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Abstract
Background  White cell count (WCC) is a clinical marker 
of inflammation. Data are limited regarding the association 
of total and differential WCC with risk of mortality, and its 
role related with smoking and body mass index (BMI).
Methods  A total of 14 433 participants (4150 men; 
10 283 women; average age 47.3±11.8 years) from the 
Dutch European Prospective Investigation into Cancer 
and Nutrition-Netherlands cohort were included. The 
associations between prediagnostic total WCC and its 
subtypes and risk of all-cause, cancer and cardiovascular 
disease (CVD) mortality were assessed. The role of WCC 
related with smoking and BMI on mortality was further 
explored. Multivariate Cox regression models were 
performed to estimate the HR and 95% CI.
Results  After an average follow-up of 15.8 years, a 
total of 936 death cases were identified (466 cancer; 
179 CVD; 291 other causes). Statistically significant 
graded associations between total WCC, and counts of 
lymphocytes, monocytes, neutrophils and eosinophils and 
risk of total mortality were observed. These associations 
were more apparent in current smokers. Strong 
associations for all-cause mortality or cancer mortality 
were observed in subjects with BMI ≥25 kg/m2, ever 
smoking and elevated WCC (HR 3.92, 95% CI 2.76 to 
5.57; HR 3.93, 95% CI 2.30 to 6.72). WCC partly mediated 
the associations between smoking or BMI and all-cause 
mortality.
Conclusions  Prediagnostic WCC and its subtypes are 
associated with all-cause, cancer and CVD mortality risk. 
It may play a partially mediate role on the association 
between smoking or obesity and mortality.

Introduction
White cell counts (WCC) include several 
cell types (lymphocytes, monocytes, neutro-
phils, eosinophils and basophils) and are 
widely considered as sensitive biomarkers of 
systemic inflammation. Although quite a few 
studies have found WCC is a good predictor 
of survival in patients with certain clinical 
diagnoses, studies on the association of this 
inexpensive and ubiquitous test with mortality 
in the healthy population are insufficient and 

inconsistent. A number of studies have asso-
ciated WCC with cancer mortality, cardiovas-
cular diseases (CVDs) mortality and all-cause 
mortality especially in elderly population or 
female population with limited sample size,1–6 
leaving inadequate evidence from the general 
population.

A few studies have shown that WCC or 
subtype is an independent predictor of 
mortality after controlling for potential 
confounding, for example, smoking.1 5 7–12 
This conclusion, however, might conflict with 
the fact that the WCC is influenced by many 
factors, such as infection, inflammation, 
smoking and obesity. Cigarette smoking is a 
well-recognised cause of elevated WCC.13 14 
Smokers have higher WCC than non-smokers, 
and the extent of the increase rises with the 
number of cigarettes smoked.15 Obesity, an 
important risk factor for the development 
of CVD such as hypertension, diabetes and 
dyslipidaemia, is also associated with substan-
tial increases in WCC.16 17 Therefore, the asso-
ciation of WCC or subtype on mortality might 
be mediated by smoking or obesity, however, a 
few studies have investigated whether WCC or 
subtype played a mediate role on the pathway 

Strengths and limitations of this study

►► It is large prospective cohort study with a long 
follow-up period.

►► Blood samples were collected at baseline and mea-
sured with standardised approaches.

►► Other information, including smoking, physical ac-
tivity, educational level, alcohol consumption and 
anthropometric variables, was collected.

►► Only one measurement of white cell count was 
performed.

►► Multiple comparisons were used in the analyses, 
which might produce smaller p values by chance 
and exaggerate type I error.
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from smoking to mortality, or from obesity to mortality, 
or whether the three factors play a joint role on mortality.

Evidence of WCC subtype as a predictor of mortality 
in healthy populations is limited and largely inconsistent. 
Higher neutrophils2 3 or lower lymphocytes3 18 19 were 
associated with increased mortality, but no associations 
were found in other subtype in the same study.3 Several 
studies have shown that monocyte counts have been inde-
pendently associated with all-cause,2 20 CVD2 21 or cancer-
related mortality,2 20 while other studies have reported no 
association.3 22 A U-shaped association of eosinophil count 
with all-cause mortality was reported in a Danish study.23 
Smoking or obesity has been associated with differential 
WCC subtype,24 25 while whether this impacts mortality 
differently is unknown. Due to the differential function 
of WCC subtype in the immune system, more studies on 
mortality of general populations are warranted.

In order to further clarify the role of WCC and its 
subtype on the risk of all-cause, CVD and cancer mortality, 
we initiated an analysis using data from the European 
Prospective Investigation into Cancer and Nutrition-
Netherlands (EPIC-NL), a prospective cohort recruited 
from the generally healthy population in the Nether-
lands.26 Specifically, we gauged the relation of WCC and 
its subtype with smoking and obesity, and further exam-
ined the joint effect of those factors on mortality.

