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A B S T R A C T

Rationale: Failure to convert sputum at two months of treatment among persons with bacteriologically con-
firmed pulmonary tuberculosis (BC-PTB) indicates poor response to treatment but data are limited on its as-
sessment.
Objective: We determined the frequency and factors associated with sputum smear non-conversion at two
months among persons with BC-PTB in eastern Uganda.
Methods: We abstracted data of adult persons with BC-PTB, from routinely available records from TB registers at
10 clinics in eastern Uganda. We determined factors that are independently associated with sputum smear non-
conversion using logistic regression analysis. We expressed the results as odds ratio (OR) with 95% confidence
interval (CI).
Measurements and main results: Of 516 persons with BC-PTB, 81 (15.7%) did not achieve sputum smear con-
version at two months of TB treatment. Higher Mycobacteria tuberculosis (MTB) load and treatment at a private-
not-for-profit (PNFP) facility compared to government health facility were significantly associated with sputum
smear non-conversion. A one unit (+1) increase in MTB load based on ZN stain counts was associated with a
48% increase in the odds of sputum smear non-conversion with adjusted odds ratio (AOR), 1.48 (95% CI,
1.02–2.18). TB treatment at private-not-for-profit health facility was associated with a two-fold increase in the
odds of sputum smear non-conversion (AOR, 2.03; 95% CI, 1.01–3.92).
Conclusions: Our study shows that sputum smear non-conversion is common at two months of treatment in this
population. It is more likely among patients with higher baseline MTB load and those treated at PNFP facilities.
Strategies targeting patients with these risk factors are needed to enhance sputum smear conversion.

1. Introduction

Millions of people continue to fall sick and die of tuberculosis (TB)
in both developed and developing countries despite the availability of
effective treatment and cure [1,2]. The 2019 global TB report indicates
that 10 million people developed TB disease in 2018 and an estimated
1.5 million of them died [1]. For persons with bacteriologically con-
firmed pulmonary TB (BC-PTB) who have been started on treatment,
the World Health Organization (WHO) recommends sputum smear
follow-up tests at two or three, five, and six or eight months [3] to
establish treatment response and to promptly detect treatment failure
as well as drug resistance. Good response to TB treatment is indicated
by sputum smear conversion, a change in baseline sputum smear results
from detectable to non-detectable Mycobacterium tuberculosis (MTB)
bacilli.

Currently, there is no optimal diagnostic for accurate monitoring of

response to TB treatment. The available options include culture,
GeneXpert, and sputum smear microscopy, which all have limitations.
For instance, a systematic review and meta-analysis showed that both
sputum smear microscopy and mycobacterial culture have low sensi-
tivity and modest specificity in predicting treatment failure and relapse
during TB treatment [4]. Also, culture takes several weeks to yield re-
sults and requires specialized equipment while GeneXpert test results
are not accurate because it may detect deoxyribonucleic acid (DNA)
from dead MTB for individuals previously treated for TB [5], thus
compromising its specificity. Due to its poor specificity, recommenda-
tions have been made that the GeneXpert test should not replace the
standard sputum smear microscopy and culture tests for monitoring
treatment response [6]. Therefore, sputum smear microscopy, which
comes with additional advantages of being cheaper and less time con-
suming compared to GeneXpert and culture, is used to monitor response
to TB treatment in Uganda [7].
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Sputum smear conversion is an important performance target for TB
control programs because it determines cure and treatment success
rates, two important favorable outcomes of TB treatment [8]. For in-
stance, to declare a cure, the sputum smear result must be negative at
six or eight months and on one previous occasion, either at five or two
months of treatment [8]. Sputum smear non-conversion is a major
threat to public health because non-converters remain infectious and
may propagate TB transmission at household and community levels [9].
Estimates indicate that 80 to 90% of persons with BC-PTB achieve
sputum smear conversion within two to three months of treatment in-
itiation [10]. Certain persons do not achieve sputum smear conversion
(sputum smear non-converters) for reasons such as advanced age
[11–13], high baseline MTB load [11,13,14], and infection with human
immunodeficiency virus (HIV) [15].

In Uganda, data on sputum smear non-conversion among persons
with BC-PTB remain scarce. The purpose of this study was therefore to
investigate factors associated with sputum smear non-conversion at two
months of TB treatment among adult (≥15 years old) persons with BC-
PTB in rural Uganda. The data will support the design of context-spe-
cific interventions that are useful in improving the quality of TB ser-
vices at the district.

