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Background: An elevated neutrophil to lymphocyte ratio (NLR) has been proven as a vital predictor of
progression and mortality for prostate cancer. Smoking is a risk factor for increasing NLR. The objective of
this study is to examine the effect of smoking on NLR among prostate cancer survivors.

Methods: A total of 354 men adults aged >20 years old with prostate cancer were analyzed using the
National Health and Nutrition Examination Survey (NHANES) 2005-2016 data. The primary outcome was
NLR, which was classified into two levels: high (>3) and low (<3). Sampling weighted logistic regressions
were used for evaluating associations between smoking and NLR among prostate cancer survivors.
Results: This study found that 33.2% (n=111) of prostate cancer survivors had an elevated NLR.
Prostate cancer survivors with a high NLR were older (mean 73.5 years old), non-Hispanic white (38.5%),
higher income (poverty income ratio >1, 34.7%), and longer years after diagnosis (8.8 years) compared to
counterparts with a low NLR. Smoking status did not have a significant impact on NLR. The interaction test
between race and smoking status was significant (P=0.04). Non-Hispanic black who were current smokers
were observed more likely to have high NLR than never smokers [adjusted odds ratio (OR) =3.69, 95% CI:
1.36-9.99]. However, the effect of smoking on NLR was not observed among either non-Hispanic whites or
other races.

Conclusions: Non-Hispanic black prostate cancer survivors who were a current smoker were more likely
to have NLR >3 compared to non-smokers. Smoking cessation could benefit these patients in prostate cancer

management and reduce the risk of progression and mortality.
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Introduction was 112.6 per 100,000 men and 19.5 per 100,000 men,

. . respectively. Incidence rates for prostate cancer remain
Prostate cancer is one of the leading causes of cancer death P y p

among men (1). As of 2015, there were over three million the third most common type of cancer, with an estimated
men living with prostate cancer in the United States (1). The 164,690 new cases and another 29,430 deaths in 2018 (1).

number of prostate cancer diagnoses and deaths annually According to 2019 cancer statistics, prostate cancer was the
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second leading cause of cancer deaths among males in the
United States (2).

Cigarette smoking has been associated with an increased
risk of prostate cancer mortality, cancer recurrence, and
prognosis (3-8). Gong et al. conducted a population-
based study and demonstrated smoking at the time of
prostate cancer diagnosis was strongly associated with
prostate cancer-specific mortality (3). A cohort study
conducted by Murta-Nascimento e 4/. demonstrated that
smoking is associated with higher rate of prostate cancer-
specific mortality and all-cause mortality (4). Another
study carried out by Polesel er 4/. examining the negative
impact of cigarette smoking on survival post-prostate
cancer diagnosis found that not only current smoking was
negatively associated with prostate cancer specific death,
but smokers at diagnosis presented increased risks of all-
cause and prostate cancer death (5). In addition, systematic
review studies have reported that smokers with prostate
cancer have significantly worse overall survival, prostate
cancer specific survival, and recurrence-free survival as
compared to never smokers (6-8). Although the biological
mechanism through which cigarette use effects prostate
cancer progression and mortality remains unclear, systemic
inflammation has been considered as a potential pathway by
which the association between smoking and prostate cancer
progression occurs (3-5).

Inflammatory response has been proposed as an
important marker in tumor development and cancer
progression (9,10). Neutrophil-to-lymphocyte ratio (NLR)
is an inflammatory marker (11). The variety in average
of NLR has been observed in different racial populations
without cancer diagnosed. The average of NLR among
non-Hispanic whites, non-Hispanic blacks, and other non-
Hispanics is 2.24, 1.76, and 2.10, respectively (11). An
elevated ratio of NLR is associated with an increase in the
concentration of pro-inflammatory cytokines, ultimately
contributing to cellular damage and the development of
metastases (12,13). Shafique ez 4/. examined the effect
of NLR on the 5-year relative survival and relative
excess risk of death. The study found that higher NLR
was a significant predictor of mortality, suggesting that
systemic inflammation markers predict prostate cancer-
specific survival (14). Another study reported that NLR
was an independent prognostic marker with potential
for use as an individual risk assessment for patients with
prostate cancer. This study also stated that increased
NLR was identified as a prognostic factor for clinical
progression-free survival (15). Moreover, three meta-
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analyses reported higher NLR as a strong predictor of
poor prognosis, progression-free survival, recurrence-
free survival, and overall survival in metastatic castration-
resistant prostate cancer survivors (16-18). The findings
from these research support that NLR could serve as
an indicator of the efficacy of treatment for prostate
cancer. In addition to prostate cancer, previous studies
examining various cancers such as ovarian cancer (19),
lung cancer (20), breast cancer (21), esophageal cancer (22),
and hepatocellular carcinoma (23) indicate that elevated
NLR is also a significant predictor of adverse outcomes.
The negative impact of cigarette smoking on NLR
has been examined among healthy populations. Previous
literature suggests that current smokers are more likely to
have an elevated ratio of NLR as compared to non-smokers
(24-26). However, the association between cigarette
smoking and NLR in prostate cancer survivors has not
been thoroughly explored. Therefore, this study aimed
to investigate the association between smoking and NLR
among prostate cancer survivors using the U.S. population-
based National Health and Nutrition Examination Survey

