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Abstract

Background—The purpose of this study was to examine selected measures of racial and ethnic
disparities in the reported incidence of syphilis and gonorrhea from 1981 to 2013 in the United
States.

Methods—~For each year from 1981 to 2013, we calculated values for five disparity measures
(Gini coefficient, two versions of the index of disparity, population attributable proportion, and the
black-to-white rate ratio) for five racial/ethnic categories (Non-Hispanic White, Non-Hispanic
Black, Hispanic, American Indian/Alaska Native, and Asian/Pacific Islander). We also examined
annual and 5-year changes to see if the disparity measures agreed on the direction of change in
disparity.

Results—With a few exceptions, the disparity measures increased from 1981 to 1993 and
decreased from 1993 to 2013, whereas syphilis and gonorrhea rates decreased for most groups
from 1981 to 1993 and increased from 1993 to 2013. Overall, the disparity measures we examined
were highly correlated with one another, particularly when examining 5-year changes rather than
annual changes in disparity. For example, all five measures agreed on the direction of change in
the disparity of syphilis in 56% of the annual comparisons and in 82% of the 5-year comparisons.

Conclusions—Although the disparity measures we examined were generally consistent with
one another, these measures can sometimes yield divergent assessments of whether racial/ethnic
disparities are increasing or decreasing for a given STD from one point in time to another, as well
as divergent assessments of the relative magnitude of the change.

Racial and ethnic disparities in sexually transmitted disease (STD) rates have been
documented extensively,1* and a number of summary measures can be used to quantify
these disparities.2>2 For example, the black-to-white rate ratio (e.g., the gonorrhea rate per
100,000 population for blacks divided by that of whites) is commonly used in national STD
surveillance reports to illustrate racial/ethnic disparities in reported STD rates.1% Although
assessments of racial/ethnic disparities in STDs are common, to our knowledge no study has
examined trends in STD disparities over time using several different measures of disparity.

"Corresponding author, CDC Mailstop E-80, 1600 Clifton Road, Atlanta, GA 30329-4027. Fax: 404-639-8622. Phone: 404-639-8182.
hbc7@cdc.gov.

The authors have no conflicts of interest to disclose.

The findings and conclusions in this report are those of the authors and do not necessarily represent the official position of the Centers
for Disease Control and Prevention.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chesson et al.

METHODS

Overview

Data

Page 2

Such assessments are useful not only to illustrate changes in disparity over time, but also to
inform the potential usefulness of various disparity metrics for purposes such as measuring
changes in disparity or as performance indicators for STD prevention activities designed to
reduce disparities.

Hoover and colleagues (2008) provide examples of methods for measuring disparities in
STD rates and calculating changes in these measures over time.9 Their illustration focused
on three main disparity measures: absolute disparities in rates (between the group of interest
vs. the reference group), relative disparities in rates, and the index of disparity for use when
comparing more than two groups in a population.® We expand the work by Hoover and
colleagues by calculating values for a wider range of disparity measures and by analyzing
and comparing changes in these measures over time.

Our general approach was to calculate values for five disparity measures for primary and
secondary (P&S) syphilis and gonorrhea from 1981 to 2013 in the United States. We did not
include chlamydia in our analysis because of the lack of surveillance data in the early
1980’s. The five disparity measures we examined were the Gini coefficient, two versions of
the index of disparity (unweighted and weighted by population subgroup size), the
population attributable proportion, and the black-to-white rate ratio, as described in more
detail below. We also examined and compared changes in these disparity measures over
time. Specifically, we examined whether or not the five measures agreed as to whether racial
and ethnic disparity was increasing or decreasing over time, and whether changes in these
disparity measures were correlated with one another.

