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different social and economic conditions is a central

mission of public health. Such health inequalities are
dramatic in US cities, in which substantial and persistent
health disparities often exist between neighbourhoods in the
same urban area.'” Measuring and monitoring these health
disparities over time are crucial steps towards the goal of
their elimination. Cities need to routinely collect neighbour-
hood-level data to identify priority preventable conditions
and to track inequalities among their typically diverse
populaces. Having such data enables local governments to
target not only citywide average levels of health but also
differences in health status between communities, thereby
explicitly incorporating an inequality perspective into plan-
ning and policy making.* Local public health agencies’
routine examination of health inequalities can also improve
our understanding of how poverty, discrimination, other
social disadvantage and contextual effects of neighbourhoods
affect health in urban settings.

Recent evidence from the UK indicates that socioeconomic
inequalities in mortality have widened over the past two
decades, despite absolute improvements in life expectancy in
communities at all levels of poverty (as measured by area
deprivation).”> Other analyses that use area indicators of
socioeconomic status have found mixed improvements and
declines in urban health disparities.®” In New York City,
between 1990 and 2000, mortality declined at a faster rate
than in the previous four decades.® We examined this change
in mortality at the neighbourhood level to determine whether
there were concomitant changes in mortality inequalities.

Eliminating health inequalities between populations of

METHODS

Mortality data

We obtained mortality data from the Office of Vital Statistics,
New York City Department of Health and Mental Hygiene for
1999-2001 and 1989-91. Cause of death was defined as the
underlying cause coded from death certificates using the
International Classifications of Disease (ICD) revision 10 (for
1999-2001) and revision 9 (for the years 1989-1991). We
compiled the numbers of all-cause deaths and cause-specific
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Objectives: To examine whether inequalities in mortality across socioeconomically diverse neighbour-
hoods changed alongside the decline in mortality observed in New York City between 1990 and 2000.
Design: Cross-sectional analysis of neighbourhood-level vital statistics.

Setting: New York City, 1989-1991 and 1999-2001.

Main results: In both poor and wealthy neighbourhoods, age-adjusted mortality for most causes declined
between the time periods, although mortality from diabetes increased. Relative inequalities decreased
slightly—largely in the under 65 years population—although all-cause rates in 1999-2001 were still 50%
higher, and rates of years of potential life lost before age 65 years were 150% higher, in the poorest
communities than in the wealthiest ones (relative index of inequality 1.7 and 3.3, respectively). The relative
index of inequality for mortality from AIDS increased from 4.7 to 13.9. Over 50% of the excess mortality in
the poorest neighbourhoods in 1999-2001 was due to cardiovascular disease, AIDS and cancer.
Conclusions: In New York City, despite substantial declines in absolute mortality and rate differences
between poor and wealthy neighbourhoods, great relative socioeconomic inequalities in mortality persist.

deaths for the 12 leading causes of death among New York
City residents who died in New York City from 1999 to 2001
(each contributed at least 1% of all deaths; infant deaths
were excluded). These causes, with their corresponding ICD-
9 and ICD-10 codes and comparability ratios', are: cardio-
vascular diseases including heart disease and stroke (390-
434, 436-448; 100-178; 0.99), malignancies (140-208; C0O0-
C97; 1.01), pneumonia and influenza (480-487; J10-J18;
0.70), AIDS (042-044; B20-B24; 1.06), diabetes (250; E10-
E14; 1.01), chronic lower respiratory diseases (490-494, 496;
J40-J47; 1.05), external causes (eg, accidents, injuries and
poisonings; ES800-E869, E880-E929; VO1-X59, Y85-Y86; 1.03),
renal disease (580-589; N00-N07, N17-N19, N25-N27; 1.23),
drug-related (304, 850.0, 854.1, 855.2, 858.8; F11-F16, F18-F19,
X40-X42, X44; n/a), homicide (E960-E969; X85-Y09, Y87.1;
1.00), septicaemia (disseminated infections; 038; A40-A41;
1.19) and liver disease (571; K70, K73-K74; 1.04).

