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ABSTRACT

Objectives. Lower socioeconomic status (SES) is associated with increased 
risk of tuberculosis (TB) and diagnostic delays, but the extent to which this 
association reflects an underlying gradient in advanced status of pulmonary TB 
is unknown. We conducted a multilevel retrospective cohort analysis examin-
ing the relationship between socioeconomic characteristics and pulmonary TB 
disease status, as measured via sputum smears and chest radiography results.

Methods. We included 862 incident TB patients reported in King County, 
Washington, from 2000–2008. We abstracted patient-level measures from 
charts and surveillance data. We obtained socioeconomic characteristics of TB 
patients, as well as those of the areas where TB patients lived, from the 2000 
U.S. Census. A socioeconomic position (SEP) index was derived to measure 
SES.

Results. Of those with known results, 814 of 849 patients (96%) displayed 
abnormal radiography findings. A total of 239 graded patients (39%) had 
positive smears, 136 (57%) of whom had grades of moderate (31) or numer-
ous (41) acid-fast bacilli. In unadjusted analyses, patients living in lower SEP 
areas did not appear to have higher probabilities of more advanced disease. In 
multivariate models adjusting for individual demographic and socioeconomic 
measures, as well as area-based demographic variables, block-group SEP was 
not significantly associated with more advanced pulmonary disease. 

Conclusions. Lower SEP was not significantly associated with greater pul-
monary disease severity after controlling for individual age, race, sex, and 
origin, and block-group race, ethnicity, and origin. These findings suggest that 
the severity of pulmonary TB at diagnosis is not synonymous with delayed 
diagnosis. 
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Although tuberculosis (TB) incidence continues 
to decline in the United States, the proportion of 
advanced pulmonary TB, defined as smear-positive 
or cavitary disease, has been increasing.1,2 Advanced 
clinical presentation may result from delayed diagnosis 
and treatment and may lead to greater infectivity and 
likelihood of transmission within a community.3,4 

Lower socioeconomic status (SES) has been linked 
to more severe disease status for a variety of diseases 
including cystic fibrosis,5 sarcoidosis,6 subclinical coro-
nary heart disease,7 cancers,8,9 and pulmonary fibrosis.10 
While the presence of other comorbidities, poor access 
to care, substance abuse, low income, education level, 
and lack of insurance11–16 constitute risk factors for 
delays in TB diagnosis, little work has been done to 
characterize the association between SES and advanced 
pulmonary TB disease, as more advanced disease is 
often seen as characteristic of diagnostic delay. Fur-
thermore, much of the work examining diagnostic 
delay has been examined outside the U.S. Areas in 
which people live are likely to have differential access 
to care, including proximity, cost, and presence of 
public clinics and transportation.17,18 Disease status is 
likely to be impacted by such variations in area-level 
factors and, in particular, by variations in area-level 
SES across neighborhoods.

Using TB case registry data on incident TB patients 
combined with chart reviews, we explored the rela-
tionship between individual patient demographic 
and SES attributes, in combination with area-level 
social characteristics, and two TB severity outcomes 
at diagnosis—lung cavitation and smear-positive acid-
fast bacilli (AFB) in sputum smears. These measures 
have been linked to impaired pulmonary function, 
TB treatment failure, or death19,20 and represent later 
disease stages.21,22 

Specifically, this study was designed to assess whether 
severity of pulmonary TB disease was positively asso-
ciated with area-based socioeconomic disadvantage 
within King County, Washington. By examining socio-
economic and demographic characteristics of block 
groups, our hope was to identify those factors that 
might play an important role in predicting disease 
severity at diagnosis. Such findings could provide 
insight into pathways by which area-level SES indepen-
dently affects pulmonary disease severity.

METHODS

Study population and setting
A total of 862 incident pulmonary TB patients were 
reported in King County from January 1, 2000, to 
December 31, 2008. Criteria for diagnosis of pulmonary 

TB patients met either Centers for Disease Control 
and Prevention (CDC) laboratory criteria for a sputum 
culture positive diagnosis or the clinical case definition, 
which includes either an abnormal chest radiograph or 
other signs and symptoms compatible with TB.23 Indi-
viduals had either exclusively pulmonary disease or pul-
monary involvement. Due to considerations regarding 
age of research consent, all models excluded minors 
(18 years of age). Included patients represented 380 
block groups within King County. A census block group 
was defined as a cluster of census blocks having the 
same first digit of their four-digit identifying numbers 
within a census tract.24 Block groups have previously 
been validated as an informative spatial scale at which 
to report socioeconomic data.25

Study design
The analysis used a retrospective cohort design, merg-
ing reporting and chart data for TB patients and U.S. 
block-group-level census data for residents of King 
County. 