We obtained reported national case numbers for P&S syphilis and gonorrhea for 1981 to
2013 from the National Notifiable Disease Surveillance System (NNDSS). These data are
described in more detail in annual STD surveillance reports.10 In our main analyses, we
excluded cases where race/ethnicity was not specified as well as cases in which race/
ethnicity was reported as “other”. We used population data from the Centers for Disease
Control and Prevention’s (CDC) National Center for Health Statistics (NCHS) to calculate
rates of reported cases of gonorrhea and P&S syphilis. The five racial/ethnic categories we
used were: American Indian or Alaska Native; Asian or Pacific Islander; Black, not of
Hispanic origin; Hispanic; and White, not of Hispanic origin. In order to examine changes in
disparities in gonorrhea and syphilis across the same five race/ethnicity groups from 1981 to
2013, we used NCHS bridged-race population data for 2000-2012. These population
estimates bridge the race categories listed in the 1997 Office of Management and Budget
(OMB) standards to the five race/ethnicity groups specified in the previous 1977 OMB
standards. For example, the 1997 categories of “Asian” and “Native Hawaiian/Other Pacific
Islander” were combined into the pre-1997 category of “Asian/Pacific Islander.” More
details are provided elsewhere.10 Cases reported in 1997 OMB-compliant categories were
able to select more than one race and are mapped to “other” in the bridged data. Thus, it is
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likely that cases listed as “other” increased over time as more states became OMB-compliant
in their reporting. Although we excluded cases listed as “other” in our main analyses, we
performed additional analyses to examine the potential influence of omitting these cases, as
described later.

Disparity measures

We did not include all known measures of disparity in this analysis. Instead, in order to
provide an illustration of changes in disparity measures over time, we selected five
commonly used measures of disparity. We included the Gini coefficient because it is a well-
known measure in economics and has increasingly been applied in the STD literature.11-19
We included the index of disparity because it is a well-known summary measure of the
differences in disease rates across racial and ethnic groups >° and because this index has
been used by CDC to examine changes in racial/ethnic health disparities over time.20 We
included the population attributable proportion because it is a useful concept with a long
history in epidemiology.21:22 Finally, we included the black-white ratio because this measure
is commonly used in STD surveillance reports to quantify racial/ethnic disparities in
reported STD rates.10 Although the surveillance report provides rate ratios for several
different racial/ethnic groups (vs. non-Hispanic whites), we included only the black-to-white
ratio for comparative purposes, to illustrate how the rate ratio for two racial/ethnic groups
compares to summary measures of disparity across all racial/ethnic groups.

Gini coefficient

The Gini coefficient is commonly used to quantify inequalities in income distribution.12
However, the Gini coefficient has been adapted and applied in the STD prevention literature
for a range of purposes, such as quantifying the distribution of STDs across census tracts,
counties, states, and other geographic units,13-16 assessing the geographic distribution of sex
workers,17 examining the distribution of clients across sex workers,18 and to illustrate the
concentration of sex acts and sex partnerships within the most active members of the
population.1?

To calculate the Gini coefficient for a given STD in a given year, the racial/ethnic groups
were ranked from 1 to 5 according to the STD rate (i = 1 denotes the group with the lowest
STD rate and i = 5 denotes the group with the highest STD rate in the given year). The Gini
coefficient (G) was calculated as:

G:1_zgzﬂYﬁyi—l)(Xi_Xi—l)’

where Y is the cumulative percentage of cases of the given STD occurring in Group 1
through Group i, Xj is the cumulative percentage of the population accounted for by Group 1
though Group i, and X and Yy are both 0.15 The Gini coefficient ranges from 0 (no
disparity) to 1 (maximum disparity).
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Index of disparity (ID)

The index of disparity (ID) was presented by Pearcy and Keppel (2002) as a summary
measure of disease incidence across population groups, where the population groups could
be defined by race/ethnicity, educational status, income level, or other relevant factor.% For
the purposes of this study, we calculated the ID based on race/ethnicity for a given STD in a
given year, as follows:

5 (Ir - RI)

(Zl_l

where R is the overall rate of the given STD, and r; is the rate of the given STD in racial/
ethnic group i.% Pearcy and Keppel defined the ID as “the average of the absolute differences
between rates for specific groups within a population and the overall population rate, divided
by the rate for the overall population and expressed as a percentage.”®

We also calculated a weighted version of the ID in which we replaced the average of the
absolute differences between rj and R with a weighted average of these absolute differences,
where the difference for each group i was weighted by the group’s share of the overall
population.

