
Mortality before or during treatment among tuberculosis
patients in North Carolina, 1993–2003

L. T. Nguyen*, C. D. Hamilton*, Q. Xia†, and J. E. Stout*
* Department of Medicine, Duke University Medical Center, Durham, North Carolina
† Research Triangle Institute International, Research Triangle Park, North Carolina, USA

Abstract
SETTING: North Carolina, United States.

OBJECTIVE: To investigate the demographic and behavioral risk factors associated with death
among tuberculosis (TB) patients in North Carolina.

DESIGN: Retrospective cohort of all TB patients reported in North Carolina, 1993–2003
(inclusive). A surveillance dataset based upon Report of Verified Case of Tuberculosis (RVCT)
records was cross-linked with the National Death Index (NDI) to confirm date of death and
capture additional deaths.

RESULTS: Among 5311 TB patients, 181 died before initiation of TB treatment, and 540 died
before completion of TB treatment. Increasing age, miliary/meningeal disease, and human
immunodeficiency virus (HIV) infection were associated with increased risk of death before
treatment, during early treatment (initial 8 weeks) and later in TB treatment. In addition to these
factors, excess alcohol use (HR 1.62, 95%CI 1.13–2.32) and residence in a nursing home (HR
1.65, 95%CI 1.20– 2.29) were associated with a significantly increased risk of death during the
first 8 weeks of treatment.

CONCLUSION: Many of the deaths in TB patients occurred in the most vulnerable populations,
such as the elderly or those with HIV infection, and may be attributable to delayed diagnosis and
poor functional status.
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Despite effective therapy, tuberculosis (TB) associated mortality remains relatively high,
with 8.3 million new TB cases and 1.8 million TB deaths worldwide in 2000.1 Many of
those patients died prior to TB diagnosis or during treatment.2 Frequently reported
predictors of mortality during TB treatment include TB-HIV (human immunodeficiency
virus) co-infection,3-8 previous TB treatment,9-11 low weight,12,13 older age8,9,11,14-17 and
alcoholism.8,10,11,15 More recently, diabetes14,18 and tobacco smoking19 have been
associated with TB mortality. Causes of TB-related mortality vary widely, with deaths
reported to be from malignancy,8 pneumonia20,21 and respiratory failure,21 in addition to
death attributed directly to TB itself.14,16,20
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The state of North Carolina is in the southeastern United States, an area with the highest
percentage of households with incomes below the federal poverty level of any region in the
country.22 It differs from urban populations usually studied in the United States, as it
comprises a predominantly rural population whose source of health care is geographically
scattered. We set out to determine the demographic and behavioral risk factors associated
with death prior to or during TB treatment among TB patients in North Carolina during
1993–2003.

STUDY POPULATION AND METHODS
We performed a retrospective cohort study associating patient characteristics with risk of
death in TB patients reported to the North Carolina State TB Control Program between 1
January 1993 and 31 December 2003.

The project received approval from the Institutional Review Boards of Duke University
Health System, the University of North Carolina–Chapel Hill’s School of Public Health, and
the North Carolina Department of Health and Human Services’ Division of Public Health,
and approval to query the US National Death Index (NDI) was granted by the National
Center for Health Statistics.

The study includes data routinely collected on all patients diagnosed with active TB via the
Centers of Disease Control and Prevention (CDC) data collection instrument, the Report of
Verified Case of TB (RVCT). This instrument captures all TB cases within the State of
North Carolina, including cases diagnosed after death via autopsy or culture specimens that
grow Mycobacterium tuberculosis after the patient has died, and cases that are based on a
clinical diagnosis. The North Carolina TB Control Program dataset was used in conjunction
with information obtained from the NDI, a national mortality database that contains
identifying data from state-mandated death certificates from all 50 states, New York City,
the District of Colombia, Puerto Rico and the Virgin Islands.

Subjects who died prior to, during or after anti-tuberculosis therapy were initially identified
in the RVCT records. The NDI was used to confirm date of death for these subjects, as well
as to capture deaths that were not identified by RVCT records. The RVCT and NDI data
were linked using subjects’ Social Security number, full name, date of birth, race, sex and
last known state of residence. Any discrepancies in dates or status of patients between the
databases were resolved in favor of the North Carolina TB Control Program’s database.