Socioeconomic status data and neighbourhood
definition

We chose the percentage of population living under the
federal poverty line as a measure of socioeconomic status
(SES). The federal poverty line is a threshold determined for
a given family according to its annual income, size and age
composition, and is set according to a formula developed in
19634, indexed for inflation (the formula uses an estimate
for a family’s food budget and a multiplier for all other
household needs)." This metric is commonly used in US
disparities research and performs comparably to other
Abbreviations: ICD, International Classifications of Disease; Rll, relative
index of inequality; SES, socioeconomic status; YPLL, years of potential
life lost before age 65

The comparability ratio indicates the corresgondence between the ICD-
9 and ICD-10 coding systems, based on double coding of a reference set
of death certificates, and is calculated as,

Ci= D, icp-10/D;, 1cp-9

where D; is the cause-specific number of deaths.
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Table 1 Mortality and mortality inequalities, New York City neighbourhoods, 1989-91 and 1999-2001*
Rate in poorest Rate in wealthiest
neighbourhoods neighbourhoods Ratio poor: wealthyt RIlf
Causet 1989-1991  1999-2001  1989-1991 1999-2001  1989-1991 1999-2001  1989-1991 1999-2001
All 1248 975 771 637 1.6 1.5 1.9% 1.78
YPLL-65 12814 6059 4284 2429 3.08 2.58 4.28 3.38
Heart disease 471 391 380 312 1.2 1.3 1.4 1.3
Malignancies 219 206 177 159 1.2 1.3 1.3 1.4
AIDS 98 60 26 10 3.78 6.18 4.78 13.98
Diabefes 24 46 9 14 2.8 33 4.0 4.6
Influenza and pneumonia 60 42 34 29 1.8 1.5 2.18 1.68
Chronic lung disease 28 28 18 19 1.5 1.5 1.7 1.6
Drug-related 22 21 4 6 5.6 3.5 11.08 578
External causes 26 17 16 10 1.7 1.7 1.9 2.0
Liver disease 24 16 8 4 3.0 3.6 4.4 5.4
Renal disease 14 16 7 7 2.0 2.1 2.5 2.7
Homicide 52 15 9 3 6.0 53 12.7 9.0
Septicaemia 18 14 6 15 3.0 27 4.1 3.9
RIl, relative index of inequality; YPLL, years of potential life lost before age 65.
*All rates per 100 000 population, rounded to nearest whole number.
1 Causes are ranked by the 1999-2001 rate in the poorest neighbourhoods.
$All rate ratios and Ril are p<<0.05.
§Rate ratios and Rl whose 95% confidence intervals do not overlap.

measures of economic deprivation (eg, median household
income) in detecting inequalities in mortality by area."' We
obtained the population and percentage of population living
below the federal poverty line from the 1990 and 2000 US
census (compiled by the New York City Department of City
Planning)."” Neighbourhoods were defined by census tract
aggregations known as ‘““‘community districts”, for which
certain planning and oversight duties are performed by local
representatives and which have been standard units of
neighbourhood aggregation used by New York City municipal
agencies since 1975. The population of New York City was 7.3
million in 1990 and 8 million in 2000. There are 59
community districts; the median population in 2000 was
128 000. The median number of census tracts within
community districts in 2000 was 36 (range 15-105).
Neighbourhoods were categorised into four groups in each
decade, based on quartiles of increasing poverty (see fig 1).
Larger groupings of geography and time increase the stability
of estimates, especially when generating analyses of relatively
rare outcomes in relatively small populations."’

Analysis

We calculated all-cause and cause-specific death rates, as
well as rates of years of life lost before age 65 (YPLL-65) for
each quartile of neighbourhoods for both time periods. All
rates were age-standardised to the National Center for Health
Statistics’ year 2000 standard US population.

To measure and describe socioeconomic inequalities in
mortality, we calculated mortality ratios between the poorest
quarter of neighbourhoods and the wealthiest. We calculated
95% confidence intervals (CI) for the rate ratios using the
standardisation weights and a variance estimator that
assumes that the death rate follows a Poisson distribu-
tion."  We also calculated the “excess” mortality in the
poorest quarter of neighbourhoods by multiplying cause-
specific and age-specific rates in the wealthiest areas by the
populations of the poorest. Finally, we calculated the relative
index of inequality (RII) for all outcomes. The RII is a
measure that summarises the health inequality between
populations that are ordered by a particular characteristic
(by socioeconomic status).'* '” In contrast with simple indices
such as rate ratios, which compare two strata, the RII
incorporates data from all strata (from all four quartiles of
neighbourhood poverty). It is a model-based estimate that, in
this analysis, can be interpreted as the rate ratio between the

theoretically highest-income and lowest-income groups. It
has an additional advantage in that it is sensitive not only to
the stratum-specific mortality but also to the proportion of
the population in each income stratum. We calculated the RII
by fitting a Poisson regression model for the expected
number of deaths in each poverty quartile as a function of
their cumulative population distribution."*

RESULTS
The analysis included 206 166 deaths in 1989-91 and 170 630
deaths in 1999-2001.

