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Disparities in inflammation
between non-Hispanic black
and white individuals with lung
cancer in the Greater Chicago
Metropolitan area

Cecily A. Byrne ®*, Sandra L. Gomez?, Sage Kim?,
Vanessa M. Oddo @®*, Timothy J. Koh' and Giamila Fantuzzi ®*

‘Department of Kinesiology and Nutrition, University of Illinois Chicago, Chicago, IL, United States,
2Department of Clinical Nutrition, Rush University Medical Center, Chicago, IL, United States,
3School of Public Health, University of Illinois Chicago, Chicago, IL, United States

Background: Lung cancer incidence and mortality rates are higher in Non-
Hispanic Black (NHB) compared to Non-Hispanic White (NHW) individuals in
the Chicago metropolitan area, which may be related to exposure to chronic
stress which may increase inflammation.

Specific aim: We investigated disparities in inflammation as measured by
neutrophil to lymphocyte ratio (NLR) in individuals with lung cancer by race
and by neighborhood concentrated disadvantage index (CDI).

Methods: This retrospective, cross-sectional study included 263 NHB and
NHW adults with lung cancer. We analyzed NLR as a continuous and
categorical variable to determine degree and prevalence of inflammation. We
used Mann Whitney U, t-tests, Chi square tests, linear and logistic regression
models as appropriate.

Results: More than 60% of subjects had inflammation (NLR > 3) at lung cancer
diagnosis. The degree of inflammation was significantly lower in NHB (NLR 5.50
+/-7.45) compared to NHW individuals (NLR 6.53 +/- 6.53; p=0.01) but did not
differ by neighborhood CDI. The prevalence of inflammation (NLR > 3) was
significantly lower in NHB (55.07%) compared to NHW individuals (71.20%;
p<0.01) and in those from the most disadvantaged (54.07%) compared to the
least disadvantaged (71.88%; p<0.01) neighborhoods.

Conclusion: At lung cancer diagnosis, there is a lower degree and prevalence
of inflammation in NHB compared to NHW individuals, and lower prevalence in
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those residing in the most disadvantaged neighborhoods. Further research is
needed to determine mechanisms of inflammation that may be contributing to
lung cancer disparities as well as whether NLR is an appropriate biomarker
when examining racial differences in inflammation.

KEYWORDS

inflammation, racial disparities, neighborhood disadvantage, neutrophil/lymphocyte

ratio, lung cancer

Introduction

Lung cancer is one of the deadliest cancers, with similar
incidence and mortality rates nationwide for Non-Hispanic Black
(NHB) and Non-Hispanic White (NHW) individuals (1). However,
in Illinois, and specifically in Cook County, there is a stark disparity
in lung cancer incidence and mortality rates between NHB and
NHW individuals. In 2014-2018, the incidence for NHB was 71.9/
100,000 compared to 54.3/100,000 for NHW individuals, and the
mortality rate was 50.1/100,000 for NHB versus 34.4/100,000 for
NHW individuals (1). The reasons for these racial disparities may
be related to chronic social stress resulting from racism, perceived
discrimination, and socioeconomic disadvantage, as well as
segregation in Cook County; each of these factors can increase
systemic inflammation, a critical contributor to cancer pathogenesis
(2, 3). However, studies have yet to investigate disparities in
inflammation in subjects with lung cancer by race and by
socioeconomic factors.

Chronic systemic inflammation associated with smoking (4) and
other conditions such as chronic obstructive pulmonary disease (5)
plays a critical role in the development of lung cancer (6).
Inflammation is an independent predictor of mortality in lung
cancer, associated with decreased progression-free and overall
survival (7, 8). Systemic inflammation can be measured via
circulating levels of various biomarkers, such as C-reactive protein
(CRP), and cytokines like interleukin-6 (IL-6) (9, 10). However, these
biomarkers are not routinely measured in the clinical setting (11).
Alternatively, neutrophil to lymphocyte ratio (NLR) is a marker of
systemic inflammation derived from absolute neutrophil and
lymphocyte counts performed during complete blood counts,
parameters that are routinely available in medical records. During
the systemic inflammatory response, there are alterations in the
numbers of circulating white blood cells, including neutrophilia
and lymphocytopenia, resulting in an increase in NLR. An elevated
NLR is a prognostic indicator of decreased survival in individuals
with solid tumors, including lung cancer (9, 12-14).