2. Methods

2.1. Data source

The data source and study setting for this study are described
elsewhere [16]. Briefly, the data are part of a large mixed-methods
study conducted in the Teso region of eastern Uganda comprising four
districts of Soroti, Kumi, Ngora, and Serere. The study participants were
obtained from treatment registers for persons with TB, treated across 10
health facilities with high patient loads, namely ≥ 100 persons with TB
per year. We abstracted data for persons with TB treated between
January 2015 and June 2018. Data were collected at hospitals or health
center IV facilities. A health center IV is a county level health facility
serving a population of about 100,000. The study sites in Soroti district
were Soroti Regional Referral Hospital, Princess Diana Memorial Health
Center (HC) IV, and Tiriri HC IV. For Serere district, they were Serere
and Apapai HC IVs as there was no district hospital. In Ngora district,
the Ngora HC IV and Ngora hospital were the study sites while in Kumi
district, the sites were Kumi HC IV, Kumi hospital, and Atutur hospital.
Most of the study sites were government health facilities except Kumi
and Ngora hospitals were private-not-for-profit (PNFP) health facilities.
The data were abstracted between April and May 2019 by trained re-
search assistants.

2.2. Anti-tuberculosis regimen

Each health facility has a TB diagnostic and treatment (DTU) unit to
provide TB diagnostic, treatment, and preventive services, mostly
managed by either a medical, clinical, or nursing officer. The TB DTUs
use the national TB treatment and control guidelines in managing
persons with TB, and the treatment is divided into two phases: an in-
tensive and continuation phase. However, the treatment guidelines
have changed over time. Prior to August 2017, persons with new BC-
PTB diagnosis were treated with either an eight months regimen that
consisted of Isoniazid (H), Rifampicin (R), Pyrazinamide (Z) and
Ethambutol as a fixed dose combination for two months in the intensive
phase and HE for six months in the continuation phase (2RHZE/6HE),
or with a six months regimen that comprised of RHZE for two months in
the intensive phase and RH for four months in the continuation phase
(2RHZE/4RH) [17]. Response to treatment was monitored with sputum
smear microscopy at two, five, and six or eight months. Previously
treated persons with BC-PTB were treated with an eight months re-
gimen that consisted of two months of RHZE as fixed dose combination
(FDC) tablet and daily Streptomycin (S) injection for two months and

RHZE for one month in the intensive phase. In the continuation phase, a
FDC of RHE tablets was used for five months (2RHZES/1RHZE/5RHE)
[17]. Therefore, the response to treatment was monitored at three, five,
and eight months for these patients.

In 2017, the WHO revised the TB treatment guideline and the
changes were adopted by the Uganda National TB and Leprosy Control
Program (NTLP). In the revised guideline, which took effect in Uganda
in August 2017, both previously treated persons and those with new
BC-PTB diagnosis are managed with the same six month regimen,
2RHZE/4RH, provided Rifampicin resistance has been excluded by
GeneXpert test [18]. Accordingly, response to treatment is monitored
by sputum smear microscopy testing at two, five, and six months in
both categories of persons with TB.

2.3. Sputum smear microscopy monitoring procedure

Persons with BC-PTB provided a sputum smear sample at two, five,
and six months of treatment for monitoring purposes. Each sample was
examined under direct microscopy using the Ziehl-Neelsen (ZN)
staining technique for acid-fast bacilli (AFB). In this procedure, sputum
samples were spread centrally on examination slides using a continuous
rotational movement until sputum smear sizes of about 20 mm by
10 mm was achieved.

The slides were then placed on a dryer with the smeared surfaces
facing upwards for about 30 min to enable air drying, heat fixed and
covered with carbolfuchsin stain. The slides were then heated until the
onset of vaporization, and the heated stains were allowed to remain on
the slides for five minutes before it was washed off with clean water.
Thereafter, the slides were covered with 3% acid alcohol until they
were sufficiently decolorized, washed well with clean water again, and
then covered with malachite green stain for one to two minutes. The
malachite stain was washed off with clean water and thereafter, the
back surface of the slides were wiped clean before they were air dried
on a drying rack. Lastly, each slide was examined under microscopy
using 100X oil immersion objective. The number of MTB in the sputum
smear samples were quantified as follows: 1+ for AFB less than 100 per
100 immersion fields, 2+ for 1–10 AFB per field at least in 50 fields,
and 3 + for more than 10 AFB per field at least in 20 fields [19].

