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Abstract

PURPOSE—To describe long-term trends in TB mortality and to compare trends estimated from
two different sources of public health surveillance data.

METHODS—Trends and changes in trend were estimated by joinpoint regression. Comparisons
between datasets were made by fitting a Poisson regression model.

RESULTS—Since 1900, TB mortality rates estimated from death certificates have declined
steeply, except for a period of no change in the 1980s. This decade had long-term consequences
resulting in more TB deaths in later years than would have occurred had there been no flattening
of the trend. Recent trends in TB mortality estimated from National Tuberculosis Surveillance
System (NTSS) data, which record all-cause mortality, differed from trends based on death
certificates. In particular, NTSS data showed TB mortality rates flattening since 2002.

CONCLUSIONS—Estimates of trends in TB mortality vary by data source, and therefore
interpretation of the success of control efforts will depend upon the surveillance dataset used. The
datasets may be subject to different biases that vary with time. One dataset showed a sustained
improvement in the control of TB since the early 1990s while the other indicated that the rate of
TB mortality was no longer declining.
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INTRODUCTION

Tuberculosis (TB) incidence has been falling for the past 150 years in North America and
Europe (1, 2). The mortality associated with TB in the United States has dropped rapidly
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since 1900, especially since the 1940s when new anti-tuberculous drugs became available
3. 4).

Mortality in patients with TB in the United States has been estimated from death certificates
since the beginning of the 20t century. However, death certificates may not give reliable
estimates of mortality for specific diseases, especially for respiratory and infectious diseases
(5, 6). TB mortality rates since 1993 can also be estimated from the National Tuberculosis
Surveillance System (NTSS) which has been collecting data on confirmed deaths of patients
diagnosed with active TB disease. NTSS mortality data includes all deaths of TB patients
including deaths that occurred just prior to TB diagnosis or during treatment.

We evauated TB mortality in the US from 1900 to 2006 using death certificate data in order
to put recent trends in TB mortality in a long-term perspective. In addition, we compared
recent trends in TB mortality estimated from death certificates and the NTSS in order to
confirm that different surveillance systems give similar estimates of trends.

Numbers of deaths associated with TB on death certificates were taken from two sources:
(@) Iskrant & Rogot (7) for 1900 to 1950, and (b) national estimates by the National Center
for Health Statistics, National Vital Statistics Reports from 1953 to 2006 (8). These figures
were used to show the long-term trends in deaths associated with TB in the United States
from 1900 through 2006.

The NTSS provided data on the number of deaths from all causes among TB patients in the
United States from 1993 to 2006. The NTSS is a nationally standardized system through
which state health departments report all known TB cases to the CDC using fixed criteria
(Report of a Verified Case of Tuberculosis), and includes both culture proven and clinically
proven cases (9). It provides comprehensive data on all patients but over-estimates mortality
associated with TB because it records deaths from all causes. NTSS mortality data included
deaths that had occurred by the time the diagnosis of TB was confirmed, called “death by
diagnosis” (10), and those who died from all causes during their TB therapy, called “death
during treatment” (9). We included all deaths in the NTSS database in this analysis. For all
years we used census estimates of population size for the United States (11).

Long-term TB Mortality Trends

We plotted trends in TB mortality from death certificate data on a logarithmic scale to
illustrate trends in the United States from 1900 to 2006. Mortality was expressed as
log(deaths per million) on the graphs to avoid negative numbers. Trends in TB mortality (the
number of deaths per 100,000 population), and the years of inflection when trends changed,
were estimated by joinpoint regression (12). This is a method for identifying joinpoints, or
significant changes in trend, using permutation tests (12). A phase was defined as the years
between two inflections when the trend was constant. The joinpoint regression model was
only fitted to the data from 1953 to 2006 because those were the years for which contiguous
data were available.