Data sources

Measurement of socioeconomic position. A socioeconomic 
position (SEP) index was constructed combining data 
on six singular SES measures: percentage of the popula-
tion who were working class, were unemployed, were 
living in poverty, had less than a high school educa-
tion, and owned expensive homes, as well as median 
household income. To construct the score, we gave 
each variable a standardized z-score, which was the 
sum of all block-group values with SEP data (n51,576), 
minus the mean sum, divided by the standard devia-
tion, and then summed the individual z-scores. Vari-
ables included for each block group were taken from 
the 2000 U.S. Census Summary Tape File-3 and were 
consistent with a previously validated composite mea-
sure used in the Public Health Disparities Geocoding 
Project. The Geocoding Project developed this measure 
based on a factor analysis of 11 individual SES factors 
using rank values of the Census data.25 The SEP index 
was modeled as a four-level categorical variable, using 
quartiles in the block-group distribution as cutoffs, 
with the highest quartiles representing the wealthiest 
block groups. 

Measurement of disease severity. We chose two available 
characteristics of advanced pulmonary TB at diagnosis 
from 2000–2008: grade of sputum smear and chest 
radiographic abnormalities. Sputum smears were quan-
tified using fluorochrome stains and categorized using 
sputum smear grades in an ordinal fashion as negative 
(no AFB seen), 11 (rare), 21 (few), 31 (moderate), 
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and 41 (numerous), depending on AFB load. Smears 
were also dichotomized as positive or negative. Stan-
dard posterior-anterior chest radiographs were cat-
egorized ordinally as normal, abnormal non-cavitary, 
or cavitary in the patient medical chart by the Public 
Health–Seattle & King County TB Control Program 
medical director, with patients with normal radiographs 
serving as the referent category. Radiographs were 
also separately categorized as to whether there was 
unilateral or bilateral pulmonary involvement. Both 
radiography and smear results were obtained from 
the Tuberculosis Information Management System 
(TIMS)26 and supplemented with available data from 
patient medical charts with quantitative smear grade. 
Smear grade was obtained for the 76% of patients with 
complete medical records. 

Anthropometric and psychosocial individual measures. The 
following individual measures from the National Tuber-
culosis Surveillance System23 were used: race, sex, age, 
ethnicity, foreign birth, homelessness, human immu-
nodeficiency virus (HIV) status, and provider type. In 
addition, an experienced nurse measured height and 
weight to compute body mass index (BMI). Partici-
pants reported on standardized clinic forms whether 
or not they were in paid employment at diagnosis, as 
well as their occupation, insurance, smoking status, 
and alcohol intake history. Patient-level variables were 
subsequently aggregated by block group. 

Other area-level measures. We derived area-based covari-
ates from the U.S. Population Census 2000, SF1 and 
SF3.27,28 We modeled the proportion of each block 
group that was black, Asian, Hispanic, and foreign-
born using quartiles of each population in each block 
group, with the quartile directly below serving as the 
referent group. 

Statistical analysis and modeling 
We excluded observations from univariate analyses 
when the percentage unknown or missing was 2%. 
We examined unadjusted proportions of individuals in 
each SEP index quartile and stratified them by both 
quantitative smear grade and radiography results, 
with percentages adding up to 100 across SEP index 
quartiles. We also examined the relationship between 
TB sputum smear grade and radiology results using 
Pearson’s Chi-square test. 

To examine area-level influences in addition to indi-
vidual attributes as they relate to variation in severity of 
disease, we used multilevel logistic regression models.29 
These classes of models allowed for analysis of the 
ordered outcomes and accommodated the hierarchi-
cal data structure. 

After building multilevel models of significant 
fixed effects, other parameters were added, allowing 
for baseline variation in disease severity across block 
groups. For ordinal models, the forms used were 
similar, but used an ordered logit model allowing for 
three responses for radiography outcomes (normal, 
abnormal non-cavitary, and abnormal cavitary) and 
five responses for smear grade (negative, 11, 21, 31, 
and 41).