2.4. Study design and eligibility criteria

We conducted a cross-sectional analysis for adult persons with BC-
PTB retrieved from the registers and treated between January 2015 and
June 2018. They were assessed for sputum conversion at two months
following the date of treatment initiation. We excluded the following:1)
persons with clinically diagnosed and extra pulmonary TB as well as
those below 15 years of age as their response to treatment was not
monitored by sputum smear microscopy; 2) persons with multi-drug
resistant TB (MDR-TB) because this form of TB is not drug susceptible
and often requires specialized treatment at referral sites; 3) persons
who never received sputum smear monitoring at two months since this
was the primary outcome; 4) previously treated persons with BC-PTB
who were managed using the eight months TB regimen (2RHZES/
1RHZE/5RHE); because they had received sputum smear monitoring
test at three months. The inclusion of such persons would result into
differences in sputum smear conversion relative to those with new BC-
PTB diagnosis who had received sputum smear monitoring at two
months. We restricted our analysis to persons with new BC-PTB diag-
nosis managed using either 2RHZE/4RH or 2RHZE/HE, and previously
treated persons with BC-PTB managed using 2RHZE/4RH, because they
all receive sputum testing at two months of treatment, which provides a
harmonized time point for assessment of sputum smear conversion. We
adhered to the Strengthening of the Reporting of Observational Studies
in Epidemiology (STOBE) guideline in reporting the findings [20,21].
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2.5. Measurements

We extracted the following variables: district of residence, type of
health facility ownership measured as government or private-not-for
profit; level of health facility measured as Health Center IV (sub county
level health facility), district and referral hospital; participant age, sex,
type of person with BC-PTB measured as new or previously treated;
baseline MTB load, TB regimen measured as 2RHZE/6HE or 2RHZE/
4RH; HIV sero-status, type of directly observed therapy short course
(DOTS) measured as facility versus community-based DOTS; and
treatment supporter availability (yes or no). We categorized health fa-
cilities located within 5 km radius to the main trading town as peri-
urban, otherwise they were considered rural. Using the WHO threshold
for treatment success rate (TSR) of at least 90%, districts with a TSR
above 90% were categorized as high TSR district and the rest as low
TSR districts.

2.6. Data analysis

In the univariate analysis, we summarized categorical data into
frequencies or percentages, and numerical data into means and stan-
dard deviations. The primary outcome variable was sputum smear non-
conversion at two months of TB treatment measured as a binary out-
come, yes or no. Persons with BC-PTB who remained sputum smear
positive at two months of TB treatment were considered sputum smear
non-converters.

In the bivariate analysis, we tested differences in proportion of
sputum smear non-conversion with categorical variables such as sex
using the Chi-square test for large cell counts, otherwise the Fisher’s
exact test was used. To test mean differences in sputum smear non-
conversion with numerical variables like age, we used the Student’s t-
test when data were normally distributed, and the Wilcoxon rank sum
test was used for skewed data. Variables with probability values (p
values) less than 5% were considered statistically significant. We con-
sidered variables that carried important clinically prognosis such as HIV
infection and new versus previously treated persons with BC-PTB for
univariate and multivariate binary logistic regression analyses. We re-
ported the results both as unadjusted odds ratio (uOR) and adjusted
odds ratios (aOR) with the 95% confidence interval (95% CI).

We performed sensitivity analysis to examine the effect of excluding
persons with missing baseline MTB load because their diagnosis was by
GeneXpert. We examined the effect of analyzing MTB load as a cate-
gorical variable, and then as a continuous variable. All analyses were
performed in R statistical software version 3.5.2 [22].

2.7. Human subjects’ issues and ethics approval

We received ethics approval from Mbarara University of Science
and Technology Research Ethics Committee, MUST-REC (reference
number 03/11-18) and the Uganda National Council for Science and
Technology (HS 2531). We received a waiver of patient consent from
MUST-REC to access secondary data because it was not possible to
reach and obtain informed consent from the large number of study
participants. To ensure confidentially of data and information, in-
dividual identifiers such as names and registration numbers were made
anonymous in the data abstraction and analysis stages.

