immature pro-
platelet intermediates are larger particles and split into 
two smaller-size platelets in the process of maturation 
[13]. Mutations in megakaryocyte cytoskeleton pro-
teins are, indeed, accompanied with large platelet size 
coupled to low platelet number [42]. Therefore, large 
platelet size may reflect more immature and potentially 
dysfunctional platelets and, hence, a lower risk of lung 

Fig. 3 Additive and multiplicative interactions of platelet parameters with obesity: sensitivity analyses in men. BMI body mass index, Cases number 
of lung cancer cases, CI confidence interval, HR hazard ratio, MPV mean platelet volume, p-value p-value for RERI derived with the delta method 
or p-value from Wald test for the multiplicative interaction term, PLT platelet count, RERI relative excess risk from interaction (additive interaction). 
Cox proportional hazards models including a cross-classification with obese (additive interaction) or an interaction term with body mass index 
(BMI) on a continuous scale (multiplicative interaction) for either PLT or MPV in men with the following stratifications, adjustments, and follow-up 
times: Age—stratified by age at recruitment, with follow-up from recruitment and no adjustment. Smoking—like “Age”, additionally adjusted 
for smoking status and intensity. Main model—stratified by age at recruitment and region and adjusted for height, recent weight change, smoking 
status and intensity, alcohol consumption, physical activity, Townsend deprivation index, family history of cancer, time of blood collection, fasting 
time, diabetes, and use of lipid-lowering drugs, antihypertensive drugs, antiaggregant/anticoagulants, non-steroidal anti-inflammatory drugs, 
and paracetamol. Follow-up: ≥ 2/8 years—like “Main model”, excluding participants with less than 2 or 8 years of follow-up and lagging the entry 
date with 2 or 8 years, correspondingly. Smoking: Never / Former / Current—like “Main model”, in groups according to smoking status (retaining 
the adjustment for smoking intensity and time since quit). Antiaggregant: No / Yes—like “Main model”, in groups according to antiaggregant/
anticoagulant use. Groups for cross-classifications (dichotomised to high/low) were defined as follows: BMI ≥ 30 kg/m2 (obese) or ≥ median 
(sex-specific) for PLT (234.0 men; 261.4 women) and MPV (9.17 men; 9.25 women)
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cancer development. Large platelet size, however, could 
also indicate platelet activation, because large platelets 
are more responsive to stimulation and less susceptible to 
suppression by aspirin [43] and MPV is associated posi-
tively with markers of platelet activation [44]. As plate-
let activation would result in a positive rather than an 
inverse association with lung cancer risk, a suggestion 
has previously been offered that larger activated platelets 
are engaged in thrombotic events, leaving only smaller 
platelets in the circulation of patients with lung cancer 
[31].

Although MPV and PDW are associated positively 
with each other in UK Biobank ([10] and this study) and 
both are higher in conditions involving platelet activa-
tion [45], they were associated with lung cancer risk in 
opposite directions (inverse for MPV, positive for PDW) 
and in different groups according to smoking status (cur-
rent smokers for MPV, never/former smokers for PDW) 
and antiaggregant/anticoagulant use (non-users for MPV, 
users for PDW). This suggests that MPV and PDW reflect 
different underlying mechanisms linking platelets to lung 
cancer development, with larger MPV more likely reflect-
ing lower lung cancer risk due to platelet immaturity and 
wider PDW more likely reflecting higher lung cancer risk 
due to platelet activation. One example of a mechanism 
of platelet activation differentially affecting MPV and 
PDW is DNA methylation of platelet-endothelial aggre-
gation receptor 1 (PEAR-1), which is associated posi-
tively with PDW but not with MPV [46]. It is unknown, 
however, whether PEAR-1 is related to lung cancer risk.

PLT and MPV interacted with BMI in opposite direc-
tions in men, with obesity apparently hindering their 
associations with lung cancer risk, but potentially via dif-
ferent mechanisms. Thus, the inverse interaction of PLT 
with BMI is likely related to obesity contributing to non-
alcoholic fatty liver disease (NAFLD) [47], which can lead 
to liver fibrosis, and this in turn can contribute to platelet 
destruction and removal of platelets from the circula-
tion [48], as we have previously discussed in relation to 
the inverse association of BMI with PLT in UK Biobank 
men [10]. The positive interaction of MPV with BMI, 
on the other hand, is likely related to oestrogens, which 
are generated peripherally by adipose tissue aromatase 
[49], and are higher in obese UK Biobank men [24]. In 
accordance, oestrogens contribute to lung cancer devel-
opment and progression [50], including in never smok-
ers [51], and polymorphisms in the aromatase gene are 
associated with higher lung cancer risk [52]. Support-
ing a link of high-MPV with oestrogens, MPV is higher 
in women compared to men [53], oestrogen contain-
ing HRT increases MPV [54], tamoxifen (an oestrogen 
receptor modulator with oestrogenic effects outside the 
breast) also increases MPV [55], and oestradiol (either 

synthesised within megakaryocytes or extracellular) 
stimulates the formation of proplatelets, which are larger 
than mature platelets [56]. In addition, oestradiol can 
induce platelet aggregation via oestrogen receptor beta in 
men and may thus facilitate platelet action [57].

