AIDS Mortality May Have Contributed to the Decline in Syphilis
Rates in the United States in the 1990s
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Background: The mortality associated with AIDS among men may
have had an influence on primary and secondary syphilis trends
among men in the United States, through the loss of men at high risk
for acquisition or transmission of syphilisin this population and/or by
prompting safer sexual behaviors in response to the threat of AIDS.

Goal: Thegoal of thisstudy wasto examine the association between
AIDS mortality rates and primary and secondary syphilis incidence
rates among men in the United States from 1984 to 1997.

Study Design: We used a fixed-effects regression analysis of state-
level AIDS mortality rates and primary and secondary syphilis inci-
dence rates for men.

Results: Our analysis showed a significant association between
higher AIDS mortality and lower rates of syphilisincidence, after we
controlled for confounding factors. Our model estimates suggested
that every 20 AIDS deaths per 100,000 adult men are associated with
declines of about 7% to 12% in syphilis incidence rates among men.

Conclusion: Increases in AlDS-associated mortality may have ac-
counted for one-third to one-half of the decline in syphilisrates among
men in the early 1990s. Recent declines in AIDS mortality in the
United States may have contributed to the recent outbreaks of syphilis,
particularly among men who have sex with men. Our findings under -
score the importance of providing STD prevention services to men
with HIV infection and the need for STD surveillance in communities
at risk for syphilis outbreaks.

SYPHILIS RATES IN THE UNITED STATES have declined
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and mathematical models have suggested that a decline in the rate
of partner change as a result of AIDS awareness could explain the
dramatic declines in STD rates among men who have sex with men
(MSM) following the advent of the AIDS epidemi€.

In addition to prompting safer sexual behaviors, the HIV/AIDS
epidemic may have contributed to the decline in syphilis through
a more direct mechanism: AIDS-associated mortality. It is likely
that people at high risk for syphilis acquisition (and, more impor-
tant, syphilis transmission) were disproportionately included
among the hundreds of thousands who have died of AIDS-related
causes in the United States, because syphilis is much more com-
mon in people with HIV infection than in the general U.S. popu-
lation, and risk factors for syphilis (such as having unprotected sex
or having numerous sex partners) are also risk factors for sexual
acquisition of HIV11.12

A recent report showed that at least 30% of MSM and 5% of
heterosexual men with diagnosed gonorrhea in Colorado Springs,

dramatically since peaking in 1990. The 5979 cases of primary and Colorado, in 1981 died in the ensuing 2 decades, and HIV infec-
secondary (P&S) syphilis reported in 2000 represent an almosttion likely was the main cause for the higher death rates among
90% decline from 1990 P&S syphilis rates in recent years are the MSM.13

lowest ever reported, prompting a nationwide syphilis elimination

campaigr?

Mathematical modeling has illustrated the possibility that high
AIDS death rates among the people at greatest risk for STD

Although the reasons for this unprecedented decrease in syphilisacquisition and particularly transmission may influence STD inci-

are not fully understood, at least four important factors may have dence rates. One model showed that the loss of sexually active
contributed to the decline: (1) increased support of syphilis control people from the population through AlDS-related mortality can
programs and HIV prevention activitiés,(2) acquired immunity  reduce the rate of partner change in the population, thereby reduc-
to syphilis in the population at risk for syphifs} (3) declines in  jhg STD rates# Another such model suggested that substantial
crack cocaine use, a major contributor to the syphilis epidemic of geclines in STDs in MSM since the advent of AIDS could be
the late 19808,and (4) segual behavioral changes in response t0 griputable to sickness and deaths due to AIDS, even if AIDS
the H|V/AI|DS ?p'dem'?ﬁ) havioral h , affected only a relatively small fraction of the populatién.
Examples of sexual behavioral responses to the HIV/AIDS — rpoqretical studies also have demonstrated that differential
epidemic include increases in condo_m use and reductions in num-Alps mortality in a cohort can account for some of the observed
ber of Sex partners. For example, increased condom use in " reductions in risky sexual behavior in that cohort over tirfhe.
sponse to increasing local AIDS prevalence has been obsgrved, Thus, HIV/AIDS may have contributed to the decline in syphilis
directly (through the loss of people at high risk for acquisition and
particularly transmission of syphilis) and/or indirectly (by prompt-