3. Results

3.1. Study profile

We retrieved records of 3025 persons with TB treated across 10
study sites. Of these, 1881 were first excluded because they were not
persons with BC-PTB as shown in the study profile in Fig. 1 below. Of
1144 persons with BC-PTB, 21 were excluded: 14 were below 15 years
of age and 7 had MDR-TB. Of the remaining 1123 persons with BC-PTB,

607 were excluded with reasons: 568 did not receive sputum smear
microscopy test at two months of TB treatment and 39 were previously
treated persons with BC-PTB managed using 2RHZES/IRHZE/5RHE.
Overall, 516 records for adult persons with BC-PTB were analyzed.

3.2. Socio-demographic and clinical characteristics of participants

The average age of all the participants was 38.4 ± 15.6 years, with
no statistically significant difference between sputum smear converters
and non-converters and the results are shown in Table 1. Of 516 par-
ticipants, 81 (15.7%) were sputum smear non-converters at two months
of TB treatment. Among patients from the PNFPs, a significantly larger
proportion of them were sputum smear non-converters (19.8%) com-
pared to the converters (9.4%), with p = 0.011. The distribution of
sputum smear converters and non-converters did not differ by district
TSR (p = 0.896). In districts with low TSR, the proportion of sputum
smear non-converters (77.9%) was similar to converters (76.5%). The
proportion of sputum smear non-converters was slightly higher among
patients who had received treatment at government health facilities
(80.2%), at referral hospital level of care (37.0%) and peri-urban health
facilities (65.4%) compared to PNFP health facilities, district hospital or
HC IV level of care, and rural health facilities, respectively but the
differences were not significant.

3.2.1. Factors associated with sputum smear non-conversion at two months
among persons with bacteriologically confirmed pulmonary tuberculosis

In unadjusted binary logistic regression analysis (Table 2), results
showed that sputum smear non-conversion was more likely when TB
treatment was at PNFP health facility than at government health facility
(uOR, 2.37; 95% CI, 1.23–4.39), and among patients with higher
baseline MTB load with 51% increase in the odds of non-conversion for
a unit (1+ on ZN stain) increase in MTB load (uOR, 1.51; 95% CI,
1.05–2.22). Although not statistically significant, our analysis indicated
that sputum smear non-conversion was more likely for the following
persons with BC-PTB: those above 35 years old (uOR, 1.26; 95% CI,
0.79–2.04), those with history of previous treatment of TB (uOR, 1.18;
95% CI, 0.39–2.94), those living with HIV (uOR, 1.16; 95% CI,
0.67–1.94), and of male sex (uOR, 1.37; 95% CI, 0.82–2.34).

In the adjusted logistic regression analysis (Table 2), sputum smear
non-conversion was more likely to occur among patients who received
TB treatment at PNFP health facility compared to those at a government
health facility (aOR, 2.03; 95% CI, 1.01–3.92). A one unit (1+ on ZN
stain) increase in baseline MTB load was associated with a 48% increase
in the odds of non-conversion (aOR, 1.48; 95% CI, 1.02–2.18). How-
ever, the other factors namely location of health facility, HIV infection,
and type of BC-PTB were not significantly associated with sputum
smear non-conversion.

4. Discussion

Our study in rural eastern Uganda shows that at least 15% of per-
sons with BC-PTB did not achieve sputum smear conversion at two
months. We found high baseline MTB load and treatment of TB at
private-not-for profit (PNFP) healthcare facilities are associated with
sputum smear non-conversion. The magnitude of sputum smear con-
version falls between 80 and 90% [10], which is within the WHO re-
commended threshold for sputum smear conversion for persons with
new BC-PTB diagnosis when the TB control program is performing well
[23]. The magnitude of sputum smear conversion is similar to estimates
in previous epidemiological studies in several sub-Saharan African
countries [11,13,15], and Sri Lanka [24]. The proportion of persons
with BC-PTB who were sputum smear non-converters at two months of
TB treatment is small. Since not all persons with BC-PTB achieve SSC by
two months of treatment, drug susceptibility testing using GeneXpert
remains critical in ruling out possible MDR-TB in sputum smear non-
converters as recommended [3].
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Fig. 1. Study profile for sputum smear non-conversion among adult persons with bacteriologically confirmed pulmonary tuberculosis in rural eastern Uganda. Note:
BC-PTB: Bacteriologically confirmed pulmonary tuberculosis.