Race is a social rather than a biological construct used to
oppress and dominate one group over another, resulting in racism
and discrimination (15). Socioeconomic status (SES) is a
structural determinant of health inequities (16) and a
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fundamental cause of disease (17). Racial inequalities in health
reflect, in part, differences in SES, including income, education,
occupation, wealth, working and housing conditions (15).
Moreover, an individual’s neighborhood environment also
impacts health, independent of individual SES (18, 19).
Concentrated disadvantage, often quantified through the
concentrated disadvantage index (CDI), describes the degree of
neighborhood economic and social disadvantage (20, 21),
especially the geographic isolation of poor, Black, and single-
parent families and the bundling of social issues, including crime,
physical and social disorder, and school dropout (22). Individuals
from disadvantaged neighborhoods are exposed to physical (e.g.,
vacancies, pollution, disinvestment) and social (e.g., violence,
segregation) stressors which can impact health through stress
(23-25) and lead to increased inflammation (2, 26-28).

While several studies evaluated inflammation in NHB versus
NHW individuals both in the general population and in
individuals with cancer, the results are inconsistent, showing
either higher or lower inflammation in NHB versus NHW
individuals (2, 29-37). On the other hand, only a few studies
have investigated the degree of inflammation by neighborhood
concentrated disadvantage or neighborhood SES. Those studies
show higher inflammation, as measured by CRP, in the most
disadvantaged or low SES neighborhoods (38-41).

Because of inconsistencies in the literature on inflammatory
biomarkers by race and because of lack of data specifically in lung
cancer, we aimed to investigate disparities in inflammation as measured
by NLR in subjects with lung cancer by race. A secondary aim was to
investigate disparities in inflammation as measured by NLR in subjects
with lung cancer by neighborhood CDI. We hypothesized that NHB
and individuals from disadvantaged neighborhoods would have higher
NLR due to chronic stress.

Materials and methods
Study population and setting

This retrospective, cross-sectional study utilized a
convenience sample from a parent study of 1251 lung cancer
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cases from an urban, tertiary medical center in Cook County, IL
that were diagnosed or treated between 2014 and 2016. The
number of subjects for data extraction was based on pilot data
and a priori power calculations (90% power, alpha=0.05) to test
for differences in NLR by race (n=72, 36 NHB and 36 NHW), as
well as obtaining an equal representation of NHB and NHW
subjects by sex. Approximately half (n=604) of the lung cancer
cases were reviewed, and subjects were included in this study
based on the following criteria: being aged 19 years or older,
diagnosed with lung cancer, having a diagnostic CT scan
available, and self-identifying as NHB or NHW (n=293).
Three hundred eleven subjects were excluded due to other race
(n=117), no lung cancer diagnosis (n=5), no diagnostic CT scan
available (n=180), and duplicate or restricted records (n=9).
Subjects were additionally excluded if they were missing data for
NLR, the primary dependent variable (n=14), cancer stage was
unavailable (n=1), or their residential addresses were outside IL
(n=15) for a final sample size of n=263. See Supplementary
Figure 1 for details on how the sample was derived.

Data extraction

Electronic medical records (EMR) were retrospectively
reviewed, and demographic and clinical information was
collected relative to cancer diagnosis date. Clinical and
demographic data extracted included age, height, weight, race,
ethnicity, sex, tumor type, clinical stage of cancer, date of cancer
diagnosis, neutrophil count, lymphocyte count, and residential
address at cancer diagnosis. Race, ethnicity, and sex were self-
identified. Body mass index (BMI) was calculated as weight in
kilograms/height in meters squared; BMI was categorized into
underweight (BMI <18.5 kg/mz), normal (BMI >/=18.5 and <25
kg/m?), overweight (BMI >/= 25 and <30 kg/m?) and obese
(BMI > /=30 kg/m?) status. Stage of cancer was categorized as
early-stage (in situ, stage 1 and stage 2) versus late-stage (stage 3
and 4). Lab values collected were within 30 days of cancer
diagnosis, closest to the diagnosis date, and before any treatment
(chemotherapy, radiation, or surgery) for lung cancer
was initiated.

