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Abstract

Presentation and Treatment Outcomes by Diabetes Status
among Patients with Tuberculosis
in Guam, 2015—-2018

By Stephanie O’Connor

Background: In areas with persistent tuberculosis (TB) incidence, increased prevalence of
diabetes mellitus threatens TB elimination efforts. Previous studies have found that people with
diabetes are at increased risk of developing TB, having more extensive TB disease manifestation,
and suffering worse TB treatment outcomes. With a diabetes prevalence of 18.7% and TB
incidence of 41.7 cases per 100,000 people, Guam’s population is among those at risk of a dual
epidemic.

Objectives: First, this analysis will describe the burden and distribution of TB with concomitant
diabetes in Guam. Next, it will assess the association between diabetes status and several key
presentation and treatment characteristics among patients with TB. Finally, it will examine the
prevalence of diabetes among foreign-born patients with TB by length of residence.

Methods: Data were collected through routine TB surveillance from 2015—2018. Patients
meeting the surveillance case definition for TB who were at least 15 years of age and presented
with pulmonary, drug-susceptible TB were eligible for inclusion. Diabetes was the exposure of
interest, and outcome variables included positive sputum smear, pulmonary cavitation,
treatment duration, and treatment outcome. A secondary analysis including only foreign-born
patients examined the odds of having diabetes based on length of residence. Multivariate logistic
regression was used for both analyses.

Results: Of the 245 patients with TB eligible for inclusion, 38% had diabetes. The odds of being
diabetic were 4.15 times higher among long-term immigrants compared to recent immigrants
(CI 1.76—9.80). Overall, having diabetes was associated with both smear positivity and
pulmonary cavitation (aOR 4.98, CI 2.63—9.44; aOR 3.61, CI 1.37—9.50). TB cases with diabetes
were also more likely to have extended treatment duration and unfavorable treatment outcomes
(aOR 5.69, CI 2.96—10.94; aOR 3.20, CI 1.36—7.52). The odds of death were 5.66 times higher
among those with diabetes (CI 1.88-17.04).

Conclusion: There is a high burden of TB with concomitant diabetes in Guam. Diabetes was
found to be associated with more severe presentation, worse treatment outcomes, and higher
mortality. This analysis of Guam’s TB surveillance data suggests that diabetes is an important
factor to consider in TB prevention and treatment.
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Chapter 1 Introduction

Even as the burden of infectious disease declines in populations experiencing epidemiologic
transition, tuberculosis (TB) remains an ongoing concern for many low- and middle-income
countries. While incidence and mortality rates have declined modestly on the global level,
progress has not been uniform across regions (1). Lower-income countries, which have
historically borne a disproportionate TB burden (2), now face rising levels of some non-
communicable diseases (3). Among populations with persistent TB incidence, increased

prevalence of diabetes mellitus threatens TB elimination efforts.

Diabetes is on the rise in the 30 countries with the highest TB burden (1). As an
immunosuppressive condition, diabetes may increase the risk of developing active TB disease,
severe TB presentation, unfavorable TB treatment outcomes, multi-drug resistant TB, and TB
relapse (4-6). Previous studies showed greater TB prevalence among those with diabetes (7, 8).
One study found that having diabetes corresponded to a 12-fold increase in TB prevalence
among overweight or obese adults, highlighting the role of body mass index (BMI) (9). Among
those with diabetes, there is an estimated three-fold increase in the risk of developing TB (10).
Patients with diabetes have been found to have more symptoms on average than those without
diabetes (11). Other researchers found higher rates of specific clinical features, including
cavitation, hemoptysis, fever, and cough (12, 13). Worse treatment outcomes have also been
found among diabetic patients with TB when using response to TB medication, sputum culture

conversion, and mortality as metrics (11, 14, 15).

According to estimates from the World Health Organization (WHO), 360,000 TB cases were
attributable to diabetes in 2018, or 4% of total cases (1). Just as having diabetes can impact TB
status and manifestation, having TB appears to alter glycemic control, a key indicator of

diabetes (16). Consistent with the bidirectional relationship between TB and diabetes, there is



evidence of higher diabetes prevalence among patients with TB than the general population (6,
13). A systematic review of TB/diabetes studies estimated that 16% of patients with TB had
concomitant diabetes, and the regional prevalence for Oceania was estimated at 23% (7). The
increased risk of diabetes in patients with TB may be due to poor glycemic control brought on by
anti-tuberculosis medications or by temporary impairment of glucose tolerance attributable to

TB infection itself (16-18).