Materials and methods
Study population
This prospective cohort study combines the two Dutch 
cohorts of the EPIC, the EPIC-Medical Ethical Committee 
of TNO Nutrition and Food Research (MORGEN) 
and EPIC-Prospect,27 which were set up simultane-
ously between 1993 and 1997. The EPIC-Prospect study 
includes 17 357 women aged 49–70 years living in Utrecht 
and its vicinity who participated in the nationwide Dutch 
breast cancer screening programme. The EPIC-MORGEN 
cohort consists of 22 654 men and women aged 21–64 
years selected from random samples of the Dutch popu-
lation in three different towns (Doetinchem, Amsterdam, 
Maastricht). At baseline, all participants filled out a 
general questionnaire and a validated food frequency 
questionnaire and underwent a physical examination. All 
participants provided written informed consent before 
study inclusion.

Beginning June 1995, after 19 214 subjects had been 
enrolled, a blood sample was drawn of all subsequent 
subjects for measurement of blood cell count at entry into 
the cohort. For the remaining inclusion period, blood 
cell counts were not available in some cohort partici-
pants. Moreover, valid smoking data were missing for 156 
subjects. With further removal of 253 participants who 
never had followed up, we initially had 15 973 participants 
included in this study. Participants with a baseline history 
of cancer (n=555), stroke and heart diseases (n=397), 
diabetes (n=259) and comorbidity of above two or three 
diseases (n=86) were excluded. Moreover, participants 

with missing values (n=243) were further excluded. A 
total of 14 433 (4150 men and 10 283 women) partici-
pants were included in the present study.

Patient and public involvement
We appreciated all patients who participated in the 
study and contributed their personal information to the 
research. All patients and the public, however, were not 
involved in the design or planning of the study.

Blood collection
The blood sample for measurement of the complete blood 
cell count was drawn in an ethylenediaminetetraacetic 
acid (EDTA) Monovette at entry into the cohort. The 
storage process as well as the analysis of blood samples 
was described previously.13 Total WCC and subtypes, 
including absolute counts of lymphocytes, monocytes, 
neutrophils and eosinophils, were measured using stan-
dard automated clinical methodologies.

Covariates
Information on sex (male, female), age (years) at 
study entry, educational level, smoking habit, alcohol 
consumption and physical activity was obtained by ques-
tionnaire. Educational level was grouped into four cate-
gories: primary school, technical/professional education, 
secondary school and longer education (including univer-
sity). Smoking was defined as never, former (quit smoking 
>20 years ago, quit 10–20 years ago, quit ≤10 years ago) 
and current smoker (1–15, 16–25, >16 cigarettes/day), 
therefore coding included seven categories. Smokers 
were also asked if they were pipe or cigar smoker. Alcohol 
consumption was considered as a continuous variable 
(gram of ethanol/day). Physical activity was categorised 
into four levels: inactive, moderately inactive, moderately 
active or active according to the validated Cambridge 
Physical Activity Index.28 Body mass index (BMI, kg/m2) 
was calculated dividing body weight (kg) by the square 
of the body height (m2), and waist circumferences were 
measured by centimetres.

Outcome assessment
The outcomes of interest were all-cause, cancer and 
CVD mortality. EPIC-NL participants were followed for 
vital status and date of death by regular linkage with the 
municipal registries. Subsequently, causes of death for 
deceased persons were obtained through linkage with 
Statistics Netherlands. Follow-up was complete through 
31 December 2012.

Statistical analyses
Descriptive statistics of baseline characteristics are 
presented for all participants by categories of WCC. Cox 
proportional hazards regression models were used to 
estimate the HR and 95% CI of the associations between 
WCC, its subtypes (lymphocytes, monocytes, neutro-
phils and eosinophils) and all-cause, cancer and CVD 
mortality. Distributions of WCC are shown by tertiles 
(T1=WCC ≤5.7×109/L; T2=WCC >5.7×109/L -<7.2×109/L; 
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T3=WCC ≥7.2×109/L). Categories based on clinical stan-
dard ranges were also considered and analysed. Due to 
limited number in certain categories using clinical stan-
dard range, we only reported results based on tertiles. The 
follow-up of all participants in the cohort started since the 
date of study entry, and censored at the date of death, 
lost to follow-up or 31 December 2012, whichever came 
first. We used attained age as the time scale in the Cox 
regression model. Proportional hazard assumption was 
tested based on Schoenfeld residuals. In some models, 
sex did not meet the assumption. We then set it as a strata 
variable. Cox regression models were stratified by age (set 
as an integer) and sex and were adjusted for potential 
confounders: educational level, smoking habit, alcohol 
consumption, physical activity, BMI and waist circumfer-
ence. Linear trend across tertiles was assessed by model-
ling the median of each tertile as a continuous variable. 
To test for effect modification of WCC and subtypes on 
mortality risk by BMI, waist circumference or smoking, 
we used a likelihood ratio test to compare the model with 
and without interaction terms.