Primary dependent variable

The primary study outcome was inflammation as defined by
NLR, which was computed as the ratio of total neutrophil to total
lymphocyte count. We investigated both the degree of
inflammation in individuals using NLR as a continuous
variable and the prevalence of inflammation in the population
as defined by NLR >3 (moderate to high inflammation), as an
elevated NLR is pathological and associated with decreased
overall survival, cancer-specific survival, and progression-free
survival in patients with solid tumors (9, 13, 42, 43).
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Primary independent variables

Race (NHB and NHW) served as our primary independent
variable and was self-reported. Secondarily, we investigated
disparities in inflammation in subjects with lung cancer by
neighborhood CDI as an exploratory analysis. To calculate
CDI, residential addresses were geocoded using ArcGIS
Desktop 10.8.1 (ESRI https://www.esri.com/en-us/home). We
then retrieved census tract level neighborhood characteristics
from the U.S. Census American Community Survey (ACS) 5-
year estimates from 2013-2017 as this survey spanned the years
for subjects’ cancer diagnosis. Principal component analysis was
conducted to compute neighborhood CDI using: % individuals
living below poverty, % individuals with less than high school
education, % female headed households with dependent
children, % unemployed among working-age individuals, and
median household income (20). Higher CDI scores represent
greater disadvantage, and because CDI is a standardized
composite score, the mean was zero and the standard
deviation was 1 (20, 44). In this sample, the CDI ranged from
-1.82 to 3.73, and a binary variable for CDI (least versus most
disadvantaged neighborhoods) was created with least
disadvantaged defined as </= 50%ile (including median of
0.161468) and most disadvantaged defined as >50%ile for CDL
The neighborhoods were also categorized by racial composition
with majority Black neighborhoods defined as >75% Black and
majority White neighborhoods defined as > 75% White (20).

Statistical analysis

Standard descriptive statistics (N [%] or mean [standard
deviation] were calculated and statistical differences were
estimated using Mann Whitney U (for NLR, which is not
normally distributed) or t-test for continuous variables and
Pearson’s chi-square test for categorical variables. NLR was log-
transformed to reduce skewness and normalize the distribution.
Prevalence of inflammation by race and neighborhood CDI was
analyzed by setting the threshold for inflammation as NLR >3 (9,
13, 42, 43) according to published data. On the other hand, NLR<3
was categorized as no inflammation (9, 13, 42, 43, 45, 46). We used
linear (degree) and logistic (prevalence) regression to test whether
clinical and demographic characteristics were associated with NLR
in univariate and multivariable analysis. Forward, backward, and
stepwise modeling procedures were completed to determine
significant predictors (race, neighborhood CDI, stage of cancer,
BMI (categorical variable), age (continuous and categorical
variable), smoking and alcohol history, racial composition of the
neighborhood) to include in the linear and logistic regression
models. Interactions between race and CDI and between race and
stage of cancer were tested for significance. Statistical significance
was defined as p<0.05. All statistical analyses were conducted using
SAS® Studio, SAS® OnDemand for Academics (Copyright® 2021,
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SAS Institute Inc., Cary, NC, USA). This study was approved by the
University of Illinois Chicago (Protocol #2020-0677) and the Rush
University Medical Center (ORA #18013002-IRB01) Institutional
Review Boards.

Results
Overall demographics of subjects

The sample consisted of a similar number of males (n=137;
52.1%) and females (n=126; 47.9%) with a mean age of 69.2 +/- 9.9
years and a BMI of 26.3 +/- 5.7 kg/m” (see Supplementary Table 1
for details about BMI distribution). By design, half of the subjects
were NHB (52.5%) and half were NHW (47.5%). A significantly
higher number of subjects had late-stage cancer (58.9%) compared
to early-stage cancer (41.1%; p<0.004). A significantly higher
number of subjects had non-small cell lung cancer (NSCLC)
versus small cell lung cancer (SCLC) or other sub-types/unknown
(85.2% versus 2.7% and 12.2%, respectively; p<0.0001).

Demographics by race

As shown in Table 1, age and BMI did not differ significantly
between NHB and NHW individuals. A significantly higher

10.3389/fimmu.2022.1008674

proportion of NHB (71.0%) had late-stage lung cancer
compared to NHW individuals (45.6%) but the histology of
lung cancer did not differ by race. As expected in a population of
subjects with lung cancer, the vast majority of individuals
(92.0%) were current or former smokers, with comparable
rates in NHB and NHW individuals. Significantly more NHB
(75.4%) lived in the most disadvantaged neighborhoods
compared to NHW individuals (24.8%). Moreover, 66% of
NHB individuals lived in neighborhoods with >75% Blacks
compared to 34% living in neighborhoods with <75% Blacks
(Supplementary Table 1). Refer to Supplementary Table 2 for
demographics by neighborhood CDIL

Degree of inflammation

Overall, subjects included in this study experienced a
substantial degree of inflammation at diagnosis based on NLR
(5.99 +/- 7.03) (see Table 1). Before controlling for any potential
confounders, we found a significantly lower NLR in NHB
compared to NHW (5.50 +/- 7.45 vs 6.53 +/- 6.53; p=0.01)
individuals. Moreover, there was no significant difference in
NLR when data was analyzed by neighborhood CDI, though
NLR trended higher in those from the most disadvantaged
neighborhoods compared to those from the least
disadvantaged ones. Analyzing log-transformed NLR by race

TABLE 1 Demographics, inflammatory biomarkers, and neighborhood socioeconomic variables of subjects with lung cancer overall and by race

(n=263)%.