(NHANES) data.

Methods
Study population

This study applied a cross-sectional study design using
NHANES data, conducted by the National Center for
Health Statistics of Centers for Disease Control and
Prevention (CDC). Combined data from six consecutive
2-year survey cycle data sets were examined (2005-2006,
2007-2008, 2009-2010, 2011-2012, 2013-2014, and
2015-2016). A total of 354 male adults aged >20 years
old and with a valid response to the related questions in
smoking and prostate cancer were included. NHANES is
a United States nationally representative survey based on
a multistage, stratified and probability cluster sampling
design, which is conducted by the by the National Center
for Health Statistics of CDC (27). After an eligible sample
person is selected, a face to face interview is performed at
participant’s home by trained research staffs. The interview
collects person-level demographic, health, and nutrition
information; as well as the information of examination
such as physical measurements and dental examinations.
In addition, participant’s blood and urine specimens are
collected for laboratory testing after their approval (27).
Survey protocol was approved by the National Center
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for Health Statistics Research Ethics Review Board (28).
Written informed consent was signed by each participant
before conducting the data collection. The present study
was reviewed and approved by the Institutional Review

Board of Louisiana State University Health Sciences Center
New Orleans (approval #10142).

Measurements

Prostate cancer was defined according to two questions:
“Have you ever been told by a doctor or other health
professional that you had cancer or a malignancy of any
kind?” and “What kind of cancer was it?” Subjects with
prostate cancer were identified based on the primary cancer
site. Additionally, subjects having more than one cancer
type were excluded.

Smoking status was divided into never smoker, former
smoker, and current smoker in this study, according to
the detailed questions as following: “Have you smoked at
least 100 cigarettes in your entire life?” and “Do you now
smoke cigarettes?” Never smoker consisted of respondents
who reported that they smoked fewer than 100 cigarettes
in their lifetime. Former smoker consisted of respondents
who reported smoking >100 cigarettes in their lifetime,
and currently, do not smoke cigarettes. Current smoker
consisted of respondents who reported smoking >100
cigarettes in their entire lifetime and were currently
smoking every day or some days (29).

Data of the neutrophils number (1,000 cell/pL) and the
lymphocyte number (1,000 cells/pL) were obtained from
complete blood count measurement, which were acquired
from the laboratory data in the NHANES datasets (30).
NLR is divided by the neutrophils number (1,000 cell/pL)
to the lymphocyte number (1,000 cells/pL). The binary
NLR [low (<3) and high (>3)] based on the NLR mean of 2.7
in this study was used for further analyses (31).

The participants’ demographic characteristics included
age, race/ethnicity (non-Hispanic white, non-Hispanic black,
and others), education (<high school graduate and >high
school graduate) and family poverty income ratio (PIR) (<1,
and >1). PIR<I indicates that the family income is below
the official definition of poverty. Body mass index (BMI),
number of comorbidities, and years after cancer diagnosis
were also considered. BMI was calculated by body weight in
kilogram and height in square meter from anthropometry
measurements. BMI was classified as underweight/normal
and overweight/obesity, respectively (30). The number of
comorbidities, which included asthma, gout, heart failure,
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coronary heart disease, angina/angina pectoris, heart attack,
stroke, emphysema, thyroid problem, chronic bronchitis, and
any liver condition, were calculated from medical condition
questionnaire. The years after cancer diagnosis was defined
as the period from the age when prostate cancer was first
diagnosed [“How old (were you/was SP) when prostate
cancer was first diagnosed?”] to age in years at screening (“Age
in years of the participant at the time of screening.”).