Population attributable proportion

The population attributable proportion (PAP) as a disparity index for a given STD can be
described as the proportional decrease in the given STD that would be achieved if all racial/
ethnic groups had the same rate of the given STD as the group with the lowest rate of that
STD.”:23 Regidor (2004) provided an example of using the PAP to assess mortality
inequalities by educational level.” We calculated the PAP as follows:

Pap= 3,23 ¢,

where C;j is the number of cases of the given STD in Group i, C; is the number of cases that
there would have been in Group i if the rate of the given STD in Group i was that of the
group with the lowest rate of that STD, and C is the total number of cases across all five
groups.

Black-to-white rate ratio

The black-to-white rate ratio was calculated as Ry/R,y, Where Ry, is the rate of the given STD
for non-Hispanic blacks and Ry, is the rate for non-Hispanic whites.®

Correlation of annual changes and 5-year changes in disparity measures

We also examined changes in the disparity measures over 1-year and 5-year intervals.
Specifically, for each STD, the annual percentage change in the disparity measure in year t
was calculated as (V¢ — Vi-1)/Vi-1, Where V; is the value of the given disparity measure in
year t. Similarly, the 5-year change in the disparity measure in year t was calculated as (V¢ —
V-5)/V-5, where V¢ is the value of the given disparity measure in year t. We assessed the
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correlation between changes in the disparity measures using Pearson correlation coefficients
(and p-values).

Agreement across disparity measures regarding direction of change of disparity

As another examination of annual changes in the disparity measures, we assessed whether
each disparity measure increased or decreased from the previous year, for both syphilis and
gonorrhea. We then examined whether or not the five measures yielded the same assessment
of whether racial and ethnic disparity was increasing or decreasing from one year to the next
for the given STD. Finally, we repeated this assessment of agreement across disparity
measures over 5-year intervals rather than 1-year intervals.

Sensitivity analyses

We repeated the analysis five times, each time examining an extreme scenario in which all
STD cases in the race/ethnicity category “other” or “unknown” were assumed to occur in
exactly one of the five racial/ethnic groups. For example, we repeated the analysis after
assigning all cases in the category “other” or “unknown” to the category “Non-Hispanic
White.” Additional sensitivity analyses are described and reported in the supplemental
appendix.

RESULTS

Measures of racial/ethnic disparities in STDs

Rates of reported cases of gonorrhea and P&S syphilis by racial/ethnic groups are shown in
Figure 1 (panels A and B), and values of the five selected disparity measures are shown in
Figure 2 (panels A and B). These results are summarized in Table 1, which includes STD
rates and disparity measure values for the first year (1981), an intermediate year (1993), and
the final year (2013).

For all groups except non-Hispanic blacks, syphilis rates decreased between 1981 and 1993
and increased between 1993 and 2013, although these trends were not linear. According to
all five measures, disparities in syphilis increased between 1981 and 1993 and decreased
between 1993 and 2013, although these trends were also not linear. Incidence rates and
disparity measures for gonorrhea followed the same general pattern as syphilis. However, the
trends in disparity for gonorrhea were not consistent across all five measures, as the
population attributable proportion suggested an overall decrease in disparity from 1981 to
1993, while the other four measures showed an overall increase in disparity over the same
time period. Similarly, the population attributable proportion suggested an overall decrease
in racial disparity in gonorrhea from 1981 to 2013, while all of the other measures (except
for the index of disparity, not weighted) showed an overall increase in disparity over the
same time period.

Correlation of annual and 5-year changes in disparity measures

Annual changes in the disparity measures were highly correlated, particularly for syphilis
(Table 2). The annual change in each disparity measure was highly correlated with the
annual change in each of the other disparity measures, with one borderline exception. For
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gonorrhea, the correlation coefficient for changes in the population attributable proportion
and changes in the black-to-white ratio was 0.349 (p=0.0506). For both syphilis and
gonorrhea, the 5-year change in each disparity measure was highly correlated with the 5-
year change in each of the other disparity measures (p< 0.0001 for all comparisons).