In order to measure the joint effect of BMI, smoking 
and WCC, a new variable was created by combining 
BMI (<25 and ≥25 kg/m2), WCCcategories (≤10, 
>10×109 cells/L, based on clinical standard range) 
and smoking status (no smoking or ever smoking). 
The combined category of normal WCC range (≥4 to 
≤10×109 cells/L) with BMI <25 kg/m2 and never smoking 
was chosen as reference. Analyses of joint effects were 
controlled for age and sex in the basic model (model 1), 
or age, sex, alcohol consumption, physical activity and 
educational level in the second model.

In order to assess if counts of WCC are a mediating 
factor between smoking, or obesity and risk of mortality, 
we performed a mediation analysis based on counterfac-
tual mediation modelling.29–31 Proportion mediated was 
calculated based on indirect effects divided by total effects. 
This method, unfortunately, has not been well developed 
in application to time-to-event data. Therefore, we also 
calculated mediation using the traditional ‘change-in-
estimate’ method.32 33 We calculated the quantification 
of the percentage reduction in estimate (smoking) after 
controlling for the potential mediating factor (WCC).

Two-sided p<0.05 were considered to be statistically 
significant. All statistical analyses were conducted using 
the statistical software package STATA V.12.0 (StataCorp).

Results
Baseline characteristics
A total of 14 433 participants were included in the analysis 
with a mean follow-up of 15.8±2.4 years. There were 936 
total deaths over 228 304 person-years of follow-up. The 
crude cumulative mortality rate was 4.1 per 1000 person-
years. Among total deaths, 466 were due to cancer, 179 
due to CVDs and 291 due to other causes.

Baseline characteristics of the participants by tertile 
of WCC are reported in table  1. Proportions of men 

and women were similar across tertiles of WCC. Partic-
ipants were younger, more obese, less educated, less 
active physical activity and more current smokers in 
the higher tertiles of WCC, while alcohol consumption 
was similar across the tertiles of WCC. Analysis of WCC 
subtypes revealed significantly higher lymphocyte, mono-
cyte, neutrophil and eosinophils levels among all-cause 
and disease-specific mortality cases compared with all 
participants.

Association between total WCC, its subtypes and mortality
The association between WCC, its subtypes and all-cause, 
cancer and CVD mortality is shown in table 2. After multi-
variate adjustment, a statistically significant association 
between total WCC (HRT3vsT1: 1.38, 95% CI 1.17 to 1.64, 
p<0.0001), lymphocytes (HRT3vs T1: 1.21, 95% CI 1.02 to 
1.43, p=0.025), monocytes (HRT3vs T1: 1.22, 95% CI 1.04 to 
1.43, p=0.016), neutrophils (HRT3vs T1: 1.29, 95% CI 1.09 
to 1.52, p=0.002) and eosinophils (HRT3vs T1: 1.25, 95% CI 
1.05 to 1.49, p=0.017) and all-cause mortality risk was 
observed. A significant association was observed between 
total WCC and CVD mortality (HRT3vs T1: 1.53, 95% CI 
1.03 to 2.26, p=0.031), but not cancer mortality (HRT3vs 

T1: 1.13, 95% CI 0.89 to 1.44, p=0.282). The associations 
for subtypes of WCC were not statistically significant for 
cancer and CVD mortality. No significant association was 
found for neutrophil-to-Lymphocyte ratio (NLR) and 
mortality (table 2).

Total WCC, its subtype and mortality by smoking status
Interactions between WCC (or its subtype) and smoking 
status were consistently significant, while no interaction 
was found for WCC and BMI, or waist circumference 
except eosinophils and waist circumference. We further 
stratified the analyses by smoking status (table  3). The 
results showed that total WCC and all WCC subtypes were 
statistically significantly associated with total mortality in 
current smokers, while the associations were attenuated 
or disappeared in never and former smokers. Total WCC 
and lymphocytes were significantly associated with cancer 
mortality risk in current smokers, whereas only total WCC 
was significantly associated with CVD mortality in current 
smokers (data not shown). In former smokers, the NLR 
was positively associated with CVD mortality, but mono-
cytes count was negatively associated with CVD mortality.

Joint effects of BMI, smoking, WCC and mortality
A high WCC BMI in addition to being a current or former 
smoker was strongly and significantly associated with all-
cause and cancer mortality risk, regardless of BMI status 
(table  4). Subjects with BMI <25 kg/m2 who were also 
current or former smokers with normal WCC showed 
an increased risk for all-cause and cancer mortality (HR 
1.55, 95% CI 1.21 to 1.99; HR 2.00, 95% CI 1.37 to 2.92, 
respectively). This association was not strengthened when 
BMI was elevated (HR 1.42, 95% CI 1.11 to 1.80; HR 
1.80, 95% CI 1.25 to 2.60, respectively), but apparently 
enhanced when WCC increases irrespective of level of 
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Table 1  Basic characteristics of cohort participants by tertiles of white cell count (WCC)

WCC

All participants T1 (≤5.7) T2 (5.8–7.1) T3 (≥7.2)

