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Abstract
Background Tuberculosis remains a public health problem that disproportionately affects vulnerable
populations. The objective of the study was to apply Geographic Information Systems (GIS) methods to
identify statistically signi�cant hot spots of tuberculosis (TB) and diabetes mellitus (DM) and identify
areas and populations that are disproportionately burdened by TB and DM.

Methods Veri�ed cases of TB reported in Los Angeles County (LAC), California between 01/01/2015 and
06/30/2017 were identi�ed from the LAC TB Control Program Surveillance Registry. The addresses for
patients residing in LAC at the time of TB diagnosis were geocoded and mapped. Hot spot analyses were
performed utilizing the Getis-Ord Gi* statistic to identify statistically signi�cant hot spots of TB and DM.

Results Among 389 TB cases with DM, 43% were Hispanic and 50% were Asian. Geographic variations
for Hispanic and Asian TB cases were found (p<0.05). Hot spots of TB and DM were identi�ed among
Asians residing in the southwestern and southern regions of LAC and among Hispanics residing in south
central and northwestern LAC.

Conclusions GIS methods are important epidemiological tools for identifying and assessing geographic
variations in disease morbidity. These �ndings highlight opportunities for public health interventions
aimed at reducing health disparities in underserved communities.

Background
Despite a decline in active tuberculosis (TB) disease rates in recent decades, both globally1 and in the
United States,2 TB remains a public health concern. TB affects many communities disproportionately,
with disparities in TB incidence across racial/ethnic groups, socioeconomic status, and nativity.3 In Los
Angeles County (LAC), California,4 the TB rate is higher than the rates in the state of California5 and in the
United States,2 with the highest rates observed among Asian and Hispanic racial/ethnic groups.

The growing prevalence of diabetes mellitus (DM) is now a global health concern.6 In the past 3 decades,
the global DM prevalence has increased from 4.7% to 8.5%. The DM epidemic could contribute to an
increase in TB burden and consequently pose a challenge to the World Health Organization’s (WHO) “End
TB Strategy” efforts7 to end TB.1, 8 The co-occurrence of DM is a TB risk factor that can affect TB disease
presentation and treatment response.9 Treatment of persons with DM poses a challenge for TB control
programs since having DM increases the risk of progression from TB infection to active TB disease10 and
contributes to poor outcomes.10-12 In LAC, 10% of residents have DM and 44% have prediabetes,13 similar
to statewide estimates (9% and 46%, respectively).14 As the prevalence of DM increases, the number of
people with TB and DM is also expected to rise. Furthermore, DM disproportionately affects racial/ethnic
groups (e.g. Asian, Hispanic) in LAC and in California,14 groups that are also more likely to be faced with
the co-occurrence of TB and DM.4 This is a concern in LAC, where in recent years 25%-30% of persons
diagnosed with TB were reported to have DM.4
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Targeted efforts to prevent TB in at-risk groups are urgently needed. However, initial steps must be taken
to identify the areas and populations highly burdened by these diseases. The application of Geographic
Information Systems (GIS) methods to public health research can elucidate the underlying geography of
health disparities, which are not evident with traditional statistical analyses or statistical packages. GIS
spatial analysis tools use geographic data to better understand risk factor-disease relationships15 and
identify  targets for public heath prevention and intervention.15, 16 A better understanding of the
epidemiology of TB and DM co-occurrence and the geographical context in which it occurs can aid our
work toward achieving the goal of TB elimination. Thus, the objective of this study was to apply GIS
methodology to identify geographic areas and populations that are disproportionately burdened by the
co-occurrence of TB and DM in LAC, California.

Methods
We conducted a retrospective analysis in a cohort of veri�ed cases of TB reported between 01/01/2015
and 06/30/2017 in LAC. TB cases were identi�ed from the LAC TB Control Program Surveillance Registry.
The TB Registry collects information on co-occurring medical conditions, including DM. This information
is gathered through a variety of methods, including provider report, laboratory con�rmation, and/or
patient self-report. TB cases were grouped based on DM status (with DM or without DM). Descriptive
statistics (e.g. frequencies, percentages) summarize the characteristics of TB cases. Demographic and
clinical characteristics were compared between TB cases with DM and TB cases without DM. Chi-square
tests were used to detect statistically signi�cant (p<0.05) differences in demographic and clinical
characteristics among TB cases according to DM status. Descriptive statistics and chi-square test
analyses were conducted in SAS Enterprise Guide 7.11.

Spatial analyses were conducted using ArcGIS 10.3.1. Addresses of incident TB cases residing in LAC at
the time of TB diagnosis were successfully geocoded to obtain longitude and latitude coordinates and
mapped using the cartographic base map of LAC, LAC 2010 census tracts map, and LAC health district
boundaries map. Since LAC is comprised of 24 health districts that are used to plan and manage health
service delivery, geocoded addresses were �rst spatially joined to their respective health district and
summarized as choropleth maps to better assess distribution of TB and DM across LAC. Next, hot spot
analyses using the Getis-Ord Gi* statistic (p<0.05) were used to geographically assess the burden of TB
and DM by census tracts. The Optimized Hot Spot Analysis tool in ArcMap 10.3 identi�es statistically
signi�cant spatial clusters of high values (hot spots) and low values (cold spots). Areas with elevated
burden of TB and DM were considered hot spots when con�dence intervals ranged from 90% to 99%. The
map of LAC health district boundaries was overlaid on the LAC maps to determine which health districts
were located within the hot spots.