Guam’s population is among those at risk of a dual epidemic of TB and diabetes. In 2018, 35.7%
of TB cases in Guam had diabetes, compared to 19.8% in the mainland U.S. (19). The island’s
geographic location, ethnic makeup, and cultural norms are among the risk factors that intersect
to create complex challenges for TB treatment and control. Located in the Micronesian region,
Guam is an island nation that had a population of 159,000 in the last census (20) and is similar
in size to the city of Chicago. Guam is one of six U.S.-affiliated Pacific Islands (USAPI), a group
that also includes the Commonwealth of the Northern Mariana Islands, the Federated States of

Micronesia (FSM), Palau, the Marshall Islands, and American Samoa.

Estimates from 2018 indicate a TB rate of 41.7 cases per 100,000 population in Guam, while the
U.S. rate was 2.8 per 100,000 (19). Although the rate of decline in TB cases has slowed, both
incidence and prevalence have reached an all-time low in the mainland (21). TB incidence in
Guam has fluctuated considerably over time, hitting a recent low of 17.2 cases per 100,000 in
2002 but rising to 62.7 cases per 100,000 just seven years later (22). This variation is partially a
product of Guam’s relatively small population size, but TB incidence has remained consistently

higher on the island than in the mainland U.S.

Guam’s relatively high TB incidence is part of a broader trend among nearby countries. The

Philippines, one of Guam’s closest neighbors, accounted for 6% of global TB cases in 2018 (1).



Rates are also high in other USAPI, notably 128.8 per 100,000 population in FSM, 111.1 in
Palau, and 332.8 in the Marshall Islands (23). The frequency and volume of visitors and

immigrants from neighboring countries create sustained opportunity for TB exposure.

Guam’s overall age-adjusted comparative diabetes prevalence of 18.7% is considerably higher
than the regional average of 11.4% (24), although comparably high rates have been documented
in other Pacific Island countries and territories (PICTs) (25). Rising obesity and diabetes in the
Pacific Islands may be partially attributable to the transition away from a traditional lifestyle
characterized by active fishing and cultivation of fruits and vegetables. A study in FSM found a
direct relationship between practicing a more traditional lifestyle and having better overall
health (26). Another study assessing the relationship between body composition and
modernization in Vanuatu found higher obesity rates among islands with greater levels of
economic development, access to urban areas, and tourism (27). With the highest gross
domestic product per capita among all PICTs (28), Guam may exemplify the impact of
development on body composition among Pacific Islands experiencing modernization.
Metabolic and behavioral risks make up nine of the island’s ten causes of disability-adjusted life
years (DALYs), with high BMI, dietary risks, and high fasting plasma glucose ranking as the top
three (29). Residents who are not native to Guam may also be impacted by lifestyle-related
health conditions, as immigrant health studies indicate that acculturation can have an

obesogenic effect exacerbated by duration of residence (30, 31).

Despite the high burden of TB and diabetes in Guam and its neighboring islands, a systematic
review of 94 studies reporting on both conditions included only four with data from the Pacific
Islands (7). One was a case-control study conducted in Kiribati that found diabetes prevalence to
be 37% among TB cases (32). In this study’s adjusted model, the odds of having diabetes among

those with TB were estimated to be 2.8 times the odds among those without TB (CI 2.0—4.1)



(32). A study in the Marshall Islands reported that 45% of TB patients had concomitant
diabetes, although only 62 patients were enrolled (33). The two remaining studies were
conducted in Fiji. The earlier study found that 13% of TB patients were known to be diabetic
(34). Similar diabetes prevalence was reported in the second study, at 12% (35). Among the
studies conducted in the Pacific Islands, the later study in Fiji was the only one that reported TB
treatment outcomes, although it did not find that differences by diabetes status were statistically

significant (35).

Aside from a report on risk factors for diabetes in Guam that included TB (36), there is no
published literature reporting recent prevalence of diabetes among the island’s TB cases.
Furthermore, the extent to which clinical presentation and treatment outcomes differ based on
diabetes status among patients with TB in Guam has yet to be assessed. Understanding this
relationship is particularly important in Guam, as previous research suggests unique diabetes
pathogenesis among Pacific Islanders and Southeast Asians, the island’s majority ethnic groups
(37, 38). The first aim of this thesis was to estimate the prevalence of diabetes among patients
with TB disease in Guam. The second was to estimate the association between diabetes status
and TB clinical presentation characteristics and TB treatment outcomes. The final objective was
to estimate the association between length of residence in Guam and diabetes status among

patients with TB.



Chapter 2 Methods

Data were collected through TB surveillance conducted by the Guam Tuberculosis and Hansen’s
Disease Control Program, which reports verified cases of TB to the U.S. Centers for Disease
Control and Prevention (CDC) as part of the National Tuberculosis Surveillance System (39).
For surveillance purposes, the CDC defines a clinical case as anyone with TB signs or symptoms
who tests positive via interferon gamma release assay (IGRA) or tuberculin skin test (TST),
receives diagnostic evaluation, and is treated for TB (40). Confirmed TB cases require laboratory
criteria for diagnosis from clinical specimens, such as via isolation of Mycobacterium
tuberculosis, detection of M. tuberculosis by nucleic acid amplification test (NAAT), or acid-fast
bacilli (AFB) by microscopy (40). A case meeting either the clinical or laboratory criteria is

considered confirmed (40).