Comparison of Death Certificate and NTSS Datasets

To compare mortality trends based on death certificate versus NTSS data, we fitted a
Poisson regression model with three predictor variables: time (continuous), data source
(binary), and phases defined by the joinpoint regression (categorical). Number of deaths was
used for the response variable and the log of population size was the offset. An adjustment
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was made for over-dispersion (13). Time was represented by years centered on the mid-
point of the period covered by the model. The interaction of time by phase accounted for
differences between phases. The interaction of time by dataset tested the hypothesis that the
rate of change (or trend) in mortality was similar for both datasets. Interaction terms were
evaluated with the likelihood ratio test (14).

Long-term TB Mortality Trends

During the first half of the 20t century TB mortality fell steadily and then more rapidly
(Figure 1). The steep decline was interrupted by a marked flat phase between 1982 and 1990
(Figure 1 and Table 1). We projected the number of deaths that would have occurred if rates
continued to decline and compared it to the actual number of deaths. In the absence of a flat
phase, we projected that the total TB deaths between 1982 and 2006 would have been
21,004 (Figure 2). The recorded total during that time was 33,567 deaths---a difference of
60%. In the absence of a flat phase, there would have been 297 deaths in 2006, compared to
the 644 that were recorded for that year---a difference of 117%.

The drop in mortality between 1978 and 1979 (Figure 1) followed a change in reporting
criteria (8). Consequently the calculation of excess deaths, which treats the decline as real, is
likely an underestimate.

Comparison of Death Certificate and NTSS Datasets

We compared trends in the most recent phase of the death certificate data (1990 — 2006;
Table 1) with the NTSS data for the United States (1993 — 2006; Table 1) by fitting a
Poisson regression model. As expected, the mortality estimates were higher (p < 0.001) in
the NTSS dataset (Figure 2). A significant (p < 0.001) interaction between time and dataset
indicated that estimated mortality trends differed between datasets (Table 1). Consequently,
the ratio between the two datasets decreased during the 1990s because of the steeper NTSS
slope (Figure 2). Furthermore, the NTSS dataset indicated a change in trend in 2002 (the
interaction between time and phase was significant [p < 0.001]) from —13.3% to —3.4% per
annum, while the death certificates showed a constant trend with no inflection (Table 1 and
Figure 2).

DISCUSSION

Long-term Trends

According to death certificate data, TB mortality fell in the United States during the first
half of the 20t century as living standards, public health efforts and TB case finding
improved, bovine TB was eradicated and educational campaigns expanded (4, 15, 16).
Mortality declined even more steeply after new anti-TB drugs, such as streptomycin
(introduced in 1944) and isoniazid (introduced in 1952), were discovered and raised hopes
of a dramatic reduction in TB deaths by century’s end (3, 16). However, the mortality
decline ended abruptly and unexpectedly in the early 1980s.

This long-term perspective (Figure 1) reveals the 1980s as a “lost decade” for TB control.
The resurgence of TB in the 1980s came at a time of reduced spending on public health and
TB prevention (17, 18). Immigration was increasing, with many immigrants coming from
countries where TB was endemic (19, 20). Injection drug use was also associated with the
rise in TB deaths in some northeastern cities (21, 22) while outbreaks of multidrug-resistant
TB contributed to the spread of a more lethal form of TB in crowded institutions (23).

Ann Epidemiol. Author manuscript; available in PMC 2012 October 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Barnes et al.

Page 4

Most significantly, the resurgence of TB in the US coincided with the HIV/AIDS epidemic
that emerged in the 1980s. HIV increases the probability of TB infection, accelerates the
progression of TB disease and significantly increases the probability of death in TB patients
(24-27). The first signs of HIVV/AIDS were noticed in 1981(28) and correlate well with the
inflection in the TB mortality trends observed in this analysis. The change in TB mortality
trend (Figure 1) actually began in about 1979, before HIV was discovered, and earlier than
the trend in TB incidence which increased in the mid-1980s (29): unrecognized HIV may
have been causing additional TB deaths earlier than previously realized. It is likely that it
was the synergy of emerging HIV, reduced public health funding, immigration and drug-
resistant TB that played a critical role in changing the dynamics of TB mortality in the US in
the 1980s.

