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Abstract

Purpose—The East Harlem (EH), Central Harlem (CH), and Upper East Side (UES) 

neighborhoods of New York City are geographically contiguous to tertiary medical care but are 

characterized by cancer mortality rate disparities. This ecological study aims to disentangle effects 

of race and neighborhood on cancer deaths.

Methods—Mortality-to-incidence ratios (MIR) were determined using neighborhood-specific 

data from the New York State Cancer Registry and Vital Records Office (2007–2011). Ecological 

data on modifiable cancer risk factors from the New York City Community Health Survey (2002–

2006) was stratified by sex, age group, race/ethnicity, and neighborhood and modeled against 

stratified mortality rates to disentangle race/ethnicity and neighborhood using logistic regression.

Results—Significant gaps in mortality rates were observed between the UES and both CH and 

EH across all cancers, favoring UES. MIRs of both CH and EH were similarly elevated in the 

range of 0.41–0.44 compared to UES (0.26–0.30). After covariate and multivariable adjustment, 

black race (OR=1.68; 95% CI: 1.46, 1.93) and EH residence (OR=1.20; 95% CI: 1.07, 1.35) 

remained significant risk factors in all cancers combined mortality.

Conclusions—Mortality disparities remain among EH, CH, and UES neighborhoods. Both 

neighborhood and race are significantly associated with cancer mortality, independent of each 

other. Multivariable adjusted models that include CHS risk factors demonstrate that this mortality 

gap may be avoidable through community-based public health interventions.
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INTRODUCTION

New York City (NYC) is a densely populated metropolitan area composed of diverse race/

ethnicities and a wide range of socioeconomic statuses and is an ideal setting for cancer 

disparity studies. In particular, NYC Upper Manhattan neighborhoods of Upper East Side 

(UES), Central Harlem (CH), and East Harlem (EH) are contiguous with similar proximity 

from tertiary medical hospitals. However, these neighborhoods are characterized by extreme 

differences in ethnic/racial composition, income, and educational level (Buchholz, Resnick, 

and Konty 2012), with a larger proportion of non-Hispanic whites, college graduates, and 

income levels > $100,000 living in the UES. Conversely, high proportions of blacks and 

Hispanics characterize CH and EH, respectively. Both CH and EH have a lower proportion 

of college graduates and a higher proportion of individuals below the federal poverty level 

than the UES (Hashim et al. 2015).

Previous studies focusing on NYC have shown disparities by co-morbidities (Van Wye et al. 

2008), screening rates (Richards et al. 2011), and treatment outcomes (Martindale et al. 

2014). These NYC studies, including studies of other US locations that focus on cancer 

mortality (Whitman et al. 2011; Hirschman, Whitman, and Ansell 2007), have focused on 

disparities according to racial/ethnic differences. Neighborhood has been demonstrated to be 

a superior indicator of socioeconomic status, encompassing racial/ethnic composition, 

cultural homogeny and income level (LaVeist et al. 2011). However, studies exploring the 

effects of neighborhood-based disparities have examined single cancer risk factors, such as 

smoking habits, or single cancer sites only (Levin et al. 2014; Hanibuchi et al. 2015; 

Peterson et al. 2015), without taking into account multiple modifiable risk factors such as 

nutrition, exercise, and screening rates concurrently. More importantly, the role of 

neighborhood residence as a predictor of overall cancer mortality or mortality from the most 

common cancers has not been determined for NYC.

This study builds on the previous study on cancer incidence among the same three 

neighborhoods, in which we found both neighborhood and race played a role in cancer 

incidence (Hashim et al. 2015). These standardized incidence rates provided insight on the 

burden of exposure to causes of cancer development. The current study is an attempt to 

further identify the burden of cancer influenced by incidence, prognosis, and access to 

treatment through a comparison of standardized mortality rates. Analysis was restricted to 

the three Upper Manhattan neighborhoods of diverse and distinctive demographic 

characteristics: Upper East Side (UES), Central Harlem (CH), and East Harlem (EH. Using 

state and local data sources, this study aimed to: 1) describe mortality rates among the three 

neighborhoods, including a comparison to incidence rates; and 2) disentangle the effects of 

race and neighborhood – as a proxy for socioeconomic status- on cancer-caused deaths 

adjusted for risk factors.

