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Background.  This study aimed to evaluate the clinical safety of delayed antibiotic prescribing for upper respiratory tract infec-
tions (URTIs), which is recommended in treatment guidelines for less severe cases.

Methods.  Two population-based cohort studies used the English Clinical Practice Research Databank and Welsh Secure 
Anonymized Information Linkage, containing electronic health records from primary care linked to hospital admission records. 
Patients with URTI and prescriptions of amoxicillin, clarithromycin, doxycycline, erythromycin, or phenoxymethylpenicillin were 
identified. Patients were stratified according to delayed and immediate prescribing relative to URTI diagnosis. Outcome of interest 
was infection-related hospital admission after 30 days.

Results.  The population included 1.82 million patients with an URTI and antibiotic prescription; 91.7% had an antibiotic at 
URTI diagnosis date (immediate) and 8.3% had URTI diagnosis in 1–30 days before (delayed). Delayed antibiotic prescribing was 
associated with a 52% increased risk of infection-related hospital admissions (adjusted hazard ratio, 1.52; 95% confidence interval, 
1.43–1.62). The probability of delayed antibiotic prescribing was unrelated to predicted risks of hospital admission. Analyses of the 
number needed to harm showed considerable variability across different patient groups (median with delayed antibiotic prescribing, 
1357; 2.5% percentile, 295; 97.5% percentile, 3366).

Conclusions.  This is the first large population-based study examining the safety of delayed antibiotic prescribing. Waiting to treat 
URTI was associated with increased risk of hospital admission, although delayed antibiotic prescribing was used similarly between high- 
and low-risk patients. There is a need to better target delayed antibiotic prescribing to URTI patients with lower risks of complications.
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Antibiotics are frequently prescribed for the treatment of 
upper respiratory tract infections (URTIs; including sore 
throat, cough, and colds). In the United Kingdom, about 40% 
of antibiotics are given to patients with URTIs [1, 2]. Overuse 
of antibiotics is a major public health concern as it can lead to 
antimicrobial resistance [3]. Several initiatives have been im-
plemented to reduce the levels of antibiotic prescribing by UK 
clinicians. In primary care in England, these include develop-
ment and implementation of the TARGET (Treat Antibiotics 
Responsibly, Guidance, Education, Tools) toolkit [4] and 

treatment guidelines. The toolkit helps influence prescribers’ 
and patients’ personal attitudes, social norms, and perceived 
barriers for optimal antibiotic prescribing [4]. In 2008, a treat-
ment guideline was introduced in the United Kingdom for 
self-limiting respiratory tract infections. It recommends that 
no antibiotic- or a delayed antibiotic–prescribing strategy 
should be used in URTIs except in more severe cases [5]. An 
editorial proposed that delayed antibiotic prescribing should 
be embraced in order to reduce antibiotic use in respiratory 
infections [6]. A Cochrane review of 11 randomized trials in-
cluding 3555 patients with a variety of respiratory infections 
concluded that delayed antibiotic prescribing reduced antibi-
otic use compared with immediate antibiotic prescribing and 
there were no differences between these strategies in symptom 
control and clinical complications [7]. However, major clin-
ical complications, including risk of infection-related hospital 
admission, were not evaluated. An observational study found 
that suppurative complications were rare with sore throat 
(1.2% in antibiotic users) [8], with limited statistical power 
to detect a difference between the immediate and delayed 
antibiotic groups. The objectives of this study were to eval-
uate in 2 large cohorts the clinical safety of delayed antibiotic 
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prescribing for URTIs and the targeting to patients with low 
risk of infection-related complications.