) ing safer sexual behaviors). In this study we use national STD
su;ggst?gr:?rs thank Dr. Kathleen Irwin for helpful comments and surveillance data to explore the association between AIDS mor-
Reprint requests: Harrell Chesson, CDC Mailstop E-80, 1600 Clifton tlity and syphilis incidence in the United States in more detail,
Road, Atlanta, Georgia 30333. E-mail: hbc7@cdc.gov focusing on syphilis incidence rates and AIDS death rates among
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TABLE 1. Variables: Mean, Standard Deviation, Description, and Source

Sexually Transmitted Diseases ¢ May 2003

Variable Mean (SD) Description Source
Syphilis 1.91 (1.35) Log of syphilis rate among males (new cases of
primary and secondary syphilis reported per
100,000 population) in year t. If a state
reported no syphilis cases in a given year, 1
case was assumed. CDC Surveillance Data*
AIDS deaths 14.9 (23.8) Average number of deaths of men with AIDS
aged 18 y and older per 100,000 male
population in years t, t-1, t-2, t-3 CDC Surveillance Data*
Sociodemographic variables
Poverty 0.14 (0.04) Proportion of state population who live in poverty U.S. Burefu of the
Census
Income 23.8 (3.9) Per-capita income, 1998 dollars (thousands) U.S. Department of
Commerce*s
Robbery 19.6 (17.1) Number of robberies committed per 10,000 state U.S. Department of
population Justice!
Health spending 3.09 (0.88) Per-capita health expenditures, 1998 dollars Centers for Medicare
(thousands) and Medicaid
Services®?
Density 0.43 (1.50) State population (thousands) per square mile of U.S. Bureau of the
land area Census, Statistical
Abstracts***
African American 6.10 (5.56) Percentage of state population that is African U.S. Bureau of the
American male Census™
Hispanic 3.24 (4.16) Percentage of state population that is Hispanic U.S. Bureau of the
male Census™
Youth 15.0 (1.53) Percentage of state population aged 15y to 24 y U.S. Bureau of the
Census™
Alcohol 2.49 (0.67) Per-capita alcohol consumption (gallons of National Institute on
ethanol), based on population aged 14 y and Alcohol Abuse and
older Alcoholism (NIAAA)TT
Lagged syphilis 2.03 (1.30) Log of syphilis rate among men in year t-1 (the

Fixed-effects variables
State
Year
State-specific trend variables

lagged value of Syphilis)

State indicator variables

Year indicator variables

State-specific trend variables were created by
multiplying each state indicator variable by the
variable Trend, where Trend = 1 in 1984, 2 in
1985, 3 in 1986, etc.

CDC Surveillance Data*

Created
Created

Created

*Sources and limitations of syphilis surveillance data are described more thoroughly elsewhere.?
TPoverty data obtained via Internet (http://www.census.gov/hhes/poverty/histpov/hstpov21.html).
*Income data obtained via Internet (http://www.bea.doc.gov/bea/regional/spi/).

SAdjusted to 1998 dollars with the Consumer Price Index from the Bureau of Labor Statistics, obtained via Internet (ftp:/ftp.bls.gov/pub/

special.requests/cpi/cpiai.txt).

IRobbery data obtained via Internet (http://www.ojp.usdoj.gov/bjs/datast.htm).

IHealth spending data obtained via Internet (http://www.hcfa.gov/stats/nhe-oact/stateestimates/States98/).
#Population density data calculated from population estimates from the Census Bureau, divided by square miles of land area (based on 1990
estimates) obtained from Statistical Abstracts.*?
**Population estimates were obtained from various Bureau of the Census publications maintained by the Division of STD Prevention, as
described in annual STD surveillance reports.!
TTAlcohol consumption data obtained via Internet (http://www.niaaa.nih.gov/publications/pcyr7097.txt) and from published reports.43

Methods

Thisanalysisis based on state-level data of annual syphilisrates
and AIDS desath rates in the United States from 1984 to 1997.
Primary and secondary syphilisrates and AIDS-related death rates
were obtained from state surveillance reports maintained by the
Centers for Disease Control and Prevention, and additional state-
level sociodemographic data were obtained from a variety of
sources (Table 1). Because some states historically have low rates
of syphilis, our analysis excluded the 10 states with the lowest
syphilis rates, based on 1990 incidence. Our sample therefore
included 574 observations: 40 states and the District of Columbia
over a 14-year period.

Fixed-Effects Model

We used ordinary least squares regression (OLS) analysis to
examine the association between the syphilis rate among menin a
given year and AIDS-related mortality among men in the given
year and preceding years. Specifically, the dependent variable in
our model was syphilis and the control variable of interest was
AIDS deaths (Table 1). The variable AIDS deaths in year t is a
state-specific average of AIDS death rates among men over the
most recent 4 years (years t-3, t-2, t-1, and t).