METHODS

The study was conducted in three predefined United Health Fund (UHF) neighborhoods of 

NYC: UES, CH and EH (Fig. 1). Detailed information about neighborhood zipcodes and 
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demographics of each neighborhood has been reported [2]. In brief, the UES neighborhood 

is characterized by a larger proportion of college graduates and a higher proportion of non-

Hispanic white residents (Table 1).

Incidence and Mortality data

Age, neighborhood residence at diagnosis, race/ethnicity, and cancer incidence based on 

tumor classification by the International Classification of Oncology, third edition (ICD-O-3) 

were provided by the New York State Cancer Registry (NYSCR) for the years 2007–2011. 

Cancer mortality data using the same tumor ICD-O-3 classification was provided by the 

New York Department of Health and Mental Hygiene’s (DOHMH) Vital Records Office 

(2007–2011). Cancer data were aggregated by age, sex, race/ethnicity, neighborhood. Age 

was categorized by 10-year age groups for those 35 years to 75+ years. Race/ethnicity was 

categorized as non-Hispanic white, non-Hispanic black, and Hispanic of all races. Age-

specific cancer mortality rates were calculated for each age-sex-neighborhood-race/ethnicity 

stratum by dividing the number of deaths by the NYC Census stratum-specific population 

for 2007–2011.

Cancer risk factor data

Data on demographics, health, and lifestyle risk factors were obtained from the New York 

City Community Health Survey (CHS) for 2002–2006 [2]. The CHS is an annual, cross-

sectional telephone survey using a stratified random-digit dial sampling design to ensure 

adequate sample per neighborhood conducted by the Department of Health and Mental 

Hygiene in all NYC neighborhoods. The 2002–2006 period was selected to allow for a 5-

year latency to determine associations with 2007–2011 cancer incidence and mortality rates. 

A total of 2974 individuals with survey responses from 2002–2006 comprised the 

independent variable analyzed dataset of, of whom 170 were excluded due to missing data 

on age and most other variables. For each age-sex-race/ethnicity-neighborhood stratum, 

CHS responses were converted to prevalence for binary and categorical responses, and 

arithmetic means for continuous responses.

Statistical analysis

CHS risk/protective factor prevalence and means were calculated by each age-sex-race/

ethnicity-neighborhood stratum. Significant differences in CHS means and proportions 

between neighborhoods were measured using ANOVA and chi-square test, respectively. The 

methodology for incidence rate analysis has been previously reported (Hashim et al. 2015).

To determine cancer mortality rates for each neighborhood, mortality rates for those ≥35 

years old were standardized by method of direct standardization to the 2000 US population. 

Age-standardized cancer mortality rates were compared by computing standardized rate 

estimates and standardized rate ratios (SRR) to account for age distributions differences 

among neighborhoods (Breslow, Day, and Cancer 1986). Age-standardized mortality-to-

incidence ratios (MIR) were calculated to serve as an indicator of survival or the level of 

diagnostic activity (Asadzadeh Vostakolaei et al. 2011).
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To disentangle the effects of race and neighborhood on mortality, rates of overall cancer and 

specific cancer mortality (2007–2011) were stratified by neighborhood, age category (35–

44, 45–54, 55–64, 65–74, and ≥75 years), sex, and race/ethnicity (White, Black, and 

Hispanic). Two models were tested. Basic logistic regression models were weighted by 

population for each stratum, and included cancer death as the outcome variable to determine 

effect estimates for sex, age group, race, and neighborhood covariates for all cancers and 

specific cancer mortality. Odds ratios (ORs) and 95% confidence intervals (CIs) were 

estimated, applying age 35–44 years, males, whites, and UES residents as referents. The 

second set of logistic regression models included all variables from the basic models, plus 

CHS-response prevalence and means as independent variables. Stepwise logistic regression 

techniques were used to determine which CHS-response variables best predicted cancer 

mortality using a threshold p-value of 0.10. Final model selection was based on a balance 

between goodness-of-fit and parsimony. To determine whether the second set of logistic 

regression models that included the CHS-response variables on modifiable risk factors 

differed significantly from the basic logistic regression models, log-likelihood ratio 

differences between the two models were calculated per cancer site. All statistical analyses 

were conducted using SAS® software, Version 9.4.