The associations of platelet parameters with lung can-
cer risk and their interactions with obesity showed sex 
differences, as previously did the associations of platelet 
parameters with obesity in UK Biobank [10]. This may 
be explained by the already higher PLT and higher plate-
let reactivity in women [58], which may limit additional 
influences from variations in PLT and MPV. Female sex 
and oestrogens also appear protective against NAFLD 
related fibrosis [59] and thrombopoietin levels are higher 
in obese women [60], potentially resulting in stimulated 
thrombopoiesis, which would explain the positive asso-
ciation of BMI with PLT [10] and may be preventing an 
inverse interaction of PLT with obesity in UK Biobank 
women.

Despite the detailed adjustment for smoking status and 
intensity, some residual confounding from smoking may 
have remained in the positive association of PLT with 
lung cancer risk, as PLT is higher in smokers [26]. We did 
not find, however, evidence for heterogeneity of the posi-
tive association with PLT between smoking status cat-
egories, although lung cancer cases were fewer in never 
smokers and power was limited, especially for men. The 
inverse association with MPV, on the other hand, could 
not reflect residual confounding from smoking because 
smoking is associated with higher MPV [26]. While oes-
trogens contribute to higher MPV and higher lung can-
cer risk, as outlined above, tobacco smoke components 
contribute to oestrogen inactivation [61], which may 
explain why the inverse association of MPV with lung 
cancer risk was relevant specifically to current smokers, 
with large MPV potentially reflecting platelet immatu-
rity rather than platelet activation at lower oestrogen 
levels. Although smoking is associated with higher PDW 
[26], the positive association with PDW is less likely to 
be influenced by residual confounding from smoking, 
because it was not observed in current smokers, possibly 
because the PDW-related pathways are already activated 
in current smokers.

Although there is interest in using aspirin for lung 
cancer prevention [62], it would be hard to separate in 
observational settings aspirin use from the conditions 
requiring aspirin use. Thus, lung cancer risk was higher 
in antiaggregant/anticoagulant users in our study, which 
is compatible with higher lung cancer risk described for 
cardiovascular conditions [63, 64]. Therefore, the attenu-
ation of the associations and interactions with PLT and 
MPV in antiaggregant/anticoagulant users most likely 
corresponds to already higher platelet activity in this 
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group, with little possibility left for further influence of 
variations in PLT and MPV. On the other hand, PDW 
was associated positively with lung cancer risk only in 
antiaggregant/anticoagulant users and may thus reflect 
the extent of platelet activation in this group. Although 
our study cannot answer the question whether aspirin 
use modifies lung cancer risk, we have shown modifica-
tion of the associations of platelet parameters with lung 
cancer risk by obesity related factors, at least in men, 
which supports the possibility for modifying lung cancer 
risk by modifying PLT and platelet action.

A major strength of our study is the prospective cohort 
design with available platelet measurements and a sizable 
number of incident lung cancer cases, which permitted 
examining cross-classifications. Anthropometric meas-
urements, performed by trained personnel and according 
to standardised protocols, avoided bias from self-report-
ing. Information for major lifestyle factors (including 
smoking intensity and time since quit) and drug use per-
mitted adjustment and minimisation of confounding.

A clear limitation of our study is the lack of informa-
tion about platelet activation or about blood clotting fac-
tors, so we were unable to assess platelet function and 
thrombosis. We were also unable to examine throm-
bopoiesis and platelet maturity. Our project did not have 
access to the information for air pollution available in UK 
Biobank, as examining this was beyond the scope of our 
project but merits investigation in future studies because 
air pollution is associated with platelet activation [65], as 
well as with higher risk of lung cancer [66]. Some residual 
confounding from smoking is possible for the positive 
association with PLT, as smoking was the most influ-
ential covariate. The number of lung cancer cases was 
insufficient to assess differences in the interaction pat-
terns between lung cancer subtypes, although no major 
differences have been reported for the positive asso-
ciations with PLT between lung cancer subtypes [5, 30]. 
Exposures and confounders were measured only once, at 
cohort recruitment, so changes during follow-up could 
not be accounted for. UK Biobank participants have 
healthier lifestyle compared to the general population 
[67] and mainly have white ethnic background, prevent-
ing investigation of ethnic differences. Last, the reported 
associations may not be causal, due to the observational 
nature of the study.

Conclusions
In men, PLT was associated positively and MPV inversely 
with lung cancer risk and obesity appeared to hinder 
these associations, possibly via platelet destruction due 
to obesity related liver fibrosis for PLT and via oestrogen 
related platelet activation for MPV. In women, only PLT 

was associated positively with lung cancer risk, with little 
evidence for interaction with obesity.

Abbreviations
BMI  Body mass index
CI  Confidence interval
HR  Hazard ratio
HRT  Hormone replacement therapy
ICD10  10Th revision of the International Statistical Classification of Diseases
MPV  Mean platelet volume
PDW  Platelet distribution width
PLT  Platelet count
SD  Standard deviation
UK  United Kingdom

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12931- 023- 02561-9.

Additional file 1:  Table S1. Flow chart of study participants. Table S2. 
Characteristics of study participants.

