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Adverse neighborhood social and natural (green space) environments may contribute to the etiology of prostate
cancer (CaP), but mechanisms are unclear. We examined associations between neighborhood environment and
prostate intratumoral inflammation in 967 men diagnosed with CaP with available tissue samples from 1986-2009
in the Health Professionals Follow-up Study. Exposures were linked to work or residential addresses in 1988. We
estimated indices of neighborhood socioeconomic status (nNSES) and segregation (Index of Concentration at
the Extremes (ICE)) using US Census tract-level data. Surrounding greenness was estimated using seasonal
averaged Normalized Difference Vegetation Index (NDVI) data. Surgical tissue underwent pathological review
for acute and chronic inflammation, corpora amylacea, and focal atrophic lesions. Adjusted odds ratios (aORs)
for inflammation (ordinal) and focal atrophy (binary) were estimated using logistic regression. No associations
were observed for acute or chronic inflammation. Each interquartile-range increase in NDVI within 1,230 m
of the participant's work or home address (aOR = 0.74, 95% confidence interval (Cl): 0.59, 0.93), in ICE-
income (aOR = 0.79, 95% CI: 0.61, 1.04), and in ICE-race/income (aOR = 0.79, 95% CI: 0.63, 0.99) was
associated with lower odds of postatrophic hyperplasia. Interquartile-range increases in nSES (aOR = 0.76,
95% CI: 0.57, 1.02) and ICE-race/income (aOR = 0.783, 95% CI: 0.54, 0.99) were associated with lower odds
of tumor corpora amylacea. Histopathological inflammatory features of prostate tumors may be influenced by
neighborhood.

atrophy; inflammation; neighborhood; prostate cancer; prostatic neoplasms; residence characteristics;
socioeconomic factors

Abbreviations: aOR, adjusted odds ratio; CaP, prostate cancer; Cl, confidence interval; HPFS, Health Professionals Follow-up
Study; ICE, Index of Concentration at the Extremes; IQR, interquartile range; nSES, neighborhood socioeconomic status; NDVI,
Normalized Difference Vegetation Index; PSA, prostate-specific antigen; SES, socioeconomic status.

Prostate cancer (CaP) is the most commonly diagnosed
noncutaneous cancer in US men, with an estimated 268,490
diagnoses and 34,500 deaths in 2022 (1). CaP progres-
sion involves gradual changes to prostate cells driven by
numerous physiological events (2). Chronic inflammation in
prostate tissue is associated with focal atrophy, characterized
by proliferative glandular epithelium in the peripheral zone
of the prostate gland (3). Certain forms of focal atrophy are
hypothesized to arise from the normal aging process. Posta-
trophic hyperplasia, a histopathological signature related to

proliferative inflammatory atrophy, involves proliferation of
the basal cells of the prostate gland. Postatrophic hyperplasia
is associated with oxidative stress and inflammation, and
may be a precursor lesion that leads to CaP (2, 4). The avail-
able animal and human evidence suggests that exposure to
proinflammatory environments may lead to increased risk of
aggressive CaP and poorer CaP outcomes after diagnosis (2,
3, 5). These data imply that environmental factors that influ-
ence inflammation pathways could affect risk of aggressive
CaP and postdiagnostic CaP outcomes (2, 6).
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Men living in more advantaged neighborhoods, defined
by health-promoting environments and favorable socio-
economic status (SES), have better CaP outcomes (7-10).
The multilevel pathways that link upstream neighborhood
environmental factors to downstream CaP outcomes operate
through mechanisms occurring at sociopolitical, individual,
and biological scales (Figure 1). SES and segregation may
influence societal and individual-level social stress path-
ways which drive inflammation and oxidative stress, among
other mechanisms (11). Natural outdoor environments,
which encompass natural systems and the flora and fauna
that they contain, across varying spatial scales and with
different levels of human management, have been linked to
improved health (12, 13). For this study, we chose to focus on
neighborhood green spaces (“greenness”) (14) as a measure
of natural outdoor environment, given the growing evidence
of myriad health benefits of green space in humans (15,
16). Neighborhood greenness may influence CaP outcomes
through the promotion of physical activity, promotion of
social cohesion, and improved mental health (14, 17). Men
living in neighborhoods with higher greenness experience
lower risk of lethal CaP in urban settings and lower CaP
mortality (18-20).