Overall Sample

Age (years) 69.17 +/- 9.92
BMI (kg/m?) 26.26 +/- 5.74
NLR 5.99 +/- 7.03
Sex
Male 137 (52.09) 0.50
Female 126 (47.91)
Cancer Stage
Early-Stage (0,1,2) 108 (41.06) 0.004
Late-Stage (3, 4) 155 (58.94)
Histology <0.0001
NSCLC 224 (85.17)
SCLC 7 (2.66)
Unknown/Other 32 (12.17)
Smoking History
Current/Former 240 (91.95) <0.0001
Never 21 (8.05)
CDI
Least Disadvantaged Neighborhoods 128 (48.67) 0.67
Most Disadvantaged Neighborhoods 135 (51.33)

NHB(n=138) NHW (n=125) p-value
68.54 +/- 10.47 69.86 +/- 9.04 0.28
25.91 +/- 6.17 26.66 +/- 5.21 0.29

5.50 +/- 7.45 6.53 +/- 6.53 0.01*
72 (52.17) 65 (52.00) 0.98
66 (47.83) 60 (48.00)

40 (28.99) 68 (54.40) <0.0001
98 (71.01) 57 (45.60)

035

120 (86.96) 104 (83.20)

5 (3.62) 2 (1.60)

13 (9.42) 19 (15.20)
126 (92.65) 114 (91.20) 0.67
10 (7.35) 11 (8.80)

34 (24.64) 94 (75.20) <0.0001
104 (75.36) 31 (24.80)

'Values are means +/- SDs or n (%). *Mann Whitney U test as NLR is not normally distributed in this sample. T-test used for other continuous variables and Pearson’s chi square test used
for categorical variables. NHB,Non-Hispanic Black; NHW, Non-Hispanic White; BMI, body mass index; kg, kilograms; m”, meters squared; NLR, neutrophil to lymphocyte ratio;
CDI, concentrated disadvantage index; NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer.
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and CDI did not change the results. NLR was also analyzed by
CDI quartiles, and again there was no signficant difference when
comparing NLR in the least disadvantaged quartile versus the
most disadvantaged quartile (see Supplementary Table 2). The
data was then stratified by race and NLR was analyzed by
neighborhood CDI to detect differences in NHB and in NHW
individuals separately. There was no significant difference in
NLR by neighborhood CDI in either NHB or NHW individuals
after stratifying by race (See Supplementary Table 3).

In addition and as expected (14, 35, 43, 47), NLR was
significantly higher in late-stage versus early-stage lung cancer
(6.67 +/- 8.02 versus 5.01 +/- 5.17; p=0.04). When stratifying by
race, NLR was significantly lower in NHB compared to NHW
individuals in both early and late stages of lung cancer (early-
stage: 3.58 +/- 2.59 vs 5.86 +/- 6.07 in NHB vs NHW,
respectively; p=0.02; late-stage: 6.29 +/- 8.57 vs 7.34 +/- 7.00
in NHB vs NHW, respectively; p=0.03). We also analyzed NLR
by histology sub-type of lung cancer. Again, there was no
signficant difference in NLR when looking at NSCLC versus
SCLC (5.72 +/- 6.53 versus 8.85 +/- 10.58, respectively; p=0.24)
nor when looking at NSCLC versus all other sub-types (5.72 +/-
6.53 versus 7.52 +/- 9.46, respectively; p=0.15. When looking
only at those with a current or former history of smoking
(n=242), NLR was still significantly lower in NHB compared
to NHW individuals (5.06 +/- 5.99 versus 6.66 +/- 6.73; p=0.006)
and in those from the most disadvantaged compared to the least
disadvantaged neighborhoods (5.61 +/- 7.05 versus 6.03 +/- 5.63;
p=0.04). See Supplementary Table 4 for additional NLR analyses.