All-cause mortality and YPLL-65 improved substantially in
both poor and wealthy neighbourhoods (table 1).
Cardiovascular disease and cancer were the leading causes
of death in all neighbourhoods in both time periods. In poor
neighbourhoods, all-cause and cause-specific mortalities

New York City community districts (n=59)
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Figure 1 Distribution of population in poverty, New York City, 2000.
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Table 2 Causes of excess mortality in the 15 poorest neighbourhoods of New York City, 1999-2001

No of excess deaths No of excess deaths Excess deaths averted
1999-2001 % of excess 1989-1991 per year

Cause (1-year average) death Cumulative % (1-year average) (1989-91 v 1999-2001)

Cardiovascular diseases 1019 23 23 1226 207

HIV/AIDS 730 16 39 1094 364

Cancer 591 13 52 585 -56

Diabetes 368 8 60 186 -182

Homicide 213 5 65 784 571

Drug-related 213 5 70 267 54

Liver disease 150 3 73 210 60

Pneumonia and influenza 149 3 76 328 179

All other causes 1049 23 100 2114 1065

All causes 4482 100 6744 2262

declined, by as much as 71% for deaths from homicide. The
only notable exception the rates of diabetes mortality, which
increased 91%. Rates also improved in the wealthiest
neighbourhoods, again with the notable exception of
diabetes, which also increased.

In both time periods, inequalities between mortality in
poor and wealthy neighbourhoods existed for all causes of
death and for all-cause YPLL-65. In the more recent time
period of 1999-2001, all-cause mortalities were 50% higher in
the poorest quarter of neighbourhoods and rates of YPLL-65
were 2.5 times higher. The RII, which incorporates data from
all four neighbourhood groups, was 1.7 for all-cause
mortality and 3.3 for YPLL-65. RIIs were consistently greater
than rate ratios because the predicted rates at the ends (0 and
1) of the poverty-ordered population distribution were more
extreme (lower and higher) than the predicted rates at the
midpoints of the poorest and wealthiest strata. The highest
RII in the 1999-2001 period were for AIDS (RII = 13.9, 95%
CI 11.5 to 16.7), homicide (RII=9.0, 95% CI 6.5 to 12.5),
drug-related causes (RII=5.7, 95% CI 4.4 to 7.4), liver
disease (RII = 5.4, 95% CI 4.0 to 7.2) and diabetes (RII = 4.6,
95% CI 3.9 to 5.4). The lowest RII were for cardiovascular
disease and cancer.

Inequalities significantly narrowed between 1989-91 and
1999-2001 for all-cause deaths (RII decreased from 1.9 to
1.7), YPLL-65 (RII decreased from 4.2 to 3.3), influenza and
pneumonia (RII decreased from 2.1 to 1.6) and drug-related
causes (RII decreased from 11.0 to 5.7). Conversely, inequal-
ities significantly increased for AIDS (RII increased from 4.7

to 13.9). Inequalities for the other conditions did not
significantly change.

During 1999-2001, the leading cause of excess deaths in
the poorest neighbourhoods was cardiovascular disease,
contributing 1019 excess deaths or 23% of all excess deaths
(table 2).

HIV/AIDS, cancers, diabetes, homicide and drug-related
deaths each contributed approximately =5% of all excess
deaths, and eight causes contributed around 75% of all excess
deaths. In these leading causes, age-specific contributions to
excess mortality also differed. For cardiovascular disease and
cancer, for example, which together account for approxi-
mately two thirds of all deaths in New York City, the age-
specific rate ratios were highest among younger age groups,
declined among older age groups, and began to equalise or
reverse for those aged >85 years (fig 2).

Total excess deaths declined between 1989-91 and 1999-
2001, from an average of 6744 to 4482 excess deaths per year
in poor neighbourhoods (table 2). A total of 2262, or one
third, fewer excess deaths per year occurred in poor
neighbourhoods as a result of mortality reductions over the
decade.