Those living in favorable neighborhood socioeconomic
and built environments report lower levels of blood markers
of inflammation, independently of lifestyle and behavioral
risk factors (21-23). Together, these neighborhood factors
may drive inflammation processes in the body and prostate
tissue through psychosocial stress, behaviors, and chemical
exposures. Social stressors encountered through discrimi-
nation and poverty can influence physiological wear and
tear, a theory referred to as the “weathering” hypothesis and
demonstrated empirically using allostatic load (24). Known
behavioral drivers of inflammation in cancer include diet,
obesity, and infections (2, 25, 26). These findings support
the hypothesis that living in neighborhoods with low levels
of greenness and lower SES may lead to increased inflam-
mation via environmental and social stressors, which could
then drive prostatic carcinogenesis and progression after
diagnosis.

While much of the research on neighborhood exposures,
inflammation-related pathways, and chronic disease has
focused on residential surroundings, unfavorable occupa-
tional environments may also increase inflammation by
exacerbating adverse effects of workplace stressors and expo-
sures (27, 28). Numerous occupational exposures, including
night-shift work, radiation (e.g., x-rays), and exposure to cer-
tain industrial chemicals (e.g., per- and polyfluoroalkyl sub-
stances), have been classified as potentially carcinogenic by
the International Agency for Research on Cancer (29-31).
Studies have found that night-shift work, radiation exposure,
and job-related stress are associated with higher levels of
inflammation (32-34). Improving occupational environ-
ments—for example, through physical and visual access to
green spaces—has been linked to lower perceived workplace
stress and higher workplace satisfaction (35). These reports
suggest that workplace and residential neighborhood
context could influence CaP progression through similar
mechanisms.

We examined associations between neighborhood socio-
economic status (nSES) and greenness and inflammatory
signatures of prostatic intratumoral histology within a
cohort of male health professionals. A better understanding
of these relationships could help reveal neighborhood
natural and social environments in which prostatic inflam-
mation occurs more frequently. Because inflammation is
modifiable through lifestyle or medications, neighbor-
hoods characterized by features that are associated with
prostatic inflammation could be targeted for multilevel
interventions.

METHODS
Study population and design

Data were obtained from participants in the Health Pro-
fessionals Follow-up Study (HPFS), an ongoing prospective
cohort study in which 51,529 male health professionals aged
40-75 years were recruited across the United States in 1986.
Participants completed biennial questionnaires that captured
detailed demographic, clinical, and lifestyle information.
In addition, each participant’s home or work address was
recorded in 1988, and addresses were updated biennially
thereafter.

In 2000, a CaP survivor subcohort was established for
collection of detailed clinical information among men with
CaP. Participants reported diagnoses of CaP in biennial ques-
tionnaires, which were then confirmed by study physicians
through medical record and pathology review. Clinical infor-
mation on stage and grade, prostate-specific antigen (PSA)
level at diagnosis, pathology, and progression was obtained
from medical records and CaP survivor-specific question-
naires. A sample of archival tissue specimens with hema-
toxylin and eosin—stained slides were collected and available
for pathological review with at least 1 histological marker.
The current study, sampling from 6,176 men diagnosed with
CaP from 1988 to 2009, included 967 cases (16%) available
for histology review. Specimens were mostly obtained from
radical prostatectomy (n = 886; 92%), with the remaining
samples (n = 81; 8%) being obtained from transurethral
resection of the prostate or biopsy. Further details on the CaP
survivor cohort are available elsewhere (36, 37).

The study protocol was approved by the institutional
review boards of Brigham and Women’s Hospital (Boston,
Massachusetts) and the human subjects committee of Har-
vard T.H. Chan School of Public Health (Boston, Mas-
sachusetts), and those of participating cancer registries as
required. Completion of questionnaires was considered to
imply informed consent to obtain medical records and tissue
samples.

