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Abstract
Background: Tuberculosis (TB), and especially its drug resistant forms, is responsible
for not only significant mortality, but also considerable morbidity, still under-quantified.
This study used four Patient-Reported Outcome Measures (PROMS) to assess the status
of persons affected by drug-susceptible and drug-resistant TB during their TB treatment
or after treatment completion, in Romania, the highest TB burden country in the EU.
Methods: People affected by TB in two different regions in Romania were included
during and after treatment, following a cross-sectional design. PROMs used were
SF-36, EQ-5D-5L, WPAI and the app-based audiometry screening tool ‘uHear.’
Descriptive statistics and relevant statistical tests were used to compare groups
between themselves and with the general Romanian population.
Results: Both patients with drug-susceptible and drug-resistant TB experience, with
drug-resistant patients experiencing statistically significantly more pain and hearing
loss. PROMs show some improvement in the after-treatment group; however, com-
pared with the general Romanian population for which data were available, all groups
scored lower on all outcome measures.
Conclusion: PROMs offer the possibility of obtaining a more comprehensive view of
patients’ status, by involving them directly in the medical process and could guide a
rehabilitation strategy.
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INTRODUCTION

Patients’ perspectives have become increasingly recognised
as important to medical management, as they can offer
information about the burden of a disease beyond indicators
such as incidence and mortality. The expanding use of
patient-reported outcome measures (PROMs) has been a
part of this shift. Initially developed for clinical trials, they
have now been embedded in routine clinical settings for sev-
eral domains, especially mental health [1]. PROMs consist
of surveys collecting data regarding general well-being,
symptoms, health-related quality of life and functional status
and are one of the possible patient follow-up tools.

Tuberculosis (TB), a primarily respiratory infectious dis-
ease caused by Mycobacterium tuberculosis, was not only
responsible for 1.6 million deaths in 2021, but also has a sig-
nificant impact on patients’ lives [2]. The effects of the bac-
teria itself, combined with the complex, lengthy treatment
and post-treatment sequelae, contribute to a decrease in TB
patients’ quality of life, including effects on physical and
emotional health, disability and patients’ financial well-being
[3–5]. A recent systematic review found that after a TB diag-
nosis, nearly a quarter of patients had or developed mental
health disorders. This percentage was higher than the per-
centage of patients reporting well-known disease effects such
as respiratory impairment or treatment side effects, such as
hearing loss [3]. On the economic plane, a study from India
reported that nearly one third of patients on TB treatment
had incurred catastrophic costs [4] and another study of
Malawi TB patients showed that more patients were living
in poverty 1 year after TB treatment completion [5].

Furthermore, there is evidence to indicate that the bur-
den of TB is worse for drug-resistant TB (DR-TB), a form of
TB with increasing incidence worldwide, where treatment
can last 2 years which is much longer compared with drug-
susceptible TB (DS-TB). Several studies showed that patients
with resistant TB scored lower on quality-of-life indicators
than those with DS-TB [6, 7].

Within the European Union/European Economic Area
(EU/EEA), considered a low-incidence TB region, Romania
accounts for 23.4% of total EU cases [8]. The 2019
European Commission report on Romania concluded that
despite certain economic growth, inequality is increasing
and poverty remains high, with deepening regional dispar-
ities being amongst the highest in the EU. In this context,
the healthcare system has important challenges in offering
medical accessibility and patient support [9]. PROMs are
the outcomes of both the diseases and these challenges com-
bined and can inform health care workers and policy makers
on interventions potentially reducing disease impact.

Therefore, we studied differences in patient-reported
outcomes between drug-susceptible and drug-resistant TB
patients in Romania. The secondary aim was to observe

differences in PROMs between patients during TB treatment
and patients after TB treatment completion.