Eligible participants in this study included all TB cases in Guam meeting the surveillance case
definition from 2015—-2018. Reported cases were either referred by a healthcare provider or
detected directly by the TB Program. Patients with extrapulmonary TB and those under 15 years
of age were excluded from analysis. Multi-drug resistant TB (MDR-TB) cases, defined as those
with resistance to isoniazid and rifampin detected through initial drug susceptibility testing (1),

were also removed.

Data used for this analysis were reported with the CDC’s Report of Verified Case of Tuberculosis
(RVCT) form, through which diabetes status is recorded as a dichotomous variable (40).
Patients with TB were asked about diabetes status as part of routine TB surveillance
procedures. For cases of unknown status, a determination was made based on measured
glycated hemoglobin A1c (HbA1c) levels upon presentation at the TB Program clinic.
Concomitant diabetes reported by a referring healthcare provider may not have been verified in

all reported TB cases. Although patients’ HbA1c levels are routinely monitored during TB



treatment, this information is stored only in medical records. Because these records are not

linked to the TB surveillance database, HbA1c could not be used in this analysis.

Outcome variables were selected based on a review of previous studies examining the
relationship between diabetes and tuberculosis. Disease presentation was assessed based on
sputum smear and the presence of pulmonary cavitation. A patient was treated as smear positive
if any sputum sample detected AFB. In accordance with the CDC’s TB surveillance guidelines,
results of a sputum smear carried out using samples collected more than two weeks after TB
treatment was initiated would not be reported (40). Pulmonary cavitation was considered
separately based on detection through chest radiography or computerized tomography (CT)
scan. Regardless of detection method, cavitation was defined as evidence of one or more cavities

present in an initial examination.

Consistent with other studies examining this topic (41, 42), treatment outcome was defined as
unfavorable if the patient was lost to follow-up, did not complete treatment, or died. Deaths
included mortality from any cause. It is possible that some patients reported to have died were
diagnosed with TB postmortem. Therapy duration was also included as a component of
treatment outcome. Duration was measured as the number of days between the date multidrug
therapy for TB was initiated and the date it was stopped, regardless of the reason for halting
treatment. The minimum treatment period for TB is six months, but a three-month extension is
recommended for those TB case-patients who present with cavitation and remain culture
positive after the intensive phase of treatment (43). In this analysis, extension beyond six
months (180 days) and nine months (270 days) were both included as outcome variables.
Because underlying conditions such as diabetes are included in the decision process for selecting
a treatment plan, these measures are considered to be one indication of treatment practice, not

necessarily of disease severity.



A secondary analysis using diabetes as the outcome of interest was also conducted. Length of
residence, measured as both a continuous and binary variable, was considered the main
predictor. Only foreign-born patients with TB were included in this phase of the analysis. For
the binary analysis, 15 years of residence was used as the cut point, because a previous study
found that immigrants had similar health status to the native-born population after at least this

length of time residing in the United States (44).

Chi-square tests were used to determine whether variable frequency differed by diabetes status
in the primary analysis, and by length of residence in the secondary analysis. A two-sample t-
test was used to compare mean age, and a Mann-Whitney U test was used for length of
residence, which was not normally distributed. Adjusted odds ratios were calculated in SAS 9.4
using logistic regression. All odds ratios are expressed with the corresponding 95% confidence
intervals. Multivariable analyses controlled for age, sex, and race. Race was self-reported

according to the standard categorization used for federal statistics (45).

Surveillance records were de-identified prior to analysis. This project was determined to be

exempt as non-human subjects research by the Institutional Review Board of Emory University.



Chapter 3 Results

Among the 304 cases of TB reported from 2015—2018, 45 were younger than 15 years of age.
Another 10 cases were reported with extrapulmonary disease. Initial drug susceptibility results
were available for 167 patients (67%) who met all other inclusion criteria. Of these, four were
classified as having MDR-TB. The remaining 245 cases met the criteria for study inclusion. The
mean age among cases was 49 years. Fifty-one percent of cases were Asian, and 45% identified
as Native Hawaiian or other Pacific Islander. Overall diabetes prevalence was 38%. Mean age
was significantly higher among diabetic patients with TB, at 58 years of age compared to 44
among those without diabetes (p<0.001) (Table 1). There were no statistically significant
differences in diabetes status based on race or sex.