Patients who were alive at treatment initiation but who had no documented treatment start
date were excluded from the study. All remaining patients reported to the North Carolina TB
Control Program were included in the analyses. At the time of this study, death records up to
31 December 2004 were available from the NDI for all patients, so all deaths occurring up to
this date were included.

We analyzed three separate outcomes based on time of death. The endpoint ‘death prior to
initiation of treatment’ comprises all reported TB patients who were diagnosed with TB but
died before any treatment was started; this subgroup includes patients who were diagnosed
at autopsy. The endpoint ‘death early in TB treatment’ comprises all TB patients who began
anti-tuberculosis therapy but died within the initial 8 weeks of treatment. The endpoint
‘death later in TB treatment’ comprises all TB patients who initiated anti-tuberculosis
therapy, survived past 8 weeks but died prior to completion of treatment.

The elements reported in the RVCT were used to examine which patient characteristics
predicted death in the different subgroups. The demographic, clinical and social history
characteristics were based on either documented patient medical history or by patient self-
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report, as recorded by public health nurses via the RVCT form. HIV status was collapsed
into two groups: ‘positive’ and ‘negative/unknown.’

Statistical analysis
Bivariate analyses were used to examine the relationship between patient characteristics and
the time of death relative to treatment, as well as the relationship between patient
characteristics. Because the number of HIV-infected persons in some race/ethnicity groups
was very small, race/ethnicity and HIV status were analyzed using all combinations of race/
ethnicity and HIV status available in the dataset. There was only one HIV-infected Asian
person in the dataset, and this individual was deleted for purposes of this analysis.
Differences in proportions were assessed using the χ2 test or Fisher’s exact test, as
appropriate. Differences in survival among groups with different demographic and risk
profiles were examined using the Kaplan-Meier method with survival functions compared
with the log-rank test.

Unconditional logistic regression was used to evaluate factors potentially associated with
death prior to initiation of TB treatment as well as to calculate adjusted odds ratios (aORs)
for risk factors of allcause mortality. Cox proportional hazards (PH) modeling was used to
examine survival after initiation of TB treatment. Extended Cox PH modeling, incorporating
time-dependent interaction terms, revealed significant interaction between time period and
the hazards ratios (HRs) associated with several potential predictors. Piecewise Cox PH
modeling was thus performed: one model examined mortality during the first 8 weeks of TB
treatment, while the second model examined mortality during the period beyond the first 8
weeks of TB treatment but prior to TB treatment completion. The PH assumption was
examined using the graphical method. Age was treated as a continuous variable in the
multivariate analyses.

For all statistical tests, P < 0.05 (two-tailed) was considered significant. Statistical analyses
were performed using Stata 9.2 (Stata Corporation, College Station, TX, USA) and SAS,
version 9.1 (SAS Institute Inc, Cary, NC, USA) software packages.

RESULTS
A total of 5311 patients were reported to the North Carolina TB Control Program between
1993 and 2003; their demographic and social characteristics are shown in Table 1. Mean age
was 51.5 years (standard deviation = 21.9 years). Over one third of the cohort was female
and 18.1% (n = 1834) of patients were born outside the United States. Little drug resistance
was seen in the study population: 1.7% (n = 90) of subjects’ isolates that underwent drug
susceptibility testing showed monoresistance to isoniazid (INH), 1.4% (n = 76) showed
resistance to both INH and at least one other drug, excluding rifampin (RMP), and 0.4% (n =
21) had both INH and RMP resistance. Drug resistance in our cohort was not significantly
associated with mortality (data not shown). Three quarters (n = 3982) of the cohort had
pulmonary TB (PTB), and an additional 4.6% (n = 243) had both PTB and extra-pulmonary
disease. The use of directly observed therapy (DOT) increased markedly during the study
period; 26.6% of TB cases reported in 1993 vs. 73.2% of those reported in 2003 received
DOT during their entire treatment course (P < 0.0001). Cases were also less likely to be
managed solely by private providers (as opposed to the county health department) over time;
12.9% of cases in 1993 were managed by private providers vs. 9.5% in 2003 (P < 0.0001).