METHODS

Study participants

This is an observational, cross-sectional, multicentric study.
Study participants were chosen from two main regions of
Romania: the north-eastern region and the capital region, in
south-Romania. The economic disparity between these two
regions is the largest within Romania, 3.6 times the GDP.
The study took place in TB centres and in field dispensaries,
located in villages surrounding urban TB centres. Study sites
were the Bisericani TB Expertise Centre (Piatra Neamt,
Romania), the Iasi Regional Lung Hospital and TB Ambula-
tory (Iasi, Romania) and the Marius Nasta TB Institute and
TB Ambulatory (Bucharest, Romania). Eligible participants
were adults (≥18 years of age), capable and willing to pro-
vide consent, diagnosed with pulmonary TB, either in treat-
ment or after a maximum of 5 years post-treatment.
Treatment end was defined as the last medication intake, as
noted in the clinical chart. All eligible patients were
approached either in person or via telephone (a maximum
of two times) and invited to participate in the study, either
in the hospital or in the rural ambulatory clinics. Participa-
tion in this study was voluntary.

Ethics

After being informed by an investigator about the contents
of the study and having time to consider participation and
ask questions, willing participants signed the informed con-
sent form in their native language. The study was approved
by each medical centre (METC 21064/Iasi Regional Lung
Hospital and TB Ambulatory) (Iasi, Romania), 210/Biseri-
cani TB Expertise Centre (Piatra Neamt, Romania), 10593/
Marius Nasta TB Institute and TB Ambulatory (Bucharest,
Romania), 201800981/University Medical Centrum Gro-
ningen (Groningen, the Netherlands).

Data collection

Patient data collection was performed using standardised
forms. Data collection included general demographics, clini-
cal data, two questionnaires regarding quality of life, a ques-
tionnaire regarding work and general financial status, and a
self-administered hearing test.

The SF-36, consisting of a set of 36 plain-language scale
questions, is one of the most widely used questionnaires to
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measure quality of life. Interpretation is based on grouping
answers in eight domains: physical functioning, energy/
fatigue, emotional well-being, physical and emotional limita-
tions to work and daily life, bodily pain, energy/fatigue and
general health. The instrument has been used to measure
the quality of life of patient populations with a specific disease,
including TB [10, 11], and has been validated and used previ-
ously to estimate quality of life of the general Romanian popu-
lation [12]. The EQ-5D-5L, assesses quality of life through
levels of impairment on different dimensions: mobility, self-
care, daily activity, pain/discomfort, anxiety/depression and
grouping results in health states (the best possible health state
being 11,111 and worse 55,555). Additionally, this question-
naire contains a visual analogue scale for self-rated health. It
has been used for TB outcomes [13] and it has been validated
for the Romanian population [14, 15].

The WPAI-GH is the most frequently used tool in
health-related economic evaluations [16], and it has been
used for several respiratory diseases [17]. It assesses work
productivity and the impact of health on work and daily life
with a recall period of one week [10] by asking questions
regarding absenteeism (work lost) and the impact of health
on work and daily life productivity. The WPAI referred to
patients of employment age (under 65 for male and 61 for
female for the Romanian population). Instrument scoring
was performed using the official user manuals.

Audiometry was performed using the uHear app v.2.0.2, a
validated software screening tool for loss of hearing [18]. Hard-
ware equipment was maintained constant for all testing centres
and it consisted in Marshall over ear headphones and an
Iphone 4 SE. The app shows results for left and right ear, for
0.5 kHz, 1 kHz, 2 kHz, 4 kHz, 6 kHz with 1 being ‘normal’
and 5 being ‘profound hearing loss’. Additionally, patients
were asked pretest if they perceived any subjective hearing loss.

Self-administered measures took 15–20 mins to com-
plete and the hearing test approximately 10 min.

For laboratory values, 48 IU/L for alanine transaminase
(ALAT), 42 IU/L for aspartate transaminase (ASAT) and
1.35 mg/dL for men and 1.04 mg/dL for women for creati-
nine were considered normal upper limits.

Data analysis

Sample size was calculated based on the assumption that
drug-susceptibility (DS-TB) decreases overall quality of life
by 10% measured by SF-36 results and drug-resistant
(DR-TB) by 30%, with an enrolment ratio of 3:1, a power of
80% and a margin of error of 5%.

Comparisons of groups were performed through Chi-
squared test, independent sample T tests or Mann–Whitney
tests, as appropriate. Data analysis was performed using
SPSS version 17.