Acknowledgements
This research has been conducted using the UK Biobank Resource under 
Application number 41952 (https:// www. ukbio bank. ac. uk/ about- bioba nk- uk/).

Author contributions
S.C., E.R., and K.K.T. conceived and designed the study. K.K.T. and E.E. provided 
statistical advice. S.C. led the research and performed the statistical analysis. 
S.C. had full access to all of the data in this study and takes responsibility for 
the integrity of the data and the accuracy of the data analysis. S.C. drafted the 
paper with contributions from E.R., K.K.T, and E.E. All authors: S.C., K.K.T., E.E., 
and E.R. were involved in the interpretation of the results and the critical revi-
sions of the paper. All authors have read and approved the manuscript.

Funding
This work was supported by the National Institute for Health Research (NIHR) 
Imperial Biomedical Research Centre (BRC), which provided infrastructure 
support for the Department of Epidemiology and Biostatistics at Imperial 
College London (UK). The funder had no role in the design and conduct of the 
study, the collection, analysis, and interpretation of the data, or the prepara-
tion, review, and approval of the manuscript, or in the decision to submit the 
manuscript for publication.

Availability of data and materials
The dataset analysed in the current study was used under license and cannot 
be made freely available in a public repository or obtained from the authors 
due to restrictions related to privacy regulations and informed consent of 
the participants. Access to the data, however, can be obtained by bona fide 
researchers from UK Biobank, subject to approval of the research project and 
a material transfer agreement. For information on how to gain access to UK 
Biobank data, please follow the instructions at https:// www. ukbio bank. ac. uk/ 
enable- your- resea rch. Further queries related to the data could be addressed 
to the corresponding author Dr Sofia Christakoudi: s.christakoudi@imperial.
ac.uk.

Declarations

Ethics approval and consent to participate
This research was conducted according to the principles expressed in the 
Declaration of Helsinki. The UK Biobank cohort has been approved by the 
North West Multicenter Research Ethics Committee, UK (Ref: 16/NW/0274). 
Written informed consent has been obtained from all study participants. The 
current study was approved by the UK Biobank access management board. 
Participants who had withdrawn consent by the time of the analysis were 
excluded from the analysis dataset.

https://doi.org/10.1186/s12931-023-02561-9
https://doi.org/10.1186/s12931-023-02561-9
https://www.ukbiobank.ac.uk/about-biobank-uk/
https://www.ukbiobank.ac.uk/enable-your-research
https://www.ukbiobank.ac.uk/enable-your-research


Page 11 of 12Christakoudi et al. Respiratory Research          (2023) 24:249  

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Epidemiology and Biostatistics, School of Public Health, 
Imperial College London, St Mary’s Campus, Norfolk Place, London W2 1PG, 
UK. 2 Department of Inflammation Biology, School of Immunology and Micro-
bial Sciences, King’s College London, London, UK. 3 Department of Hygiene 
and Epidemiology, University of Ioannina School of Medicine, Ioannina, 
Greece. 

Received: 5 June 2023   Accepted: 10 October 2023

References
 1. Contursi A, Grande R, Dovizio M, Bruno A, Fullone R, Patrignani P. 

Platelets in cancer development and diagnosis. Biochem Soc Trans. 
2018;46(6):1517–27. https:// doi. org/ 10. 1042/ bst20 180159.

 2. Dyba T, Randi G, Bray F, Martos C, Giusti F, Nicholson N, et al. The Euro-
pean cancer burden in 2020: Incidence and mortality estimates for 40 
countries and 25 major cancers. Eur J Cancer. 2021;157:308–47. https:// 
doi. org/ 10. 1016/j. ejca. 2021. 07. 039.

 3. Lefrançais E, Ortiz-Muñoz G, Caudrillier A, Mallavia B, Liu F, Sayah DM, et al. 
The lung is a site of platelet biogenesis and a reservoir for haematopoi-
etic progenitors. Nature. 2017;544(7648):105–9. https:// doi. org/ 10. 1038/ 
natur e21706.

 4. Bailey SE, Ukoumunne OC, Shephard EA, Hamilton W. Clinical relevance 
of thrombocytosis in primary care: a prospective cohort study of cancer 
incidence using English electronic medical records and cancer registry 
data. Br J Gen Pract. 2017;67(659):e405–13. https:// doi. org/ 10. 3399/ bjgp1 
7X691 109.

 5. Barlow M, Hamilton W, Ukoumunne OC, Bailey SER. The association 
between thrombocytosis and subtype of lung cancer: a systematic 
review and meta-analysis. Transl Cancer Res. 2021;10(3):1249–60. https:// 
doi. org/ 10. 21037/ tcr- 20- 3287.

 6. Giannakeas V, Kotsopoulos J, Cheung MC, Rosella L, Brooks JD, Lipscombe 
L, et al. Analysis of platelet count and new cancer diagnosis over a 
10-year period. JAMA Netw Open. 2022;5(1): e2141633. https:// doi. org/ 
10. 1001/ jaman etwor kopen. 2021. 41633.

 7. Mi Y, Yan S, Lu Y, Liang Y, Li C. Venous thromboembolism has the same risk 
factors as atherosclerosis: a PRISMA-compliant systemic review and meta-
analysis. Medicine. 2016;95(32): e4495. https:// doi. org/ 10. 1097/ md. 00000 
00000 004495.