METHODS

Database

Two large population-based cohort studies were delineated 
from the Clinical Practice Research Datalink (CPRD GOLD) 
and the Secure Anonymized Information Linkage (SAIL) data-
bank. The CPRD contains longitudinal, anonymized, patient-
level electronic health records (EHRs) from general practices 
in the United Kingdom representing approximately 8% of the 
UK population [9]. SAIL contains data from general practices in 
Wales covering approximately 75% of the population in Wales 
[10, 11]. The EHRs contain information on start and end of 
registration (including date of death), clinical diagnoses, medi-
cations prescribed, vaccination histories, diagnostic testing, 
lifestyle information, clinical referrals, as well as age, sex, eth-
nicity, smoking history, and body mass index (BMI). These pri-
mary care EHRs were linked to hospital admission data (using 
the Hospital Episode Statistics [HES]) based on unique patient 
identifiers. The hospital data contained information on the date 
of hospital admission and diagnostic codes at and during admis-
sion. The general practices in this study were restricted to those 
that had been linked to the hospital admission data including 
about half of the CPRD practices (all located in England) and 
all the SAIL practices (all in Wales). Patient-level socioeco-
nomic information was available through linkage of the postal 
code of a patient’s residence to the Index of Multiple Deprivation 
(IMD). Patient-level IMD was aggregated into quintiles for the 
current analysis. Prescriptions were classified using the British 
National Formulary (BNF) sections. The period of data col-
lection in CPRD GOLD was between 1 January 2000 and 29 
June 2015; for SAIL, this time was between 1 January 2000 and  
31 December 2017. The start of study eligibility was 1 year after 
the date of start of practice data collection or date of patients’ reg-
istration at the practice, whichever date came last (with the ex-
ception of newly born infants where this started at registration).

Study Population

The overall source population consisted of antibiotic users of 
any age who were prescribed an antibiotic for the first time in 
3 months. It was then restricted to patients who had an URTI 
record (outpatient diagnosis) either on the date of the antibiotic 
prescription or in the 30  days before. Upper respiratory tract 
infections also included sore throat, cold, and cough. Patients 
with an URTI record in the 30 to 90 days before were excluded 
(in order to help ensure selection of acute URTI at the date of 
the antibiotic prescription). A further restriction was to only in-
clude patients who were prescribed amoxicillin, clarithromycin, 
doxycycline, erythromycin, or phenoxymethylpenicillin (ie, the 
most frequently used antibiotic types for URTI in the United 

Kingdom [12]). The final restriction was to exclude patients 
with a record of another common infection on the date of the 
antibiotic prescription or in the 3 months before. These other 
infections used for exclusion included lower respiratory tract 
infection (LRTI), otitis externa, otitis media, sinusitis, urinary 
tract infection, exacerbation of asthma or chronic obstructive 
pulmonary disease, or skin or renal infection. Figure 1 shows 
a diagrammatic representation of the main inclusion criteria 
in this study. Follow-up for the clinical outcomes of interest 
started at the first day after the antibiotic prescription and ended 
30 days after antibiotic prescribing. Antibiotic prescribing was 
classified as immediate or delayed, where immediate antibiotic 
use as defined as an URTI diagnosis on the same date as the 
antibiotic prescription; delayed antibiotic use was defined as an 
URTI diagnosis in the 1–30  days before. Given the length of 
the study follow-up, patients could contribute multiple obser-
vations over time (ie, if they consulted the general practitioner 
[GP] multiple times at least 3  months apart) with follow-up 
starting at the date of each antibiotic prescription. Patients were 
censored at the date of the first outcome of interest, death, or 
end of data of collection, whichever date came first.

The primary outcome of interest was hospital admission for 
infection-related complications (as recorded in HES) that oc-
curred in the 30 days after the antibiotic prescription (excluding 
the date of the antibiotic prescription). The hospital admissions 
for infection-related complications were based on the primary 
admission diagnosis (International Classification of Diseases, 
10th revision) for a broad set of infection-related complications 
(such as hospital admission for LRTI, pneumonia, sepsis) (a list 
of predefined codes is provided in the Supplementary Material). 
The secondary outcomes of interest included infection-related 
complications as recorded by the GP in the EHR, death, and re-
peat antibiotic prescribing in the 30 days after. The GP-recorded 
infection-related complications included pneumonia, sepsis, 
quinsy, mastoiditis, empyema, bacterial meningitis, intracranial 
abscess, and Lemierre’s syndrome, as previously defined [13]. 
The analyses of infection-related complications (leading to hos-
pital admission or those recorded by GPs) were based on the 
first case in the 30 days after the antibiotic prescription; cases 
were excluded if there was an infection-related hospital admis-
sion in the preceding 6 months. Code lists used in this study are 
available on the Clinical Codes repository https://clinicalcodes.
rss.mhs.man.ac.uk/.