TB drug sensitivity data obtained either through classical
antibiogram or GeneXpert was used to classify patients as
having either DS-TB or DR-TB. The latter category was
defined as any first line drug resistance or intolerance or a

combination thereof and it included mono resistance to
rifampicin or isoniazid, multidrug resistance (MDR-TB) and
(pre) extensive drug-resistant TB (XDR-TB).

For the secondary research question, participants were
grouped in during treatment (i.e., before the last medication
intake) and after treatment (i.e., after the last medication
intake) categories.

General participant characteristics are reported as such.
Official registers were used for the income category and for
cut-off points for the number of rooms per person [19].

SF-36 domain scores were obtained, with higher scores
representing better outcomes (e.g., a participant experiences
less pain at a score of 80 than at a score of 60). Median scores
for each domain were compared between groups. Domain
median and mean scores were further compared with their
counterparts for the general Romanian population.

EQ-5D-5L results were dichotomised as participants
with ‘no problems’ and ‘problems’ on each of the five
dimensions and results were compared. The visual analogue
scale results were compared as medians. Mean visual ana-
logue scale results were used in the comparison with the
general Romanian population as data on medians are not
available.

The WPAI questionnaire was analysed for participants
of employment age (under 65 for men and 63 for women).
Results to question 1, referring to employment status, were
compared as percentages of employed participants. Ques-
tions 2–4 refer to the amount of work hours lost due to
health or other issues, with a recall period of 1 week. Results
are reported in percentage of time lost from a maximum of
40-hour work week, the standard in Romania. Questions
5 and 6 are scales from 1 to 10 indicating the impact of
healthcare status on work and other activities, respectively.
Medians of results of questions 2–6 were compared.

Analysis of audiometry app results used the uHear man-
ual interpretation [19, 20], of averaging results for the
0.5 kHz, 1 kHz, 2 kHz, 4 kHz and considering anything over
40 dB (‘moderate loss’) as abnormal. Hearing grades are
presented as medians and abnormal hearing and subjective
perception of abnormal hearing as percentages.

For categorical values, Chi-squared and or Fisher’s exact
test were used and for continuous values T-test and Mann–
Whitney U test were used to compare groups, as appropri-
ate, with significance set at p < 0.05. Software used was IBM
SPSS® v.27.

RESULTS

Participant characteristics

A total of 201 patients with DS-TB and 80 with DR-TB were
enrolled (Table 1), out of which 146 participants
were receiving TB treatment. The median age was 45 years
and 71% of the participants were male. Considering living
conditions, including poverty indicators, the majority of
patients lived in rural areas, and more than a third had their
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bathroom outdoors. The mean number of rooms per person
in our study, 1.3 rooms per person was lower than the EU
average of 1.6, but comparable with the Romanian mean of
1.1 [21]. A minority of patients presented with comorbid-
ities: 3 (1%) with HIV, 12 (4%) with diabetes mellitus type
2 and 5 (2%) with cancer.

TB was diagnosed following the standard diagnostic rou-
tine. Almost all, 269 (96%), had a chest X-ray indicating TB,
208 (74%) had a positive sputum smear result, 222 (81%)
had a positive culture result, with the rest of the patients
being treated as TB based on clinical context. A majority,
222 (79%) were newly diagnosed with TB (177/201 (88%) of
DS-TB and 45/80 (56%) of DR-TB), with the rest being
retreatment cases.

Among the 80 patients with resistant TB, 4 (5%) had
rifampicin mono-resistant TB, 5 (6%) had isoniazid mono-
resistant TB, 50 (63%) had multidrug-resistant TB and 21
(26%) had extensively drug-resistant TB (2019 definition). An
injectable drug (amikacin or kanamycin) was used for
42 (15%) patients. Forty-three (15%) patients had elevated liver
enzymes (either ALAT, ASAT, or both) and eight (3%) had an
elevated creatinine value in the course of their treatment.