Table 1
Socio-demographic and clinical characteristics of participants.

Characteristics Level Conversion p value

Total, n = 516
n (%)

Yes, n = 435
n (%)

No, n = 81
n (%)

Category of district of study High TSR 115 (22.3) 96 (22.1) 19 (23.5) 0.896
Low TSR 401 (77.7) 339 (77.9) 62 (76.5)

Type of health facility Government 459 (89.0) 394 (90.6) 65 (80.2) 0.011
Private-not-for profit 57 (11.0) 41 (9.4) 16 (19.8)

Year of TB treatment 2015 184 (35.7) 154 (35.4) 30 (37.0) 0.988
2016 95 (18.4) 81 (18.6) 14 (17.3)
2017 126 (24.4) 106 (24.4) 20 (24.7)
2018 111 (21.5) 94 (21.6) 17 (21.0)

Level of health facility Health Center IV 185 (35.9) 157 (36.1) 28 (34.6) 0.178
District hospital 108 (20.9) 85 (19.5) 23 (28.4)
Referral hospital 223 (43.2) 193 (44.4) 30 (37.0)

Location of health facility Rural 127 (24.6) 99 (22.8) 28 (34.6) 0.034
Peri-urban 389 (75.4) 336 (77.2) 53 (65.4)

Age group (years) ≤35 261 (50.6) 224 (51.5) 37 (45.7) 0.500
> 35 255 (49.4) 211 (48.5) 44 (54.3)

Sex Male 340 (65.9) 282 (64.8) 58 (71.6) 0.292
Female 176 (34.1) 153 (35.2) 23 (28.4)

Type of persons with BC-PTB New 488 (94.6) 412 (94.7) 76 (93.8) 0.955
Previously treated 28 (5.4) 23 (5.3) 5 (6.2)

Baseline MTB load 1+ 67 (21.7) 11 (17.2) 78 (20.9) 0.021
2+ 116 (37.5) 15 (23.4) 131 (35.1)
3+ 126 (40.8) 38 (59.4) 164 (44.0)

HIV infected No 382 (74.0) 324 (74.5) 58 (71.6) 0.686
Yes 134 (26.0) 111 (25.5) 23 (28.4)

Type of Directly Observed Therapy Short Course (DOTS) Facility 16 (3.1) 13 (3.0) 3 (3.7) 0.726
Community 500 (96.9) 422 (97.0) 78 (96.3)

Treatment supporter present Yes 461 (89.3) 386 (88.7) 75 (92.6) 0.403
No 55 (10.7) 49 (11.3) 6 (7.4)
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This study shows that higher baseline MTB load is associated with
increased likelihood of sputum smear non-conversion, consistent with
several studies [13,24–28]. High baseline MTB load is associated with
higher numbers of bacilli in the lungs, and such persons tend to have
extensive lung cavitation [29]. The patients with a higher pre-treatment
MTB load might benefit from rigorous treatment adherence counseling
and psychosocial support to ensure that they take their medicines
correctly and not further increase their probability of remaining in-
fectious after the first two months of treatment. Health workers need to
prioritize these patients in the sputum smear monitoring and follow up
to ensure they achieve sputum smear conversion.

Evidence from elsewhere shows that health and healthcare related
performance are influenced by the kind of ownership of health facilities
[30]. Our study shows that TB treatment at PNFP health facilities is
associated with higher odds of sputum smear non-conversion compared
to treatment at government health facilities. In our context, no study
has compared treatment outcomes among persons with TB treated at
PNFP versus government healthcare facilities but most existing studies
have compared treatment outcomes between PFP and government
health facilities [31,32].

In low and middle income countries, particularly for countries in
SSA, a systematic review and meta-analysis reports that PNFP health
facilities tended to be more responsive and to offer better clinical
practice especially compliance with clinical guidelines than govern-
ment health facilities [33], but have incompetent healthcare providers
in terms of knowledge tests or exams [33]. It is therefore highly likely
that persons with BC-PTB treated at government health facilities tend to
benefit from better quality TB services compared to those treated at
PNFP health facilities. Such differences in quality of care translate into
reduction in sputum smear non-conversion at government than PNFP
health facilities.