Table 2 details the association between demographics, clinical
characteristics and NLR. In multivariable analysis, NHB race was

10.3389/fimmu.2022.1008674

significantly associated with a lower NLR (-1.95 units) compared
to NHW after controlling for stage of cancer, BMI category, age
category and smoking history (p=0.01). In the fully adjusted
model, NHB race was significantly associated with a 2.22 unit
decrease in NLR compared to NHW after controlling for
neighborhood CD], stage of cancer, BMI category, age category,
and smoking history. Using the log-transformed NLR in
multivariate linear regression analysis made no difference in the
association between NLR and race or neighborhood CDIL
Collectively, these data indicate a lower degree of inflammation in
NHB compared to NHW individuals when using NLR as a biomarker.

Prevalence of inflammation by race and
by neighborhood CDI

Approximately two thirds of subjects with lung cancer (62.7%)
presented with inflammation at diagnosis when using a threshold
value of NLR > 3. Prevalence of inflammation was significantly lower
in NHB compared to NHW individuals (55.1% vs 71.2%; p=0.007).

There was also a significantly lower prevalence of individuals
with NLR > 3 from the most disadvantaged neighborhoods
compared to those from the least disadvantaged neighborhoods
(54.1% vs 71.9%; p=0.003). Collectively, these data indicate a
lower prevalence of inflammation in NHB compared to NHW
individuals and in the most disadvantaged compared with the
least disadvantaged neighborhoods when using NLR as a
biomarker and before adjusting for potential confounders.

The data was then stratified by race to determine if
inflammation prevalence differed by neighborhood CDI in

TABLE 2 Univariate and adjusted linear regression estimates of the association between demographic and clinical characteristics and NLR.

Univariate

Variable Category
Race NHW Ref

NHB -1.03 (-2.74, 0.67) 0.23
CDI (Categorical)  Least Disadvantaged Ref

Most Disadvantaged 0.08 (-1.63, 1.79) 0.93
Stage of Cancer Early-Stage Ref

Late-Stage 1.66 (-0.07, 3.39) 0.06
Smoking history

Never Ref
Age Current/former 0.16 (-2.65, 2.97) 091

<65 years Ref

>65 years -0.90 (-2.72, 0.91) 0.33
BMI underweight 5.09 (2.07, 8.12) 0.001

Normal Ref

overweight -1.35 (-3.13, 0.42) 0.13

obese -0.91 (-2.99, 1.16) 0.39

Multivariate - Model 1* Multivariate - Model 2**

Coefficient (95% CI) p-value Coefficient (95% CI) p-value Coefficient (95% CI) p-value

-1.95 (-3.51, -0.40) 0.01 -2.22 (-4.00, -0.44) 0.01

0.56 (-1.23, 2.35) 0.54
1.61 (-0.01, 3.24) 0.05 1.55 (-0.08, 3.19) 0.06
0.10 (-2.71, 2.91) 0.94 0.08 (-2.73, 2.90) 0.95
-0.09 (-1.76, 1.57) 091 -0.03 (-1.71, 1.65) 0.97
247 (-0.55, 5.49) 0.11 2.54 (-0.49, 5.58) 0.10
-1.02 (-2.81, 0.78) 027 -1.03 (-2.83, 0.77) 0.36
-0.90 (-3.00, 1.30) 0.40 -0.98 (-3.09, 1.14) 0.36

NHB, Non-Hispanic Black; NHW, Non-Hispanic White; NLR, neutrophil to lymphocyte ratio; CDI, concentrated disadvantage index; BMI, body mass index *Model 1- controlling for stage

of cancer, age category, BMI category, and smoking history **Model 2- controlling for neighborhood CDI, stage of cancer, age category, BMI category, and smoking history.
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NHB and in NHW individuals separately. In NHB individuals,
there were no significant differences in inflammation prevalence
by neighborhood CDI. In NHW individuals, inflammation
prevalence for NLR = 3 was lower in the most disadvantaged
compared to the least disadvantaged neighborhoods but this did
not reach statistical significance (58.06% vs 75.53%; p=0.062).

Table 3 details the association between demographics and
clinical characteristics and inflammation prevalence (NLR > 3).
In the fully adjusted model, NHB race was associated with 51%
lower odds (95% Confidence Interval [CI]: 0.26, 0.91) of
inflammation prevalence after controlling for neighborhood CDI,
stage of cancer, age and BMI categories, and smoking history
(p=0.02). Those living in the most disadvantaged neighborhoods
had 43% lower odds (95% CI: 0.31, 1.06) of inflammation compared
to those living in the least disadvantaged neighborhoods after
controlling for race, stage of cancer, age and BMI categories, and
smoking history but this did not reach statistical significance
(p=0.08). As expected, late-stage lung cancer was associated with
1.99 times higher odds of inflammation (95% CI: 1.11, 3.59) when
compared to early-stage lung cancer after controlling for race,
neighborhood CDI, age and BMI categories, and smoking history.
Finally, underweight status was associated with 5.2 times higher
odds of inflammation (95% CI: 1.10, 24.66) compared to normal
weight status (p=0.04) in the fully adjusted model.