The unobserved or unmeasured determinants of the incidence of
syphilis vary considerably both across states as well as over time.
Our regression models included fixed effects for both state and
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year. The state variables control for the state-specific determinants
of syphilis that do not vary by time, whereas the year variables
control for determinants of syphilis shared by all statesthat do vary
by time17.18 However, the use of these fixed effects does not
eliminate possible biases introduced by omitted confounding vari-
ables. In particular, omitting the unobserved determinants of syph-
ilis that vary within states over time could result in overstating or
understating the true association between AlDS-related mortality
and syphilis rates.

For example, studies of the epidemiology of syphilis in the
United States indicate that syphilis rates may be influenced by
differences in socioeconomic status, community well-being, avail-
ability of health care, and degree of urbanization.81° Any within-
state changes in these traits might also influence AIDS mortality
rates. In order to separate the effects of AIDS mortality from the
effects associated with these characteristics, we estimated models
that included several additional, potentially confounding variables
(Table 1). These additional variables include poverty and income
(socioeconomic status variables), robbery (community well-being
variable), health spending (health care availability variable), and
density (degree of urbanization variable).

Syphilis rates are typically higher among some minority groups
than among whites, and syphilis rates are typically higher among
teenagers and young adults than among older adults.2-8 To control
for differencesin racia and age distributions in state populations,
we aso included African-American, Hispanic, and Youth as po-
tential confounding variables. Syphilis has also been associated
with alcohol and illicit drug use, particularly crack cocaine.320.21
We therefore included in our model a measure of acohol con-
sumption (alcohol). In addition, we note that the variable robbery
serves as aproxy for crack cocaine use, because robbery rates have
been shown to be highly correlated with illegal drug use.22

Satistical Analyses

We estimated the relation between AIDS mortality rates and
primary and secondary syphilisrates, using eight different models.
All of the models included a constant and the variables AIDS
deaths, state, and year. Models 2, 4, 6, and 8 included the addi-
tional sociodemographic variables described above, and models 3,
4, 7, and 8 included the state-specific trend variables (Table 1),
which control for state-specific trends in unobserved factors that
may influence syphilis rates. Because a state’' s syphilisrate in year
tisinfluenced by that state’s syphilisrate in the previous year (t-1),
we included the lagged syphilis value (the syphilis rate for menin
year t-1) as a control variable in models 5 to 8. All regressions
were performed with RATS, version 5.2 We used OLS with
standard errors calculated with the white correction for
heteroskedasticity.23.24

Robustness Tests

In addition to using OLS, we repeated the analysis of models 5
to 8 with several modifications. We performed two-stage |east-
squares regression analyses, using the syphilis rate for men in year
t-2 as well as the other variables listed for each model as instru-
ments.17.18.23 To address the statistical problem of autocorrelation,
we (1) repeated the analysis with the Newey—West procedure for
autocorrelation-consistent standard errors,2> and (2) repeated the
analysis with generalized |east-squares regression analysis, apply-
ing the Hildreth—Lu procedure for estimating the autocorrelation
coefficient.17.23

Results

Higher AIDS death rates were associated with declines in syph-
ilis rates among men, as shown by the negative coefficient for
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AIDS deaths in all models (Tables 2 and 3). Specificaly, states
with higher AIDS mortality among men in yearst, t-1, t-2, and t-3
had lower syphilis rates among men in year t. The AIDS death
coefficient estimates reported in Tables 2 and 3 ranged from
—0.004 (Table 2, model 5) to —0.035 (Table 2, model 4). These
estimates were quite similar, differing by less than one standard
error in models that relied on two-stage least squares (Table 3)
instead of ordinary least squares (Table 2). In models that included
the lagged syphilis rate and other potentially confounding vari-
ables (models 6 and 8), the coefficient estimates ranged from only
—0.014 and —0.024.

The AIDS deaths coefficient can be interpreted as the approxi-
mate percentage change in syphilis incidence rates per 100,000
associated with a one-unit change in the AIDS deaths variable. A
one-unit change in the AIDS deaths variable is an increase of one,
in absolute terms, in the average number of AIDS deaths among
men per 100,000 over a 4-year period (Table 1).4243 Because the
AIDS deaths variable is a 4-year average of AIDS mortality rates
among men, each additional AIDS death per 100,000 will increase
the AIDS deaths variable by 0.25 units. Similarly, every 20 AIDS
deaths per 100,000 (for example, 5 AIDS deaths per year in each
of the years t, t-1, t-2, and t-3) would increase the AIDS desaths
variable by 5 units. Thus, the AIDS deaths coefficients of —0.014
and —0.024 (when multiplied by 5) suggest that every 20 AIDS
deaths of men per 100,000 population is associated with a reduc-
tion in the rate of primary and secondary syphilisin men of about
7% to 12%.