 8. Bhaskaran K, Douglas I, Forbes H, dos-Santos-Silva I, Leon DA, Smeeth 
L. Body-mass index and risk of 22 specific cancers: a population-based 
cohort study of 5·24 million UK adults. Lancet. 2014;384(9945):755–65. 
https:// doi. org/ 10. 1016/ s0140- 6736(14) 60892-8.

 9. Kyrgiou M, Kalliala I, Markozannes G, Gunter MJ, Paraskevaidis E, Gabra H, 
et al. Adiposity and cancer at major anatomical sites: umbrella review of 
the literature. BMJ. 2017;356: j477. https:// doi. org/ 10. 1136/ bmj. j477.

 10. Christakoudi S, Tsilidis KK, Evangelou E, Riboli E. Sex differences in the 
associations of body size and body shape with platelets in the UK 
Biobank cohort. Biol Sex Differ. 2023;14(1):12. https:// doi. org/ 10. 1186/ 
s13293- 023- 00494-y.

 11. Chu SG, Becker RC, Berger PB, Bhatt DL, Eikelboom JW, Konkle B, et al. 
Mean platelet volume as a predictor of cardiovascular risk: a systematic 
review and meta-analysis. J Thromb Haemost. 2010;8(1):148–56. https:// 
doi. org/ 10. 1111/j. 1538- 7836. 2009. 03584.x.

 12. Izzi B, Gialluisi A, Gianfagna F, Orlandi S, De Curtis A, Magnacca S, et al. 
Platelet distribution width is associated with P-selectin dependent plate-
let function: results from the Moli-family cohort study. Cells. 2021. https:// 
doi. org/ 10. 3390/ cells 10102 737.

 13. Kemble S, Dalby A, Lowe GC, Nicolson PLR, Watson SP, Senis Y, et al. 
Analysis of preplatelets and their barbell platelet derivatives by imaging 

flow cytometry. Blood Adv. 2022;6(9):2932–46. https:// doi. org/ 10. 1182/ 
blood advan ces. 20210 06073.

 14. Detopoulou P, Panoutsopoulos GI, Mantoglou M, Michailidis P, Pantazi 
I, Papadopoulos S, et al. Relation of mean platelet volume (MPV) with 
cancer: a systematic review with a focus on disease outcome on twelve 
types of cancer. Curr Oncol. 2023;30(3):3391–420. https:// doi. org/ 10. 
3390/ curro ncol3 00302 58.

 15. Oncel M, Kiyici A, Oncel M, Sunam GS, Sahin E, Adam B. Evaluation 
of platelet indices in lung cancer patients. Asian Pac J Cancer Prev. 
2015;16(17):7599–602. https:// doi. org/ 10. 7314/ apjcp. 2015. 16. 17. 7599.

 16. Sudlow C, Gallacher J, Allen N, Beral V, Burton P, Danesh J, et al. UK 
biobank: an open access resource for identifying the causes of a wide 
range of complex diseases of middle and old age. PLoS Med. 2015;12(3): 
e1001779. https:// doi. org/ 10. 1371/ journ al. pmed. 10017 79.

 17. Christakoudi S, Tsilidis KK, Evangelou E, Riboli E. A Body Shape Index 
(ABSI), hip index, and risk of cancer in the UK Biobank cohort. Cancer 
Med. 2021;10(16):5614–28. https:// doi. org/ 10. 1002/ cam4. 4097.

 18. UK Biobank Haematology Data Companion Document; 24 October 
2017. https:// bioba nk. ndph. ox. ac. uk/ ukb/ ukb/ docs/ haema tology. pdf . 
Accessed 27 Apr 2023.

 19. UK Biobank Coordinating Centre; UK Biobank: Protocol for a large-scale 
prospective epidemiological resource. Protocol No: UKBB-PROT-09–06 
(Main Phase); 21 March 2007 (AMENDMENT ONE FINAL). https:// www. 
ukbio bank. ac. uk/ media/ gnkey h2q/ study- ratio nale. pdf . Accessed 27 Apr 
2023.

 20. Lunn M, McNeil D. Applying Cox regression to competing risks. Biomet-
rics. 1995;51(2):524–32.

 21. Li R, Chambless L. Test for additive interaction in proportional hazards 
models. Ann Epidemiol. 2007;17(3):227–36. https:// doi. org/ 10. 1016/j. 
annep idem. 2006. 10. 009.

 22. nlcom—Nonlinear combinations of estimators. https:// www. stata. com/ 
manua ls/ rnlcom. pdf. Accessed 27 Apr 2023.

 23. R Core Team. R: A language and environment for statistical computing. 
R Foundation for Statistical Computing, Vienna, Austria. 2022. https:// 
www.r- proje ct. org. Accessed 27 Apr 2023.

 24. Christakoudi S, Riboli E, Evangelou E, Tsilidis KK. Associations of body 
shape phenotypes with sex steroids and their binding proteins in the 
UK Biobank cohort. Sci Rep. 2022;12(1):10774. https:// doi. org/ 10. 1038/ 
s41598- 022- 14439-9.