Figure 1: Eligibility for inclusion in the analytic sample

TB cases reported 2015—2018 <15 years of age
n =304 n =45

P
R Extrapulmonary TB }

n=10

Analytic sample MDR-TB
n = 245 n=4

Clinical Presentation

Overall, 54% of cases were AFB smear positive, and those with concomitant diabetes were
significantly more likely to have a positive sputum smear (cOR 4.92, CI 2.72-8.92). Based on
chest x-ray results, 28% of cases presented with pulmonary cavitation. The unadjusted odds of
cavitation among TB cases with diabetes were 1.72 times the odds among those without diabetes
(CI 0.98-3.05). CT scan results were available for 39% of cases. Having diabetes was associated

with both AFB smear positivity and cavitation detected using CT scan after controlling for age,
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sex, and race. Those with diabetes had 4.98 times higher odds of being smear positive compared
to those without diabetes (CI 2.63—9.44). The odds of cavitation increased 3.61 times based on

diabetes status (CI 1.37—9.50) (Table 2, Table 4).

Treatment Outcomes

Among all patients with TB, 81% had a treatment course longer than six months (180 days) and
42% longer than nine months (270 days). Therapy extension beyond six months was not
significantly associated with diabetes status (cOR 0.55, CI 0.26—1.16). However, those with
diabetes were at increased odds of remaining in treatment for at least nine months. Among TB
cases with diabetes, the adjusted odds of requiring therapy for at least nine months were 5.69
times the odds among those without diabetes (CI 2.96—10.94). TB cases with diabetes were also
more likely to experience an unfavorable treatment outcome. Overall, 82% of cases completed
treatment. Controlling for age, sex, and race, TB cases with diabetes were 3.20 times more likely
to have an unfavorable outcome (CI 1.36—7.52). Overall mortality among cases was 9%, with a
mortality rate of 20% among those with diabetes and 3% among those without diabetes.
Compared to patients with TB only, the adjusted odds of death were 5.66 times higher among

those with diabetes (CI 1.88-17.04) (Table 3, Table 4).

Length of Residence

Three quarters of TB cases were not born in Guam, and 45% were originally from the
Philippines. Among those with a recorded arrival date, the median length of residence in Guam
was 18 years, with an inter-quartile range of 23 and range of less than a year to 81 years.
Fourteen percent had lived in Guam for less than a year, and 56% had been residents for less
than 15 years. Median length of residence among those with TB and diabetes was 28 years, more
than twice as long as those with only TB (p<0.001). In the unadjusted model, there was a weak

association between having diabetes and length of residence in Guam (cOR 1.06, CI 1.04—1.09).



11

After controlling for age, sex, and race, the association was nearly unchanged (aOR 1.06, CI
1.03-1.09), indicating a six-percent increase in the odds of having diabetes for every additional
year of residence. Using 15 years as a cutoff, the odds of having diabetes among long-term
immigrants with TB were 5.25 times the odds among recent immigrants (CI 2.40—11.49). In the
adjusted model, the odds ratio remained statistically significant (aOR 4.15, CI 1.76—9.80) (Table

5, Table 6).
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Chapter 4 Discussion

Among TB cases reported in Guam between 2015 and 2018, diabetes prevalence was found to be
38%, higher than the island’s overall prevalence of 18.7% (24). Patients with TB and
concomitant diabetes were older on average than those without diabetes. While people
identifying as Asian make up only a third of Guam’s population (20), they represented half of TB
cases during the time period examined. This analysis provided evidence of differential disease
presentation by diabetes status. Compared with reported TB patients who did not have diabetes,
those with diabetes were nearly five times more likely to have a positive AFB sputum smear, and
the odds of lung cavitation were 3.61 times higher. Differences in TB treatment outcomes were
also observed. Diabetes was associated with higher odds of an unfavorable outcome and a five-
fold increase in a patient’s odds of continuing treatment duration for more than nine months.
The observable effects of the interplay between TB and diabetes are evident in the findings of
this analysis. Data from Guam contribute to the existing body of knowledge by elucidating how
that complex relationship is expressed in a setting where biological and environmental factors
create compounded risk. The following sections explore those factors in order to contextualize

findings from analysis of Guam’s TB surveillance data.

Regional Prevalence

Of the TB cases included in this analysis, 75% were born somewhere other than Guam. While
foreign birth is a known risk factor for TB in low-burden countries, immigrants from high-
incidence countries are at increased risk of developing active disease compared to those from
countries with low incidence (46). Most (94%) of Guam’s foreign-born patients with TB were
from countries with TB incidence higher than Guam’s (47). Because even higher rates of TB are
found in most of Guam’s closest neighboring countries, there is ongoing risk of disease
importation. In 2019, over 40,000 visitors arrived in Guam from other USAPI and nearly

20,000 from the Philippines (48). Almost a third of Guam’s population was classified as foreign-
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born in the last census, and of these, 58% were from the Philippines and 21% from FSM (20).
According to more recent estimates, 19,000 immigrants from FSM, Palau, and the Marshall
Islands reside in Guam, a greater number than in Hawaii or any other USAPI (49). These island

nations have TB incidence ranging from 2-8 times higher than Guam’s (1).