The study was considered exempt by the LAC Department of Public Health Institutional Review Board.
Informed consent was waived given that the data used were retrospectively collected and the work
pertained to LAC TB Control Program’s federal requirement to conduct active TB surveillance.
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Results
Among 1,346 TB cases, 389 (29%) also had DM. Table 1 summarizes TB case characteristics by DM
status. TB cases with DM were more likely to be older (p<0.0001) and to be male (p<0.01) than cases
without DM. TB cases with DM were more likely to be Asian (50%) or Hispanic (43%), (p<0.01) than cases
without DM. Compared to TB cases without DM, cases with DM were more likely to be born outside the
U.S. (79% vs. 91.2%, respectively; p<0.001).  In terms of clinical characteristics, TB cases with DM were
more likely to have pulmonary site of TB disease (80.7% vs. 69%; p<0.0001), end stage renal disease (9%
vs. 2.7%; p<0.001), and more likely to have died with TB (15.7% vs. 10.8%; p<0.05), compared to TB cases
without DM.

Since Hispanic and Asian TB cases accounted for 92% of TB cases with DM, only Asian and Hispanic
cases were included in spatial analyses. Choropleth maps indicated elevated TB and DM burden among
Asians residing in southwestern and southern LAC and among Hispanics residing in southcentral and
northwestern LAC (results not shown). These �ndings were supported by hot spot analyses.

A statistically signi�cant hot spot (p<0.05) of elevated TB and DM burden was identi�ed for all TB cases
(Asian and Hispanic TB cases combined) in the southern central region of LAC, encompassing nine
health districts (Figure 1). Statistically signi�cant hot spots (p <0.05) of elevated TB and DM burden were
also identi�ed by race/ethnicity. Among Asian TB cases, four hot spots were identi�ed (Figure 2). These
four hot spots were in the southwestern and southern regions of LAC, located in the following health
districts: (1) Northeast, (2) Alhambra and East L.A., (3) El Monte and Pomona, and (4) Torrance and
Harbor. Among Hispanic cases, two hot spots of elevated TB and DM were identi�ed (Figure 3). These
two hot spots were in the northwestern and southcentral regions of LAC and were in the following health
districts: (1) Antelope Valley, and (2) Southwest, Southeast, East LA, Whittier, South, San Antonio,
Inglewood and Compton.

Discussion
The co-occurrence of TB and DM has been recognized for centuries.9 In LAC, TB and DM
disproportionately affect Asians and Hispanics. Furthermore, a majority (91%) of TB cases with DM were
born outside the U.S. Spatial analyses identi�ed hot spots of TB and DM among Asian TB cases residing
in the southwestern and southern regions of LAC. These regions correspond to areas in LAC with large
Asian populations,14 with the southern region being an area where low English language pro�ciency is
reported.14  TB and DM burden was identi�ed among Hispanic TB cases residing in southcentral and
northwestern LAC, regions with large concentrations of Hispanics with low English language
pro�ciency.14

The elevated TB and DM burden delineated in the maps presented here are in line with reports and prior
research indicating that TB and DM disproportionately and unequally affect racial/ethnic minorities and
non-U.S. born persons.2, 5, 10, 17, 18  The co-occurrence of TB and DM should be closely examined by
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race/ethnicity given the increasing prevalence of DM,13 the growing non-U.S. born population in LAC,19

and the contribution of DM to poor TB treatment outcomes.10, 17, 20 Future research should focus on
identifying areas where non-U.S. born individuals reside and examine the factors associated with disease
co-occurrence. Also, spatial analyses by country of birth, primary language, and English language
pro�ciency can inform when and where bilingual educational and culturally sensitive services are needed
to reach target populations.

GIS methods serve as important epidemiological tools to identify geographic areas experiencing
disproportionate burden of TB and DM and can help inform future activities and interventions.
Interventions tailored to speci�c groups can aid in addressing TB morbidity and mortality and help
continue our work towards reaching TB elimination. However, turning future activities and interventions
into cost-effective and high-impact public health programs requires improvements in continuity of care
delivery, through integration and coordination of care, across providers. For example, co-management of
both TB and DM can be crucial to the optimal treatment and control of both diseases. Co-management
would require collaboration from health professionals and patients to clearly assess all factors related to
the monitoring and treatment of each disease.21 A disease co-management strategy would bene�t from a
patient education component that facilitates self-care by promoting adherence and completion of TB
treatment and emphasizing the importance of disease monitoring and management. In fact, WHO’s
“Collaborative Framework for Care and Control of Tuberculosis and Diabetes” provides guidelines for
integrated management of both diseases.6, 22 Facilitating patient awareness and education for
prevention, diagnosis, and treatment of TB and DM can help address health disparities among vulnerable
populations.