SF-36

Seven of the eight SF-36 domains scores had no statistically
significant differences between DS-TB and DR-TB groups.
The only domain where groups’ scores were statistically

different was the ‘bodily pain’ (p = 0.029, Mann–Whitney
U test, Table 3). Compared with data available for the gen-
eral Romanian population, DR-TB and during treatment
groups scored lower on all domains, with the largest differ-
ences being noted in the ‘role of limitations’ domains, both
for physical health and emotional problems. These two
domains included questions such as ‘during the past four
weeks, have you had difficulty performing work or daily
activities’ and ‘during the past four weeks, have you accom-
plished less than you would have liked’. DS-TB and after-
treatment groups scored either similarly or slightly better
median scores for several domains, including ‘emotional
well-being’ and ‘social functioning’. For the ‘general health’
domain, all groups scored lower medians and means
(Table 2, Figure 1).

Domains with statistically significant differences depend-
ing on treatment stage were ‘role of limitations due to physical
health’ (25 (0–100) for patients during treatment and 75
(0–100) after treatment, p < 0.001), ‘role of limitations due to
emotional problems’ (33 (�100) for patients during treatment
and 100 (0–100) after treatment, p = 0.001) and ‘social func-
tioning’ (75 (50–100) in patients during treatment and 88
(63–88) after treatment, p = 0.001).

EQ-5D-5L

There were several domains with differences in proportions
of patients experiencing problems; however, the ‘pain’

T A B L E 1 Patient characteristics.

DS-TB DR-TB Total

N = 201 N = 80 N = 281

Patient characteristics

Male 139 (69%) 61 (76%) 199 (71%)

Age (years, median [IQR]) 44 (31–55) 49 (40–57) 45 (33–57)

BMI (kg/m2, median [IQR]) 21 (20–24) 20 (18–24) 21 (19–24)

TB treatment phase

During TB treatment 100 (50%) 46 (58%) 146

After TB treatment 101 (50%) 34 (42%) 135

Living conditions

Urban 90 (45%) 36 (45%) 126 (45%)

Rural 109 (54%) 44 (55%) 153 (55%)

Homeless 2 (1%) 0 2 (0.7%)

Outdoor bathroom 83 (41%) 29 (35%) 112 (40%)

Education

No education 2 (1%) 1 (1.3%) 3 (1%)

Under bachelor level 129 (64%) 57 (71%) 186 (66%)

Bachelor and above 70 (35%) 22 (28%) 92 (33%)

Lifestyle

Current smokers 86 (43%) 41 (51%) 127 (45%)

Moderate or more alcohol intakea 28 (14%) 6 (8%) 34 (12%)

aDefined as more than more than eight drinks per week for women and 15 for men, National Institute for Health, National Institute on Alcohol Abuse and Alcoholism, US 2023.
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domain was the only one with statistically significant differ-
ences between DS-TB and DR-TB: 57% DS-TB reported not
having any pain vs 39% DR-TB, p = 0.007 (Chi-squared
test, Table 3). Furthermore, the only statistically significant
difference between patients during and after treatment is in
the ‘mobility’ domain.

Concerning the overall visual analogue scale, TB patients
scored a mean of 74/100 (SD 22) and a median of 80
(60–90), with 35 (13%) reporting full health (100/100). The
general Romanian population has a mean of 82.5 (SD 15.5)
on the same scale and 52% reported full health.

Employment and WPAI

Of the total of 281 participants, 32 (11%) were of retirement
age (65 for men and 63 for women) and were not included
in the analysis. Approximately half of all patients earn less
than the minimum wage in Romania. There were no statisti-
cally significant differences in the WPAI questionnaire
between DS-TB and DR-TB, but there were differences
between patients during and after treatment, with the latter

category scoring better on all questions regarding work and
daily activities. Patients during treatment lost all work hours
as they were either hospitalised or on medical leave. For the
same question, after treatment, patients reported missing
no work hours (work hours missed during treatment
100 (0–100) vs. after treatment 0 (0–0), p < 0.001). At the
same time, the after-treatment group scored statistically sig-
nificantly better on the domains pertaining to the impair-
ment of TB on their work (impairment while working
during treatment 50 (25–80) vs. after treatment 10 (0–45)
p < 0.001, overall work impairment during treatment
100 (100–100) vs. after treatment 10 (0–80) p < 0.001) and
daily activities (during treatment 50 (10–70) vs. after treat-
ment 20 (0–70) p = 0.003), but they still reported certain
degrees of impairment (Table 4).

uHear audiometry app results

Nine patients (7 DS-TB and 2 DR-TB) did not understand
how to perform this test and were excluded from the
analysis.