N 14 433 5146 4514 4773

 � Men (%) 4150 28.75 1502 29.19 1316 29.15 1332 27.91

 � Women (%) 10 283 71.25 3644 70.81 3198 70.85 3441 72.09

Age at recruitment (mean±SD) 47.3±11.8 48.1±12.0 47.1±12.0 46.7±11.3

BMI, n (%)

 � <25 kg/m2 7022 48.65 2702 52.51 2113 46.81 2207 46.24

 � ≥25 to <30 kg/m2 5539 38.38 1925 37.41 1784 39.52 1830 38.34

 � ≥30 kg/m2 1872 12.97 519 10.09 617 13.67 736 15.42

Waist size (cm) 85.1 ±11.5 83.6 ±10.7 85.3 ±11.5 86.3 ±12.1

Educational level, n (%)

 � Primary school 1794 12.43 546 10.61 571 12.65 677 14.18

 � Technical/professional 5082 35.21 1760 34.20 1540 34.12 1782 37.34

 � Secondary school 4078 28.25 1439 27.96 1279 28.33 1360 28.49

 � Longer education (inclu. university) 3479 24.10 1401 27.23 1124 24.90 954 19.99

Physical activity, n (%)

Inactive 1015 7.03 249 4.84 306 6.78 460 9.64

 � Moderately inactive 3510 24.32 1206 23.44 1065 23.59 1239 25.96

 � Moderately active 3850 26.67 1420 27.59 1209 26.78 1221 25.58

 � Active 6058 41.97 2271 44.13 1934 42.84 1853 38.82

Smoking habits, n (%)

 � Never 5479 37.96 2462 47.84 1774 39.30 1243 26.04

 � Former 4455 30.87 1889 36.71 1499 33.21 1067 22.35

 � Current 4499 31.17 795 15.45 1241 27.49 2463 51.60

Alcohol intake, gram/day (median, IQR) 5.9 ±16.2 6.1 ±15.1 5.9 ±16.2 5.8 ±18.1

BMI, body mass index.

BMI (in those with BMI <25 hours 3.15, 95% CI 2.07 to 
4.81; HR 2.71, 95% CI 1.37 to 5.38 and in those with BMI 
≥25 HR 3.92, 95% CI 2.76 to 5.57; HR 3.93, 95% CI 2.30 
to 6.72, respectively).

Mediation analysis
Based on the potential causality pathway and previous 
evidence between smoking and WCC or obesity and 
WCC, we tested mediation of WCC between smoking 
(ever smoker vs never smoker) and total mortality, and 
between overweight (BMI >25 vs BMI ≤25 kg/m2) and 
total mortality, when smoking was treated as a primary 
exposure in the model. Using the counterfactual media-
tion modelling, we calculated the total effect, direct effect 
and indirect effect based on Cox regression model and 
linear regression model. The proportion mediated was 
32.7% (95% CI 30.1% to 41.1%) for smoking, and 6.4% 
(95% CI 5.3% to 5.9%) for BMI. Using the ‘change-in-
estimate’ method, the proportion mediated was 27.9% 
(95% CI 19.1% to 49.4%) for smoking and 9.6% (95% CI 
5.5% to 38.3%) for BMI.

Discussion
In this longitudinal study, we found that higher counts of 
total WCC and its subtypes are positively associated with a 
significantly higher risk of all-cause mortality. Highest risk 
of all-cause mortality was observed in ever smokers with 
elevated total WCC and higher BMI. WCC may be one of 
the mediating factors in the association between smoking 
or BMI and all-cause mortality.

Several previous studies have reported that WCC 
was associated with mortality even after adjusting for 
smoking.1 5 7–12 This is not fully consistent with our anal-
ysis in healthy population. In our study, the associa-
tions between total WCC and mortality were attenuated 
when smoking was incorporated into the model. In the 
analysis stratified by smoking status, all cause, CVD and 
cancer mortality were especially stronger in current 
smokers. Current cigarette smoking has been associated 
with increased WCC in many studies.15 34 Our data show 
that current smoking is also strongly related to WCC. 
The existence of low-grade inflammation in smokers 
may trigger the increase of WCC that fights against the 
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inflammation and damage caused by smoking.13 Interest-
ingly, several studies have demonstrated that current ciga-
rette smoking is a reversible cause of elevated WCC and 
quitting of smoking may lead to recovery of WCC.34 35 The 
non-significant results in former smokers in our study 
may further verify this point. Moreover, obesity has been 
defined as a state of chronic low-grade inflammation in 
which leucocytes might be involved.36 Quite a few studies 
have observed increased WCC among subjects with over-
weight or obesity7 22 37 38 suggesting that leucocytes are 
involved in the development of obesity-related comorbid-
ities. Stratified analysis by smoking status and joint effect 
analysis by smoking and BMI status showed apparent 
evidence for effect modification by smoking and BMI. 
The further mediation analyses indicated that WCC or its 
subtype may play in part a mediating role from smoking 
to mortality, or from obesity to mortality. In fact, the 
strongest associations between an increased total WCC 
and all-cause and cancer mortality were observed in ever 
smoking participants with BMI ≥25 kg/m2.