Beyond the infectious disease dynamics operating in the region, the prevalence of diabetes and
its associated risk factors raise a different set of concerns for TB control efforts. Of the ten
countries with the highest diabetes prevalence, seven are Pacific Islands (24). Guam is among
them, currently ranking tenth but expected to have the seventh-highest diabetes prevalence
globally by 2045 (24). A systematic review of diabetes studies conducted in the PICTs found
high rates of diabetes and associated risk factors, including obesity and physical inactivity,
across the Pacific (25). The WHO’s STEPwise approach to surveillance (STEPS) is a tool that has
been used to assess noncommunicable disease in countries around the world, including the
Pacific region. Of the 16 Pacific Island countries that have conducted STEPS surveys, nine
estimated diabetes prevalence to be above 20%, and one — American Samoa — reported that

nearly half of its population was diabetic (25).

Ethnicity & Diabetes

The burden of diabetes in the Pacific is consistent with known associations between ethnicity
and metabolic conditions. Both Pacific Islanders and Southeast Asians have been identified as
ethnic groups at increased risk of diabetes, which is particularly concerning for Guam, where
49% of residents were Native Hawaiian/Pacific Islander, and 26% were Filipino in the last
census (20). Although by no means homogenous, Pacific Islander and South Asian ethnic
groups share a relatively close genetic relationship (50), allowing for some generalization across

both groups in the absence of research that is specific to Micronesians.
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The association between race and diabetes has been observed even outside of the geographic
confines of the Pacific. Obesity, a risk factor for diabetes, is more prevalent among Native
Hawaiian and other Pacific Islander ethnic groups compared to White and East Asian sub-
groups in the U.S. (51). California residents who were ethnically Pacific Islander or Filipino were
found to have the highest diabetes prevalence among all Asian sub-groups, at 18 and 16%,
respectively (38). Another California-based study estimated that the odds of diabetes among
Filipino residents were four times the odds among White residents (52). Studies conducted in
Hawaii, another state with large numbers of Asian and Pacific Islander residents, found similar
results. In one study, diabetes prevalence was higher among Filipinos and those who identified
as Native Hawaiian or other Pacific Islander compared to White respondents (51). A cohort
study of older adults found that a greater percentage of Native Hawaiians than Japanese or
White Americans developed diabetes during the follow-up period (53). Although these studies
were all conducted in the United States, similar results have been found within the Western
Pacific. A study comparing prevalence of risk factors for cardiovascular disease among native-
born and immigrant Australians found that those born in South Asia were more than twice as

likely to have diabetes after controlling for age, sex, and socioeconomic factors (54).

Theories on Heterogenous Diabetes Risk

The higher prevalence of diabetes among Pacific Islanders and Southeast Asians may be
partially explained by differences in metabolic function and body composition. Fasting insulin
levels, percent body fat, abdominal adiposity, and visceral adipose tissue concentration have all
been found to be higher among South Asians than other ethnic groups, both in the neonatal and
later life stages (37). Genes linked to diabetes have been identified, but the degree to which

diabetes risk can be attributed to genetic differences remains unclear (55) .
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Although the relationship between these measures and diabetes risk is complex and not yet
entirely understood, body composition has been incorporated into theories about ethnic
differences in diabetes pathogenesis. Some posit that a combination of environmental factors
linked to the region’s climate, including periods of food scarcity and exposure to infectious
agents, have influenced evolution of South Asian people groups (37). More proximal
explanations point to studies in human and animal models suggesting that factors such as
maternal undernutrition and psychosocial stress increase the risk that a fetus will go on to

develop a metabolic disorder (55).

In combination with predisposing metabolic factors, lifestyle differences may help explain the
high rates of obesity and diabetes in Guam and the broader Pacific and South Asia region. The
traditional diet of the Chamorro people, the majority ethnic group of the Marianas archipelago,
primarily consisted of fish and nutrient-rich fruits and vegetables, but children in Guam now
consume less than half the recommended dietary allowance of calcium, vitamin A, and folate
(56). A survey measuring nutrition intake using 24-hour dietary recall found evidence of
excessive saturated fat, cholesterol, and sodium in the diets of Guam residents (57). In this
study, those who identified as Chamorro reported higher energy intake from saturated fats than
Asian and Filipino respondents (57). Another study comparing dietary habits among Chamorro
and Filipino residents of Guam found that energy density and added sugar consumption were
higher among Chamorro men than their Filipino counterparts (58). Daily fruit and vegetable
intake were well below recommended quantities in both ethnic groups (58). STEPS surveys have
been conducted in four jurisdictions among the USAPI — American Samoa, the Marshall Islands,
and the Micronesian states of Chuuk and Pohnpei. The results indicated low physical activity in
over 60% of the adult population in all jurisdictions surveyed, and daily fruit and vegetable

consumption below the recommended number of daily servings in 82-91% (59-62).