T A B L E 2 SF-36 domains scores comparisons between drug-susceptible and drug-resistant TB patients and between patients during and after treatment
completion.

Median (IQR)

DS-TB DR-TB During After
RO

Domain N = 201 N = 80 N = 146 N = 135 Popa

Physical functioning 85 (55–95) 75 (55–93) 75 (49–90) 90 (65–100) 95

Role of limitations due to physical health 50 (0–100) 50 (0–100) 25 (0–100)b 75 (0–100)b 100

Role of limitations due to emotional problems 100 (0–100) 67 (0–100) 33 (0–100)b 100 (0–100)b 100

Energy/fatigue 60 (40–80) 60 (40–70) 55 (40–76) 60 (45–80) 65

Emotional well-being 72 (52–80) 68 (52–76) 68 (52–80) 72 (56–80) 68

Social functioning 88 (62–100) 75 (50–100) 75 (50–100) 88 (63–88) 86

Bodily Pain 80 (56–100)c 68 (45–100)c 78 (45–100) 88 (55–88) 78

General health 60 (45–75) 55 (45–70) 60 (45–70) 60 (45–75) 65

Note: Higher scores represent better outcomes. Final column represents general Romanian population.
aGeneral Romanian Population; rows in grey represent statistically significant differences between groups.
b Statistically significant differences between during and after treatment.
c Statistically significant differences between DS-TB and DR-TB;

T A B L E 3 EQ-5D-5L domains comparisons between drug-susceptible and drug-resistant TB patients and between patients during and after-treatment
completion.

Number of participants experiencing problems, n (%)

DS-TB DR-TB During After

Domain N = 201 N = 80 N = 146 N = 135

Mobility 142 (71%) 49 (61%) 90 (62%) 101 (75%)

Self-care 180 (90%) 72 (90%) 132 (90%) 120 (89%)

Daily activity 147 (73%) 50 (63%) 101 (70%) 96 (71%)

Pain 114 (57%) 31 (39%) 75 (51%) 70 (52%)

Anxiety 110 (55%) 35 (44%) 70 (48%) 76 (56%)

EQ VAS (means, SD) 74 (SD 22) 73 (SD 21) 69 (SD 24) 80 (SD 18)

Note: Rows in grey represent statistically significant differences between groups; statistically significant differences between DS-TB and DR-TB; statistically significant
differences between during and after treatment.
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Hearing loss was statistically significantly worse for DR-TB
across multiple hearing loss metrics, including patients’ subjec-
tive perception, hearing test results through uHear and if tak-
ing in account only high frequency hearing loss (Table 5).

Subgroup analysis on different treatment schemes was
performed. A total of 82 of 281 patients (28%) were on
second-line medication, out of which 41 (50%) were
on injectable therapy (amikacin or kanamycin). Of these,
26 (63%) had a result indicating on the uHear test compared
with 83 (36%) of the participants without injectables in their
treatment scheme (p = 0.002). Hearing loss for high fre-
quencies (over 1 Hz) was recorded by 29 (71%) of the group
on injectable therapy versus 106 (46%) in the non-
injectables group (p = 0.003, Chi-squared test).

There were statistically significant differences in audi-
ometry results between patients during and after treatment,
with better scores noted in all parameters in the after-
treatment group.

DISCUSSION

This cross-sectional study investigated Romanian TB
patients’ reported outcome measures concerning general
health, physical, social and emotional wellbeing, and the
impact the disease has had on their work and health through
different instruments: three standardised questionnaires and
app-based audiometry. The main statistically significant

Drug susceptible

General health

Bodily Pain

Social functioning

Emotional well-being

Energy/fatigue

Role of limitations due to emotional
problems

Role of limitations due to physical health

Physical functioning

Drug resistant Romanian general population

59

56

64

75

67

71

76

73

78

66

64

66

60

57

62

59

53

80

48

51

78

72

72

84

F I G U R E 1 Mean of SF-36 domains for drug-susceptible TB patients, drug-resistant TB patients and the general Romanian population. Higher scores
represent better outcomes.
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differences between DS-TB and DR-TB participants were in
domains pertaining to bodily pain and in the audiometry.
Patients in the after-treatment group scored better on a
majority of outcome measures, however, scored lower than
the general Romanian population on all outcomes with
comparisons available.