Statistical analysis

The prostate cancer survivors’ demographic, behavioral,
and clinical characteristics were summarize using descriptive
statistics by the binary NLR status. The associations of
these characteristics with NLR were examined using
the Rao-Scott chi-square with an adjusted F statistic for
the categorical factors, and t-tests were used to examine
the difference for continuous variables. An appropriate
sampling weight was calculated based on the guideline (32).
All descriptive analyses were performed with survey
weighted commends of SAS (PROC SURVEYFREQ
and PROC SURVEYMEANS) using the methods for the
multistage and unequal sampling weights of this survey
to display percentages (%), means, and standard errors.
Sampling weighted logistic regression models (using
PROC SURVEYLOGISTIC in SAS) were applied to
examine the association between smoking status and NLR
after adjusting potential confounders, including age, race,
BMI, comorbidities, PIR, and years after cancer diagnosis.
All variables had no multicollinearity in our model. The
weighting analytical methods followed the instructions
provided on the CDC website (33). All analyses were
performed using SAS version 9.4 (SAS Institute, Cary, NC).
All tests were 2-sided, and a P value <0.05 was defined as
statistically significant for all tests.

Results

There were a total of 354 men adults aged >20 years old
with prostate cancer in the NHANES 2005-2016. Table 1
provides the demographics and smoking status by the two
NLR groups [high (>3) vs. low (<3)]. For the overall study
population, 33.2% (n=111) had high NLR, and 9.3% were
current smokers. Prostate cancer survivors with high NLR
were older (mean, 73.5 vs. 69.6 years old) and had longer
years after diagnosis (mean, 8.8 vs. 6.3 years) than those
who with low NLR. In addition, the rates of high NLR (>3)
were significantly higher for non-Hispanic white (38.5%),

Transl Cancer Res 2019;8(Suppl 4):S346-S354 | http://dx.doi.org/10.21037/tcr.2019.05.23



Translational Cancer Research, Vol 8, Suppl 4 July 2019

S$349

Table 1 Characteristics of 354 men adults with prostate cancer by levels of NLR using the NHANES 2005-2016 data

Characteristic Overall NLR <3 NLR =3 P value'
Total, n (%) 354 (100.0) 243 (66.8) 111 (33.2) -
NLR, mean + SE 2.7+0.08 2.0+0.03 4.3+0.09 <0.001
Smoking status, n (%) 0.927
Never smoker 136 (36.6) 99 (67.1) 37 (32.9)
Former smoker 177 (54.1) 119 (66.1) 58 (33.9)
Current smoker 41 (9.3 25 (69.9) 16 (30.1)
Age, mean + SE (years) 70.9+0.6 69.6+0.7 73.5+0.8 <0.001
Race/ethnicity, n (%) <0.001
Non-Hispanic White 172 (71.2) 98 (61.5) 74 (38.5)
Non-Hispanic Black 127 (17.5) 106 (82.9) 21 (17.1)
Others 55 (11.3) 39 (75.1) 16 (24.9)
Education, n (%) 0.092
<High school graduate 165 (36.5) 115 (67.8) 50 (32.2)
>High school graduate 189 (63.5) 128 (66.2) 61 (33.8)
Poverty income ratio, n (%) 0.016
<1 46 (8.2) 38 (83.5) 8 (16.5)
>1 308 (91.8) 205 (65.3) 103 (34.7)
BMI, n (%) 0.328
Underweight/normal 89 (23.6) 58 (61.9) 31(38.1)
Overweight/obese 265 (76.4) 185 (68.3) 80 (31.7)
Comorbidity, mean + SE 0.8+0.1 0.7+0.1 0.8+0.1 0.639
Year after diagnosis, mean + SE 7.1+0.5 6.3+0.4 8.8+0.8 <0.001

T, test using Rao-Scott chi-square test or t-test. NLR, neutrophil lymphocyte ratio; BMI, body mass index; SE, standard error; NHANES,

National Health and Nutrition Examination Survey.

and high income (PIR >1, 34.7%) than others. The smoking
status, education, BMI, and comorbidity did not have a
significant impact on NLR.