 25. Christakoudi S, Riboli E, Evangelou E, Tsilidis KK. Associations of body 
shape index (ABSI) and hip index with liver, metabolic, and inflammatory 
biomarkers in the UK Biobank cohort. Sci Rep. 2022;12(1):8812. https:// 
doi. org/ 10. 1038/ s41598- 022- 12284-4.

 26. Pujani M, Chauhan V, Singh K, Rastogi S, Agarwal C, Gera K. The effect 
and correlation of smoking with platelet indices, neutrophil lympho-
cyte ratio and platelet lymphocyte ratio. Hematol Transfus Cell Ther. 
2021;43(4):424–9. https:// doi. org/ 10. 1016/j. htct. 2020. 07. 006.

 27. Mounce LT, Hamilton W, Bailey SE. Cancer incidence following a high-
normal platelet count: cohort study using electronic healthcare records 
from English primary care. Br J Gen Pract. 2020;70(698):e622–8. https:// 
doi. org/ 10. 3399/ bjgp2 0X710 957.

 28. Sharma R. Mapping of global, regional and national incidence, 
mortality and mortality-to-incidence ratio of lung cancer in 2020 and 
2050. Int J Clin Oncol. 2022;27(4):665–75. https:// doi. org/ 10. 1007/ 
s10147- 021- 02108-2.

 29. Johnson AD. The genetics of common variation affecting platelet devel-
opment, function and pharmaceutical targeting. J Thromb Haemost. 
2011;9(Suppl 1):246–57. https:// doi. org/ 10. 1111/j. 1538- 7836. 2011. 
04359.x.

 30. Zhu Y, Wei Y, Zhang R, Dong X, Shen S, Zhao Y, et al. Elevated platelet 
count appears to be causally associated with increased risk of lung can-
cer: a mendelian randomization analysis. Cancer Epidemiol Biomarkers 
Prev. 2019;28(5):935–42. https:// doi. org/ 10. 1158/ 1055- 9965. epi- 18- 0356.

 31. Inagaki N, Kibata K, Tamaki T, Shimizu T, Nomura S. Prognostic impact 
of the mean platelet volume/platelet count ratio in terms of survival in 
advanced non-small cell lung cancer. Lung Cancer. 2014;83(1):97–101. 
https:// doi. org/ 10. 1016/j. lungc an. 2013. 08. 020.

 32. Sakin A, Secmeler S, Arici S, Geredeli C, Yasar N, Demir C, et al. Prognostic 
significance of mean platelet volume on local advanced non-small cell 
lung cancer managed with chemoradiotherapy. Sci Rep. 2019;9(1):3959. 
https:// doi. org/ 10. 1038/ s41598- 019- 40589-4.

https://doi.org/10.1042/bst20180159
https://doi.org/10.1016/j.ejca.2021.07.039
https://doi.org/10.1016/j.ejca.2021.07.039
https://doi.org/10.1038/nature21706
https://doi.org/10.1038/nature21706
https://doi.org/10.3399/bjgp17X691109
https://doi.org/10.3399/bjgp17X691109
https://doi.org/10.21037/tcr-20-3287
https://doi.org/10.21037/tcr-20-3287
https://doi.org/10.1001/jamanetworkopen.2021.41633
https://doi.org/10.1001/jamanetworkopen.2021.41633
https://doi.org/10.1097/md.0000000000004495
https://doi.org/10.1097/md.0000000000004495
https://doi.org/10.1016/s0140-6736(14)60892-8
https://doi.org/10.1136/bmj.j477
https://doi.org/10.1186/s13293-023-00494-y
https://doi.org/10.1186/s13293-023-00494-y
https://doi.org/10.1111/j.1538-7836.2009.03584.x
https://doi.org/10.1111/j.1538-7836.2009.03584.x
https://doi.org/10.3390/cells10102737
https://doi.org/10.3390/cells10102737
https://doi.org/10.1182/bloodadvances.2021006073
https://doi.org/10.1182/bloodadvances.2021006073
https://doi.org/10.3390/curroncol30030258
https://doi.org/10.3390/curroncol30030258
https://doi.org/10.7314/apjcp.2015.16.17.7599
https://doi.org/10.1371/journal.pmed.1001779
https://doi.org/10.1002/cam4.4097
https://biobank.ndph.ox.ac.uk/ukb/ukb/docs/haematology.pdf
https://www.ukbiobank.ac.uk/media/gnkeyh2q/study-rationale.pdf
https://www.ukbiobank.ac.uk/media/gnkeyh2q/study-rationale.pdf
https://doi.org/10.1016/j.annepidem.2006.10.009
https://doi.org/10.1016/j.annepidem.2006.10.009
https://www.stata.com/manuals/rnlcom.pdf
https://www.stata.com/manuals/rnlcom.pdf
https://www.r-project.org
https://www.r-project.org
https://doi.org/10.1038/s41598-022-14439-9
https://doi.org/10.1038/s41598-022-14439-9
https://doi.org/10.1038/s41598-022-12284-4
https://doi.org/10.1038/s41598-022-12284-4
https://doi.org/10.1016/j.htct.2020.07.006
https://doi.org/10.3399/bjgp20X710957
https://doi.org/10.3399/bjgp20X710957
https://doi.org/10.1007/s10147-021-02108-2
https://doi.org/10.1007/s10147-021-02108-2
https://doi.org/10.1111/j.1538-7836.2011.04359.x
https://doi.org/10.1111/j.1538-7836.2011.04359.x
https://doi.org/10.1158/1055-9965.epi-18-0356
https://doi.org/10.1016/j.lungcan.2013.08.020
https://doi.org/10.1038/s41598-019-40589-4