For each outcome, we tested four nested models. 
Model 1 tested area-based socioeconomic quartiles 
and the association with dependent variables. Model 2 
included individual demographic factors (mean-
centered age modeled continuously and as a quadratic 
term, race modeled using dummy variables, sex mod-
eled as a binary term, and foreign birth as a binary 
term) as covariates. Individual-level SES factors were 
additionally included (homelessness as a binary term 
and provider type as a dummy variable) in Model 3. 
Area-level factors (ethnicity, foreign birth, and race) 
were added in Model 4 to assess the contextual effects 
of Asian and black race, Hispanic ethnicity, and foreign 
birth while controlling for individual confounders 
and area-level SEP. We used complete case analysis 
such that the number of patients with missing covari-
ates excluded from each model was the same. We 
performed multilevel model building and estimation 
using the Generalized Linear Latent and Mixed Models 
extension of Stata® version 10.0.30

RESULTS

Description of TB patients 
Table 1 portrays overall and analysis-specific patient 
population characteristics. A total of 862 TB patients 
were included in the initial analysis, with 65% being 
male and a median age at diagnosis of 44 years. TB 
patients were primarily Asian (40%), black (24%), or 
white (26%). More than 70% of the patient population 
was foreign-born. TB risk factors included homelessness 
(20%), unemployment prior to diagnosis (36%), HIV 
infection (9% of known results), and smoking (28% of 
known results). Patients were included in subsequent 
analyses if a sputum specimen (n5806) and/or chest 
radiograph result (n5849) was available. A total of 616 
patients were included in a subgroup for quantitative 
smear-grade analysis, excluding patients for whom 
smear grades were unknown (n5246). The flow chart 
shows the patient inclusion process for each severity 
measure (Figure 1). 
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Table 1. Characteristics of TB patients reported in King County, Washington: 2000–2008

Smear status Chest radiography degree

Characteristic
Population  
N (percent)a

Positive 
N (percent)a

Negative 
N (percent)a

Normal 
N (percent)a

Abnormal 
N (percent)a

Cavitary 
N (percent)a

Total (N) 862 416 390 35 579 235
Sex: male 556 (64.5) 289 (69.5) 237 (60.8) 19 (54.3) 363 (62.7) 168 (71.5)
Age (in years): mean (SD)
Age categories (in years)
  0–4
  5–14
  15–24
  25–44
  45–64
  65

44.2 (20.5)

18 (2.1)
14 (1.6)

132 (15.3)
297 (34.5)
236 (27.4)
161 (18.7)

43.4 (19.0)

0 (0.0)
3 (0.7)

76 (18.3)
153 (36.8)
119 (28.6)
65 (15.6)

45.5 (20.3)

3 (0.8)
8 (2.1)

55 (14.1)
137 (35.1)
106 (27.2)
81 (20.8)

39.7 (14.9)

1 (2.9)
0 (0.0)
4 (11.4) 

20 (57.1)
9 (25.7)
1 (2.9)

45.8 (21.6)

16 (2.8)
12 (2.1)
78 (13.5)

183 (31.6)
157 (27.1)
133 (23.0)

40.7 (17.8)

1 (0.4)
2 (0.9)

49 (20.9)
90 (38.3)
68 (28.9)
25 (10.6)

Race
  American Indian
  Asian
  Black
  Native Hawaiian
  White
  Multiple races

49 (5.7)
353 (40.1)
205 (23.8)
19 (2.2)

224 (26.0)
2 (0.2)

31 (7.5)
151 (36.3)
104 (25.0)

9 (2.2)
115 (27.6)

1 (0.2)

18 (4.6)
175 (44.9)
94 (24.1)
9 (2.3)

92 (23.6)
1 (0.3)

4 (11.4)
8 (22.9)

12 (34.3)
1 (2.9)

20 (28.6)
0 (0.0)

36 (6.2)
247 (42.7)
130 (22.5)
13 (2.3)

148 (25.6)
2 (0.4)

8 (3.4)
95 (40.4)
59 (25.1)
5 (2.1)

65 (27.7)
0 (0.0)

Ethnicity
  Hispanicb 96 (11.1) 60 (14.4) 31 (8.0) 6 (17.1) 53 (9.2) 36 (15.3)
Country of origin
  U.S.-born
  Foreign-bornc 

250 (29.0)
610 (70.8)

118 (28.4)
297 (71.4)

102 (26.2)
287 (73.6)

15 (42.9)
20 (57.1)

165 (28.5)
413 (71.3)

63 (26.8)
171 (72.8)

Time from U.S. arrival to TB diagnosis  
(in years)d 
  0–4
  5–9 
  10–19 
  20 
  Missing