Our study population is aligned with other research
indicating that socioeconomic indicators and smoking are
risk factors for TB [22, 23]. Compared with the general
Romanian population, more study participants lived in rural
areas (55% vs. 46%) [24], more earned less than minimum
wage (51% vs. 13%) and there was a higher proportion of
active smokers (55% vs. 37% Romanian general population).
Unemployment rates in our study population were almost
10 times as high as the reported national unemployment
rate for the same year (44% in our study vs. 5% Romania
in 2019).

This research included two quality of life PROMs, the
SF-36 and the EQ-5D-5L. Concerning both PROMs, there
were no statistically significant differences between DS-TB

and DR-TB patients except in the ‘pain’ domains of both
instruments. Joint pain is a reported side effect of second-
line TB drugs, including bedaquiline [25]; however, other
studies using the SF-36 found that pain was less significant
in the MDR-TB group [26] than in the DS-TB group. At the
same time, patients included in our study reported better
quality of life outcomes than patients in other studies, espe-
cially concerning DR-TB [7, 26–29]. As in our study, other
research showed improvement in quality of life after the
completion of TB treatment, especially visible on the
EQ-5D-5L general health visual analogue scale. It is worth
mentioning that other studies included patients only after a
maximum one-year post-treatment completion, and our
inclusion criteria expanded this time frame to up to 5 years.
The domains with the lowest scores (i.e., the largest impact
on participants’ well-being) related to the limiting nature of
the disease and emotional well-being. Concerning the latter,
patients in the during and after-treatment groups scored
very similarly, suggesting there is little mental health
improvement post-treatment. This has been indicated by

T A B L E 4 Employment and WPAI domains comparisons between drug-susceptible and drug-resistant TB patients and between patients during and after
treatment completion.

DS-TB DR-TB During After

N = 179 N = 70 N = 129 N = 120

Item Number of participants, n (%)

Employed 82 (46%) 28 (40%) 53 (41%) 67 (48%)

Earning less than minimum wage 89 (50%) 38 (54%) 70 (54%) 57 (48%)

Less income after TB diagnosis 64 (36%) 21 (30%) 64 (44%) 57 (42%)

Domain Median (IQR)

Percent work hours missed due to health 100 (0–100) 0 (0–100) 100 (100–100) 0 (0–0)

Percent impairment while working due to health 50 (0–80) 20 (5–50) 50 (25–80) 10 (0–45)

Percent overall work impairment due to health 100 (0–100) 60 (10–100) 100 (100–100) 10 (0–80)

Percent daily activity impairment due to health 30 (0–80) 25 (10–70) 50 (10–70) 20 (0–70)

Note: Rows in grey represent statistically significant differences between groups; statistically significant differences between during and after treatment.

T A B L E 5 Audiometry with uHear test results comparisons between drug-susceptible and drug-resistant TB patients and between patients during and
after treatment completion.

Item

DS-TB DR-TB During After

N = 194 N = 78 N = 129 N = 120

Number of participants, n (%)

Abnormal hearing right or left ear 69 (36%) 42 (54%) 65 (47%) 42 (32%)

Severe or profound hearing loss right or left (>80 dB) 80 (41%) 49 (63%) 79 (60%) 46 (35%)

High frequency hearing loss right or left ear (for frequencies
over 1 Hz)

93 (43%) 52 (67%) 80 (57%) 56 (42%)

Median (IQR)

Hearing grades right ear 2.4 (1–6)
(mild)

3.2 (1–6)
(moderate)

3 (2.2–3.8)
(moderate)

2.4 (2–3.3)
(mild)

Hearing grades left ear 2.6 (1–6)
(mild)

3 (1–5.4)
(moderate)

3 (2.2–3.8)
(moderate)

2.4 (2–3.3)
(mild)

Note: Rows in grey represent statistically significant differences between groups; statistically significant differences between DS-TB and DR-TB; statistically significant
differences between during and after treatment.
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other research, with experts calling for better mental support
throughout and after TB [30].