Page 12 of 12Christakoudi et al. Respiratory Research          (2023) 24:249 

 33. Kharel S, Shrestha S, Shakya P, Rawat R, Shilpakar R. Prognostic signifi-
cance of mean platelet volume in patients with lung cancer: a meta-
analysis. J Int Med Res. 2022;50(3):3000605221084874. https:// doi. org/ 10. 
1177/ 03000 60522 10848 74.

 34. Dib PRB, Quirino-Teixeira AC, Merij LB, Pinheiro MBM, Rozini SV, Andrade 
FB, et al. Innate immune receptors in platelets and platelet-leukocyte 
interactions. J Leukoc Biol. 2020;108(4):1157–82. https:// doi. org/ 10. 1002/ 
jlb. 4mr06 20- 701r.

 35. Zhou Z, Chen H, Ju H, Sun M, Jin H. Platelet indices in patients with 
chronic inflammatory arthritis: a systematic review and meta-analysis. 
Platelets. 2020;31(7):834–44. https:// doi. org/ 10. 1080/ 09537 104. 2019. 
17047 14.

 36. Zinellu A, Paliogiannis P, Sotgiu E, Mellino S, Fois AG, Carru C, et al. Platelet 
count and platelet indices in patients with stable and acute exacerba-
tion of chronic obstructive pulmonary disease: a systematic review and 
meta-analysis. COPD. 2021;18(2):231–45. https:// doi. org/ 10. 1080/ 15412 
555. 2021. 18985 78.

 37. Brenner DR, Fanidi A, Grankvist K, Muller DC, Brennan P, Manjer J, et al. 
Inflammatory cytokines and lung cancer risk in 3 prospective studies. Am 
J Epidemiol. 2017;185(2):86–95. https:// doi. org/ 10. 1093/ aje/ kww159.

 38. Pine SR, Mechanic LE, Enewold L, Chaturvedi AK, Katki HA, Zheng YL, 
et al. Increased levels of circulating interleukin 6, interleukin 8, C-reactive 
protein, and risk of lung cancer. J Natl Cancer Inst. 2011;103(14):1112–22. 
https:// doi. org/ 10. 1093/ jnci/ djr216.

 39. Shiels MS, Shu XO, Chaturvedi AK, Gao YT, Xiang YB, Cai Q, et al. A 
prospective study of immune and inflammation markers and risk of 
lung cancer among female never smokers in Shanghai. Carcinogenesis. 
2017;38(10):1004–10. https:// doi. org/ 10. 1093/ carcin/ bgx075.

 40. Palacios-Acedo AL, Mège D, Crescence L, Dignat-George F, Dubois C, 
Panicot-Dubois L. Platelets, thrombo-inflammation, and cancer: collabo-
rating with the enemy. Front Immunol. 2019;10:1805. https:// doi. org/ 10. 
3389/ fimmu. 2019. 01805.

 41. Tyagi T, Jain K, Yarovinsky TO, Chiorazzi M, Du J, Castro C, et al. Platelet-
derived TLT-1 promotes tumor progression by suppressing CD8+ T cells. J 
Exp Med. 2023. https:// doi. org/ 10. 1084/ jem. 20212 218.

 42. Poulter NS, Thomas SG. Cytoskeletal regulation of platelet formation: 
coordination of F-actin and microtubules. Int J Biochem Cell Biol. 
2015;66:69–74. https:// doi. org/ 10. 1016/j. biocel. 2015. 07. 008.

 43. Mangalpally KK, Siqueiros-Garcia A, Vaduganathan M, Dong JF, Kleiman 
NS, Guthikonda S. Platelet activation patterns in platelet size sub-popu-
lations: differential responses to aspirin in vitro. J Thromb Thrombolysis. 
2010;30(3):251–62. https:// doi. org/ 10. 1007/ s11239- 010- 0489-x.

 44. Bodrova VV, Shustova ON, Khaspekova SG, Mazurov AV. Platelet 
reticulated forms, size indexes and functional activity. Interact Healthy 
Volunteers Platelets. 2022;33(3):398–403. https:// doi. org/ 10. 1080/ 09537 
104. 2021. 19226 59.

 45. Vagdatli E, Gounari E, Lazaridou E, Katsibourlia E, Tsikopoulou F, Labrianou 
I. Platelet distribution width: a simple, practical and specific marker of 
activation of coagulation. Hippokratia. 2010;14(1):28–32.

 46. Izzi B, Gianfagna F, Yang WY, Cludts K, De Curtis A, Verhamme P, et al. 
Variation of PEAR1 DNA methylation influences platelet and leuko-
cyte function. Clin Epigenet. 2019;11(1):151. https:// doi. org/ 10. 1186/ 
s13148- 019- 0744-8.