Neighborhood social and natural environmental
exposures

We assessed nSES using a cohort-specific score. Briefly,
the measure included 9 Census tract-level variables from
the decennial US Census and the American Community
Survey capturing area-level educational attainment, income,
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Figure 1. Multilevel conceptual framework for the impact of neighborhood environment, behavior, and inflammation on prostatic carcinogenesis.
Neighborhood environments, characterized by socioeconomic status, income/racial inequality, and nature contact, are upstream environmental
factors that may influence development of prostate cancer (CaP). Pathways linking neighborhood environment to CaP risk include physiological
and psychosocial stress, manifested as allostatic load. Neighborhood environment may also drive individual-level risk factors, including diet,
comorbidity, and infections, that may be associated with elevated risk of CaP. Finally, neighborhood environment may be associated with exposure
to chemicals, including pollution and pesticides, which have been linked with elevated risk of CaP in agricultural workers and in urban areas. At
the level of the human body, favorable neighborhood environments are associated with lower levels of blood inflammatory markers. Systemic
inflammation may influence the development of distinct prostatic tissue histologies, including proliferative inflammatory atrophy, a potential
precursor lesion for CaP. Inflammation is also linked with benign prostatic inflammation and prostatitis. CRP, C-reactive protein; IL-6, interleukin
6; PAH, postatrophic hyperplasia; SA, simple atrophy; SACF, simple atrophy with cyst formation; TNF-a, tumor necrosis factor o.

wealth, occupation, and racial composition. We calculated a
summary score by z-scaling each component measure such
that increasing values indicated increasing affluence. The
summary score was computed by summing the components.
Further details about the development of the nSES score
were published previously (23). In earlier work, we found
that the distribution of nSES measures, including Census
tract-level median income, median home value, percent
poverty, and percent White, were comparable between the
HPFS study population and the US total, suggesting that
there is sufficient variability in these measures to both inves-
tigate these contextual nSES influences on CaP and other
health outcomes and to obtain inferences regarding impacts
of adverse nSES that can inform studies in smaller geo-
graphic areas (23).

Impacts of neighborhood segregation were assessed using
the Index of Concentration at the Extremes (ICE) (38), a

Am J Epidemiol. 2023;192(9):1485-1498

measure of the homogeneity of a population within a given
area with respect to socioeconomic privilege or disadvan-
tage. Although this population is predominantly White, we
chose to include measures of Black-White segregation to
capture neighborhood-level inequities that flow from dis-
crimination in housing and economic opportunities (39),
and because we previously observed that participants with
reported addresses in neighborhoods with racialized income
segregation had higher levels of inflammation (23). We
calculated ICE-income and joint ICE-race/income metrics
to capture information on segregation by income and seg-
regation occurring jointly across race/ethnicity (Black vs.
White) and income (lowest quintile of income vs. high-
est) following previously described methods (38). ICE met-
rics range from —1 to 1, where a value of —1 represents
a concentration of socioeconomically disadvantaged pop-
ulations and a value of 1 represents a concentration of
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socioeconomically privileged populations. The distributions
of Census tract—level median ICE-income, ICE-race, and
joint ICE-race/income were similar in the HPFS and the
total US population (see Web Figure 1, available at https://
doi.org/10.1093/aje/kwad112). The median value for ICE-
income was higher for the HPFS (median, 0.36; interquartile
range (IQR), —0.18 to 0.73) than for the US total (median,
0.22; IQR, —0.29 to 0.66). Similar findings were observed
for joint ICE-race/income (HPFS: median, 0.59 (IQR, 0.32—
0.79); US total: median, 0.50 (IQR, 0.22-0.74)).

Greenness exposure was estimated using a satellite-
derived index, the Normalized Difference Vegetation Index
(NDVI). The NDVI captures the photosynthetic activity
of leafy vegetation (40). We acquired 4 seasonal images
(January, April, July, and September) for each year within
the study period. We then calculated focal statistics, or
spatial averages, of NDVI within 1,230 m of the participant’s
address to capture data on the health-promoting impacts of
green space, such as improved mental health or increased
engagement in physical activity, that may operate within
the neighborhood surrounding the address. Annual NDVI
exposure was estimated by averaging the data over the 4
seasonal measures in each year.