The sample Romanian population which was used to
compare results had a comparable age (for SF-36 mean
age of 40 years, for EQ-5D-5L mean age of 48), but
included more female participants (for SF-36 and EQ-5D-
5L there were 66% female participants). Compared with
data available for the general Romanian population, TB
patients scored lower especially in the domains pertaining
to limitations due to physical health and emotional prob-
lems. This result matches other studies comparing quality
of life with either control groups without TB or general
populations [31].

Concerning employment, less than half of patients were
employed, even after TB treatment completion. Another
study performed in Malawi shows that employment was
lowest at TB treatment completion, with 47% not being
employed [5]. Furthermore, patients during treatment lost
most of their working hours. For the patients in the inten-
sive phase, this could be explained by the hospitalisation
time. The Romanian TB guideline recommends hospitalisa-
tion for all pulmonary TB cases unless there is the possibility
of direct observed therapy in isolation conditions [32]. A
recent Global TB Network review notes that globally hospi-
talisation times range between 20 and 60 days [33] for DS-
TB and 50–180 days for DR-TB. However, 40% of S-TB and
25% of DR-TB patients were included after the intensive
phases, which could indicate that TB impairs work produc-
tivity beyond hospitalisation time, during the course of the
illness. After treatment, results indicate that the participants
who are employed lose less time off work because of the dis-
ease; however, unemployment rates were high in all study
groups, including the after-treatment group. Audiometry
through the uHear app was a convenient method for
patients to self-evaluate their hearing, with only a minority
of participants not understanding the procedure. uHear app
results confirm previous known facts regarding second-line
treatment ototoxicity [34, 35], with 30 out of the 41 (71%)
patients who had aminoglycosides in their treatment scheme
experiencing high-frequency hearing loss. Whilst interna-
tional guidelines from 2018 have removed aminoglycosides
from the DR-TB treatment schemes and they are being
phased out, it is notable that 36% of participants without an
injectable drug also experience hearing loss [36] Hearing
loss is the third cause of years lived with disability, after back
pain and migraine. Hearing, therefore, may require extra
attention in programmes supporting people affected by TB
after treatment.

Considering TB follow-up, this study included several
follow-up measures not included in current follow-up rec-
ommendations, but which would be useful for appraising
patient status. International guidelines recommend follow-
up post-treatment; however, the Romanian strategy does not
include such a chapter [37, 38].Clinicians demonstrated
reluctance to implement PROMs in everyday practice as
they feared, among other aspects, that it would add to the

workload [39]. However, with the advent of the COVID-19
pandemic, and the high penetration of mobile technologies,
digital follow-up could be a feasible, cost-effective future
direction to pursue [40, 41].

Strengths and limitations

This study is the first to investigate PROMs in the
Romanian population, the highest TB burden country in
the EU, accounting for a fourth of all TB cases in this region.
Recruitment strategies aimed to ensure recruitment of a rep-
resentative population sample of Romanian TB patients.
Characteristics of the study population align with TB indica-
tors for 2020 [7, 22]. Furthermore, this study consisted of
several PROMs, offering a multi-dimensional view
of patients’ well-being and functional status. Employment
and income may be underreported in our results as partici-
pants can be reluctant to report untaxed income. We did
not follow people affected by TB longitudinally, which
would have allowed us to look for factors influencing well-
being over the course of treatment.

CONCLUSION

Both DS- and DR-TB patients experience limitations due to
TB, with PROMs showing partial recovery in the people
affected by TB even after finishing treatment. The main dif-
ferences between participants affected by DS-TB and DR-TB
were in the measures studying pain and hearing loss. Com-
pared with the general Romanian population, all groups
scored lower on all domains for which data were available.
PROMs offer the possibility of obtaining a more compre-
hensive view of patients’ status, by involving them directly
in the medical process. The possibility of follow-up through
PROMs might be appealing to both clinicians and patients
in high burden settings as part of digital health strategies.
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