Another way to interpret the AIDS deaths coefficient is to
examine how changes in AIDS mortality are associated with
changes in primary and secondary syphilis rates. For example,
from 1990 to 1995, the average state-level decrease in primary and
secondary syphilis rates among men was 51%. Over the same
period, the average value of AIDS deaths increased by 10.2 in
absolute terms, which (when multiplied by the AIDS deaths coef-
ficient estimates of —0.014 to —0.024) would be associated with a
decline in syphilis of about 15% to 25%. Thus, our model esti-
mates suggest that the increase in AIDS mortality may have
accounted for about one third to one half of the decline in primary
and secondary syphilis in men from 1990 to 1995.

Robustness Tests

The statistical significance of the AIDS mortdlity variable de-
creased somewhat when we calculated Newey—West standard er-
rors and when we used generalized least squares. In general,
however, the results with use of aternative methods (available
upon reguest from the authors) were consistent with the presented
results.

Discussion

We found a strong association between AIDS death rates and
primary and secondary syphilis rates among men. Our estimates
suggested that every 20 AIDS deaths of men per 100,000 popula-
tion is associated with a decline in the rate of primary and sec-
ondary syphilis in men of about 7% to 12%. The declines in
syphilis rates associated with increases in AIDS mortality may
represent a substantial portion of the overall decline in syphilisin
the early 1990s. In fact, our model estimates suggested that the
increasein AIDS mortality rates may have accounted for about one
third to one half of the decline in primary and secondary syphilis
rates among men from 1990 to 1995.

The association between AIDS death rates and syphilis rates
was statistically significant over a range of model specifications,
suggesting that the association is not spurious. Furthermore, the
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TABLE 2.
Squares Regression Results*

CHESSON ET AL
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Relation of Selected Factors with Syphilis Rates in 40 States and District of Columbia, 1984-1997, Based on Ordinary Least-

Model
Factor 1 2 3 4 5 6 7 8

AIDS deaths —0.0117T —0.0297 —0.011% —0.035" —0.004 * —0.014" —0.0127 —0.018"
(0.003) (0.005) (0.005) (0.009) (0.001) (0.004) (0.003) (0.007)

Poverty — —3.978" — —0.979 — —-1.126 — —0.526
(1.481) (1.178) (1.128) (1.059)

Income — 0.014 — 0.075 — —0.016 — 0.048
(0.037) (0.058) (0.029) (0.054)
Robbery — 0.034" — 0.0247 — 0.0147 — 0.015%
(0.007) (0.007) (0.005) (0.006)

Health spending — 0.839" — -0.186 — 0.258 — —0.586
(0.275) (0.365) (0.215) (0.336)

Density — —2.1337 — 1.100 — —1.286" — 0.699
(0.451) (0.722) (0.343) (0.687)

African American — 0.242 — 0.184 — 0.223 — 0.335
(0.230) (0.246) (0.154) (0.223)

Hispanic — —0.4297 — —0.044 — —0.001 — 0.261
(0.150) (0.167) (0.106) (0.152)

Youth — 0.056 — 0.3447 — 0.004 — 0.160
(0.068) (0.110) (0.058) (0.119)

Alcohol — 0.560* — 0.782* — 0.195 — 0.389
(0.243) (0.395) (0.218) (0.373)
Lagged syphilis — — — — 0.758" 0.683" 0.5277 0.4907
(0.032) (0.038) (0.041) (0.045)

Adjusted R? 0.786 0.839 0.886 0.896 0.908 0.911 0.918 0.920

*Values not in parentheses are regression coefficients. Values in parentheses are standard errors. Regression coefficients for each variable can
be interpreted as the approximate percentage change in syphilis rates associated with a one-unit change in the given variable. Models 3,4,7,8

included the state-specific trend variables described in Table 1.
P < 0.01.
*P < 0.05.

temporal order of the association between AIDS death rates and
declining syphilis rates was consistent with (but does not prove) a
causal link between AIDS death rates and declining syphilis rates,
as higher AIDS mortality rates preceded declines in syphilis rates.