CONCLUSIONS

Between 1989-91 and 1999-2001, mortality declined in both
poor and wealthy neighbourhoods of New York City.
Absolute inequalities in mortality, especially premature
mortality, also declined over the decade. However, relative
inequality improved only slightly, although there was greater
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improvement in YPLL-65. Cause-specific relative inequalities
were generally unchanged, although there was a narrowing
of the gap for drug-related causes and pneumonia or
influenza. Inequality increased dramatically for mortality
due to AIDS.

Changes in mortality from homicide show the distinction
between absolute and relative inequalities as well as the
persistence of inequalities despite substantial within-group
improvements. Homicide mortality in poor neighbourhoods
impressively declined by 37 per 100 000 between 1989-91
and 1999-2001, whereas in wealthy neighbourhoods it
declined by only 6 per 100 000. This resulted in the rate
difference declining from 43 per 100 000 to 12 per 100 000.
However, the relative declines in each group were similar,
producing mostly unchanged relative inequality.

AIDS mortality was the most unequal outcome along the
socioeconomic gradient and became more unequal over the
past decade, probably owing to a multifactorial combination
of differential access to highly active antiretroviral treatment,
timeliness of diagnosis and local infrastructure to deliver
services, as well as less effective prevention efforts.'® Diabetes
was the only major mortality indicator to worsen in New
York City; moreover, disparities for this condition may have
widened between poorer and wealthier neighbourhoods. The
prevalence of obesity and diabetes show a similar SES
gradient."” ** Deaths from liver disease, largely owing to
cirrhosis, were also highly and increasingly unequal.
Conditions such as heart disease and cancer, although
showing relatively low levels of inequality averaged across
ages, were shown to be highly disparate in age-specific
analyses. Moreover, despite relatively small age-adjusted rate
ratios, the large number of deaths owing to heart disease and
cancer resulted in these causes being ranked first and third in
proportional contribution to excess mortality in the poorest
neighbourhoods.

Greater SES-associated disparities exist when YPLL-65 are
compared with the number of deaths at all ages. This finding
reflects the degree to which AIDS, homicide and infant
mortality, in which young ages at death contribute greatly to
YPLL-65, are associated with poverty, as well as the fact that
among other leading causes of premature death, such as
heart disease and cancer, years of life lost per death are
greater in poor neighbourhoods. This finding of continuing
inequalities in mortality at younger ages is somewhat
tempered, however, by the concomitant observation that this
inequality has narrowed over the past decade.

Vital statistics data, which are abstracted from death
certificates, do not include individual-level information on
income. This analysis used an ecological measure from the
US census, percentage in poverty, to describe the socio-
economic environment in which neighbourhood residents
lived. Mortality differences between neighbourhoods with
higher and lower poverty rates probably result from a
complex combination of influences, including both composi-
tional effects (eg, residents’ incomes and race/ethnicities)
and contextual effects (eg, neighbourhood deprivation or
wealth, built environment characteristics and income
inequality).”" The lack of robust SES data on death certificates
and other public health data sources limits epidemiologists’
ability to carry out effective SES-based disparities surveil-
lance, which would ideally incorporate both individual-level
and contextual-level measures of material deprivation.* This
would allow more nuanced distinctions between the health
of those who live in poor neighbourhoods and the health of
poor people.

Demographic shifts within neighbourhoods produce a
limitation to interpreting temporal differences in mortality
at the neighbourhood level. High mortality at the first
time period may have reflected out-migration of healthier
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residents in preceding years; subsequent reductions in
mortality might reflect in-migration of healthier populations.
This analysis, therefore, focused more on comparing mortality
inequalities between wealthier and poorer neighbourhoods in
the two time periods, rather than on comparing the mortality
within neighbourhoods or neighbourhood groups over time.