235 (38.5)
91 (14.9)

135 (22.1)
101 (16.6)
48 (7.9)

110 (37.0)
54 (18.2)
62 (20.9)
53 (17.9)
18 (3.1)

121 (42.2)
36 (12.5)
65 (22.7) 
42 (14.6)
23 (8.0)

8 (40.0)
2 (10.0)
3 (15.0)
5 (25.0)
2 (10.0)

165 (39.7)
54 (13.1)
96 (23.2)
66 (16.0)
33 (8.0)

60 (35.1)
35 (20.5)
35 (20.5)
30 (17.5)
11 (6.4)

HIV status
  Negative
  Positive
  Unknown/missinge

634 (73.9)
62 (7.2)

162 (18.9)

319 (76.7)
34 (8.2)
62 (15.1)

293 (75.1)
26 (6.7)
71 (18.2)

23 (65.7)
9 (25.7)
3 (8.6)

405 (70.0)
44 (7.6)

130 (22.4)

201 (85.5)
7 (3.0)

27 (11.5)
Homeless within past year
  No
  Yes

688 (79.8)
169 (19.6)

310 (74.5)
106 (25.5)

327 (83.9)
62 (15.9)

19 (54.3)
15 (45.7)

479 (82.7)
99 (17.2)

182 (77.5)
53 (22.6)

Insurance 
  No
  Yes
  Missing

277 (32.1)
144 (16.7)
441 (51.2)

144 (34.4)
77 (18.4)

198 (47.3)

198 (33.5)
105 (17.7)
289 (48.8)

13 (37.1)
2 (5.7)

20 (57.1)

195 (33.7)
90 (15.5)

294 (50.8)

65 (27.7)
51 (21.7)

119 (50.6)
Unemployed within past 24 months
  Yes
  No

314 (36.4)
548 (63.6)

145 (34.9)
271 (65.1)

144 (36.9)
246 (63.1)

15 (42.9)
20 (57.1)

227 (39.2)
352 (60.8)

70 (29.8)
165 (70.2)

Injecting drug use within past year
  No
  Yes
  Missing

806 (93.5)
26 (3.0)
30 (3.5)

384 (92.3)
17 (4.1)
15 (3.6)

374 (95.9)
8 (2.1)
8 (1.0)

30 (85.7)
3 (8.6)
2 (5.7)

547 (94.5)
17 (2.9)
2 (2.6)

220 (93.6)
6 (2.6)
9 (3.8)

Non-injecting drug use within past year
  No
  Yes
  Missing

757 (93.5)
70 (8.1)
35 (4.1)

353 (84.9)
45 (10.8)
18 (4.3)

357 (91.5)
23 (5.9)
10 (2.6)

26 (74.3)
7 (20.0)
2 (5.7)

524 (90.5)
38 (6.6)
17 (2.9)

199 (84.7)
24 (10.2)
12 (5.1)

Excess alcohol use within past yearf

  No
  Yes
  Missing 

704 (81.7)
131 (15.2)
27 (3.2)

314 (75.5)
87 (20.9)
15 (3.6)

343 (88.0)
43 (11.0)
4 (1.0)

25 (71.4)
7 (20.0)
3 (8.6)

490 (84.6)
79 (13.6)
10 (1.7)

181 (77.0)
45 (19.2)
9 (3.8)

continued on p. 103
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Smoking history 
  No
  Yes
  Missing

348 (40.4)
135 (15.7)
379 (44.0)

177 (42.2)
75 (17.9)

167 (39.9)

273 (46.1)
74 (12.5)

245 (41.4)

12 (34.3)
5 (14.3)

18 (51.4)

245 (42.3)
84 (14.5)

250 (43.2)

86 (36.6)
46 (19.6)

103 (43.8)
Chest radiographic result
  Normal
  Abnormal, non-cavitary
  Abnormal, cavitary
  Not done 

35 (4.1)
579 (66.0)
235 (27.3)

3 (0.4)

7 (1.7)
211 (50.7)
193 (46.4)

1 (0.2)

22 (5.6)
330 (84.6)
36 (9.2)
1 (0.3)

NA
NA
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA

Bilateral lung involvement 
  No
  Yes
  Unknown

288 (33.4)
183 (21.2)
391 (45.4)

134 (32.0)
114 (27.2)
171 (40.8)

254 (42.9)
85 (14.4)

253 (42.7)