Discussion

Our study found that the degree and prevalence of
inflammation, as measured by NLR as a continuous variable

10.3389/fimmu.2022.1008674

and NLR > 3, respectively, was significantly lower in NHB
compared to NHW individuals with lung cancer.
Inflammation prevalence (NLR = 3) was also significantly
lower in patients with lung cancer who resided in the most
disadvantaged neighborhoods compared to those from the least
disadvantaged neighborhoods.

In agreement with previous reports (7, 8), we found that
inflammation is both present and prevalent in lung cancer, with
over 60% of subjects presenting with inflammation at diagnosis
and higher NLR values for both NHB and NHW individuals
with lung cancer compared to previously reported baseline NLR
values for the general population obtained from NHANES data,
which excluded subjects with cancer (34). We also confirm that
inflammation was significantly more severe in late-stage
compared to early-stage lung cancer (14, 35, 43, 47). In our
study, NLR was significantly higher in those who were
underweight at cancer diagnosis (with significantly more late-
stage versus early-stage lung cancer) compared to those who
were normal weight, overweight or obese, consistent with a study
that found significantly higher NLR in underweight individuals
after treatment for ovarian cancer compared to obese
individuals (48).

We found a significant difference in the degree of
inflammation as measured by NLR by race, with lower values
in NHB compared to NHW individuals at lung cancer diagnosis.
Our results are consistent with a study that included patients
with various types of cancer but not lung cancer, and a study in
locally advanced non-small cell lung cancer (NSCLC), both of
which found that pre-treatment NLR was significantly lower in
NHB versus NHW individuals (35, 49). The significantly lower

TABLE 3 Univariate and adjusted logistic regression estimates of the association between demographic and clinical characteristics and

inflammation prevalence (NLR > 3).

Multivariate Analysis- Model 1*

Multivariate Analysis- Model 2**

Variable Category Univariate Analysis
OR (95% CI) p-value

Race NHW Reference

NHB 0.50 (0.30, 0.83) 0.007
CDI (Categorical)  Least Disadvantaged Reference

Most Disadvantaged ~ 0.46 (0.28, 0.77) 0.003
Stage of Cancer Early-Stage Reference

Late-Stage 1.47 (0.89, 2.44) 0.14
Smoking history

Never Ref

Current/former 1.04 (0.42, 2.62) 0.93
Age <65 years Reference

>65 years 1.12 (0.66, 1.91) 0.67
BMI underweight 3.38 (0.93, 12.33) 0.06

normal reference

overweight 0.88 (0.48, 1.60) 0.66

obese 0.55 (0.28, 1.09) 0.09

OR (95% CI)

0.38 (0.22, 0.67)

1.84 (1.04, 3.28)

0.99 (0.37, 2.64)

1.23 (0.68, 2.20)
5.46 (1.16, 25.71)

0.91 (0.49, 1.68)
0.54 (0.27, 1.11)

p-value OR (95% CI) p-value

0.0008 0.49 (0.26, 0.91) 0.02
0.57 (0.31, 1.06) 0.08

0.04 1.99 (111, 3.59) 0.02
098 0.99 (0.36, 2.69) 0.98
0.49 1.15 (0.64, 2.08) 0.64
0.03 5.20 (.10, 24.66) 0.04
0.75 0.91 (0.49, 1.70) 0.77
0.09 0.58 (0.28, 1.20) 0.14

NHB, Non-Hispanic Black; NHW, Non-Hispanic White; NLR, neutrophil to lymphocyte ratio; CDI, concentrated disadvantage index; BMI, body mass index *Model 1- controlling for stage

of cancer, age category, BMI category, and smoking history **Model 2- controlling for neighborhood CDI, stage of cancer, age category, BMI category, and smoking history.
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NLR in NHB individuals is also consistent with two NHANES
studies that found significantly lower NLR in NHB compared to
NHW individuals in the general population (34, 36). Benign
Ethnic Neutropenia (BEN), a condition present in individuals of
African, Caribbean, Middle Eastern, and West Indian descent,
may help explain this discrepancy. In BEN, low neutrophil
counts (less than 1500/microliter) are present in the absence of
any identifiable causes or consequences (50). If NHB individuals
have BEN or a lower NLR value at baseline, then NLR may not
reach the high levels seen in NHW individuals at lung cancer
diagnosis despite an increase from baseline levels (34).