Our primary exposures were assigned to the addresses
reported in 1988. We assigned exposures using the 1990
decennial Census measures for nSES and ICE and the annual
average of 4 seasonal NDVI measures. To evaluate poten-
tial long-term associations between neighborhood exposures
and inflammation outcomes, we also assessed cumulative
updated average exposures using nSES, ICE, and NDVI
measures to addresses collected from baseline through diag-
nosis. Further details regarding neighborhood measures are
available in Web Appendix 1.

Assessment of intraprostatic histology and
inflammatory markers

Tumor specimens with hematoxylin and eosin—stained
slides were reviewed by an experienced genitourinary
pathologist blinded to exposure, disease outcome, and other
clinical information. Inflammation scoring was done on
tumor and adjacent normal areas. Acute inflammation was
assessed on the basis of presence of neutrophils and was
defined as absent vs. present. Chronic inflammation was
characterized on the basis of the presence of lymphocytes
and macrophages and was graded as absent, mild (<10%
of the microscopically benign area), moderate (11%—-19%),
or severe (>20%) (41). Focal atrophy was assessed on the
basis of classifications from the 2006 working group for
histological classification of prostate atrophy lesions (4).
The following subtypes were identified: simple atrophy,
simple atrophy with cyst formation, and postatrophic
hyperplasia. These subtypes capture different morphological
features of atrophy in the peripheral zone of the prostate
gland. Further details regarding these classifications have
been provided elsewhere (4, 41).

In addition to tumor histology, trained investigators
reviewed slides for corpora amylacea, which are amyloid
bodies found within the lumen of cellular acini in proximity

to damaged prostate epithelium. Corpora amylacea in the
prostate are hypothesized to result from acute inflammation
caused by infections (42, 43). Available hematoxylin and
eosin—stained slides were reviewed using 10x objective
microscopy (Labomed CxL microscope; Labo America,
Inc., Fremont, California). The numbers of corpora amy-
lacea were manually counted for up to 50 randomly selected
10x fields, separately in the benign and tumor tissue areas.
The density of corpora amylacea for a participant was
calculated by summing the numbers of corpora amylacea
across slides and dividing by the total area viewed. These
numerical density measures were dichotomized into high-
versus low-density corpora amylacea, separately for benign
and tumor tissue. Further details regarding the assessment
of corpora amylacea are available elsewhere (42).

Statistical analysis

Logistic regression models were fitted for binary out-
comes, and ordinal logistic regression models were fitted
for categorical outcomes to estimate odds ratios and 95%
confidence intervals (CIs). Neighborhood measures were
scaled to a 1-IQR increase and modeled as linear terms. We
also parameterized neighborhood exposures using tertiles,
with an ordinal test for linear trend across median values for
each tertile to assess potential nonlinearity. Models adjusted
for age at diagnosis (years; continuous), PSA test value
at diagnosis (categorical: <10 ng/mL, 10-20 ng/mL, >20
ng/mL, or unknown), body mass index (weight (kg)/height
(m)?) at baseline, height (inches), nonvigorous and vigorous
physical activity (metabolic equivalent of task—hours/week),
population density (binary: <1,000 people/mile? or >1,000
people/mile?), and year of diagnosis (binary (<1993 or
>1993), representing diagnosis before or after widespread
adoption of PSA-based screening by health-care providers).
Covariates were selected on the basis of prior research (41)
and examination of correlations between covariates, neigh-
borhood exposures, and prostate tumor biomarkers (Web
Figure 2).

We performed additional sensitivity analyses to examine
the robustness of our findings to various analytical deci-
sions. First, we examined impacts of long-term exposure
that leveraged addresses over the course of follow-up. Sec-
ond, we examined whether associations with nSES and
tissue inflammation varied when we used a principal com-
ponents analysis—based approach rather than the z score
approach, using previously described methods (44). Third,
we compared findings using log-binomial models rather
than logistic regression models, because odds ratios exag-
gerate risk ratio effect estimates when outcomes are com-
mon. Fourth, we examined whether associations between
neighborhood measures and intraprostatic inflammation var-
ied by address type (home or work). Finally, we evalu-
ated sensitivity to potential selection bias. These analyses
were done using postatrophic hyperplasia and tumor corpo-
ral amylacea measures and are described in detail in Web
Appendix 1.