Agreement across disparity measures regarding direction of change of disparity

For syphilis, we examined 32 annual changes in the disparity measures (Table 3, Panel A).
In 18 (56.3%) of the 32 instances, all five measures agreed on the direction of change in
disparity. In 11 (34.4%) of the 32 years, exactly four measures agreed on the direction of
change in disparity. In 3 (9.4%) of the 32 years, exactly three measures agreed on the
direction of change in disparity. These results were similar for gonorrhea.

The degree of agreement across disparity measures increased when we assessed direction of
change in disparity over 5-year intervals rather than annually (Table 3, Panel B). All 5
disparity measures agreed in the majority of instances, and at least 4 of 5 measures agreed in
all but one instance.

Cases in which race/ethnicity was listed as “other” or “unknown”

The percentage of reported syphilis cases in the race/ethnic category of “other” in the
bridged data increased from 0% in 1981 to 1.0% in 2007 to 1.7% in 2013. The percentage of
reported gonorrhea cases in the race/ethnic category of “other” in the bridged data increased
from 0% in 1981 to 1.3% in 2007 to 1.5% in 2013.

The percentage of reported syphilis cases with missing (“unknown”) race/ethnicity data in
any given year ranged from 1.4% to 19.5%. With the exception of the three-year period from
1983 to 1985, the percentage of reported syphilis cases with missing race/ethnicity data did
not exceed 8.4% in any given year and averaged 4.8% across all years. The percentage of
reported gonorrhea cases with missing race/ethnicity data in any given year ranged from
16.4% to 25.4% and averaged 21.1% across all years.

Our results did vary in sensitivity analyses when we assigned all of the “other” cases and
cases with missing race/ethnicity data to one of the five racial/ethnic groups, particularly
when assigning the cases to the smaller groups such as Asian/Pacific Islander and American
Indian/Alaska Native. For example, for syphilis, the number of instances in which all five
measures agreed on the direction of the annual change in disparity (18 in the base case) was
19, 17, 17, 24, and 7 when all of the “other” and “missing cases” were assigned to non-
Hispanic whites, non-Hispanic blacks, Hispanics, Asian/Pacific Islanders, and American
Indian/Alaska Natives, respectively (see supplemental appendix for complete results).

DISCUSSION

The disparity measures we examined were quite consistent with one another. The percentage
change in any given disparity measure from one year to the next was positively correlated
with the percentage change in the other disparity measures. However, from any given year to
the next, the various disparity measures could yield divergent results in terms of whether
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racial/ethnic disparities in STDs are increasing or decreasing as well as in terms of the
relative magnitude of the change.

The Gini coefficient and the weighted index of disparity were the most consistently
correlated measures, probably due to their similarities in structure in which the population
size of the population subgroups are taken into account. The population attributable
proportion (PAP) typically had lower correlation coefficients than the other measures when
assessing annual changes, probably because the PAP is sensitive to the number of excess
cases due to disparity but not how these excess cases are distributed across population
subgroups. However, when assessing 5-year changes, the correlation coefficient for the PAP
was more consistent with the other measures. The correlation coefficient for the black-to-
white rate ratio was often lower than for the other measures, which is not surprising given
that the black-to-white ratio reflects disparity in just two groups whereas the other measures
are composite measures which account for all five racial/ethnic groups.

The epidemiology of syphilis has changed dramatically over the years we examined, from an
infection associated with drug use among heterosexuals to one that is now more associated
with MSM and co-infection with HIV. The increase in syphilis in men who have sex with
men (MSM) has likely contributed to a decrease in relative racial/ethnic disparities in P&S
syphilis because of the increased burden of syphilis in non-Hispanic White men. For
example, in 2013, the black-to-white ratio for P&S syphilis was 5.3 among men and 15.0
among women.10