The steady decline in TB mortality resumed in the 1990s as federal funding increased, new
clinics opened, HIV treatment improved, directly observed therapy expanded, and contact
tracing increased to interrupt transmission (16). Nevertheless, the flat phase of the 1980s had
serious long-term consequences. Even allowing for the uncertainties inherent in projections,
annual TB deaths may now be double the number that would have occurred had there been
no flattening of the trend in the 1980s.

Comparison of Death Certificate and NTSS Datasets

TB mortality estimates based on death certificates, representing deaths caused by TB or
exacerbated by TB, were lower than the NTSS estimates. While differing in absolute
number, the two datasets would show parallel trends in mortality if each were a reliable
index of TB mortality. However, the mortality rates derived from NTSS data declined more
steeply in the 1990s than the death rates based on death certificates, but less steeply after
2002. These differences suggest varying biases in one or both datasets. The NTSS records
deaths from all causes in TB patients under treatment and therefore overestimates mortality
associated with TB, while death certificates may substantially under-record TB deaths,
especially given that a TB diagnosis can take months to complete and is often delivered after
a patient has died (5). For example, TB was not recorded on the death certificates of two-
thirds of those dying with active TB disease in New York in 1992 (5). Furthermore, the
criteria for recording TB on death certificates is not standardized and sometimes changes

(8).

Since the NTSS did not identify the exact cause of death in TB patients, trends in other
diseases may account for a changing proportion of deaths among TB patients. A major
recent change is the increasing prevalence of obesity (30). Associated maladies such as
diabetes may be changing the profile of TB patients over time as well as reducing their
probability of surviving treatment (31).

The differences between these datasets are important, because interpretation of the success
of control efforts will depend upon the surveillance dataset used. For example, the death
certificate dataset showed a constant mortality decline from 1990 to 2006, indicating a
sustained improvement in TB control measures. In contrast, the flattening in mortality trend
since 2002 in the NTSS data suggests a significant change in the epidemiology of TB. This
flattening, while only evident in one dataset, is worrying and warrants further investigation.

In an environment of overall declining TB mortality, the flat phases are of great
consequence because they result in more deaths in the long-term. If one accepts that the
recent inflection in the trend is real, even though it was evident in only one dataset, then it
will result in more deaths in the future than would have been the case had mortality
continued to decline steadily. These results demonstrate that it is important to document
trends in TB mortality consistently and to identify changes early in order to discover their
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likely causes. Starting in 2009, the Report of Verified Case of Tuberculosis, on which the
NTSS data is based, was amended to include information on whether or not a death was due
to or related to TB. This improvement will enable future trends in TB deaths to be estimated
more accurately.

Limitations of this study include the accuracy with which death certificates are completed
and the proportion of NTSS subjects lost to follow up whose deaths were not recorded.
Furthermore, trends in other diseases afflicting TB patients would also have influenced the
rate of all-cause mortality in the NTSS data.
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Trends in TB mortality rates in the United States from 1900 through 2006 based on death

certificates, shown on a logarithmic scale.
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FIGURE 2.

Comparison of mortality trends estimated from death certificates (filled circles) and from the
National Tuberculosis Surveillance System (NTSS) (triangles). The solid lines show the
fitted joinpoint regression models. The broken line indicates the projected number of deaths
from 1982 to 2006, assuming that the mortality rate decreased by 8.2% annually.
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TABLE 1

Trends in mortality associated with TB estimated by joinpoint regression from two sets of surveillance data.

Variable Dataset Phase™ Annual % change
(95% ClI)
TB mortality  Death 1953 -1955 —14.2 (-18.6, —9.5)
since 1953 certificates
1955 - 1966 -7.5 (-8.0, -7.0)
1966 — 1982 -9.5 (-10.0, -9.1)
1982 - 1990 0.1(-2.1,2.4)
1990 - 2006 —8.2 (9.0, -7.4)
TB mortality § 1993-2002 -13.3 (—13.8, —12.9)
since 1993 NTSS

2002 - 2006 -3.4 (-5.8, -0.9)

*
Phases were defined as the years between the inflection points identified by the joinpoint regression.

§NTSS: National Tuberculosis Surveillance System.
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