Few studies have investigated the risk associated with 
different WCC subtypes in healthy subjects. Our study 
showed that subtype of WCC was significantly associated 
with all-cause mortality after adjustment for smoking 
(status, intensity and duration), while the associations 
with cancer and CVD mortality were attenuated and 
became non-significant. Most previous studies that have 
evaluated WCC subtype with risk of mortality have been 
conducted in CVD subjects or patients with cancer, and 
few in general populations. Among healthy participants 
at baseline, an Asian cohort study (245 died in 8447 
study subjects) showed an inverse association between 
lymphocyte count and all-cause and cancer mortality, 
while neutrophil and monocyte counts were positively 
associated with CVD mortality.39 The Women’s Health 
and Aging Study (175 died in 624 community-dwelling 
women age 65–101) demonstrated that high total WCC, 
high neutrophil counts and low lymphocyte counts 
were associated with all-cause mortality3 while among 
elderly subjects, monocyte counts were associated with 
an increased risk of cardiovascular and cancer-related 
mortality.2 In a recent study from the UK (10 364 died in 
478 259 study participants), neutrophil counts were asso-
ciated with total mortality and CVD mortality, especially 
consistently associated with fatal and non-fatal CVD in 
men.

It is important to evaluate WCC subtypes for several 
reasons. First, they differ in their inflammation and 
immune functions. In addition, the different associations 
observed between the WCC subtypes and the outcomes 
considered (all-cause, cancer and CVD mortality) 
confirm their differential roles in the organism. Inflam-
mation plays an essential part in initiating tumourigenesis 
by damaging specific tissues, and neutrophils, monocytes 
and eosinophils are crucial components of this process.40 
However, in the present study, a stronger association was 
shown between total WCC and all-cause, cancer and CVD 
mortality compared with the subtypes. In contrast to our 
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findings, several studies have shown high neutrophil 
and low lymphocyte counts (the increased NLR) associ-
ated with mortality in general population. However, the 
NLR displayed no association with mortality in our study, 
while a significantly increased association was observed 
in persons who died of CVD before 70 years (data not 
showed). More interestingly, when we analysed the asso-
ciation of the NLR with total mortality by 1, 5, 6 and 10 
years follow-up, respectively (data not shown), we found 
the NLR is significantly associated with total mortality 
in short period of follow-up until 5 years but not in 6 
years or 10 years. It has been reported that the NLR is 
sensitive to the suppressive action of particularly acti-
vated myeloid cells. It may reflect the phenotypic action 
of a disease process and thus be less evident in a long 
prospective setting. Some studies have shown that the 
NLR was a good predictor of mortality41 42 in patients 
with CVDs or cerebrovascular disease, while our study 
participants were from the general population in which 
the role of NLR might be different. The NLR can reflect 
the balance between the activation of the inflammation 
pathway and the anti-inflammation immune function, 
and is a good biomarker for acute inflammation. There-
fore, the NLR can be a good predictor for patients with 
acutely clinical symptoms but not for mortality in general 
population.

A number of limitations of these analyses must 
be considered. Only one measurement of WCC was 
performed. Multiple comparisons were used in the anal-
yses, which might produce smaller p values by chance and 
exaggerate type I error. Some death cases (n=62) could 
not be classified because (1) the participant did not 
consent for linkage with causes of death database (n=18); 
(2) an error occurred in the linkage procedure (n=42) 
and (3) for unknown reasons (n=2). Even after adjust-
ment for the known risk factors, residual confounding 
may occur because of measurement error or unmeasured 
or unknown risk factors.

The present study has several strengths that should 
be emphasised as well. EPIC-NL is a large prospective 
cohort study that included both men and women from 
the general population, with a broad age range and a 
long follow-up period. Blood samples were collected at 
baseline and measured with standardised approaches. 
Information, including smoking, physical activity, educa-
tional level, and alcohol consumption, was collected 
using a structured questionnaire. Anthropometric vari-
ables were measured using standardised procedures. The 
cause of death of deceased participants was obtained 
through linkage with the municipal registry and Statistics 
Netherlands.

In summary, WCC and its subtypes are associated with 
an increased risk of all-cause mortality, and total WCC 
is associated with cancer and CVD mortality. WCC may 
play a partially mediate role on the pathway between 
smoking and mortality risk, and between obesity and 
mortality, when smoking was treated as a primary 
exposure.