All analyses were performed using SAS software, version
9.4 (SAS Institute, Inc., Cary, North Carolina), and all statis-
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Table 2. Prevalence of Focal Atrophic and Inflammatory Lesions
Among Men Diagnosed With Prostate Cancer Who Had Available
Inflammatory Histological Data (n = 967), Health Professionals
Follow-up Study, 1988-2009

Tumor Characteristic Ss?zn;p(:e) g(a).s:fs %
Acute inflammation 900 268 29.8
Chronic inflammation 910
Absent 142 15.6
Mild 462 50.8
Moderate 239 26.3
Severe 67 74
SACF 903 159 176
Simple atrophy 903 657 72.8
Postatrophic hyperplasia 903 206 22.8
CAM-T 358 195 54.5
CAM-B 370 312 84.3

Abbreviations: CAM-B, corpora amylacea—benign; CAM-T, cor-
pora amylacea—tumor; SACF, simple atrophy with cyst formation.

tical tests were 2-sided, with P values below 0.05 considered
statistically significant.

RESULTS
Population characteristics

We identified 967 men diagnosed with CaP with at least
1 atrophic or inflammatory les ion. Men were followed for a
median of 12.2 (IQR, 7.0-16.6) person-years from baseline
neighborhood exposure to diagnosis. Characteristics of the
study population by nSES tertile are reported in Table 1.
The men had a mean age of 66.3 years at diagnosis, and
most were White (97%). Most men were diagnosed with
localized CaP (85%), with 17% presenting with Gleason
grade <7, 37% with Gleason grade 7 (3 + 4), 19% with
Gleason grade 7 (4 + 3), and 26% with Gleason grade
8-10. Characteristics of the study population according to
address type are provided in Web Table 1. Neither CaP risk
factors (age, family history, and race/ethnicity) nor clinical
characteristics of patients varied substantially by address
type. However, participants with home addresses were more
likely to be from the South and West US Census regions,
participants with work addresses were more likely to be
from the Midwest, and those who did not provide address
information were most likely to be from the West.

Neighborhood social and natural environments and
tumor inflammatory and atrophic lesions

Overall summaries of the proportions of men with differ-
ent tumor inflammatory and atrophic lesions are provided
in Table 2. Bivariate associations between neighborhood
measures and inflammatory and atrophic lesions are dis-

Am J Epidemiol. 2023;192(9):1485-1498

played in Figure 2 (numerical results are provided in Web
Table 2). No associations were observed between acute or
chronic inflammation and nSES, NDVI, or ICE measures.
For atrophic lesions, tumors from men living or working in
the highest tertiles of NDVI (tertile 3 (19.7%) vs. tertile 1
(28.3%), P = 0.040) and ICE-race/income (tertile 3 (18.7%)
vs. tertile 1 (26.2%), P = 0.084) exhibited lower prevalence
of postatrophic hyperplasia than tumors from men in the
lowest tertiles. The prevalence of simple atrophy varied by
tertile of ICE-race/income (tertile 1, 71.1%; tertile 2, 77.7%;
tertile 3, 69.3% (P = 0.051)).

Odds ratios for associations between neighborhood mea-
sures and atrophic lesions from adjusted logistic regression
models are presented in Table 3. There were no associations
between any of the neighborhood measures and simple
atrophy. A 1-IQR increase in nSES was associated with
lower odds of simple atrophy with cyst formation (adjusted
odds ratio (aOR) = 0.77, 95% CI: 0.60, 0.99). There were
no other associations between neighborhood measures and
simple atrophy with cyst formation.