Our findings highlight two well-known potential drawbacks of using relative measures of
racial/ethnic disparities in health to assess a program’s effectiveness in addressing these
disparities. 5:24.25 First, relative measures of disparity can decrease due to increases in
incidence rates among non-Hispanic whites. Consequently, an STD prevention program
might judge itself successful in addressing disparities in a scenario in which the chosen
disparity measure decreased solely due to increases in STDs among non-Hispanic whites.
Second, whether or not racial and ethnic disparities increase from one year to the next can
depend on one’s measure of disparity. Harper and colleagues, in their analysis of disparities
in lung cancer over time, showed that one’s choice of disparity measure could influence
one’s interpretation of changes in socioeconomic disparities in cancer and racial disparities
in cancer.> They noted that the use of a specific disparity measure to monitor trends in
disparities requires careful thought and considerations of the characteristics of the given
measure. ° Further, the use of absolute measures of disparity as a complement to relative
measures of disparity can help to provide a more complete assessment of disparities in
health as well as changes in these disparities over time.’

Our analysis of trends in disparity measures is subject to limitations. First, there are
limitations to the surveillance data we analyzed, such as under-reporting of cases, as
described elsewhere.10 Differences in the degree of under-reporting across racial groups
could bias our measurements of racial and ethnic disparities in STD rates. Second, we used
bridged data so that we could examine reported STD rates for the same five racial/ethnic
groups from 1981 to 2013. This approach could introduce bias over time due to factors such
as the increased number of cases listed as “other” in the bridged data from 2007 to 2013.
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Cases reported as being more than one race (as is possible under the 1997 OMB standards)
are mapped to “other” in the bridged data. If minority populations are more likely than non-
Hispanic whites to be classified as more than one race, increases in the “other” classification
over the time period of our analysis could lead to decreases in the assessed degree of racial/
ethnic disparity in STDs, as we excluded cases listed as “other” in our main analyses. Third,
the use of five racial/ethnic categories requires the combination of heterogeneous
populations into single categories, such as “Asian Americans” and “Pacific Islanders.”
Fourth, as noted above, we did not include all known measures of disparity.

Despite limitations, our analysis offers a new look at trends in disparities in STD rates over
time in the US. All measures we assessed indicated a persistent and high degree of racial/
ethnic disparity, consistent with the vast literature documenting these disparities.1 ™ Our
findings suggest that a wide range of disparity measures can be useful, individually or as a
group, in providing a general overview of the degree of racial/ethnic disparities in STD rates.
We found that the disparity measures we examined were generally consistent in assessing
trends in disparity in reported STD rates, particularly when looking at changes over a longer
time frame (5 years) rather than annual changes. However, our findings highlight potential
drawbacks in the use of a single disparity measure to assess changes in disparities in STD
rates from one year to the next or to measure a program’s performance in addressing racial/
ethnic disparities in STD rates. In light of these findings, we recommend that programs (1)
consider the use of more than one relative measure of disparity, and/or (2) ensure that the
period of time over which trends are assessed is sufficient to capture the program’s impact
on disparities. The choice of which disparity measure(s) to use will depend upon many
factors, including subjective assessments by those who use these measures, such as whether
or not to account for the population size of the racial/ethnic groups.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Although the disparity measures we examined were generally consistent with one
another, they sometimes differed in the magnitude and direction of change in disparity

over time.

Summary
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Figurel.
(A & B). Reported rates of syphilis and gonorrhea were obtained from surveillance records

maintained by the Centers for Disease Control and Prevention. The rates in this figure
exclude cases with missing or unspecified race/ethnicity information.
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Figure 2.
(A & B). The Index of disparity (weighted and not weighted) and the black-to-white rate