Of the total study cohort, 3.4% (n = 181) died before initiation of TB treatment (Figure). The
remaining patients were started on anti-tuberculosis therapy, but 540 patients died before
completion of therapy. Of these, 305 (5.7%) died within the first 8 weeks of treatment and
235 (4.4%) survived the initial 8 weeks of TB treatment but died prior to treatment
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completion. The overall mortality rate during treatment was 0.23 per person-year (py; 0.39/
py in the first 8 weeks, 0.15/py during the rest of treatment). There were no secular trends in
mortality rate in this cohort.

Mortality prior to initiation of treatment
Multivariate analyses showed that increasing age, TB-HIV co-infection, miliary/meningeal
disease, and Native American race were significant predictors of death in the period prior to
initiation of anti-tuberculosis therapy (Table 2). Patients with TB-HIV co-infection had a
higher risk of mortality compared to TB patients whose HIV status was negative or
unknown; this finding only reached statistical significance in White and Black patients due
to the small patient numbers in other ethnic groups. Among patients with pulmonary TB
(adjusting for all other factors in Table 2), those with cavitary disease were less likely to die
prior to TB treatment than those with non-cavitary findings on chest radiograph (odds ratio
0.62, 95% confidence interval [CI] 0.40–0.98).

Mortality in the early weeks of treatment
Significant predictors of death in the initial 8 weeks of anti-tuberculosis therapy were
increasing age, Black race, history of excess alcohol use within the previous 12 months,
miliary/meningeal disease, and residency in a long-term care facility at the time of diagnosis
(Table 2). HIV was significantly associated with increased mortality in the first 8 weeks of
treatment only in persons of Black race (adjusted hazards ratio [aHR] 2.15, 95%CI 1.21–
3.81), and non-significantly associated with increased mortality among white persons (aHR
2.79, 95%CI 0.86–9.11); there were no deaths among the few HIV-positive Hispanic
patients. However, persons of Black race who were not known to be HIV-infected were also
at higher risk of death than White persons (aHR 1.36, 95%CI 1.05–1.76). The presence of
cavitation in patients with PTB was not associated with mortality in the first 8 weeks of
treatment (aHR 1.20, 95%CI 0.91–1.58). In a separate univariate analysis, patients treated
with DOT had a higher risk of mortality during the initial 8 weeks of treatment than those
treated with self-administered therapy alone (SAT): 5/983 (0.51%) patients treated with
SAT alone, 17/1159 (1.47%) patients treated with a mixture of DOT and SAT (HR 2.89,
95%CI 1.07–7.84) and 277/2924 (9.47%) of patients treated exclusively with DOT (HR
19.51, 95%CI 8.06–47.23) died during the first 8 weeks of treatment.

Mortality in the later weeks of treatment
Increasing age and miliary/meningeal disease predicted death in the later weeks of anti-
tuberculosis therapy (Table 2). Furthermore, TB-HIV co-infected subjects had a higher risk
of mortality in the later weeks of treatment, although this finding only reached statistical
significance among Black patients. Cavitary disease was not associated with increased
mortality risk among PTB patients in the later weeks of therapy (aHR 0.90, 95%CI 0.58–
1.40). In a separate univariate analysis, patients treated exclusively with DOT had higher
mortality risk during the later weeks of treatment than patients treated with SAT alone. Of
978 patients, 27 (2.76%) treated with SAT alone, 39/1142 (3.42%) treated with a mixture of
DOT and SAT (HR 1.32, 95%CI 0.69–2.53) and 169/2639 (6.40%) treated exclusively with
DOT (HR 3.18, 95%CI 1.86–5.43) died later in treatment.

DISCUSSION
Increasing age, miliary or meningeal disease, and HIV were predictors of TB mortality in
North Carolina throughout treatment. In addition, we found that being a person of Native
American race specifically predicts death prior to TB treatment, while being a resident of a
long-term care facility or having a history of excess alcohol use specifically predict death in
the first 8 weeks of treatment. Cavitary disease was actually associated with a lower risk of
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death prior to TB treatment initiation, possibly because the finding of a cavity may raise the
suspicion for TB in clinicians’ minds and reduce diagnostic delay. DOT was associated with
increased mortality during treatment, but this finding is almost certainly due to patient
selection (DOT was at the discretion of the health department during this time; it has been
mandatory only since 2006 in North Carolina), as use of DOT was significantly associated
with minority status, HIV status, and substance abuse (data not shown).