RESULTS

Overall cancer mortality

A total of 12,251 cancer cases and 4268 cancer deaths were included in this analysis. 

Cancers of the lung, breast, colon and rectum, and prostate represent nearly half all cancer 

deaths. Age-standardized mortality rates for overall cancer mortality were significantly 

higher in both men and women aged 35+ years in East and Central compared to UES 

(SRR=1.52 and 1.59; p<0.001 for both, respectively) (Fig. 2). Mortality rates between East 

and Central Harlem did not differ significantly from each another (SRR=1.04; p=0.33). For 

men, the overall cancer mortality rate were 1.7-times higher (p<0.001) in East and Central 

Harlem compared to UES; for women, 1.4-times higher (p<0.001) in East and Central 

Harlem. MIR of overall cancer mortality in Harlem neighborhoods were > 0.40 for both 

sexes while in UES, MIR were lower: 0.30 for women and 0.26 for men (Fig. 3).

In basic multivariate models, adjusting for sex, age, race/ethnicity, and neighborhood, black 

race and EH residence were associated with significantly higher risks of overall cancer 

mortality (Table 2). In the second set of models in which CHS responses on modifiable risk 

factors were tested, black race and EH residence risk estimates were attenuated, but 

remained significant. Never smoking tobacco had the largest magnitude of association in the 

negative direction with cancer mortality (OR=0.50; 95% CI: 0.40, 0.65).

Site-specific cancer mortality

Neighborhood comparisons of male age-standardized mortality rates from colorectal cancers 

(SRR=2.08; p<0.001 for both East and Central Harlem), lung cancer (SRR=2.35; p<0.001 

for CH and SRR=2.08; p<0.001 for EH), were at least 2-times significantly higher in East 

and Central Harlem neighborhoods than in UES for men. East and Central Harlem residents 

had nearly double the prostate cancer mortality rates (SRR=1.93; p<0.001 for both) than 
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UES residents. Age-standardized mortality rates in the commonest female cancers were 

significantly larger in CH (SRR=1.75; p<0.001) and EH (SRR=1.58; p<0.001 for colorectal 

cancer and in CH (SRR=1.80; p<0.001) and EH (SRR=1.37; p=0.02) for breast cancer. Lung 

cancer mortality rates among women were SRR=1.24 higher (p=0.04) in CH compared to 

UES. Other comparisons among the three neighborhoods were not significant.

MIRs for lung cancer were lowest in UES men (0.51) and highest in CH men (0.97). The 

UES was the only neighborhood in which women had higher MIR (0.71) than men. In basic 

multivariate models, blacks had twice the risk of lung cancer compared to whites, adjusting 

for sex, age, and neighborhood. In the second set of multivariate models that included CHS 

responses, this association was not significant after adjusting for current smoking status and 

college graduation. Within the same model, Hispanic ethnicity was associated with a lower 

risk of lung cancer mortality (OR=0.46; 95% CI: 0.28, 0.76).

MIR for prostate cancers were 0.19, 0.22, and 0.12 for CH, EH, and UES, respectively. For 

both prostate and colorectal cancers, basic multivariate models showed that black race had a 

greater risk for prostate cancer; mortality risks decreased by 80% when CHS-responses were 

included in the second set of models. Within the second set of models, CH residence was 

associated with a 51% lower mortality risk versus UES.

MIR for breast cancer among CH women was the highest (0.27) compared to EH (0.22) and 

UES (0.15). In basic multivariate models, breast cancer mortality was significantly higher 

for blacks and mortality associations with neighborhood were not significant. In the second 

model, breast cancer risk in blacks increased 250% after CHS-response adjustment for 

mammography in the past 2 years and hypertension; both mammography and hypertension 

were negatively associated with breast cancer mortality in this model.

MIR for colorectal cancers among UES men (0.31), were lower than East and Central 

Harlem (both 0.40). For women, colorectal cancer MIRs were 0.47 and 0.46 in East and 

Central Harlem, respectively, and 0.26 in UES. In the basic multivariate model, black race 

was again significantly higher than for whites; when mortality was modeled for CHS-

responses in the second analysis, mortality risks decreased by 15%.