16 (45.7)
1 (2.9)

18 (51.4)

209 (36.1)
108 (18.7)
262 (45.3)

60 (25.5)
72 (30.6)

103 (43.8)
Sputum smear resultg

  Positive
  Negative
  Not done

416 (48.2)
390 (45.2)
48 (5.6)

NA
NA
NA

NA
NA
NA

7 (20.0)
22 (62.9)
4 (11.4)

211 (36.4)
330 (57.0)
37 (6.4)

193 (82.1)
36 (15.3)
5 (2.1)

Provider type
  Health department
  Private provider
  Both

686 (79.6)
65 (7.5)

101 (11.7)

338 (81.3)
26 (6.3)
49 (11.8)

313 (80.3)
29 (7.4)
45 (11.5)

27 (77.1)
2 (5.7)
6 (17.1)

454 (78.8)
52 (4.7)
70 (9.2)

198 (80.6)
11 (7.7)
23 (11.7)

aPercentages may not total 100 due to rounding and exclusion of unknown when 2%.
bPeople of Hispanic ethnicity may be of any race or multiple races.
cForeign-born includes people born outside the U.S., American Samoa, the Federated States of Micronesia, Guam, the Republic of the Marshall 
Islands, Midway Island, the Commonwealth of the Northern Mariana Islands, Puerto Rico, the Republic of Palau, the U.S. Virgin Islands, and U.S. 
minor and outlying Pacific islands.
dAmong foreign-born patients
eUnknown or missing includes indeterminate, refused, not offered, test done but unknown, and unknown.
fExcess alcohol use is $5 drinks on same occasion on each of 5 days in past 30 days.
gFrom the National Tuberculosis Surveillance System; smears not done/unknown account for 56 (6%) of total smear results.

TB 5 tuberculosis

SD 5 standard deviation

HIV 5 human immunodeficiency virus

NA 5 not available

Table 1 (continued). Characteristics of TB patients reported in King County, Washington: 2000–2008

Smear status Chest radiography degree

Characteristic
Population  
N (percent)a

Positive 
N (percent)a

Negative 
N (percent)a

Normal 
N (percent)a

Abnormal 
N (percent)a

Cavitary 
N (percent)a

Block-group characteristics
The 380 block groups included in the analysis were 
more likely to contain individuals reporting black or 
Asian descent as well as Hispanic ethnicity compared 
with median values in King County. Additionally, the 
median proportion of foreign-born individuals in these 
block groups was more than 1.5 times as high as the 
King County median (Table 2).

Disease severity findings
Of those with known results, 96% (814/849) of patients 
displayed abnormal radiography findings, with approxi-
mately one-third (33%) exhibiting extensive bilateral 
lung involvement. For the quantitative smear-grade 
outcome analysis, 39% (239/616) of graded patients 

had positive smears, of whom 57% had grades of 
moderate (31) or numerous (41) AFB. Higher grades 
of smear and cavitary radiographs were positively cor-
related, where greater proportions of cavitary x-rays 
were observed with progressively higher smear grade 
(p0.001). Bilateral lung disease was significantly asso-
ciated with both higher sputum smear grade (p0.001) 
and cavitary disease (p0.001) (data not shown).

Eighty-one percent of TB patients resided in block 
groups in the lowest two SEP index quartiles. In unad-
justed analyses, patients living in areas with higher 
levels of deprivation did not have statistically higher 
probabilities of severe radiographs or higher smear 
grade (Figures 2 and 3). 
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Table 2. Characteristics of 380 block groups included in an analysis of socioeconomic disadvantage and 
pulmonary tuberculosis severity in King County, Washington, based on 2000 U.S. Census data

Variable Median Mean SD Range

King 
County 
mediana

Demographics
  Population size (N) 1,130 1,211 545 246–4,721 1,011
  Race
    Non-Hispanic white (percent) 69.1 63.3 22.7 3.1–97.5 79.7
    Non-Hispanic Asian (percent) 11.3 14.9 14.0 0.0–73.2 7.1
    Non-Hispanic black (percent) 4.7 8.5 10.6 0.0–56.3 1.8
  Hispanic ethnicity (percent) 4.9 7.2 7.1 0.0–44.4 3.5
  Foreign-born (percent)b 17.4 20.2 12.8 0.0–62.4 11.7
Socioeconomics
  High school education (percent) 8.7 12.2 10.7 0.0–59.7 6.9
  Unemployment (percent) 2.9 3.5 3.1 0.0–26.4 2.6
  Median household income (in U.S. dollars) $50,357 $52,741 $21,545 $7,382–$146,129 $56,691
  Poverty (percent) 7.5 10.5 10.2 0.0–62.7 5.5
  Working class (percent) 56.1 55.5 13.8 14.0–85.4 51.1
  Home ownership (percent) 65.1 61.2 27.0 0.0–100.0 73.5
Tuberculosis measures
  Mean patients per block group (per year) 0.1 0.2 0.3 0.1–3.9 0.0
  Incidence rate per block group (per 100,000 person-years) 14.4 22.1 29.8 3.5–334.4 0.0