 47. Engin A. Non-alcoholic fatty liver disease. Adv Exp Med Biol. 
2017;960:443–67. https:// doi. org/ 10. 1007/ 978-3- 319- 48382-5_ 19.

 48. Gotlieb N, Schwartz N, Zelber-Sagi S, Chodick G, Shalev V, Shibolet O. 
Longitudinal decrease in platelet counts as a surrogate marker of liver 
fibrosis. World J Gastroenterol. 2020;26(38):5849–62. https:// doi. org/ 10. 
3748/ wjg. v26. i38. 5849.

 49. Wake DJ, Strand M, Rask E, Westerbacka J, Livingstone DE, Soderberg 
S, et al. Intra-adipose sex steroid metabolism and body fat distribution 
in idiopathic human obesity. Clin Endocrinol (Oxf ). 2007;66(3):440–6. 
https:// doi. org/ 10. 1111/j. 1365- 2265. 2007. 02755.x.

 50. Hsu LH, Chu NM, Kao SH. Estrogen, estrogen receptor and lung cancer. 
Int J Mol Sci. 2017. https:// doi. org/ 10. 3390/ ijms1 80817 13.

 51. Akhtar N, Bansal JG. Risk factors of lung cancer in nonsmoker. Curr Probl 
Cancer. 2017;41(5):328–39. https:// doi. org/ 10. 1016/j. currp roblc ancer. 
2017. 07. 002.

 52. Zhang J, Yin Y, Niu XM, Liu Y, Garfield D, Chen SF, et al. CYP19A1 gene 
polymorphisms and risk of lung cancer. J Int Med Res. 2013;41(3):735–42. 
https:// doi. org/ 10. 1177/ 03000 60513 477291.

 53. Ali U, Gibbs R, Knight G, Tsitsikas D. Sex-divided reference intervals for 
mean platelet volume, platelet large cell ratio and plateletcrit using the 
Sysmex XN-10 automated haematology analyzer in a UK population. 
Hematol Transfus Cell Ther. 2019;41(2):153–7. https:// doi. org/ 10. 1016/j. 
htct. 2018. 09. 005.

 54. Ranganath LR, Christofides J, Semple MJ. Increased mean platelet volume 
after oestrogen replacement therapy. Ann Clin Biochem. 1996;33(Pt 
6):555–60. https:// doi. org/ 10. 1177/ 00045 63296 03300 612.

 55. Karagöz B, Bilgi O, Alacacioğlu A, Ozgün A, Sayan O, Erikçi AA, et al. Mean 
platelet volume increase after tamoxifen, but not after anastrazole in 
adjuvant therapy of breast cancer. Med Oncol. 2010;27(2):199–202. 
https:// doi. org/ 10. 1007/ s12032- 009- 9191-2.

 56. Nagata Y, Yoshikawa J, Hashimoto A, Yamamoto M, Payne AH, Todokoro 
K. Proplatelet formation of megakaryocytes is triggered by autocrine-
synthesized estradiol. Genes Dev. 2003;17(23):2864–9. https:// doi. org/ 10. 
1101/ gad. 11280 03.

 57. Moro L, Reineri S, Piranda D, Pietrapiana D, Lova P, Bertoni A, et al. 
Nongenomic effects of 17beta-estradiol in human platelets: potentia-
tion of thrombin-induced aggregation through estrogen receptor beta 
and Src kinase. Blood. 2005;105(1):115–21. https:// doi. org/ 10. 1182/ 
blood- 2003- 11- 3840.

 58. Sabetta A, Lombardi L, Stefanini L. Sex differences at the platelet-vascular 
interface. Intern Emerg Med. 2022;17(5):1267–76. https:// doi. org/ 10. 
1007/ s11739- 022- 02994-y.

 59. Ballestri S, Nascimbeni F, Baldelli E, Marrazzo A, Romagnoli D, Lonardo A. 
NAFLD as a sexual dimorphic disease: role of gender and reproductive 
status in the development and progression of nonalcoholic fatty liver 
disease and inherent cardiovascular risk. Adv Ther. 2017;34(6):1291–326. 
https:// doi. org/ 10. 1007/ s12325- 017- 0556-1.

 60. Maury E, Brichard SM, Pataky Z, Carpentier A, Golay A, Bobbioni-Harsch E. 
Effect of obesity on growth-related oncogene factor-alpha, thrombopoi-
etin, and tissue inhibitor metalloproteinase-1 serum levels. Obesity (Silver 
Spring). 2010;18(8):1503–9. https:// doi. org/ 10. 1038/ oby. 2009. 464.

 61. Marom-Haham L, Shulman A. Cigarette smoking and hormones. Curr 
Opin Obstet Gynecol. 2016;28(4):230–5. https:// doi. org/ 10. 1097/ gco. 
00000 00000 000283.

 62. Stabile LP, Farooqui M, Kanterewicz B, Abberbock S, Kurland BF, Dier-
gaarde B, et al. Preclinical evidence for combined use of aromatase inhibi-
tors and NSAIDs as preventive agents of tobacco-induced lung cancer. J 
Thorac Oncol. 2018;13(3):399–412. https:// doi. org/ 10. 1016/j. jtho. 2017. 11. 
126.