DISCUSSION

This ecological study confirms disparities in all cancers combined mortality as well as lung, 

breast, prostate, and colorectal cancer mortality among three contiguous Upper Manhattan 

NYC neighborhoods, despite similar proximity to health care facilities. Using two 

multivariate logistic regression models, adjusting for known confounders and CHS 

population survey responses, ethnicity/race and neighborhood each showed an association 

with the cancer mortality, independent of each other. When mortality is adjusted for 

modifiable risk factors in addition to neighborhood, sex, and age, disparities persist races 

among race/ethnicity differences for the most common cancers, particularly between blacks 

versus whites.

This conclusion differs slightly from the previous study comparing cancer incidence among 

the three neighborhoods which demonstrated wide variations in incidence in which 
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neighborhood was significantly associated with all cancers combined after CHS adjustment. 

Thus, this underscores the notion that the burden of exposure to cancer risk factors is higher 

in Central and East Harlem than in the Upper East Side. Mortality disparities are, too, 

influenced by neighborhood risk factors, but also by race/ethnicity. Moreover, across the 

commonest cancer sites, black race was associated with mortality ; this association had a 

higher magnitude than neighborhood of residence. These overall findings are consistent with 

a robust literature that has demonstrated the presence of race/ethnicity and socioeconomic 

status in relation to health disparities in the United States (Aizer et al. 2014; Baquet and 

Commiskey 2000; Du, Fang, and Meyer 2008; Newman 2014).

Cancer mortality is influenced by a continuum that spans prevention of modifiable risk 

factors, cancer screening, medical diagnosis, treatment, and other determinants of survival 

(Myers C, Hakenewerth A, Olson C Kerker B, Krauskopf M, Tavares A, Perlman S, Greene 

C 2011). Breast, prostate, and colorectal cancer incidence and mortality are particularly 

sensitive to screening. Although colorectal and prostate screening data could not be 

adequately captured by CHS due to missing responses, previous studies examining race/

ethnicity alone have shown similar screening patterns (Richards et al. 2011; Thorpe et al. 

2013). Additionally, the effectiveness of prostate cancer on mortality reduction remains 

controversial (Cuzick et al. 2014) For other cancers, causes of disparities that have been 

studied include treatment and follow-up (Myers C, Olson EC, Ramaswamy C 2008), tumor 

grade and stage at diagnosis (Islami et al. 2013), and referral patterns (Gage-Bouchard et al. 

2014).

A greater lung cancer risks among blacks was attenuated once smoking and education were 

adjusted for, suggesting that effective interventions for modifiable risk factors would be 

effective in closing the mortality gap. The larger mortality rate of lung cancer cases among 

men than women likely reflects a combination of increased smoking and occupational 

exposures in men in East and Central Harlem neighborhoods. Current smoking prevalence is 

28% higher in Harlem neighborhoods than Upper East Side for men and 22% higher for 

women, by the same neighborhood contrast. Moreover, smoking rates prior to the CHS 

survey time period, may have been less different among neighborhoods in women than in 

men. Although UES women have the highest incidence of breast cancer out of the three 

neighborhoods, women in CH have a 56% higher death rate. Higher CH mortality is 

consistent with racial/ethnic disparities since blacks constitute the majority of CH residents 

and have experienced higher breast cancer mortality rate as a racial subgroup despite a city-

wide decrease in breast cancer since 1994 (Myers C, Hakenewerth A, Olson C Kerker B, 

Krauskopf M, Tavares A, Perlman S, Greene C 2011). That this disparity remains despite 

screening adjustments suggests that race/ethnicity and neighborhood of residence are not the 

only factors influencing the cancer care continuum and contributing to a wide mortality 

disparity.

Despite high levels of poverty and lower education, Hispanics’ cancer mortality did not 

differ significantly from whites; in the case of lung cancer, Hispanic ethnicity was protective 

compared to whites. These findings are consistent with the “Hispanic paradox”—the 

epidemiologic phenomenon in which Hispanics tend to live longer than whites despite 

socioeconomic disadvantage (Ruiz, Steffen, and Smith 2013). Cancer mortality rates among 
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Hispanics are declining and have been observed in SEER data from 2002 to 2009; the 

incidence rates among men for all cancers combined decreased annually by 2.3% among 

Hispanics and 1.4% among whites; for women, the decrease was and 1.4% per year for 

Hispanics and 1.3% for whites (American Cancer Society 2012). This decreased risk may 

partly be explained by the adaptation of US cultural risk factors associated with cancer 

incidence and mortality. Cultural protective factors for cancer screening and follow-up 

among Hispanics have been documented in previous studies (Chan et al. 2014) and include 

familial support or interconnectedness (Moore de Peralta, Holaday, and McDonell 2014), 

lower levels of smoking compared to non-Hispanic whites (Haiman et al. 2006; Hyland et al. 