aKing County median reflects all block groups with socioeconomic status variables available (n51,576). 
bExcluding U.S. territories and those born abroad to U.S. parents

SD 5 standard deviation

Figure 1. Flow diagram detailing inclusion criteria in an analysis of socioeconomic disadvantage  
and pulmonary tuberculosis severity: King County, Washington, 2000–2008 

SEP 5 socioeconomic position
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Multivariate analyses

Chest radiograph model. In unadjusted analyses, the 
baseline model indicated that individuals living in lower 
SEP index neighborhoods did not have more severe 
x-ray presentation, with the odds ratio (OR) of more 
severe disease not significantly increased in the lowest 
as compared with the highest quartile (OR50.95, 95% 
confidence interval [CI] 0.53, 1.70; p50.935) (Table 3, 
Model 1). In addition, in individual-level multivariate 
models (Table 3, Models 2 and 3), inclusion of demo-
graphic and SES covariates did not significantly alter 
the association between SEP index quartile and disease 
severity, although foreign birth decreased and white 
race increased the odds for more severe presentation. 
Inclusion of individual insurance status and behavioral 
risk factors (i.e., drug and alcohol use, smoking, and 
BMI) on smaller available samples did not change the 
observed association (data not shown). In multivariate 
analyses restricted to non-HIV-infected individuals, 
no significant changes were observed in SEP effect 
estimates on severity.

Comparison of coefficients from Models 3 and 4 did 
not show substantial change in the SEP-TB association 
when other area-level influences were added (Table 3, 
Model 4). There was modest change in the strength of 
the effect, but direction and magnitude of the associa-
tions were consistent across the two models. Of four 

area-level variables examined at the block-group level 
in addition to SEP index, none remained statistically 
significant in the multilevel model (Table 3, Model 4). 
Area-level variables explained little between-block 
group variance, such that only 9% of variance in sever-
ity was attributable to the block group.

Sputum smear models. As with the radiograph findings, 
lower SES quartiles were not associated with higher 
smear grade with any of the models run. In models 
examining binary positive/negative smear outcomes, a 
positive smear was not significantly associated with SEP 
quartile, and this lack of a relationship remained after 
controlling for demographic, individual SES, and area-
based demographic factors. Homelessness was linked 
to higher odds of positive sputum smears but did not 
change the observed SEP-smear estimates. The relative 
contribution of each of the individual-level main effects 
was similar in both sputum smear models, suggesting 
that area-level factors did not diminish the effect of 
individual-level influences. None of the between-block 
group variance in the probability of having a positive 
smear result was accounted for by block-group SEP. 
However, when individual-level age, race, sex, and 
origin were added in Model 2, the variance increased 
fivefold, indicating that heterogeneity in disease sever-
ity across block groups was partially accounted for by 
underlying demographic characteristics.

Figure 2. Proportion of tuberculosis patients in quartiles of block-group SES,  
by sputum smear grade: King County, Washington, 2000–2008a 

aExcludes smear grades that were not done or unknown, as well as missing SES

SES 5 socioeconomic status
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DISCUSSION

The results of this research, indicating that residing 
in areas with high levels of poverty is not significantly 
associated with more severe pulmonary disease at diag-
nosis, are noteworthy and not consistent with previous 
studies examining other diseases.9,31 These findings 
remained after attempting to control for important 
individual-level risk factors and area-level measures 
and were consistent across three measures of severity. 