Author affiliations
1Nutrition Research Center, University of Navarra, Pamplona, Spain
2Program in Public Health, Susan and Henry Samueli College of Health Sciences, 
University of California, Irvine, California, USA
3Epidemiology and Public Health, University College London, London, UK
4Department for Determinants of Chronic Diseases, National Institute for Public 
Health and the Environment, Bilthoven, The Netherlands
5Julius Center for Health Sciences and Primary Care, University Medical Center 
Utrecht, Utrecht, The Netherlands
6Department for Determinants of Chronic Diseases (DCD), National Institute for 
Public Health and the Environment (RIVM), Utrecht, The Netherlands

Contributors  YL and IA are the correspondence authors with equal contribution. 
YL is acting as the submission’s guarantor. YL, IA and BB-d-M are responsible for 
the integrity of the work as a whole, from inception to publishing article. BB-d-M 
proposed the conception of the study, designed the study based on the Dutch 
European Prospective Investigation into Cancer and Nutrition (EPIC-NL) cohort. YL 
and IA performed the data analysis and drafted the manuscript; Cl participated 
in the data analysis, results interpretation and manuscript writing; MV, YvdS and 
BB-d-M are the key persons for the EPIC-NL cohort. They also contributed to 
conception of the study, data analysis, results interpretation and manuscript writing.

Funding  The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests  None declared.

Patient consent for publication  Not required.

Ethics approval  The study complies with the Declaration of Helsinki and was 
approved by the Institutional Review Board of the University Medical Center Utrecht 
(Prospect) and the Medical Ethical Committee of TNO Nutrition and Food Research 
(MORGEN).

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data sets used for the current study are available 
from the Dutch European Prospective Investigation into Cancer and Nutrition (EPIC-
NL) cohort on request.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://​creativecommons.​org/​licenses/​by-​nc/​4.​0/.

ORCID iDs
Yunxia Lu http://​orcid.​org/​0000-​0002-​1201-​7729
Camille Lassale http://​orcid.​org/​0000-​0002-​9340-​2708

References
	 1	 Kabat GC, Kim MY, Manson JE, et al. White blood cell count and 

total and cause-specific mortality in the women's health Initiative. 
Am J Epidemiol 2017;186): :63–72.

	 2	 Kim K-I, Lee J, Heo NJ, et al. Differential white blood cell count 
and all-cause mortality in the Korean elderly. Exp Gerontol 
2013;48): :103–8.

	 3	 Leng SX, Xue Q-L, Huang Y, et al. Baseline total and specific 
differential white blood cell counts and 5-year all-cause mortality in 
community-dwelling older women. Exp Gerontol 2005;40): :982–7.

	 4	 Ruggiero C, Metter EJ, Cherubini A, et al. White blood cell count 
and mortality in the Baltimore longitudinal study of aging. J Am Coll 
Cardiol 2007;49): :1841–50.

	 5	 Weijenberg MP, Feskens EJ, Kromhout D. White blood cell count and 
the risk of coronary heart disease and all-cause mortality in elderly 
men. Arterioscler Thromb Vasc Biol 1996;16): :499–503.

	 6	 Willems JM, Trompet S, Blauw GJ, et al. White blood cell count and 
C-reactive protein are independent predictors of mortality in the 
oldest old. J Gerontol A Biol Sci Med Sci 2010;65): :764–8.

	 7	 Brown DW, Giles WH, Croft JB. White blood cell count: an 
independent predictor of coronary heart disease mortality among a 
national cohort. J Clin Epidemiol 2001;54): :316–22.

	 8	 de Labry LO, Campion EW, Glynn RJ, et al. White blood cell count 
as a predictor of mortality: results over 18 years from the normative 
aging study. J Clin Epidemiol 1990;43): :153–7.

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-1201-7729
http://orcid.org/0000-0002-9340-2708
http://dx.doi.org/10.1093/aje/kww226
http://dx.doi.org/10.1016/j.exger.2012.11.016
http://dx.doi.org/10.1016/j.exger.2005.08.006
http://dx.doi.org/10.1016/j.jacc.2007.01.076
http://dx.doi.org/10.1016/j.jacc.2007.01.076
http://dx.doi.org/10.1161/01.ATV.16.4.499
http://dx.doi.org/10.1093/gerona/glq004
http://dx.doi.org/10.1016/s0895-4356(00)00296-1
http://dx.doi.org/10.1016/0895-4356(90)90178-R


9Abete I, et al. BMJ Open 2019;9:e030949. doi:10.1136/bmjopen-2019-030949

Open access

	 9	 Margolis KL, Manson JE, Greenland P, et al. Leukocyte count as a 
predictor of cardiovascular events and mortality in postmenopausal 
women: the women's health Initiative observational study. Arch 
Intern Med 2005;165): :500–8.

	10	 Erlinger TP, Muntner P, Helzlsouer KJ. WBC count and the risk of 
cancer mortality in a national sample of U.S. adults: results from the 
second National health and nutrition examination survey mortality 
study. Cancer Epidemiol Biomarkers Prev 2004;13): :1052–6.

	11	 Jee SH, Park JY, Kim H-S, et al. White blood cell count and risk 
for all-cause, cardiovascular, and cancer mortality in a cohort of 
Koreans. Am J Epidemiol 2005;162): :1062–9.