The observed association between higher AIDS mortality rates
and decreased syphilis incidence may reflect an actual effect of
AIDS mortality on the epidemiology of syphilis. If so, this effect
of AIDS mortality on syphilis could be direct (through the loss of
men at high risk for acquisition and transmission of syphilis from
the population) and/or indirect (by prompting safer sexual behav-
iors in response to the AIDS deaths).

Our analysis cannot distinguish between the direct and indirect
effects of AIDS mortdlity. If AIDS deaths do influence STD rates
through direct and indirect effects, then the availability of highly
active antiretroviral therapy might aso influence STD rates di-
rectly (by preventing sickness and death among people with HIV
who may be at high risk for acquisition and particularly transmis-
sion of syphilis) and/or indirectly (through increases in risky
sexua behavior by people who are less concerned about transmit-
ting or acquiring the virus because they perceive HIV as less
threatening).26-32 |n fact, recent outbreaks of STDs among MSM
have been reported from several cities across the nation, and a
decreased fear of acquiring HIV may have contributed to these
outbreaks.33-35

Although a decreased fear of acquiring HIV might affect HIV-
uninfected MSM and possibly HIV-infected MSM who are un-
aware of their infection, HIV-infected MSM who are aware of
their HIV infection would not be expected to experience a de-
creased fear of acquiring HIV. However, high rates of HIV infec-
tion in the men affected by the recent STD outbreaks were report-

ed,33:34 and recent studies have indicated that people with known
HIV infection are at high risk of acquiring an STD.33.36-38

We note that there are limitations to the survelllance data.!
Although syphilis cases are reportable by law to state health
departments, not all diagnosed cases are reported. There are state-
specific differences in the methods of identifying cases and col-
lecting surveillance information, so comparisons of incidence rates
between states should be interpreted with caution. Within a given
state, however, the surveillance methods are more stable, so trends
in syphilis incidence should be more reliable.

We focused on AIDS mortality and syphilis rates among men
only. We chose this focus on the basis of surveillance data indi-
cating that about two thirds of the AIDS cases involving men
reported in the United States through 1998 have occurred in
MSM,3° and in a recent literature review it was reported that 64%
to 90% of MSM with syphilis were also infected with HIV .12

Our analysis is subject to the usual statistical problems associ-
ated with the analysis of state-level mortality and morbidity data
over multiple time periods.18 To address these issues, we estimated
a range of model specifications using a variety of estimation
procedures and found a consistent association between AIDS
mortality rates and syphilis incidence rates. This association was
quite robust to the inclusion of several potential confounding
variables, suggesting that this relationship does not reflect merely
the influence of confounding variables omitted from the analysis.

Despite the limitations of our study, our analysis demonstrated
a strong association between increases in reported AIDS mortality
rates and decreases in reported syphilis rates among men. This
association may be attributable at least in part to the loss of men
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TABLE 3. Relation of Selected Factors with Syphilis Rates in 40
States and District of Columbia, 1984-1997, Based on Two-Stage
Least-Squares Regression Results*

Model
Factor 5 6 7 8

AIDS deaths —0.005" —0.016" -0.0117 —0.024"
(0.001) (0.004) (0.004) (0.008)

Poverty — —-1.416 — —-0.677
(1.136) (1.070)

Income — -0.013 — 0.057
(0.029) (0.056)
Robbery — 0.016" — 0.018"
(0.005) (0.007)

Health spending —_ 0.317 —_ —0.452
(0.212) (0.325)

Density — —1.3727 — 0.833
(0.356) (0.681)

African American — 0.225 — 0.285
(0.158) (0.223)

Hispanic — —0.044 — 0.159
(0.113) (0.161)
Youth — 0.009 — 0.221%
(0.058) (0.112)

Alcohol — 0.232 — 0.520
0.212 (0.361)
Lagged syphilis 0.730" 0.6147 0.390" 0.326"
(0.042) (0.058) (0.070) (0.087)

Adjusted R? 0.908 0.910 0.916 0.917

*Values not in parentheses are regression coefficients. Values in
parentheses are standard errors. Regression coefficients for each
variable can be interpreted as the approximate percentage change
in syphilis rates associated with a one-unit change in the given
variable. Models 3,4,7,8 included the State-specific trend variables
described in Table 1.

P < 0.01.

*P < 0.05.

from the population at high risk for syphilis, including those who
are the most effective transmitters of syphilis.

Our findings underscore the importance of providing STD pre-
vention services to men with HIV infection. Our results also
suggest that declining AIDS death rates can increase the likelihood
of future outbreaks of syphilis and other STDs, highlighting the
need for enhanced STD surveillance in communities at risk for
such outbreaks,3440.41
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