While the strength of this paper is the application of GIS methodology to identify geographical areas and
populations in LAC burdened by TB and DM, there are some limitations to these �ndings. Assessment of
DM status was partly based on patient self-report. However, it should be noted that national estimates of
DM incidence and prevalence are also based on self-report data.25 Furthermore, self-reported DM status
is reliable and has high sensitivity and speci�city.26, 27, 28 The data presented here are cross-sectional and
do not indicate temporal order of onset of DM or TB. The TB and DM surveillance data do not provide
information on severity or duration of DM among TB cases. Also, we did not examine the data by nativity
to assess disease burden in areas where people from common nationalities reside. Despite these
limitations, to our knowledge, this is one of the �rst set of analyses to examine spatial patterns of TB and
DM burden.

Conclusions
In summary, our �ndings demonstrate the potential of GIS methods for identifying areas of elevated
disease burden. Contextualizing disease burden geographically facilitates focusing and implementing
community-based outreach initiatives, such as educational programs targeting both patients and
providers, in areas at high risk for disease burden. These �ndings highlight opportunities for future public
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health interventions aimed at reducing health disparities in underserved communities. Geographical
�ndings can guide prioritization of at-risk populations, identify those most likely to bene�t from
interventions, and can help monitor impact of prevention strategies and treatments.
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Table 1. Characteristics of TB Cases by Diabetes Mellitus Status, Los Angeles County, California, 2015-
2017

    Diabetes Mellitus Status  
  Total Cases No Diabetes (n=957) Diabetes (n=389)  

  n n % n % p-value*
Age Group           <0.0001
   0-4 years 14 14 1.5 0 0.0  
   5-14 years 11 11 1.1 0 0.0  
   15-24 years 88 84 8.8 4 1.0  
   25-44 years 318 277 28.9 41 10.5  
   45-64 years 461 284 29.7 177 45.5  
   65+ years 454 287 30.0 167 42.9  
Sex           <0.01
   Female 519 391 40.9 128 32.9  
   Male 827 566 59.1 261 67.1  
Race/Ethnicitya           <0.01
   Non-Hispanic White 72 59 6.2 13 3.4  
   Black 92 76 7.9 16 4.1  
   Hispanic 565 399 41.7 166 42.8  
   Asian 616 423 44.2 193 49.7  
Birthplaceb           <0.001
   Non-U.S.-Born 1106 753 79.0 353 91.2  
   U.S.-Born 234 200 21.0 34 8.8  
Site of TB Disease           <0.0001
   Pulmonary only 974 660 69.0 314 80.7  
   Pulmonary and Extra-pulmonary 228 185 19.3 43 11.1  
   Extra-pulmonary only 144 112 11.7 32 8.2  
Immunosuppressionc           >0.05
   No 1243 885 92.5 358 92.0  
   Yes 103 72 7.5 31 8.0  
End-stage renal disease           <0.001
   No 1285 931 97.3 354 91.0  
   Yes 61 26 2.7 35 9.0  
HIV Test Done           >0.05
   No 1155 822 95.8 333 97.9  
   Yes 43 36 4.2 7 2.1  
Died           <0.05
   No 1182 854 89.2 328 84.3  
   Yes 164 103 10.8 61 15.7  
a Excludes other/unknown race/ethnicity; Hispanic race/ethnicity includes persons of Hispanic origin of any race; Asian race/ethnicity
category includes TB cases who reported being Asian or Paci�c Islander.
b Excludes unknown place of birth.
c Includes TNF antagonist therapy, post-organ transplantation, immunosuppression (not HIV). 
*χ2 comparing cases with DM and without DM.

Figures
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Figure 1

Co-occurrence of TB and DM in Los Angeles County, California, 2015-2017* *Optimized hot spot analysis
of TB and DM burden in Los Angeles County, California, United States. Census tracts with elevated
burden are represented by hot spots (p<0.05); census tracts with lower burden are represented by cold
spots (p<0.05). The LAC health district map was overlaid on the hot spot map. Data exclude TB cases
from Long Beach and Pasadena, as these cities have their own health departments.
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Figure 2

Co-Occurrence of TB and DM among Asians in Los Angeles County, California, 2015-2017* *Optimized
hot spot analysis of TB and DM burden among Asian individuals in Los Angeles County, California,
United States. Asian race/ethnicity category includes TB cases who reported being Asian or Paci�c
Islander. Census tracts with elevated burden are represented by hot spots (p<0.05); census tracts with
lower burden are represented by cold spots (p<0.05). The LAC health district map was overlaid on the hot
spot map. Data exclude TB cases from Long Beach and Pasadena, as these cities have their own health
departments.
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Figure 3

Co-Occurrence of TB and DM among Hispanics in Los Angeles County, California, 2015-2017* *Optimized
hot spot analysis of TB and DM burden among Hispanic individuals in Los Angeles County, California,
United States. Hispanic race/ethnicity includes persons of Hispanic origin of any race. Census tracts with
elevated burden are represented by hot spots (p<0.05); census tracts with lower burden are represented by
cold spots (p<0.05). The LAC health district map was overlaid on the hot spot map. Data exclude TB
cases from Long Beach and Pasadena, as these cities have their own health departments.