16

Role of Immigration

While metabolic and lifestyle factors appear to put Guam and neighboring countries at increased
risk, diabetes prevalence is not uniform across the Pacific and Southeast Asia. The Philippines
and FSM, the two countries most represented among Guam’s foreign-born patients with TB,
both have lower prevalence of diabetes than Guam. Age-adjusted comparative diabetes
prevalence is 11.9% in FSM and 7.1% in the Philippines (24). Among Filipino patients with TB,
53% had diabetes, while only 6% of those from FSM were diabetic. This heterogeneity raises
questions about the role of immigration in understanding the burden of TB with concomitant
diabetes in Guam. Some circumstances associated with being an immigrant, such as having less
time for physical activity, are also risk factors for diabetes, and acculturation may entail

adoption of obesogenic dietary habits (55).

One study attempting to understand how immigration affects lifestyle enrolled first- and
second-generation Japanese Americans and non-immigrant residents of Japan (31). Higher
BMI, as well as dietary habits and activity levels linked to diabetes, were most common among
those born in the United States, followed by first-generation immigrants and then non-
immigrants (31). Additional evidence for the obesogenic effect of immigration comes from a
study that compared Vietnamese immigrants living in the United States to those who returned
to Vietnam, as well as a third group of non-immigrants in Vietnam (30). U.S. residents were

found to have higher BMI and waist-hip ratios than the other two groups (30).

The study of Vietnamese immigrants found that the length of time since a person immigrated
was another important predictor of being overweight (30), a result observed in other studies as
well (54). In a survey of California residents, BMI was significantly higher among those who had
lived in the U.S. for more than 15 years compared to those who immigrated more recently (63).

Among refugees resettled in the United States, every additional year of residence corresponded
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to 12.2% increased odds of diabetes (64), and a study of immigrants overall found that those
who had lived in the U.S. for at least ten years were at increased odds of high BMI and diabetes
(65). Another study estimated that the odds of diabetes among long-term immigrants from the

Philippines were four times the odds among second-generation Filipino Americans (66).

Conclusions from these large-scale studies powered to detect differences in BMI and diabetes
prevalence support the finding from this analysis that the odds of having diabetes were
significantly higher among long-term immigrants with TB compared to those who immigrated
to Guam within the last 15 years. Although these results suggest that there is an obesogenic
effect associated with immigration to Guam, it is unclear whether acculturation results in major
lifestyle and dietary changes among immigrants to Guam from neighboring countries, and the

extent to which living on the island has a Westernizing influence remains under-studied.
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Chapter 5 Limitations

The primary limitation of this analysis is that the data used were collected as part of routine TB
surveillance. The implications of this statement are twofold — first, that case information may
not have been recorded as systematically as it would be for the purposes of a formal study.
Treatment of existing cases and prevention of disease transmission were prioritized, possibly at
the expense of data completeness. Decisions made based on clinical judgements may have
introduced bias, as the choice to order a chest CT scan, for example, would be made based on

healthcare provider discretion rather than according to study protocol.

Second, the data are concentrated around clinical features, diagnostic evaluation, and risk
factors associated with TB, not diabetes. Diabetes is only one of many underlying conditions
considered important in TB treatment. As a result, some measures that could have helped orient
the findings of this analysis in relation to prior research were not collected. A measure of BMI or
percent body fat would have been particularly informative. Prior studies linking diabetes
pathogenesis to various metabolic indicators allow for inference that body composition, for
example, may play a role in the high burden of diabetes among TB patients in Guam, but in the
absence of additional anthropometric measures, this analysis cannot provide supporting

evidence.

Because data were collected through the TB Control Program, diabetes status was not
ascertained or verified systematically. Ideally, systematic measures and recordings of HbA1c
would have provided accurate ascertainment of glycemic control in these reported TB cases, and
its association with clinical features and treatment outcomes. Although HbA1c levels were
measured and included in medical records for some patients, this information was not linked to
TB surveillance data and could not be incorporated into analysis. Cases not reported to be

diabetic were assumed to be diabetes-negative. It is possible that some patients with
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undiagnosed diabetes were included among those without diabetes. However, because diabetes
status is required information for reporting TB, cases were generally tested through
measurement of HbA1c levels. This type of exposure misclassification would attenuate the odds

ratio, leading to a more conservative estimate.