	12	 Welsh C, Welsh P, Mark PB, et al. Association of total and differential 
leukocyte counts with cardiovascular disease and mortality in the UK 
Biobank. Arterioscler Thromb Vasc Biol 2018;38): :1415–23.

	13	 Van Tiel E, Peeters PHM, Smit HA, et al. Quitting smoking may 
restore hematological characteristics within five years. Ann Epidemiol 
2002;12): :378–88.

	14	 Bridges AB, Hill A, Belch JJ. Cigarette smoking increases 
white blood cell aggregation in whole blood. J R Soc Med 
1993;86): :139–40.

	15	 Sunyer J, Muñoz A, Peng Y, et al. Longitudinal relation between 
smoking and white blood cells. Am J Epidemiol 1996;144): :734–41.

	16	 Furuncuoğlu Y, Tulgar S, Dogan AN, et al. How obesity affects the 
neutrophil/lymphocyte and platelet/lymphocyte ratio, systemic 
immune-inflammatory index and platelet indices: a retrospective 
study. Eur Rev Med Pharmacol Sci 2016;20): :1300–6.

	17	 Ryder E, Diez-Ewald M, Mosquera J, et al. Association of obesity 
with leukocyte count in obese individuals without metabolic 
syndrome. Diabetes Metab Syndr 2014;8): :197–204.

	18	 Izaks GJ, Remarque EJ, Becker SV, et al. Lymphocyte count and 
mortality risk in older persons. The Leiden 85-plus study. J Am 
Geriatr Soc 2003;51): :1461–5.

	19	 Bender BS, Nagel JE, Adler WH, et al. Absolute peripheral blood 
lymphocyte count and subsequent mortality of elderly men. 
The Baltimore longitudinal study of aging. J Am Geriatr Soc 
1986;34): :649–54.

	20	 Sajadieh A, Mouridsen MR, Selmer C, et al. Monocyte number 
associated with incident cancer and mortality in middle-aged and 
elderly community-dwelling Danes. Eur J Cancer 2011;47): :2015–22.

	21	 Choi SH, Kim JH, Lim S, et al. Monocyte count as a predictor 
of cardiovascular mortality in older Korean people. Age Ageing 
2017;46): :433–8.

	22	 Gillum RF, Mussolino ME, Madans JH. Counts of neutrophils, 
lymphocytes, and monocytes, cause-specific mortality and coronary 
heart disease: the NHANES-I epidemiologic follow-up study. Ann 
Epidemiol 2005;15): :266–71.

	23	 Andersen CL, Siersma VD, Hasselbalch HC, et al. Association of 
the blood eosinophil count with hematological malignancies and 
mortality. Am J Hematol 2015;90): :225–9.

	24	 Schwartz J, Weiss ST. Cigarette smoking and peripheral blood 
leukocyte differentials. Ann Epidemiol 1994;4): :236–42.

	25	 Sell H, Eckel J. Adipose tissue inflammation: novel insight into the 
role of macrophages and lymphocytes. Curr Opin Clin Nutr Metab 
Care 2010;13): :366–70.

	26	 Beulens JWJ, Monninkhof EM, Verschuren WMM, et al. Cohort 
profile: the EPIC-NL study. Int J Epidemiol 2010;39): :1170–8.

	27	 Riboli E, Kaaks R. The EPIC project: rationale and study design. 
European prospective investigation into cancer and nutrition. Int J 
Epidemiol 1997;26 Suppl 1: :6S–14.

	28	 Peters T, Brage S, Westgate K, InterAct C, et al. Validity of a short 
questionnaire to assess physical activity in 10 European countries. 
Eur J Epidemiol 2012;27): :15–25.

	29	 Robins JM, Greenland S. Identifiability and exchangeability for direct 
and indirect effects. Epidemiology 1992;3): :143–55.

	30	 Valeri L, Vanderweele TJ. Mediation analysis allowing for exposure-
mediator interactions and causal interpretation: theoretical 
assumptions and implementation with SAS and SPSS macros. 
Psychol Methods 2013;18): :137–50.

	31	 Vanderweele TJ, Vansteelandt S. Conceptual issues concerning 
mediation, interventions and composition. Stat Interface 
2009;2): :457–68.

	32	 Stringhini S, Tabak AG, Akbaraly TN, et al. Contribution of modifiable 
risk factors to social inequalities in type 2 diabetes: prospective 
Whitehall II cohort study. BMJ 2012;345: :e5452.

	33	 Stringhini S, Zaninotto P, Kumari M, et al. Socio-Economic 
trajectories and cardiovascular disease mortality in older 
people: the English longitudinal study of ageing. Int J Epidemiol 
2018;47): :36–46.

	34	 Abel GA, Hays JT, Decker PA, et al. Effects of biochemically 
confirmed smoking cessation on white blood cell count. Mayo Clin 
Proc 2005;80): :1022–8.

	35	 Higuchi T, Omata F, Tsuchihashi K, et al. Current cigarette smoking is 
a reversible cause of elevated white blood cell count: cross-sectional 
and longitudinal studies. Prev Med Rep 2016;4: :417–22.