Statistical Analysis

The main analysis compared the different antibiotic-prescribing 
strategies for the risk of infection-related hospital admission 
in the 30 days after the antibiotic prescription. Time-to-event 
Cox proportional hazard regression models were used to es-
timate the hazard ratios (HRs) and 95% confidence intervals 
(CIs) with delayed antibiotic prescribing. In addition to an in-
dicator of delayed prescribing, the regression models included 
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calendar year and month of the date of antibiotic prescrip-
tion, Charlson comorbidity index (composite score of history 
of chronic conditions [14]), BMI categories, smoking history, 
socioeconomic status (IMD quintiles), flu vaccination, outpa-
tient referral, and hospitalization in the previous year. These 
variables were possible predictors for hospital admission or ad-
justed for seasonality in antibiotic prescribing. An indicator for 
missing values was used for BMI and smoking history. Analyses 
were stratified by 5-year age bands and sex (ie, comparisons 
were made within these groups). Tests for proportionality of 
HRs over follow-up were conducted (indicating statistically 
proportional HRs in CPRD and SAIL with P values of .07 and 
.24, respectively).

The second analysis visualized the incidence of infection-
related hospital admissions. Negative binomial regression 
models were fitted to estimate incidence rate ratios (IRRs) at 
each day after an antibiotic prescription, with as reference the 
last week in the immediate prescribing group. The IRRs were 
subject to higher variability due to the small number of cases 
at each time point. The way of dealing with this problem in-
volves “smoothing” the IRR estimates, removing the noise (ie, it 
smooths out the random variation) and shows more clearly the 
pattern over time [15].

The third analysis compared the probability of delayed antibi-
otic prescribing with predicted risk of infection-related hospital 
admissions. Cox proportional hazard regression was used to es-
timate patient-level risks at day 30 using the predictors of the 

main model. Supplementary Tables 1 and 2 and Supplementary 
Figures 1 and 2 provide details on the prediction model. The 
attributable risks (ie, the difference between predicted risks 
of delayed and immediate antibiotic prescriptions) were then 
estimated. The inverse of the attributable risk is the number 
needed to harm (NNH). This is an epidemiological measure 
that indicates how many persons need to be exposed to a risk 
factor to cause harm in 1 additional person [16]. This calcu-
lation assumed that the effect of delayed antibiotic prescribing 
as observed in this study (HR) was causal (ie, not explained by 
unmeasured confounding) and the NNH estimates were con-
ditional on the variables included in the risk prediction model. 
The interpretation of this NNH is that a lower number may 
indicate more harm with delayed antibiotic prescribing and a 
higher number indicates fewer adverse clinical effects.

The effect of delayed antibiotic prescribing level from CPRD 
and SAIL were pooled using inverse variance weighting [17]. 
Fixed-effects models rather than random-effects models were 
selected as the analysis of the 2 cohorts yielded broadly similar 
results. SAS (version SAS/STAT 13.2; SAS Institute) and R (ver-
sion 3.6; R Foundation for Statistical Computing) were used.