Our findings suggest that increased mortality falls on the shoulders of social groups that
have been traditionally disenfranchised from mainstream society and thus may have reduced
access to health care. This is a finding noted in other studies performed in the United
States,8,17,23 as well as in Mexico,9 Russia,11,24 Australia25 and South Africa.4 Such
findings suggest that it is important for individual TB programs to analyze their own data so
they may identify groups at especially high risk for TB-associated mortality, and develop
relevant interventions for improvement.

Previous studies have reported between 3% and 37% TB-related mortality prior to receiving
anti-tuberculosis treatment;16,25 in our cohort, 3.8% died before initiation of anti-
tuberculosis therapy. Of those in our cohort who survived to start treatment, 5.7% of the
remaining patients then died within the initial 8 weeks of anti-tuberculosis therapy. Early
mortality among TB patients is multifactorial, but diagnostic delay,26,27 severe (miliary/
meningeal) disease,28 and comorbidities17 are contributory. The finding that cavitary disease
was associated with lower risk of death suggests that reduced diagnostic delay in patients
with cavitation may reduce mortality. In low-incidence settings with an adequate public
health infrastructure, mortality rates may improve with improved surveillance efforts
targeted at specific vulnerable groups, as TB in these settings may be more common in
highly vulnerable groups than in resource-poor countries with high transmission rates.11

Our study had some limitations. TB patient deaths were determined by the RVCT form, a
match with NDI, or both. As some TB patient information may not have been recorded
correctly on the RVCT form or death certificate, we may have missed a few deaths during
the NDI match and may have underestimated early death among TB patients. However, we
believe underestimation to be minimal, given the completeness of the RVCT report in North
Carolina.

With regard to variables, with values labeled as ‘positive’, ‘negative’ or ‘unknown’, such as
HIV status, those with ‘unknown’ values were assigned to the ‘negative’ category during
analyses. Because some of those ‘unknowns’ may be positive, assigning them to the
negative group would likely bias our relative risk estimate towards null. This does not limit
our findings with respect to the risk factors (e.g., HIV) that were found to be statistically
significant, but may have reduced the ability to ascertain the significance of some of the
other risk factors.

CONCLUSIONS
Despite these limitations, we drew several conclusions from this study. First, even in low-
incidence settings where anti-tuberculosis therapy can be administered effectively, increased
mortality occurs among the most vulnerable populations, such as the elderly or those with
HIV. Second, the death rate among TB patients is highest during the first 8 weeks of TB
treatment, suggesting that many of these early deaths are caused by TB. Death due to TB
may be attributable to factors such as delayed diagnosis or poor functional status. Resources
directed at increased TB surveillance and improvement of overall health care in these
specific populations may help reduce future mortality.
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Figure.
Survival during TB treatment among TB patients reported in 1993–2003 in North Carolina,
United States. TB = tuberculosis; vertical lines = approximate time points for early and late
in treatment, respectively.
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Table 1

Characteristics of TB patients reported in North Carolina, 1993–2003 (N = 5311)

Characteristic n % Characteristic n %

Age, years Resident of long-term care facility at TB diagnosis

 0–4 111 2.1  Yes 250 4.7

 5–14 121 2.3  No 5061 95.3

 15–24 319 6.0 Homeless within past year

 25–44 1614 30.4  Yes 377 7.1

 45–64 1522 28.7  No 4934 92.9

 ≥65 1624 30.6

Injection drug use within past year

Sex  Yes 96 1.8

 Male 3477 65.5  No 4420 83.2

 Female 1834 34.5  Unknown 795 15.0

Race Non-injection drug use within past year

 Non-Hispanic White 1357 25.6  Yes 483 9.1

 Non-Hispanic Black 3043 57.3  No 4047 76.2

 Asian/Pacific Islander 305 5.7  Unknown 781 14.7

 American Indian/Alaskan Native 44 0.8

 Hispanic 559 10.5 Excess alcohol use within past year

 Unknown 3 0.1  Yes 1147 21.6

 NO 3411 64.2

Country of origin  Unknown 753 14.2

 US-born 4348 81.9

 Foreign-born 963 18.1 Initial organism drug susceptibility

 Resistant to INH alone 90 1.7

Previous diagnosis of TB  Resistant to INH and to ≥ 1 drug other
  than RMP Yes 296 5.6 76 1.4