 63. Hatlen P, Langhammer A, Carlsen SM, Salvesen Ø, Amundsen T. Self-
reported cardiovascular disease and the risk of lung cancer, the HUNT 
study. J Thorac Oncol. 2014;9(7):940–6. https:// doi. org/ 10. 1097/ jto. 00000 
00000 000180.

 64. Wang C, Lu D, Cronin-Fenton D, Huang C, Liew Z, Wei D, et al. Cardio-
vascular disease and risk of lung cancer incidence and mortality: a 
nationwide matched cohort study. Front Oncol. 2022;12: 950971. https:// 
doi. org/ 10. 3389/ fonc. 2022. 950971.

 65. Gonzalez-Villalva A, Bizarro-Nevares P, Rojas-Lemus M, Ustarroz-Cano 
M, López-Valdez N, García-Peláez I, et al. A brief review of the biology of 
megakaryocytes and platelets and their role in thrombosis associated 
with particulate air pollution. Toxicol Ind Health. 2021;37(3):164–72. 
https:// doi. org/ 10. 1177/ 07482 33720 986352.

 66. Huang Y, Zhu M, Ji M, Fan J, Xie J, Wei X, et al. Air pollution, genetic fac-
tors, and the risk of lung cancer: a prospective study in the UK Biobank. 
Am J Respir Crit Care Med. 2021;204(7):817–25. https:// doi. org/ 10. 1164/ 
rccm. 202011- 4063OC.

 67. Fry A, Littlejohns TJ, Sudlow C, Doherty N, Adamska L, Sprosen T, et al. 
Comparison of sociodemographic and health-related characteristics 
of UK Biobank participants with those of the general population. Am J 
Epidemiol. 2017;186(9):1026–34. https:// doi. org/ 10. 1093/ aje/ kwx246.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1177/03000605221084874
https://doi.org/10.1177/03000605221084874
https://doi.org/10.1002/jlb.4mr0620-701r
https://doi.org/10.1002/jlb.4mr0620-701r
https://doi.org/10.1080/09537104.2019.1704714
https://doi.org/10.1080/09537104.2019.1704714
https://doi.org/10.1080/15412555.2021.1898578
https://doi.org/10.1080/15412555.2021.1898578
https://doi.org/10.1093/aje/kww159
https://doi.org/10.1093/jnci/djr216
https://doi.org/10.1093/carcin/bgx075
https://doi.org/10.3389/fimmu.2019.01805
https://doi.org/10.3389/fimmu.2019.01805
https://doi.org/10.1084/jem.20212218
https://doi.org/10.1016/j.biocel.2015.07.008
https://doi.org/10.1007/s11239-010-0489-x
https://doi.org/10.1080/09537104.2021.1922659
https://doi.org/10.1080/09537104.2021.1922659
https://doi.org/10.1186/s13148-019-0744-8
https://doi.org/10.1186/s13148-019-0744-8
https://doi.org/10.1007/978-3-319-48382-5_19
https://doi.org/10.3748/wjg.v26.i38.5849
https://doi.org/10.3748/wjg.v26.i38.5849
https://doi.org/10.1111/j.1365-2265.2007.02755.x
https://doi.org/10.3390/ijms18081713
https://doi.org/10.1016/j.currproblcancer.2017.07.002
https://doi.org/10.1016/j.currproblcancer.2017.07.002
https://doi.org/10.1177/0300060513477291
https://doi.org/10.1016/j.htct.2018.09.005
https://doi.org/10.1016/j.htct.2018.09.005
https://doi.org/10.1177/000456329603300612
https://doi.org/10.1007/s12032-009-9191-2
https://doi.org/10.1101/gad.1128003
https://doi.org/10.1101/gad.1128003
https://doi.org/10.1182/blood-2003-11-3840
https://doi.org/10.1182/blood-2003-11-3840
https://doi.org/10.1007/s11739-022-02994-y
https://doi.org/10.1007/s11739-022-02994-y
https://doi.org/10.1007/s12325-017-0556-1
https://doi.org/10.1038/oby.2009.464
https://doi.org/10.1097/gco.0000000000000283
https://doi.org/10.1097/gco.0000000000000283
https://doi.org/10.1016/j.jtho.2017.11.126
https://doi.org/10.1016/j.jtho.2017.11.126
https://doi.org/10.1097/jto.0000000000000180
https://doi.org/10.1097/jto.0000000000000180
https://doi.org/10.3389/fonc.2022.950971
https://doi.org/10.3389/fonc.2022.950971
https://doi.org/10.1177/0748233720986352
https://doi.org/10.1164/rccm.202011-4063OC
https://doi.org/10.1164/rccm.202011-4063OC
https://doi.org/10.1093/aje/kwx246

	Interactions of platelets with obesity in relation to lung cancer risk in the UK Biobank cohort
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study population
	Lung cancer ascertainment
	Platelet and anthropometric measurements
	Analytical approach
	Statistical models
	Sensitivity analyses

	Results
	Cohort characteristics
	Associations of platelet parameters with lung cancer risk
	Interactions of platelet parameters with obesity
	Sensitivity analyses

	Discussion
	Conclusions
	Anchor 22
	Acknowledgements
	References