	36	 Bastard J-P, Maachi M, Lagathu C, et al. Recent advances in the 
relationship between obesity, inflammation, and insulin resistance. 
Eur Cytokine Netw 2006;17): :4–12.

	37	 Yoshimura A, Ohnishi S, Orito C, et al. Association of peripheral total 
and differential leukocyte counts with obesity-related complications 
in young adults. Obes Facts 2015;8): :1–16.

	38	 Huang ZS, Chien KL, Yang CY, et al. Peripheral differential leukocyte 
counts in humans vary with hyperlipidemia, smoking, and body mass 
index. Lipids 2001;36): :237–45.

	39	 Huang Z-S, Chien K-L, Yang C-Y, et al. Peripheral differential 
leukocyte counts and subsequent mortality from all diseases, 
cancers, and cardiovascular diseases in Taiwanese. J Formos Med 
Assoc 2003;102): :775–81.

	40	 Elinav E, Nowarski R, Thaiss CA, et al. Inflammation-Induced cancer: 
crosstalk between tumours, immune cells and microorganisms. Nat 
Rev Cancer 2013;13): :759–71.

	41	 Lattanzi S, Cagnetti C, Rinaldi C, et al. Neutrophil-To-Lymphocyte 
ratio improves outcome prediction of acute intracerebral 
hemorrhage. J Neurol Sci 2018;387: :98–102.

	42	 Tamhane UU, Aneja S, Montgomery D, et al. Association between 
admission neutrophil to lymphocyte ratio and outcomes in patients 
with acute coronary syndrome. Am J Cardiol 2008;102): :653–7.

http://dx.doi.org/10.1001/archinte.165.5.500
http://dx.doi.org/10.1001/archinte.165.5.500
http://www.ncbi.nlm.nih.gov/pubmed/15184263
http://dx.doi.org/10.1093/aje/kwi326
http://dx.doi.org/10.1161/ATVBAHA.118.310945
http://dx.doi.org/10.1016/S1047-2797(01)00282-4
http://www.ncbi.nlm.nih.gov/pubmed/8459375
http://dx.doi.org/10.1093/oxfordjournals.aje.a008997
http://www.ncbi.nlm.nih.gov/pubmed/27097950
http://dx.doi.org/10.1016/j.dsx.2014.09.002
http://dx.doi.org/10.1046/j.1532-5415.2003.51467.x
http://dx.doi.org/10.1046/j.1532-5415.2003.51467.x
http://dx.doi.org/10.1111/j.1532-5415.1986.tb04906.x
http://dx.doi.org/10.1016/j.ejca.2011.02.015
http://dx.doi.org/10.1093/ageing/afw226
http://dx.doi.org/10.1016/j.annepidem.2004.08.009
http://dx.doi.org/10.1016/j.annepidem.2004.08.009
http://dx.doi.org/10.1002/ajh.23916
http://dx.doi.org/10.1016/1047-2797(94)90102-3
http://dx.doi.org/10.1097/MCO.0b013e32833aab7f
http://dx.doi.org/10.1097/MCO.0b013e32833aab7f
http://dx.doi.org/10.1093/ije/dyp217
http://dx.doi.org/10.1093/ije/26.suppl_1.S6
http://dx.doi.org/10.1093/ije/26.suppl_1.S6
http://dx.doi.org/10.1007/s10654-011-9625-y
http://dx.doi.org/10.1097/00001648-199203000-00013
http://dx.doi.org/10.1037/a0031034
http://dx.doi.org/10.4310/SII.2009.v2.n4.a7
http://dx.doi.org/10.1136/bmj.e5452
http://dx.doi.org/10.1093/ije/dyx106
http://dx.doi.org/10.4065/80.8.1022
http://dx.doi.org/10.4065/80.8.1022
http://dx.doi.org/10.1016/j.pmedr.2016.08.009
http://www.ncbi.nlm.nih.gov/pubmed/16613757
http://dx.doi.org/10.1159/000373881
http://dx.doi.org/10.1007/s11745-001-0713-9
http://www.ncbi.nlm.nih.gov/pubmed/14724723
http://www.ncbi.nlm.nih.gov/pubmed/14724723
http://dx.doi.org/10.1038/nrc3611
http://dx.doi.org/10.1038/nrc3611
http://dx.doi.org/10.1016/j.jns.2018.01.038
http://dx.doi.org/10.1016/j.amjcard.2008.05.006

	White cell counts in relation to mortality in a general population of cohort study in the Netherlands: a mediating effect or not?
	Abstract
	Introduction﻿﻿
	Materials and methods
	Study population
	Patient and public involvement
	Blood collection
	Covariates
	Outcome assessment
	Statistical analyses


	Results
	Baseline characteristics
	Association between total WCC, its subtypes and mortality
	Total WCC, its subtype and mortality by smoking status
	Joint effects of BMI, smoking, WCC and mortality
	Mediation analysis

	Discussion
	References