Tumors from participants living in neighborhoods with
higher NDVI and ICE-race/income exhibited lower levels
of postatrophic hyperplasia. An IQR increase in NDVI was
associated with significantly lower odds of postatrophic
hyperplasia (for a 1-IQR increase, aOR = 0.74,95% CI: 0.59,
0.93). A linear dose-response relationship was observed for
NDVI (tertile 3 vs. tertile 1: aOR = 0.57, 95% CI: 0.38,
0.87; P for trend = 0.0076). IQR increases in ICE-income
(aOR = 0.79, 95% CI: 0.61, 1.04) and ICE-race/income
(@aOR =0.79,95% CI: 0.63, 0.99) were associated with lower
odds of postatrophic hyperplasia. Analyses using tertiles
confirmed the linear dose response for ICE-income (tertile
3 vs. tertile 1: aOR = 0.68, 95% CI: 0.46, 1.00; P for
trend = 0.038) and ICE-race/income (tertile 3 vs. tertile 1:
aOR = 0.63, 95% CI: 0.43, 0.94; P for trend = 0.028).
Neighborhood measures were generally not associated with
corpora amylacea in tumor or benign tissue (Table 3). IQR
increases in nSES (aOR =0.76,95% CI: 0.57, 1.02) and ICE-
race/income (aOR = 0.73, 95% CI: 0.54, 0.99) were asso-
ciated with lower odds of tumor corpora amylacea, though
trends were not statistically significant. No statistically sig-
nificant associations were observed between neighborhood
measures and acute or chronic inflammation (Table 4).

Associations between time-varying neighborhood mea-
sures and tissue inflammatory markers were generally weak-
er than those for enrollment measures (Web Table 3, Web
Table 4, Web Appendix 2). We developed a PCA-based
nSES index with 3 components—‘racial composition,”
“wealth and education,” and “poverty and unemployment”—
based on variables with the strongest loadings on these 3
factors (Web Appendix 1, Web Table 5). Associations with
postatrophic hyperplasia and tumor corpora amylacea re-
mained null when nSES was evaluated using a PCA-
based approach (Web Table 6). As expected, ratio measures
produced from log-binomial models were closer to the null
than those produced from logistic regression models, but
inferences remained generally the same, particularly for
postatrophic hyperplasia (Web Table 7). There was no effect
modification by address type for associations with neigh-
borhood measures and postatrophic hyperplasia or with
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Figure 2. Prevalence of focal atrophic and inflammatory lesions in men diagnosed with prostate cancer (n = 967) in the Health Professionals
Follow-up Study, by tertile (T) of neighborhood socioeconomic status (nSES), Normalized Difference Vegetation Index (NDVI), and segregation
(Index of Concentration at the Extremes (ICE)), 1988-2009. A) Acute inflammation; B) chronic inflammation (moderate/severe vs. none/mild);
C) simple atrophy with cyst formation; D) simple atrophy; E) postatrophic hyperplasia; F) corpora amylacea—tumor; G) corpora amylacea—
benign. ICE-Inc, ICE segregation index for income; ICE-race/income, ICE segregation index for race/ethnicity (Black vs. White) and income.
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Table 4. Odds Ratios (Simple and Ordinal Logistic Regression Models?) for Associations Between Neighborhood Contextual Factors
Assessed at Enrollment (1988) and Prostatic Chronic Inflammation in Men Diagnosed With Prostate Cancer (n = 967), Health Professionals

Follow-up Study, 1988-2009

Model
Tumor Characteristic Continuous Tertiles® P for
Variable® Tertile 2 (Middle) Tertile 3 (Highest) Trend
aOR 95% ClI aOR 95% CI aOR 95% CI
Acute inflammation

NDVI within 1,230 m of address 0.91 0.74, 112 0.91 0.63, 1.32 0.76 0.52, 1.12 0.17
nSES 0.83 0.68, 1.03 0.73 0.51, 1.04 0.73 0.50, 1.05 0.11
ICE-income 0.83 0.65, 1.06 0.92 0.65, 1.31 0.86 0.60, 1.23 0.41
ICE-race/income? 0.89 0.72, 1.10 0.96 0.68, 1.37 0.74 0.51, 1.06 0.12

Chronic inflammation®
NDVI within 1,230 m of address 0.98 0.81, 1.19 0.77 0.54, 1.09 0.94 0.66, 1.34 0.69
nSES 0.99 0.82, 1.20 0.97 0.70, 1.35 0.92 0.65, 1.30 0.62
ICE-income 0.90 0.72,1.13 0.90 0.65, 1.25 0.89 0.64, 1.24 0.46
ICE-race/income 0.94 0.78, 1.15 1.05 0.76, 1.45 0.92 0.67, 1.28 0.69

Abbreviations: aOR, adjusted odds ratio; Cl, confidence interval; ICE, Index of Concentration at the Extremes; MET, metabolic equivalent of
task; NDVI, Normalized Difference Vegetation Index; nSES, neighborhood socioeconomic status; PSA, prostate-specific antigen.