Our data shows no difference in sputum smear conversion between
previously treated persons with BC-PTB and persons with new BC-PTB
diagnosis. The findings are not in agreement with the results of an
earlier study conducted in India [34]. A recent systematic review and
meta-analysis reports that a high pill burden and longer treatment
duration among previously treated persons with BC-PTB compromises
treatment adherence and leads to suboptimal rates of cure and success
[35]. However, in the present study, both previously treated and un-
treated persons with BC-PTB were managed using same regimen that
lasted for six months. The similar pill burden may explain the lack of a
difference in sputum conversion. Our data also shows that HIV infected
persons with BC-PTB were no different in achieving sputum smear
conversion compared to HIV uninfected persons. Our finding is con-
sistent with the results of an earlier study performed in Dar es Salaam,
Tanzania [36]. The lack of difference in sputum smear conversion may

be an indicator for strengthened HIV and TB treatment integration [19].

4.1. Study limitations

Our study has a number of limitations that should be considered in
the interpretation of results. We analyzed secondary data initially col-
lected for routine clinical care so the number of variables were limited
to enable comprehensive examination of SSC among persons with BC-
PTB. For instance, variables known to influence SSC such as tobacco
smoking [26], diabetes mellitus [26,37,38] adherence to treatment
[37], and changes in body weight that occurs during TB treatment [39]
were not available in the patient database. Although we were able to
exclude seven persons with MDR, we could not exclude all persons with
MDR-TB from this study because diagnosis was performed largely using
sputum smear microscopy test.

Accordingly, assuming some participants had MDR-TB at baseline,
the observed lack of difference in SSC between previously treated and
untreated persons with BC-PTB would not hold. As the analysis was
restricted to sputum smear conversion status at two months, our con-
clusions might not reflect those at five and six months of treatment.
Also, we acknowledge that sputum smear microscopy is not the best in
monitoring response to TB treatment due to low sensitivity and modest
specificity in predicting treatment failure and relapse. The measure-
ment of sputum smear conversion depends on the healthcare systems'
factors such as staff competence and skills to conduct sputum smear
monitoring tests and to accurately report sputum smear non-conversion
on time. The lack of data on health systems is another limitation. These
factors have the potential to influence the outcome and were not
measured in our study. However, these limitations do not override the
rigor with which this study was designed and conducted. Importantly,
we made attempts to verify all sputum smear results that were recorded
in the TB unit registers using the laboratory register results. All the 10
study sites participate in routine external quality assurance of the na-
tional TB control program so the sputum smear results recorded in the
registers are reliable.

4.2. Conclusions and recommendations

Our study showed that sputum smear conversion at two months of
TB treatment among adult persons with BC-PTB in eastern Uganda falls
within the expected proportion of 80 to 90%. Patients with higher
baseline MTB load and those on treatment of TB at PNFP health facility
compared to government health facility carried higher odds for sputum
smear non-conversion at two months. TB control programs should de-
velop strategies targeting these high risk individuals to reduce the risk
for emergence of MDR-TB.

Table 2
Unadjusted and adjusted Binary logistic regression analysis of factors associated with sputum smear non-conversion among people with BC-PTB.

Binary logistic regression analysis

Characteristics Level uOR (95% CI) aOR (95% CI)

Type of health facility Government 1 1
Private-not-for profit 2.37 (1.23–4.39) 2.03 (1.01–3.92)*

Location of health facility Rural 1 1
Peri-urban 0.56 (0.34–0.94)* 0.89 (0.39–2.22)

Age group in years ≤35 1
>35 1.26 (0.79–2.04)

Type of person with BC-PTB New 1 1
Previously treated 1.18 (0.39–2.96) 2.38 (0.50–8.61)

Baseline MTB load on ZN stain counts One unit (1+) increase 1.51 (1.05–2.22)* 1.48 (1.02–2.18)*
HIV infected No 1 1

Yes 1.16 (0.67–1.94) 2.24 (0.48–8.06)
Sex Female 1

Male 1.37 (0.82–2.34)

Note: 1) *p < 0.05; ** p < 0.001; *** p < 0.0001 at 5% significance level; 2) All odds ratio (ORs) and 95% confidence intervals (CI) are in brackets 3) aOR:
Adjusted Odds Ratio; 4) uOR: Unadjusted odds ratio. 5) Odds Ratios are exponentiated coefficients.
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