 No 5015 94.4  Resistant to RMP and INH 21 0.4

Site of current TB  Resistant to RMP alone 10 0.2

 Pulmonary 3982 75.0  No resistance to INH or RMP documented 5114 96.3

 Pulmonary and extra-pulmonary 243 4.6 Manner in which TB treatment was provided

 Extra-pulmonary alone  All DOT 2939 55.3

  Lymphatic 278 5.2  Combination of DOT and SAT 1162 21.9

  Miliary 119 2.2  ALL SAT 1019 19.2

  Pleural 286 5.4  Unknown 191 3.6

  Bone/joint 126 2.4

  Other 277 5.2 TB treatment provider

 Health department only 1856 35.0

HIV status  Health department and private/other provider 2660 50.1

 Positive 549 10.3  Private/other provider only 690 13.0

 Negative 2650 49.9  Unknown 105 2.0
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Characteristic n % Characteristic n %

 Unknown 2109 39.7

Resident of correctional facility at TB diagno

 Yes 106 2.0

 No 5205 98.0

TB = tuberculosis; HIV = human immunodeficiency virus; INH = isoniazid; RMP = rifampin; DOT = directly observed therapy; SAT = self-
administered therapy.
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Table 2

Risk factors for death prior to and during TB treatment among TB patients in North Carolina

Characteristic

Death prior to
TB treatment
OR (95%CI)

Death early
(first 8 weeks)

in TB treatment
HR (95%CI)

Death late
(8–26 weeks)

in TB treatment
HR (95%CI)

Age

 Per year increase 1.04 (1.03–1.05)* 1.06 (1.05–1.07)* 1.05 (1.04–1.07)*

 Per decade increase 1.48 (1.34–1.63)* 1.79 (1.63–1.97)* 1.63 (1.48–1.88)*

Race and HIV status

 Non-Hispanic White, HIV− Referent Referent Referent

 Non-Hispanic White, HIV+ 4.11 (1.04–16.34)* 2.77 (0.85–9.05) 2.93 (0.47–18.50)

 Non-Hispanic Black, HIV− 1.16 (0.81–1.65) 1.38 (1.06–1.78)* 1.17 (0.82–1.67)

 Non-Hispanic Black, HIV+ 3.00 (1.56–5.77)* 2.08 (1.17–3.71)* 5.79 (3.20–10.48)*

 Hispanic, HIV− 1.33 (0.56–3.16) 1.30 (0.58–2.91) 0.56 (0.13–2.39)

 Hispanic, HIV+ 1.80 (0.35–9.21) Undefined 1.71 (0.19–15.32)

 Asian, HIV− 0.53 (0.16–1.73) 0.75 (0.30–1.85) 0.42 (0.10–1.72)

 Native American, HIV− 3.35 (1.12–10.03)* 1.92 (0.70–5.27) 0.97 (0.13–7.05)

Sex

 Male Referent Referent Referent

 Female 1.03 (0.75–1.43) 0.86 (0.67–1.10) 0.92 (0.66–1.28)

Excess alcohol use 0.90 (0.54–1.50) 1.62 (1.13–2.32)* 0.77 (0.44–1.34)

Injection drug use 2.39 (0.73–7.81) 1.80 (0.71–4.55) 1.60 (0.57–4.47)

Non-injection drug use 0.43 (0.17–1.08) 0.67 (0.36–1.26) 1.13 (0.54–2.34)

Homeless 1.08 (0.51–2.29) 1.24 (0.73–2.12) 0.83 (0.38–1.81)

Nursing home resident 1.41 (0.86–2.30) 1.65 (1.20–2.29)* 1.41 (0.85–2.32)

Disease site

 Pulmonary Referent Referent Referent

 Miliary/meningeal 2.36 (1.28–4.34)* 1.93 (1.18–3.17)* 2.07 (1.07–3.98)*

 Extra-pulmonary (not miliary/meningeal) 0.91 (0.59–1.38) 0.62 (0.43–0.89)* 1.23 (0.83–1.81)

TB = tuberculosis; OR = odds ratio; CI = confidence interval; HR = hazards ratio; HIV = human immunodeficiency virus; HIV− = HIV−negative;
HIV+ = HIV−positive.

*
Statistically significant.
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