The results of weighted logistic regression are presented
in Table 2. As a crude result, older prostate cancer survivors
were more likely to have high NLR [odds ratio (OR) in
a l-year increment =1.07, 95% CI: 1.03-1.10]. Prostate
cancer survivors who are non-Hispanic blacks, compared
with non-Hispanic whites, were significantly associated with
low NLR (OR=0.33, 95% CI: 0.19-0.57). Prostate cancer
survivors with PIR>1 were more likely to have a high NLR
than those with PIR<1 (OR=2.70, 95% CI: 1.16-6.28).
Longer years after diagnosis was associated with high NLR
(OR in a 1-year increment =1.05, 95% CI: 1.01-1.10). For
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evaluating smoking status associated with NLR adjusting
for the selected factors, the multivariable weighted logistic
regression models were conducted. After controlling for the
selected factors, older prostate cancer survivors were more
likely to have high NLR (adjusted OR in a 1-year increment
=1.05, 95% CI: 1.01-1.09). Race/ethnicity was significantly
associated with NLR level. Non-Hispanic blacks (vs. non-
Hispanic whites) were less likely to have high NLR (adjusted
OR=0.42, 95% CI: 0.23-0.75). Although the main effect of
cigarette smoking was not statistically significant associated
with NLR, the interaction effect of smoking status and
race/ethnicity associated with the NLR level was significant
(P=0.040).

Figure 1 provides the effect of smoking status on NLR
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Table 2 Factors associated with high NLR (>3)

Kao et al. Smoking and NLR among prostate cancer survivors

Characteristics Unadjusted OR 95% ClI Adjusted OR 95% Cl
Smoking status

Never smoker (Ref) 1.00 1.00

Former smoker 1.05 0.57-1.92 0.97 0.52-1.82

Current smoker 0.88 0.41-1.87 1.38 0.50-3.84
Age (years) 1.07* 1.03-1.10 1.05** 1.01-1.09
Race/ethnicity

Non-Hispanic white (Ref) 1.00 1.00

Non-Hispanic black 0.33* 0.19-0.57 0.42* 0.23-0.75

Others 0.53 0.26-1.06 0.64 0.31-1.31
Education

<High school graduate (Ref) 1.00 1.00

>High school graduate 1.07 0.58-1.99 1.19 0.61-2.32
Poverty income ratio

<1 (ref) 1.00 1.00

>1 2.70* 1.16-6.28 2.23 0.91-5.47
BMI

Underweight/normal (Ref) 1.00 1.00

Overweight/obese 0.76 0.43-1.33 1.02 0.56-1.85
Comorbidity (numbers) 1.02 0.82-1.26 0.99 0.80-1.24
Year after diagnosis (years) 1.05* 1.01-1.10 1.03 0.99-1.07

All variables had no multicollinearity in the adjust model. Interaction term (smoking status and race/ethnicity) had a statistical significance
(P=0.040). *P<0.05; **P<0.01; ***P<0.001. NLR, neutrophil lymphocyte ratio; BMI, body mass index; OR, odds ratio; Cl, confidence interval.

levels in prostate cancer survival patients stratified by race/
ethnicity. In non-Hispanic black prostate cancer survivors,
current smokers were found significantly increased NLR
levels than never smokers (OR =3.69, 95% CI: 1.36-9.99).
However, similar results (current smoker vs. never smoker)
were not observed in non-Hispanic whites (OR =0.99,
95% CI: 0.26-3.79) and other races (OR =0.51, 95%
CI: 0.09-2.87). The details of the relationships between
smoking status, race/ethnicity, and high NLR level were
shown in 7able 3. Among non-Hispanic black prostate
cancer survivors, current smokers tended to have a high
NLR compared with the never smokers (36.9% wvs. 13.7%).
However, similar rates of a high NLR were observed among
the three various smoking groups among the non-Hispanic
white prostate cancer survivors (33.6-39.0%).

© Translational Cancer Research. All rights reserved.

Discussion

This study used the NHANES data to examine the
association between smoking status and NLR levels among
prostate cancer survivors in the U.S. The findings of this
study revealed that cigarette smoking was significantly
associated with an elevated NLR among non-Hispanic
black prostate cancer survivors. However, the significant
association was not observed in non-Hispanic whites and
other races.

In this study, the average age of prostate cancer survivors
was 70.9 years old, and increased age was observed to be
associated with high NLR (OR =1.05). Previous studies
have illustrated that aging is related to increased levels in
inflammatory markers such as NLR (34). Inflammation
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Figure 1 Association between smoking status and the high NLR status in prostate cancer survivors by race. The adjusted odds ratios (aOR)

were estimated under weighted logistic regression models adjusted for the age.