2 The logistic regression models adjusted for age, body mass index, height, vigorous and nonvigorous physical activity (MET-hours/week),
PSA testing at diagnosis, year of diagnosis, and population density. All variables were assessed at the start of follow-up unless otherwise

specified.
b Estimated risk per interquartile-range increase.

¢ Tertile 1 (lowest tertile) was the referent group for tertile-based comparisons.

d |CE-race/income measures capture Black vs. White segregation.

€ Chronic inflammation was assessed using multinomial regression models.

tumor corpora amylacea (Web Table 8). Results from anal-
yses using inverse probability weights to account for poten-
tial selection bias due to tissue availability only among men
diagnosed with CaP were similar to our primary results
(Web Table 9). Results from these sensitivity analyses are
described in greater detail in Web Appendix 2.

DISCUSSION

In a cohort of health professionals diagnosed with CaP,
neighborhood social environment and greenness assessed at
enrollment were not associated with most tissue markers of
inflammation. Specifically, there were no associations with
acute or chronic inflammation or with simple atrophy with or
without cyst formation. However, we observed lower postat-
rophic hyperplasia among men living and working in neigh-
borhoods with higher ICE-income, ICE-race/income, and
NDVI. nSES and ICE measures were associated with lower
tumor corpora amylacea, but not all associations reached sta-
tistical significance. Inverse associations persisted following
adjustment for diagnostic PSA testing, age, and behavioral
risk factors and potential selection bias.

‘We did not observe associations between NDVI, nSES, or
ICE measures and acute or chronic inflammation. The preva-
lence of chronic inflammation in prostate tissue was elevated
in our study because most men who provided samples had

indications for biopsy or treatment, which limited variability
in these outcomes. Prior studies examining inflammation
and risk of aggressive CaP in men without indications for
biopsy suggested that intraprostatic inflammation may be
a cause of more aggressive CaP (5, 45), suggesting that
evaluating associations with tissue markers obtained earlier
in the natural progression of CaP may yield different infer-
ences. Current understanding of prostate tumor develop-
ment suggests that certain atrophic lesions (simple atrophy
with or without cyst formation) arise from the biological
aging process, while others (postatrophic hyperplasia) arise
from proliferative inflammation in basal cells and therefore
may increase CaP risk (2). We observed lower postatrophic
hyperplasia among men living or working in neighborhoods
with higher nSES and greenness, which may be related to
lower systemic inflammation in the blood (21-23). Corpora
amylacea is hypothesized to arise from infection or other
environmental stressors that may contribute to inflammation
in surrounding prostate tissue (2, 42). Our findings support
the hypothesis that favorable nSES may be associated with
lower levels of infection and inflammation in the prostate
microenvironment, leading to lower tumor corpora amy-
lacea. Neighborhood measures were not associated with
simple atrophy with and without cyst formation, suggesting
that these age-related processes may not be affected by
neighborhood exposures.

Am J Epidemiol. 2023;192(9):1485-1498
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These results complement earlier research suggesting
that neighborhood social environment and greenness may
influence CaP outcomes independently of behavioral risk
factors (7, 46, 47). Adverse SES and income segregation
may influence systemic inflammation through adverse social
environments, mediated through limited social capital,
civic engagement, and employment (48, 49). Psychosocial
stressors linked with social hierarchies operate through
physiological changes to the hypothalamus-pituitary-
adrenal axis and downstream impacts on sympathetic
nervous system activation and adrenal hormone release (50).
Neighborhood greenness is associated with lower physio-
logical stress, including allostatic load and inflammation,
independent of behavioral risk factors (23, 51-55). Access
to physical and visual green spaces at work has been linked
to improved job satisfaction and lower stress (35). In prior
work conducted in the HPFS cohort, we found no evidence
of effect modification by address type in studies examining
associations between neighborhood greenness and lethal
CaP incidence (19) and studies examining associations
between neighborhood context (nSES, ICE measures, and
greenness) and circulating inflammatory biomarkers (23).
These findings suggest that mechanisms through which res-
idential and occupational neighborhoods influence inflam-
mation may be similar. Inflammation pathways may also
mediate associations between green space exposure and CaP
risk and mortality (18-20), though evidence is more mixed.