RESULTS

There were 1.54 million patients with a first URTI and antibiotic 
prescription over a 3-month period in CPRD. They were given 
a total of 2.78 million antibiotic prescriptions. After excluding 

Figure 1.  Diagrammatic representation of the main inclusion criteria in this study. Abbreviation: URTI, upper respiratory tract infection.
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patients with other common infections, there were 1.45 million 
patients. A  further restriction to the antibiotic types commonly 
used for URTI resulted in the final CPRD study population of 1.40 
million patients with URTI (given 2.38 million antibiotic prescrip-
tions). The final SAIL population included 0.42 million patients 
(given 0.69 million antibiotic prescriptions). Table  1 shows the 
characteristics of the 2 study populations at the dates of the antibi-
otic prescription. The mean age of patients was lower in the delayed 
antibiotic–prescribing compared with the immediate antibiotic-
prescribing groups (in CPRD: 31.7 and 36.9  years, respectively). 
The mean predicted risk of infection-related hospital admission 
(without the effects of delayed prescribing) was 0.16% in both 
groups of patients. The frequency of delayed prescribing was 8.3% 
in CPRD and 9.2% in SAIL. For patients with delayed antibiotic 
prescribing, the median time between antibiotic and URTI diag-
nosis was 8 days (25th percentile, 3 days; 75th percentile, 16 days).

As shown in Table 2, the crude incidence of infection-related 
hospital admissions in the 30  days after was 0.15 per 100 
person-months in CPRD and 0.67 in SAIL (totals of 3247 cases 
in CPRD and 4242 in SAIL). Delayed antibiotic prescribing 
was associated with a 52% increased risk of infection-related 
hospital admissions combining the results of both datasets 
(adjusted HR, 1.52; 95% CI, 1.43–1.62) (Figure 2). The effects 

of delayed antibiotic prescribing were lowest in children (ad-
justed HR, 1.36; 95% CI, 1.25–1.47) and highest in adults 
aged 18–59  years (HR, 1.61; 95% CI, 1.42–1.84). Most of the 
infection-related hospital admissions concerned respiratory 
diseases (96.8% in CPRD).

Figure  3 describes the IRRs of infection-related hospital 
admissions by day after the antibiotic prescription. The IRRs 
were highest in the first days after the antibiotic prescription 
and then quickly dropped over time more distant from the an-
tibiotic prescription (as expected given URTI recovery). The 
IRRs in the patients with delayed antibiotic prescribing were 
generally higher at most time points compared with those with 
immediate antibiotic prescribing, although the patterns were 
comparable over time.

Supplementary Table 3 shows the results of sensitivity ana-
lyses with different outcomes (infection complications as re-
corded by GPs, death, and repeat antibiotic prescribing), 
analyses restricting to antibiotics prescribed before 2008, and 
stratifying by extent of delay in antibiotic prescribing and 
Kaplan-Meier plots.

The analyses of NNH with delayed antibiotic prescribing 
showed considerable variability across different patient groups. 
The median NNH with delays in antibiotic prescribing was 1357 

Table 1.  Baseline Characteristics of the Study Population Stratified by Immediate or Delayed Antibiotic Prescribing (in CPRD and SAIL)

CPRD SAIL

 
Immediate Antibiotic 

(n = 2 185 492)
Delayed Antibiotic 

(n = 197 522)
Immediate Antibi-
otic (n = 624 483)

Delayed 
Antibiotic 

(n = 63 287)

Time, mean (SD) from antibiotic pre-
scription until censoring, years

5.5 (3.7) 5.3 (3.7) 5.1 (4.0) 5.0 (4.1)

Age, mean (SD), years 36.9 (24.6) 31.7 (26.6) 28.5 (24.3) 22.1 (25.0)

Age, n (%)     

  0–17 years 623 552 (28.5) 80 342 (40.7) 267 056 (42.8) 36 998 (58.5)

  18–59 years 1 080 113 (49.4) 78 464 (39.7) 266 614 (42.7) 18 756 (29.6)

  ≥60 years 481 827 (22.0) 38 716 (19.6) 90 813 (14.5) 7533 (11.9)

Women, n (%) 1 251 759 (57.3) 115 439 (58.4) 347 963 (55.7) 35 270 (55.7)

Indication, n (%)     

  URTI 481 313 (22.0) 76 365 (38.7) 124 870 (20.0) 27 631 (43.7)

  Cough /cold 907 769 (41.5) 114 000 (57.7) 235 066 (37.6) 34 029 (53.8)

  Sore throat 819 195 (37.5) 60 490 (30.6) 270 473 (43.3) 18 446 (29.1)