Previous studies of SES and delayed TB diagnoses 
found that low income and poverty constitute risk 
factors for delays.12–14,32 Low education level has previ-
ously been described as a risk factor for delays,15 as 
have large family size,33 unemployment,34 and lack of 
health insurance.18 However, no studies have previously 
documented the direct association between area-based 
SES and TB disease severity in a multilevel model, 
perhaps because severity is often seen as representa-
tive of diagnostic delays, with longer time to diagnosis 
thought to lead to increased infectiousness as patients 
progress to higher bacillary load on sputum smears 
and cavitary disease.3,35 

Previous reports have hypothesized that individu-
als living in poorer SES areas present with later-stage 
disease because of decreased access to medical care 
and screening awareness.10,36 Yet, possible explanatory 

pathways for these effects are complex. A previous 
study found that lack of employment and knowledge 
about where to obtain care were closely associated with 
clinically significant delay, raising concerns about the 
equity of access to care among TB patients.34 More 
equitable access to care may occur when the need for 
care or severity of illness predicts utilization better than 

potential access barriers (e.g., appointment waiting 
time).37 If access to care were distributed evenly, we 
would expect that TB patients with more severe illness 
would be more likely to promptly seek medical care. 
But others note that perceived access barriers appeared 
to explain more of the delay than did illness severity, 

suggesting that subgroups of the TB population were 
facing inequitable barriers to care.34 As such, we might 
expect that more severe disease would be impacted by 
area-level access factors influencing delays.

However, while “where you live” may play an 
important role in disease incidence and transmission, 
it may be a less important factor in defining the risk 
of presenting with more severe disease. This find-
ing may be because individual SES factors are often 
thought to be more closely linked to access or usage 
of health care, including longer wait times and fewer 
referrals.38–40 Effects of individual SES may be more 
pronounced, such that more comprehensive health 
insurance, greater health knowledge, and motivation 

Figure 3. Proportion of tuberculosis patients in quartiles of block-group SES,  
by chest radiography result: King County, Washington, 2000–2008a

aExcludes chest radiographs that were not done or unknown, as well as missing SES

SES 5 socioeconomic status

CXR 5 chest radiography
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to seek care play important roles in predicting severity. 
Indeed, greater proportions of uninsured and unem-
ployed people were observed in lower SEP quartile 
block groups in our study, and these variables were 
significantly associated with more severe radiography 
results. These data are consistent with observed correla-
tions between unmet medical need and lower income 
and lack of insurance in King County.40

In unadjusted analyses, the association found 
between more severe disease and various SES surrogates 
has precedence in the literature. Substance abusers are 
more likely to have sputum smear-positive TB disease 
and cavitary disease.41,42 Homelessness is associated 
with smear-positive TB disease and cavitary disease,43 
and smoking is associated with cavitary lesions.44 After 
two months, sputum smear microscopic examination 
is more often positive in diabetic patients, but we 
did not examine diabetes comorbidity in our study 
population.45 

The effect of HIV on TB severity is of particular 
concern. HIV infection may alter the radiographic 
appearance of pulmonary TB due to altered immu-
nity.46 HIV infection also promotes rapid progression to 
active TB disease,47 though its effect on infectiousness 

remains disputed.48 Indeed, our results demonstrated 
that HIV-infected individuals were more likely to have 
abnormal non-cavitary disease. However, in multivariate 
analyses restricted to non-infected individuals, no sig-
nificant changes were observed in SES effect estimates 
on severity, likely due to small numbers of HIV-positive 
people in the analysis.

A recent publication found that increases in propor-
tions of advanced (smear-positive or cavitary disease) 
pulmonary TB were greatest among groups with lower 
rates of TB, including white, U.S.-born, employed, 

HIV non-infected, and non-homeless people.1 It was 
hypothesized that greater increases in the proportion 
of advanced disease among lower-risk groups were due 
to a lower index of suspicion for TB disease among 
patients and providers, leading to delays in accessing 

treatment and diagnosing disease. Our study results 
demonstrate the importance of examining not only 
these individual risk factors, but also area-level risk 
factors for disease. 

Strengths and limitations
This study had several strengths, including the careful 
assessment of block-group boundaries, validation of the 

Table 3. Relative odds of being diagnosed with more advanced tuberculosis according to individual  
and area-level characteristics: King County, Washington, 2000–2008

Variable
Model 1 

OR (95% CI)
Model 2 

AORa (95% CI)
Model 3 

AORb (95% CI)
Model 4 

AORc (95% CI)

Chest radiography
  Highest SEP
  Medium-high SEP
  Medium-low SEP
  Lowest SEP
  P-value

Ref.
0.80 (0.40, 1.59)
1.21 (0.63, 2.30)
0.95 (0.53, 1.70)

0.935

Ref.
0.83 (0.41, 1.67)
1.18 (0.62, 2.25)
0.88 (0.49, 1.58)