2005; Pinsky 2006), and protective reproductive patterns (lower age at primigravida and 

lower parity) (Sweeney et al. 2008; Martin et al. 2010; Chlebowski et al. 2005). Out of the 

11 nations that constitute the largest NYC immigrant population sources, Latin American 

countries make up greater than half (New York City Department of City Planning 2005) and 

40% of foreign-born Manhattan residents are from Latin America (Burden and Shama 

2013). The contribution of SES to cancer mortality among Hispanics may be either modified 

by additional variables of US cultural and lifestyle adaptation or reflective of a “healthy 

migrant” effect (Palloni and Arias 2004) compared to US-born Manhattan residents.

Causes of disparities remains complex and influenced by multiple layers of factors at the 

individual, family, community, and societal levels (LaVeist et al. 2011). Targeting any 

particular cancer risk factor on the cancer care continuum, whether exposure, screening, or 

treatment accessibility, requires an approach that address these multiple levels (LaVeist et al. 

2011). In order to be effective, these policies should initially be neighborhood-based and 

focused on building organizations that address opportunity inequalities within communities. 

Policymakers must engage in seeking to not only improve health care resources within the 

disadvantaged communities but also to foster the affordability of nutritious food, the safety 

of recreational parks, and the strengthening of community-based networks (Small, Jacobs, 

and Massengill 2008), which would facilitate long-term healthy decisions that will reduce 

the cancer mortality gap. Furthermore, affordable healthcare for those earning lower 

incomes and for those whose employers may not provide private health coverage that 

includes lower costs for physician specialist visits, may enable better access to cancer 

treatment to those living in neighborhoods with higher poverty rates.

Our findings must be understood in light of its limitations. As a fallacy of an ecological 

study design, risk factor exposures and case-by-case mortality variations within 

neighborhoods and race/ethnicities could not be adjusted for on an individual level. 

Confounding variables of co-morbid illnesses (including cardiovascular disease and chronic 

obstructive pulmonary disease), family history, past medical history, occupational exposures, 

and levels of air pollution were not captured by the CHSs for the 2002–2006 timeframe and 

could not be adjusted for, although disparities for many of these confounders also exist 

among race/ethnicity and neighborhoods (Kheirbek et al. 2013; Kass et al. 2015). 

Additionally, collective sociocultural behaviors affecting these and other areas on the cancer-

care continuum would have not been possible to adjust for at the individual level using the 

provided data resources.
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In conclusion, wide mortality disparities persist among EH, CH, and UES neighborhoods. 

Both neighborhood and race are significantly associated with cancer mortality, independent 

of each other. There is a larger effect of race/ethnicity than neighborhood that persists 

despite adjustment for modifiable cancer risk factors. However, many of these effects 

attenuated after adjustment, which implores a need for effective public health interventions 

and legislation. Although many captured risk factors were consistent with previous studies 

(Myers C, Olson EC, Ramaswamy C 2008), non-economically driven influences, such as 

variables of acculturation, variations in neighborhood air-quality (Kheirbek et al. 2013; Kass 

et al. 2015), and adherence to recommended screening and treatment, are worth investigating 

in NYC as well as other metropolitan populations with wide demographic and cultural 

differences.
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Fig. 1. 
Geographic location three Upper Manhattan neighborhoods. Neighborhoods are clustered by 

the following zip codes: Upper East Side (10021, 10028, 10044, 10128), Central Harlem 

(10026, 10027, 10030, 10037, 10039), and East Harlem (10029, 10035).
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Fig. 2. 
All combined cancer mortality and major cancer mortalities for men and women in three 

contiguous New York City Upper Manhattan neighborhoods.
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Fig. 3. 
Mortality-to-Incidence ratios for all cancers combined and the four commonest cancers for 

men and women 35+ years, 2007–2011.
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