ratio are shown on the left axis. The population attributable proportion and the Gini
coefficient are shown on the right axis. See text for a description of these five measures of
disparity.
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Table 2
Correlation between changes in racial disparity measures, 1981 — 2013: Pearson correlation coefficient (p-
value)
Disparity measure Gini coefficient  Index of disparity, not Index of disparity, Black-to-whiterateratio
weighted weighted
Panel A: Annual changes in syphilis
Index of disparity, not weighted 0.942 (<0.0001) 1
Index of disparity, weighted 0.992 (< 0.0001) 0.946 (< 0.0001) 1
Black-to-white rate ratio 0.903 (< 0.0001) 0.865 (< 0.0001) 0.904 (< 0.0001) 1
Population attributable proportion 0.726 (< 0.0001) 0.665 (< 0.0001) 0.689 (< 0.0001) 0.601 (0.0003)
Panel B: 5-year changes in syphilis
Index of disparity, not weighted 0.989(<0.0001) 1
Index of disparity, weighted 0.996 (< 0.0001) 0.991 (< 0.0001) 1
Black-to-white rate ratio 0.861 (< 0.0001) 0.859 (< 0.0001) 0.854 (< 0.0001) 1
Population attributable proportion 0.963 (< 0.0001) 0.937 (< 0.0001) 0.949 (< 0.0001) 0.770 (<0.0001)
Panel C: Annual changes in gonorrhea
Index of disparity, not weighted 0.858 (< 0.0001) 1
Index of disparity, weighted 0.990 (< 0.0001) 0.899 (< 0.0001) 1
Black-to-white rate ratio 0.971 (< 0.0001) 0.905 (< 0.0001) 0.968 (< 0.0001) 1
Population attributable proportion 0.459 (0.0083) 0.405 (0.0216) 0.471 (0.0065) 0.349 (0.0506)
Panel D: 5-year changes in gonorrhea
Index of disparity, not weighted 0.933(<0.0001) 1
Index of disparity, weighted 0.995 (< 0.0001) 0.957 (< 0.0001) 1
Black-to-white rate ratio 0.982 (< 0.0001) 0.970 (< 0.0001) 0.989 (< 0.0001) 1
Population attributable proportion 0.663 (0.0001) 0.689 (<0.0001) 0.676 (<0.0001) 0.678 (<0.0001)

This table shows the correlation between annual percentage changes in five measures of racial disparity (Gini coefficient, Index of disparity-
weighted and unweighted, black-to-white rate ratio, and the population attributable proportion) in syphilis and gonorrhea from 1981 to 2013. For
example, for syphilis, the annual change in the Gini coefficient and the annual change in the Index of disparity (not weighted) were highly
correlated, with a Pearson correlation coefficient of 0.942 (p < 0.0001). This analysis included 32 annual percentage changes and 28 5-year

changes.

The percentage change was calculated using the value of the earlier year in the denominator. For example, for 1986, the annual percentage change
was calculated as (V1986 — V1985)/V1985 and the 5-year percentage change was calculated as (V1986 — V1981)/V1981.
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Table 3

Summary of agreement between the five disparity measures in assessment of annual changes in disparity and
5-year changes in disparity, 1981 — 2013

Panel A: Annual changesin disparity

Item estimated Syphilis Gonorrhea

Number of years in which annual change in disparity was assessed 32 32
Number (%) of years in which all five disparity measures agreed on direction of change in disparity =~ 18 (56.3%) 19 (59.4%)
Number (%) of years in which exactly four measures agreed on direction of change in disparity 11 (34.4%) 10 (31.3%)

Number (%) of years in which exactly three measures agreed on direction of change in disparity 3(9.4%) 3(9.4%)

Panel B: 5-year changes in disparity

Item estimated Syphilis Gonorrhea

Number of years in which 5-year change in disparity was assessed 28 28
Number (%) of years in which all five disparity measures agreed on direction of change in disparity 23 (82.1%) 20 (71.4%)
Number (%) of years in which exactly four measures agreed on direction of change in disparity 5 (17.9%) 7 (25.0%)

Number (%) of years in which exactly three measures agreed on direction of change in disparity 0 (0%) 1(3.6%)

If all five disparity measures increased, or if all five disparity measures decreased in the given time interval, then all five measures agreed on the
direction of change in disparity. If exactly four disparity measures increased (and one measure decreased), or if exactly four disparity measures
decreased (and one measure increased) in the given time interval, then exactly four measures agreed on the direction of change in disparity. If
exactly three disparity measures increased (and two measures decreased), or if exactly three disparity measures decreased (and two measures
increased) in the given time interval, then exactly three measures agreed on the direction of change in disparity. Because all of the measures either
increased or decreased over the time intervals we examined, at least three of five measures had to agree on the direction of change. The
supplemental appendix contains sensitivity analyses in which we limit the analysis to changes of a minimum threshold (i.e., 1%, 3%, and 5%).
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