Findings from the earlier time period, 1989-91, may be
influenced by particularities of the 1990 US census data
collection in New York City. It is estimated that, citywide,
there was an approximately 3% undercount in population in
1990 (corresponding to about 200 000 people).”* The 2000
census undercount is estimated to have been <1%.”
Residents of poor neighbourhoods and African American
residents were most likely not to be counted in 1990. This
phenomenon would produce artificially higher mortality for
these populations in that time period, but would not be of a
magnitude sufficient to change the overall findings and
trends; US census estimates of the undercount ranged from
0.7% to 7.0% across the 59 neighbourhoods; the poorest and
wealthiest quarter of neighbourhoods had estimated under-
counts of 5.3% and 1.7%, respectively (data not shown).*

This analysis used an area definition particular to New
York City—the community district—because these areas have
meaning and relevance to city residents, community organi-
sations and government agencies despite their relatively large
areas and populations. Census information is available for
smaller geographical entities, such as census tracts, which
would show demographic and socioeconomic heterogeneity
within districts. However, within-district heterogeneity of
poverty is limited: 80% of the population of the poorest
quarter of community districts lives in the poorest quarter of
census tracts; an additional 16% live in the next-poorest
quarter of tracts. Similarly, 66% of the population of the
wealthiest quarter of districts lives in the wealthiest quarter
of tracts; an additional 26% live in the next wealthiest. Any
misclassification of the neighbourhoods’ relative SES likely
would probably attenuate the mortality inequalities found in
this analysis; as such, these findings are likely to be
conservative estimates.

Differential recording of the underlying cause of death in
hospitals serving poorer versus wealthier populations might
account for some cause-specific mortality differences, if
deaths from one category were “shifted” into another. For
example, this phenomenon may occur for deaths due to
diabetes and cardiac disease. More detailed analysis, compar-
ing medical history information with the underlying cause-
of-death designation on death certificates and subsequent
coding into ICD categories, would provide useful insights. In
addition, the ranking of leading causes of death is somewhat
arbitrary. More or less inclusive groupings of causes obviously
lead to higher or lower ranks—for example, designating all
cancer deaths as ““malignancies”, rather than examining
breast, lung and colon cancer deaths separately, or splitting
“cardiovascular disease” into heart, stroke and hypertensive
causes. Rankings per se, then, have limited meaning, but do
provide some indication of absolute disease burden.
Similarly, coding differences between revisions of the ICD
are limitations to temporal comparisons of cause-specific
rates.

Mortality differences between wealthier and poorer com-
munities in New York City have been described previously.**
** This analysis provides an update to these observations with
recent data and sets benchmarks for research, policy and
programmatic initiatives to reduce and eliminate health
disparities. Public health benchmarking and surveillance
should explicitly include measures of inequality, to comple-
ment monitoring of absolute rates of illness and death.
Further research using area-based socioeconomic measures
should focus on accounting for demographic change within
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What is known on this topic

® Socioeconomic inequalities in mortality exist in North
America and Europe.

® Recent evidence suggests that the inequalities in the UK
have widened in recent decades.

® Comparable data from the US, particularly in urban
populations, are lacking.

What this study adds

o This study provides a comparison of mortality inequal-
ities across New York City’s neighbourhoods between
1990 and 2000, both for all causes and for specific

causes.

® Mortality from almost all causes declined in both poor
and wealthy neighbourhoods, but substantial inequal-
ities remained.

Policy implications

e The findings of this analysis imply that strategies for
successfully improving the absolute levels of health in
populations may not necessarily also fully deal with
health inequalities and that other approaches, target-
ing the root causes of health inequdlities, are needed.

neighbourhoods to better understand secular changes in
community health.

This analysis shows that considerable improvements have
occurred in the past decade in the health of residents of poor
neighbourhoods in New York City, but unacceptable inequal-
ities persist. Differing, complementary strategies are probably
necessary for further gains in particular outcomes and also
for dealing with the shared determinants of persistent
disparities across outcomes. AIDS, for example, is a condition
in which great progress has occurred in both poor and
wealthy communities. Specific programmes and policies to
expand testing, assure linkage to life-saving treatment,
provide ancillary mental health and substance use services,
and promote medication adherence are all necessary to
assure continued improvements. However, the persistent,
dramatic inequality in mortality suggests that such targeted
strategies need to be complemented by attention to the
underlying exacerbators of the epidemic, such as poverty,
lack of education, limited affordable housing and unemploy-
ment. Diabetes provides another example: dealing with this
epidemic will require new and improved medical treatments
and methods for promoting people to change their patterns of
diet and physical activity. However, these solutions may
probably be of limited success if fundamental issues of
access to healthcare, as well as improvements in the
economic and physical environments in which people live,
are not considered. These broader approaches, which
include attention to the root—social and economic—causes
of health inequalities, are necessary to achieve public health’s
dual objectives of improving health for all and narrowing
inequalities.
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