Our findings support the hypothesis that adverse neigh-
borhood social environments have an impact on systemic
inflammation, which could then affect prostatic inflamma-
tion, resulting in different histological signatures (Figure 1).
While our data did not allow for investigation of impacts
on CaP, it is possible that these inflammatory histolog-
ical markers may serve as relics of prior exposure that
drove aggressive CaP development in certain men. Testing
this hypothesis would require investigation of longitudinal
effects of systemic inflammation on tissue-level proliferative
inflammation pathways via genetic, molecular, or histolog-
ical signatures. Studies in animals have revealed impacts
of social environmental factors, including social isolation,
on cancer development (56). A recent review indicated that
animal studies support a role of stress in cancer initiation and
progression, though evidence from human studies is weaker
(57). Given well-documented social stressors that lead to
poorer health in adverse neighborhood environments (11,
24, 58), men living in adverse neighborhood environments
diagnosed with CaP may benefit more from targeted behav-
ioral counseling aimed at reducing inflammation.

This study had some limitations. Because all study par-
ticipants had CaP and histological samples were taken at
the time of diagnosis or primary treatment, we could not
assess whether inflammation was a cause or consequence of
CaP. Confounding by unmeasured lifestyle, psychological,
or access-related factors could have led to bias. Study partic-
ipants were all male health professionals and predominantly
White, so confounding by health-care access is unlikely.
Individual SES was not examined as a potential buffer
of the effect of neighborhood stressors on tissue markers,
partly due to restricted variability in racial/ethnic, sex, oc-
cupational, and educational factors. However, this limited
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variability in individual SES means that any observed
associations with neighborhood factors likely occurred inde-
pendently of individual SES. The overlapping distributions
of nSES and ICE measures between HPFS participants and
the US population as a whole suggest that our study captured
sufficient variability in neighborhood context to detect asso-
ciations with tissue inflammation markers. Our findings can
inform future research on how neighborhood environments
influence inflammation in tumor tissue in more diverse pop-
ulations, a necessary step in evaluating the external validity
of these findings, which may be limited due to the demo-
graphic characteristics and SES of our population.

Selection bias arising from spurious associations between
neighborhood factors, CaP diagnosis, and availability of
tissue samples (a condition of selection into the study) may
be a threat to validity. Findings were similar after applica-
tion of inverse probability weights, implying that they were
robust to this potential bias, assuming correct specification
of our weighting models. Given that the prevalence of tissue
inflammation markers was common in the study population
and that odds ratios exaggerate risk ratios when the outcome
is common, effect estimates with CI limits close to 1.00
should be interpreted with caution. Misclassification of his-
tological assessments and neighborhood measures taken at
a single address are possible. Because the participants’ pref-
erence for the address (home or work) where they wished to
receive their study questionnaire was not a cause of inflam-
mation in the prostatic tumor, we consider the primary bias
introduced by pooling of neighborhood exposure assess-
ments across address types to have been nondifferential mea-
surement error after adjustment for covariates. Moreover,
because nSES, ICE, and NDVI measures were obtained
from administrative databases and because the pathologist
assigning inflammation and atrophic lesions was blinded to
neighborhood environmental factors, misclassification was
probably nondifferential and therefore would, on average,
be expected to attenuate estimates towards the null.

We found lower odds of postatrophic hyperplasia and
corpora amylacea among men living and working in more
favorable neighborhood socioeconomic and natural envi-
ronments, suggesting that neighborhood environment may
influence inflammatory signatures in prostate tissue. These
findings can support future research to determine whether
neighborhood-level interventions to address these adverse
social and natural features can improve CaP outcomes by
preventing inflammation-related cancer progression.
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