Our results, showing no differences in the degree of
inflammation by neighborhood CDI, are in contrast with
several studies that investigated the degree of inflammation
(measured by CRP) by neighborhood CDI or neighborhood
SES, finding that CRP decreased with increasing neighborhood
SES and a positive correlation between CDI and CRP (38-41).
Our contrasting findings may be related to the presence or
absence of lung cancer, though the use of different biomarkers
-NLR vs CRP - is also likely a critical parameter. Indeed, NLR
may only be weakly correlated with CRP, and there may be
different mechanisms driving changes in these biomarkers (36).
Importantly, CRP is not routinely measured in healthcare
settings (11), whereas NLR can be calculated from a routine
complete blood count, thus allowing its use in retrospective
studies that utilize EMR.

When looking at the prevalence of inflammation in the
population as quantified by NLR > 3, we found significantly
lower values in NHB compared to NHW individuals and in the
most disadvantaged neighborhoods compared to the least
disadvantaged ones. These data are in agreement with a study
evaluating the prevalence of inflammation in hepatocellular
carcinoma (indicated by NLR>4) (47) and in colorectal cancer
(NLR =3) (43), which found that NHB individuals had a lower
prevalence of elevated NLR compared to NHW, and that
individuals with a lower SES were also less likely to have
elevated NLR compared to those with a higher SES (47). In
contrast, studies evaluating prevalence of inflammation, as
indicated by CRP, by neighborhood deprivation or “risky”
neighborhoods found the highest prevalence of inflammation
in adults and children in the most deprived or “riskiest”
neighborhoods (26-28). While these studies contrast with our
findings, the discrepant results may be related to heterogeneity
in the definition of neighborhood deprivation or SES, to the
inclusion of subjects with lung cancer in our study versus the
general population in previous reports, to issues such as
adiposity or levels of physical activity, but also to the
biomarker measured (NLR vs CRP). Indeed, the lower
prevalence of inflammation among NHB individuals that we
found may be due in part to having baseline NLR lower than
NHW individuals in the absence of cancer and the need for a
lower NLR threshold to define the presence of inflammation in
NHB individuals (34). If NHB individuals have a mean NLR that
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is significantly lower than NHW individuals in the absence of
cancer, this may indicate that cut-oft values for increased NLR in
chronic disease, including cancer, may differ by race and should
therefore be adjusted. NLR >3 is pathological and reflects innate
versus adaptive immunity (13); however, it is possible that this
NLR level cannot be reached by NHB individuals or reflects
more severe inflammation in NHB versus NHW
individuals (34).

It’s also important to note that more NHB and those from
disadvantaged neighborhoods presented with late-stage lung
cancer, and that stage of cancer impacted the degree of
inflammation, with significantly higher NLR in late-stage
versus early-stage lung cancer. It would, therefore, be expected
that NHB individuals would present with higher NLR at
diagnosis, as they presented with more advanced cancer.
However, our study did not confirm this expectation. In fact,
after controlling for stage of cancer, neighborhood CDI, BMI
and age categories, and smoking history, NHB individuals had
51% lower odds of inflammation prevalence and lower mean
NLR compared to NHW individuals, which may instead suggest
a lower physiological stress response and immunosuppression,
as elevated NLR is an indicator of neuroendocrine stress (13).
During times of stress and increased cortisol production, there is
a shift from adaptive to innate immunity with lymphocytopenia
and neutrophilia, resulting in increased NLR. However in NHB
individuals, innate immunity may be naturally lower with BEN,
resulting in lower NLR (13).