0.680

Ref.
0.85 (0.42, 1.71)
1.22 (0.64, 2.34)
0.91 (0.50, 1.65)

0.764

Ref.
0.84 (0.40, 1.73)
1.18 (0.59, 2.36)
0.88 (0.43, 1.80)

0.863

Sputum smear grade
  Highest SEP
  Medium-high SEP
  Medium-low SEP
  Lowest SEP
  P-value

Ref.
1.19 (0.69, 2.06)
1.09 (0.62, 1.89)
1.06 (0.65, 1.73)

0.986

Ref.
1.18 (0.68, 2.06)
1.03 (0.59, 1.81)
0.99 (0.60, 1.64)

0.733

Ref.
1.19 (0.68, 2.07)
1.04 (0.59, 1.82)
0.95 (0.57, 1.59)

0.611

Ref.
1.16 (0.66, 2.06)
1.01 (0.54, 1.89)
0.93 (0.49, 1.79)

0.672

Binary sputum smear
  Highest SEP
  Medium-high SEP
  Medium-low SEP
  Lowest SEP
  P-value

Ref.
1.45 (0.80, 2.64)
1.44 (0.82, 2.50)
1.54 (0.92, 2.63)

0.246

Ref.
1.42 (0.78, 2.59)
1.40 (0.80, 2.45)
1.47 (0.85, 2.53)

0.413

Ref.
1.49 (0.82, 2.70)
1.41 (0.81, 2.46)
1.38 (0.81, 2.37)

0.474

Ref.
1.48 (0.80, 2.73)
1.33 (0.73, 2.43)
1.25 (0.65, 2.43)

0.880

aModel 2 adjusted for age, sex, race, and foreign birth. 
bModel 3 adjusted for age, sex, race, foreign birth, homelessness, and provider type.
cModel 4 adjusted for age, sex, race, foreign birth, homelessness, provider type, area-level race, and ethnicity.

OR 5 odds ratio

AOR 5 adjusted odds ratio

SEP 5 socioeconomic position

Ref. 5 reference group
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geocode with the county, incorporation of multilevel 
models, and inclusion of area-based socioeconomic 
measures to examine SES at both the individual and 
area level. Because no relationship was observed when 
either smear grade or presence or absence of a positive 
smear result was analyzed, lower block-group SEP did 
not seem more important in distinguishing bacterial 
load in the lungs any more than it did presence or 
absence.

This study was also subject to several limitations. One 
limitation was the scope of area- and individual-level 
variables studied. There are likely many area-based vari-
ables that could have potentially confounded observed 
associations between area-based SES and disease sever-
ity, as well as relevant measures of individual SES that 
were unavailable to us. The latter precluded our ability 
to assess relative impact of area and individual SES in 
the prediction of TB severity. While the geographic 
availability and accessibility of health-care services, 
which may result in differential diagnostic delay, were 
not included, given King County’s predominantly 
urban composition, geography was less likely to have 
been a strong confounding factor. Additionally, these 
results may not be generalizable to other regions, given 
that we adjusted only for certain relevant patient- and 
area-level demographic factors. And because residence 
was only measured at TB diagnosis, we also do not know 
whether residence at previous times could have been 
relevant to the development of disease. Furthermore, 
unmeasured variations among block-group risk factor 
norms (e.g., average alcohol intake) could be residu-
ally responsible for community contextual effects, but 
because controlling for individual-level risk factors did 
not attenuate the block-group SEP effect on disease 
severity, it seems unlikely that these factors would have 
an impact on the neighborhood-level SES-severity 
association. 

CONCLUSIONS

In this study, area-level social resources were not associ-
ated with pulmonary TB disease severity at diagnosis. 
These findings are important because they suggest that 
factors other than area-level SES may predict severity. 
At-risk groups should be targeted for TB interven-
tions regardless of area-level SES, with an emphasis 
on examining those characteristics related to access to 
and utilization of TB services. This study raises other 
actionable next steps including understanding what 
factors are tied in to disease severity, both individually 
and at the community level, whether the SES-severity 
association is further modified by other factors such as 

race, and the potential impact of SES on delays leading 
to more severe diagnoses.

Approval was granted for this study in May 2009 from the 
University of Washington and Washington State Institutional 
Review Boards.

The authors thank the Public Health—Seattle & King County 
Tuberculosis Control Program for access to data, and the staff for 
their support of this project. 
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