Table 3 The relationship between smoking status, race/ethnicity, and high NLR level

Smoking status

High NLR (%)

Non-Hispanic white (n=172)

Non-Hispanic black' (n=127)

Other races (n=55)

Never smoker
Former smoker

Current smoker

38.4
39.0
33.6

13.7
11.4
36.9

32.5
21.8
156.1

', test using Rao-Scott chi-square test, P<0.01. NLR, neutrophil lymphocyte ratio.

causes morbidity and early death in the elderly. Therefore,
older prostate cancer survivors should avoid hazardous
behaviors such as smoking to reduce the risk of elevated
NLR. This study’s findings also demonstrated that non-
Hispanic black prostate cancer survivors were less likely
to have high NLR than non-Hispanic whites (17.1% uvs.
38.5%, P<0.001). This trend of NLR is supported by a
previous study that utilized the 2007-2010 NHANES
database to examine the average values of NLR of the
general population and the racial differences. Non-Hispanic
black had significantly lower mean NLR values (NLR=1.76)
as compared to non-Hispanic whites (NLR=2.2) (11).

Our study further evaluated the interaction effect of
smoking status and race/ethnicity on NLR level (P=0.040).
After stratifying by race/ethnicity, 36.9% non-Hispanic

© Translational Cancer Research. All rights reserved.

black prostate cancer survivors who are current smokers
with a high NLR level were identified in this study (11.4%
in former smoker and 13.7% in never smoker, respectively).
Higher smoking rate in non-Hispanic black prostate
cancer survivors was supported by prior research, which
showed African Americans who are a prostate cancer
survivor were more likely to be current smokers (17%) (35).
Additionally, cigarette smoking’s role in elevated NLR
has been demonstrated in previous studies. One study
reported higher levels of NLR in smokers as compared
to nonsmokers among healthy participants (9). A cross-
sectional study also found that cigarette smokers’ NLR
levels were superior as compared to the non-smoking group
among healthy adults, aged between 18 and 40 years (25).
Fest and colleagues reported that smokers presented higher
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NLR than never smokers, which also increased the risk of
mortality for smokers among the aging population (26).
Moreover, NLR levels have been proven to be associated
with cancer progression among cancer survivors. Shafique
et al. reported higher NLR was associated with the worse
S-year relative survival among prostate cancer patients (14).
Langsenlehner et 2/. demonstrated that elevated basal NLR
as an independent prognostic marker, which is associated
with decreased prostate cancer survival (15). Meta-analysis
studies have also confirmed the negative association
between NLR and prostate cancer prognosis, recurrence,
and overall survival (16-18). Therefore, non-Hispanic black
prostate cancer survivors who are current smokers should
be encouraged to quit smoking. Smoking cessation might
result in reduced levels of NLR, thereby improving their
survival rate. Additionally, future studies are encouraged
to investigate the association among other types of cancer
Survivors.

In terms of cutoff points for NLR, there are different
definite NLR cutoff points being applied. Previous studies
investigating NLR have determined different cutoff values
for elevation, ranging from 2 to 5 (17,31,36). In the present
study, a cutoff point of 3 was used to define high and low
NLR levels because of data distribution and previous
literature (31). We also conducted analyses using each
group’s average of NLR (2.9 for non-Hispanic whites, 2.1
for non-Hispanic blacks, and 2.5 for others) and a cutoff
point of 5, which were observed the similar trend with a
cutoff point of 3. However, to our knowledge, there is no
consist conclusion to point out the optimal cutoff point for
NLR. Future studies could conduct more investigations in
the cutoff point for NLR.

There are limitations to this study. Because self-reported
cancer status was used in this study, bias might be present.
Next, we combined six consecutive 2-year survey cycle
datasets to improve the statistical reliability of the estimate;
however, the combination might include rare overlapped
participants (30). Additionally, the NLR measurements
among prostate cancer survivors may not be generalizable to
the entire prostate cancer population because hospitalized
prostate cancer patients were not considered. Moreover.
this study excluded cancer survivors with multiple cancer
types, which may also limit the generalizability of our study
findings. Finally, this study cannot identify or establish a
causal relationship between smoking status and NLR due to
the cross-sectional nature of the survey data.

Although limitations exist, this study has several strengths.
The NHANES data is highly representative of the entire U.S.
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population. Further, the present study’s findings supported
the association between cigarette smoking and NLR level
among non-Hispanic black prostate cancer survivors, even
when controlling for demographic characteristics, and
medical conditions. The findings provide more information
than previous studies examining only among non-Hispanic
white or Caucasian populations (17).

Conclusions

This study indicated non-Hispanic black prostate cancer
survivors who currently smoked were more likely to have
high NLR levels than never smokers. We recommend
that intervention programs that aim to provoke smoking
cessation among prostate cancer survivors should primarily
focus on non-Hispanic black population. In addition, non-
Hispanic black prostate cancer survivors who smoke should
be encouraged to stop smoking, as this might benefit
prostate cancer management and reduce the risk of cancer
progression.
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