Another important datapoint missing for some cases was initial drug susceptibility testing,
which was reported for two-thirds of cases included in the analysis. Given that drug
susceptibility results were not universally reported, it is possible that some cases of multidrug

resistant TB were not classified as such.

Finally, the use of surveillance data precludes assessment of chronology to determine which of
the two conditions of interest, TB or diabetes, occurred first, and its impact on the other. While
this is a characteristic limitation of cross-sectional data, it is of particular relevance in the case of
TB and diabetes. Having TB may be a factor in developing diabetes for some people, and having
diabetes puts a person at increased risk of TB disease. Thus, knowing which condition was
preexisting would provide a more nuanced understanding of how diabetes status impacts TB

presentation and treatment outcomes.
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Chapter 6 Implications

Consequences for TB Prevention and Control Practice

This analysis found diabetes prevalence among TB cases to be exceptionally high, at 38%. This
finding has implications for both clinical management and prevention of disease transmission.
The association between having diabetes and presenting with more extensive disease highlights
the importance of early TB detection in Guam. Lung cavitation, positive AFB sputum smear, and
higher smear grade are associated with higher risk of transmission by those with TB disease to
their close contacts (67). A systematic review of TB transmission patterns found that patients
who were AFB smear positive or presented with cavitation were more likely to infect contacts
(68). Another study focused on children found that risk of infection was higher among those
who were household contacts of an AFB smear-positive adult (69). Because smear-positive TB
cases and those with cavitation are more infectious, identifying and treating cases before they

reach this stage of disease manifestation is a key TB control measure.

The disproportionate number of TB cases with diabetes who had unfavorable treatment
outcomes suggests a need for tailored clinical management in this high-risk group. Identifying
TB cases with undiagnosed diabetes through systematic screening is a necessary precursor.
Existing recommendations are in place for baseline diabetes screening for those at risk, based on
factors such as age, BMI, and ethnicity (43). The higher rate of therapy extension among TB
cases with diabetes indicates that there is already differentiation in treatment course that
correlates with diabetes status, although this may be because diabetic TB patients were more
likely to present with cavitation. One strategy for providing increased monitoring of cure
progression and treatment adherence among TB patients with concomitant diabetes is directly
observed therapy (DOT). A study in Taiwan found that a six-month course of directly observed

therapy reduced TB recurrence among patients with concomitant diabetes (70). Although
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recurrence was not captured in the data from Guam, findings from Taiwan suggest that more

favorable treatment outcomes may be achieved if DOT is widely implemented.

Recommendations for Further Study

While this analysis provides support for previous research indicating differential TB
presentation and treatment outcomes in people with concomitant diabetes, future studies are
needed to better understand the role of contextual factors present in Guam, including the
island’s majority ethnic groups and significant contact with countries that have higher TB
incidence. By incorporating measures of body composition and metabolic function, additional
research could provide new insights regarding how observed differences in diabetes risk, as well
as possible underlying mechanisms, may exacerbate the detrimental effect of having diabetes on
TB manifestation and treatment outcomes. For Guam in particular, it may be important to
further investigate the root causes of unfavorable treatment outcomes in order to distinguish
between failure to adhere to recommended treatment and failure of the treatment itself. A key
component of a follow-up study would be ensuring identification of all multidrug resistant TB

cases.

Conclusion

This analysis provides evidence of a high burden of TB disease with concomitant diabetes
among a population that is primarily of Pacific Islander and Southeast Asian ethnicity. There are
many possible contributors to Guam’s TB/diabetes burden, including immigration and regional
lifestyle patterns, as well as biological mechanisms fueling a reciprocal relationship between
these two conditions. More extensive disease manifestation, as measured by AFB sputum smear
positivity and pulmonary cavitation, was found among TB patients with concomitant diabetes.
Those with both conditions were also more likely to be treated for more than nine months and

have unfavorable treatment outcomes. Among foreign-born persons, who made up the majority



22

of TB cases, there was an association between length of residence in Guam and having diabetes.
This analysis of Guam’s TB surveillance data suggests that diabetes is an important factor to

consider in TB prevention and treatment.
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Chapter 7 Tables

Table 1: Demographic characteristics of patients with TB in Guam by diabetes
status

TB Only TB & Diabetes  Total P-value
n=153 n=92 n=245

Age 44 (18) 58 (11) 49 (17) <0.001*
mean (SD)
Sex 0.433%*
n (%)
Male 87 (57) 57 (62) 144 (59)
Female 66 (43) 35 (38) 101 (41)
Race 0.438**
n (%)
Asian 74 (48) 50 (54) 124 (51)
Native Hawaiian/ 71 (47) 40 (44) 111 (45)
Other Pacific Islander
Other/Unknown 8 (5) 2(2) 10 (4)
Nativity 0.358%*
n (%)
Guam-born 36 (23) 26 (28) 62 (25)
Foreign-born 116 (76) 66 (72) 182 (75)