Charlson comorbidity index, n (%)     

  No (score 0) 1 504 443 (68.8) 141 461 (71.6) 596 526 (95.5) 60 970 (96.3)

  Low (1–2) 565 661 (25.9) 46 273 (23.4) 23 026 (3.7) 1907 (3)

  Moderate (3–4) 88 553 (4.1) 7515 (3.8) 3755 (0.6) 318 (0.5)

  High (5–6) 19 789 (0.9) 1704 (0.9) 1058 (0.2) 81 (0.1)

  Very high (≥7) 7046 (0.3) 569 (0.3) 118 (0) 11 (0%)

Flu vaccination year before, n (%) 489 251 (22.4) 43 392 (22.0) 104 514 (16.7) 10 421 (16.5)

Hospital admission year before, n (%) 35 936 (1.6) 4007 (2.0) 10 426 (1.7) 1411 (2.2)

Calendar year, n (%)     

  2000–2004 589 076 (27.0) 49 742 (25.2) 86 702 (13.9) 7604 (12.0)

  2005–2009 883 375 (40.4) 79 254 (40.1) 176 492 (28.3) 16 751 (26.5)

  2010–2015 713 041 (32.6) 68 526 (34.7) 361 289 (57.9) 38 932 (61.5)

Characteristics at each antibiotic prescription are shown. 

Abbreviations: CPRD, Clinical Practice Research Datalink; SAIL, Secure Anonymized Information Linkage; URTI, upper respiratory tract infection.
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(2.5% percentile, 295; 97.5% percentile, 3366). Figure 4 shows 
the level of delayed antibiotic prescribing by deciles of pre-
dicted risk of infection-related hospital admission. It was found 
that patients with higher predicted risks of being admitted to 
the hospital were broadly as likely to get a delayed antibiotic 
prescription compared with patients with very low risks. There 
were no substantial changes over calendar time.

DISCUSSION

This study found that delayed antibiotic prescribing was as-
sociated with increases in the risk of infection-related hos-
pital admissions and repeat antibiotic prescribing in patients 
with URTI. The NNH with delayed antibiotic prescribing was 
found to vary considerably between different patient groups. 
However, the probability of delayed prescribing was unrelated 
to patient risks of being admitted to the hospital for infection-
related complications.

Treatment guidelines and the Cochrane review provide lim-
ited recommendations on when to use delayed antibiotic pre-
scribing. The UK URTI guideline states the decision between 
immediate or delayed/no antibiotic is to be based on the clinical 
assessment of the infection severity [5]. The sore throat guide-
line recommends a “back-up” antibiotic prescription in case 
of an intermediate score with FeverPAIN or CENTOR (which 
are prediction rules of bacterial infection infections based on a 
sum of symptom scores) [18]. However, it has been found that 
the predictive values of these rules were poor and most com-
plications occurred with low scores [19]. The Cochrane review 
recommended that a delayed antibiotic strategy could be used 
when it is clinically safe not to prescribe immediately [20]. The 
present study found that delayed antibiotic prescribing was not 
targeted to patients with lower risks of complications. This in-
dicates that further research is needed to optimize the targeting 
of delayed antibiotic prescribing in order to provide more spe-
cific guidance when and when not to use this strategy. Clinical 
models to predict the risk of infection-related hospitalizations, 

in addition to clinical symptoms, could help inform decisions of 
antibiotic prescribing in primary care [21].

An important consideration is the balancing of any increased 
risk of infection-related complication with reductions in antibi-
otic use. The Cochrane review of trials that randomized patients 
with respiratory infections reported a substantive reduction 
in antibiotic use with delayed compared with immediate pre-
scribing (odds ratio of 0.04 with delayed compared with imme-
diate prescribing) [7]. However, trials in the Cochrane review 
may have enrolled patients who would not have received anti-
biotics outside the trial. In the 3 larger trials that evaluated de-
layed antibiotic prescribing, one enrolled patients only if there 
was reasonable clinical doubt as to whether to treat with an an-
tibiotic [22], the second if patients were not very ill [23], and 
the third if immediate antibiotics were not needed [24]. Further 
evidence may be needed to assess the extent of reduction in an-
tibiotic usage with a delayed prescribing strategy.