Similarly, the degree of inflammation did not significantly
vary by neighborhood CDI even though individuals from the
most disadvantaged neighborhoods presented with more late-
stage lung cancer compared to those residing in the least
disadvantaged neighborhoods. After controlling for stage of
cancer, neighborhood CDI, BMI and age categories, and
smoking history, NHB race was associated with greater than a
two unit decrease in NLR compared to NHW. Social cohesion,
or the feeling of connectedness, solidarity and a sense of
belonging within a community, may help explain these
findings (51). Amongst groups and individuals in
disadvantaged neighborhoods, social cohesion may have a
positive impact on inflammation and health outcomes (52-
54). Studies have shown that members of groups with a
history of discrimination may have better health when living
in areas of the same racial/ethnic density (52). In our study, the
majority of NHB individuals (66%) lived in neighborhoods
where Blacks made up >75% of the population, and the
majority of NHW individuals lived in neighborhoods where
racial composition was <75% Black. Racial density may lead to
less stigma when amongst one’s own racial group or social class
(52) and the protective effects of social support and feelings of
belonging that provide benefit from the effects of racism and
discrimination (51). In a study investigating neighborhood social
cohesion and inflammation (measured by CRP and IL-6), there
was an inverse association between social cohesion and CRP or
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IL-6 (53). While our study did not measure neighborhood social
cohesion, this may be one mechanism explaining the lower
degree of inflammation in NHB individuals, and the lower
prevalence of inflammation in NHB individuals and in those
from more disadvantaged neighborhoods, even in the presence
of more advanced lung cancer stage at diagnosis. Similarly,
resilience, or a person’s ability to adapt to an adverse situation
and recover (55), may help to attenuate the negative effects of
stressors, including SES and childhood adverse life experiences,
on inflammatory markers (55, 56) and may be another
mechanism for lower inflammation in NHB individuals with
lung cancer from disadvantaged neighborhoods.

Finally, we confirm that a large proportion of NHB
individuals live in the most disadvantaged neighborhoods in
the larger Chicago metropolitan area and present with higher
prevalence of late-stage cancer compared to NHW individuals.
Additionally, a larger proportion of those who live in the most
disadvantaged neighborhoods present with late-stage cancer at a
significantly younger age compared to those who live in the least
disadvantaged neighborhoods, which may suggest limited access
to care or resources (17, 57, 58). The racially patterned
socioeconomic disadvantage that occurs in this region may
impact stage of cancer at diagnosis and disparities in lung
cancer outcomes.

Limitations

Although power analysis was completed a priori using pilot
data for NLR differences by race, the study may not have been
adequately powered to detect differences by neighborhood CDI.
This was a cross-sectional study and only investigated
inflammation at one time point near or on the cancer
diagnosis date, thus causation cannot be inferred. Differences
in inflammation by race and neighborhood may present
longitudinally or as the cancer is treated. We used NLR as a
marker of inflammation due to its clinical availability, but NLR
may only be weakly correlated with CRP, another inflammatory
biomarker (36). NLR is a sensitive marker of acute and/or
chronic inflammation associated with infectious and non-
infectious diseases and reflects the relationship between innate
and adaptive immunity (13), but it remains unknown whether
NLR is an appropriate marker of inflammation when examining
racial differences, especially due to the presence of BEN, and
whether NLR is impacted by social stress as measured by CDI in
this population. In addition, we acknowledge the importance of
adjusting for white blood cells when looking at the association
between NLR and overall and cause-specific mortality, as white
blood cells could act as a confounder as they are higher in
individuals with higher NLR; however, we did not abstract this
information from the electronic medical record. Because an
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elevated NLR is linked to overall mortality (59) and
progression-free and overall survival in lung cancer (7), we
cannot exclude a potential selection bias due to racial
differences in pre-cancer mortality. As the subjects were
obtained from a lung cancer registry from a single urban,
tertiary medical center in Cook County, IL, this may represent
selection bias as the subjects may not be a representative sample
of the overall population with lung cancer. In addition, the
inclusion criteria may have biased the sample to those able to
access care at the facility and those individuals who receive
routine medical care. Finally, we recognize that the association
between underweight and elevated NLR in this study may only
be a correlation given that we only have one BMI measurement
at diagnosis, which does not give us any information about
unintended weight loss or malnutrition a person may or may not
be experiencing prior to or at diagnosis. Therefore, we cannot
establish temporality, and we encourage readers to interpret this
finding with caution. Indeed, nutrition risk is associated with
increased NLR (60), but nutitional status was not assessed in this
study, and BMI at diagnosis is not an indicator of
nutritional risk.

Conclusion

Individuals with lung cancer present with high levels of
inflammation upon cancer diagnosis. The degree and prevalence
of inflammation, as measured by NLR, at lung cancer diagnosis
is significantly lower in NHB compared to NHW individuals and
prevalence is significantly lower in those from the most
disadvantaged neighborhoods compared to those from the
least disadvantaged neighborhoods. While inherently low
levels of NLR and protective effects of racially dense
neighborhoods may contribute to these results, further
research is needed to determine mechanisms that may be
contributing to disparities in inflammation amongst NHB and
NHW individuals with lung cancer and to establish whether
NLR is an appropriate marker to evaluate racial differences
in inflammation.
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