Philippines 61 (40) 49 (53) 110 (45)

FSM 42 (27) 5 (6) 47 (19)

Other 13 (9) 12 (13) 25 (11)
Unknown 1(1) 0 (0) 1(0)

*Two-sample t-test used to compare difference in means
**Chi-square test used to compare difference in frequency distribution
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Table 2: Presentation characteristics of patients with TB in Guam by diabetes

status
TB Only TB & Diabetes  Total P-value
n=153 n=92 n=245

AFB sputum smear <0.001%*

n (%)

Positive 62 (41) 71 (77) 133 (54)

Negative 86 (56) 20 (22) 106 (43)

Unknown 5(3) 1(1) 6(3)

Lung cavitation (x-ray) 0.060*

n (%)

Yes 36 (24) 33(36) 69 (28)

No 109 (71) 58 (63) 167 (68)

Unknown 8 (5) 1(1) 9(4)

Lung cavitation (CT) 0.004%

n (%)

Yes 22 (14) 35(38) 57 (23)

No 26 (17) 12 (13) 38 (16)

Unknown 105 (69) 45 (49) 150 (61)

*Chi-square test used to compare difference in frequency distribution
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Table 3: Treatment characteristics of patients with TB in Guam by diabetes
status

TB Only TB & Diabetes  Total P-value
n=153 n=92 n=245

Therapy >6 months 0.113*%
n (%)
Yes 131 (86) 68 (74) 199 (81)
No 17 (11) 16 (17) 33 (14)
Unknown 5(3) 8(9) 13 (5)
Therapy >9 months <0.001*
n (%)
Yes 47 (31) 56 (61) 103 (42)
No 101 (66) 28 (30) 129 (53)
Unknown 5(3) 8(9) 13 (5)
Treatment outcome <0.001*
n (%)
Unfavorable 11 (7) 21 (23) 32 (13)

Died 5(3) 18 (20) 23 (9)

Other 6 (4) 3(3) 9(4)
Favorable 135 (88) 65 (71) 200 (82)
Unknown 7 (5) 6 (6) 13 (5)
Mortality
n (%)
Died 5(3) 18 (20) 23 (10) <0.001*
Other outcome 141 (92) 68 (73) 209 (85)
Unknown 7 (5) 6(7) 13 (5)

*Chi-square test used to compare difference in frequency distribution
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Table 4: Logistic regression analysis of the odds of presentation and treatment
characteristics among TB patients with concomitant diabetes compared to those
with TB only

Model Crude Odds Ratio Adjusted Odds Ratio* n**
(95% Confidence Interval) (95% Confidence Interval)

1. AFB smear positive 4.92 (CI 2.72—-8.92) 4.98 (CI 2.63-9.44) 239
2. Lung cavitation (x-ray) 1.72 (CI 0.98-3.05) 1.74 (CI 0.93—3.26) 236
3. Lung cavitation (CT) 3.45 (CI 1.45—8.21) 3.61 (CI 1.37—9.50) 95
4. Therapy >6 months 0.55 (CI 0.26-1.16) 0.76 (CI 0.34-1.67) 232
5. Therapy >9 months 4.30 (CI 2.43-7.60) 5.69 (CI 2.96—10.94) 232
6. Unfavorable treatment 3.97 (CI 1.81-8.71) 3.20 (CI 1.36—7.52) 232
outcome

7. Death 7.47 (CI 2.66—20.96) 5.66 (CI 1.88-17.04) 232

*Adjusted for age, sex, race
**Number of observations used in model
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Table 5: Length of Residence of Foreign-born Patients with TB in Guam by
Diabetes Status

TB Only TB & Diabetes  Total P-value
n=117 n=66 n=183
Length of residence 12 (24) 28 (25) 18 (23) <0.001*
median (IQR)
Residence >15 years <0.001**
n (%)
No 51(44) 11 (17) 62 (34)
Yes 38 (32) 43 (65) 81 (44)
Unknown 28 (24) 12 (18) 40 (22)

*Mann-Whitney U test used to compare difference in medians
**Chi-square test used to compare difference in frequency distribution
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Table 6: Logistic regression analysis of the odds of diabetes among foreign-born
patients with TB in short- and long-term residents

Model Crude Odds Ratio Adjusted Odds Ratio* n**
(95% Confidence Interval) (95% Confidence Interval)

8. Length of residence 1.06 (1.04—1.09) 1.06 (1.03-1.09) 143

9. Residence >15 years 5.25 (2.40-11.49) 4.15 (1.76—9.80) 143

*Adjusted for age, sex, race
**Number of observations used in model
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