This study has several strengths and limitations. The main 
strengths were that this study was population based from rep-
resentative general practices from England and Wales [9] and 
that it included a large number of patients with replication of 
findings in 2 independent databases. One major limitation was 
that patients had not been randomized to the different anti-
biotic strategies. The observed increase in the risk of clinical 
outcomes with delayed antibiotic prescribing could be related 
to either more severe infection or to underlying differences in 
patient characteristics. More severe infections in patients with 
delayed antibiotic prescribing would be a causal explanation of 
our findings (ie, delaying treatment may lead to more severe 
infections in some patients, increasing the risk of hospital ad-
mission). On the other hand, differences in patient charac-
teristics (ie, subgroups of patients at higher risks of hospital 
admission with a similar infection severity) could have biased 
and confounded the study results. However, the risk factors as 
measured in this study did not indicate higher underlying risks 
of hospital admission in patients with delayed antibiotic pre-
scribing. Important predictors for hospital admissions (such as 

Table 2.  Frequency of Delayed Antibiotic Prescribing and Incidence Rates of Infection-related Hospital Admissions Overall and Stratified by Age and 
Sex (in CPRD and SAIL)

CPRD SAIL

Characteristic Delayed Antibiotic Prescribing, % Incidence Rate (No. of Cases)a Delayed Antibiotic Prescribing, % Incidence Rate (No. of Cases)a

All 8.3 0.15 (3247) 9.2 0.67 (4242)

Age     

  0–17 years 11.4 0.12 (790) 12.2 0.94 (2694)

  18–59 years 6.8 0.12 (1300) 6.6 0.36 (960)

  ≥60 years 7.4 0.24 (1157) 7.7 0.67 (588)

Sex     

  Women 8.1 0.17 (1606) 9.2 0.57 (2049)

  Men 8.4 0.13 (1641) 9.2 0.77 (2193)

Abbreviations: CPRD, Clinical Practice Research Datalink; SAIL, Secure Anonymized Information Linkage.
aNumber of cases per 100 person-months.
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age, comorbidity score, and mean predicted risk of infection-
related hospital admission of 0.16% in both groups) were ei-
ther comparable or lower in delayed compared with immediate 
antibiotic-prescribing groups. Another limitation was that this 

study evaluated actual delays in antibiotic prescribing irre-
spective of whether this was intended or not by the clinicians 
at the initial URTI diagnosis. However, the chance of patients 
getting an antibiotic in the United Kingdom for URTI did not 
change substantially from 2000 to 2015 [1]. Delayed antibiotic 
prescribing was first proposed in treatment guidelines in 2008 
and there may been misclassification in 2008 onwards [5] (with 
antibiotic prescriptions recorded on the date of the URTI con-
sultation but with the advice to delay intake [25]). However, the 
HRs did not change over time and no effect of such misclassifi-
cation was observed. A further limitation was that the incidence 
rates of the clinical outcomes were different between SAIL and 
CPRD, with higher rates in Wales. It may not be unexpected 
that the incidence of infections and complications varies be-
tween regions (the largest differences were found among young 
children aged <5 years). In recent years, there has been a mea-
sles epidemic in Wales [26]; measles can lead to hospital admis-
sions [27] and this may possibly partly explain these differences. 
The relative differences with delayed antibiotic prescribing were 
mostly consistent between SAIL and CPRD. Finally, no external 

Figure 3.  IRRs of infection-related hospital admissions at each day of follow-up 
in patients with delayed or immediate antibiotic prescribing (age- and sex-matched 
cohorts). x axis: days after an antibiotic prescription; y axis: age- and sex-adjusted 
IRR. *Immediate antibiotic prescribing; □, delayed antibiotic prescribing; reference 
is days 24–30 after antibiotic prescribing in patients with immediate antibiotic pre-
scribing. Abbreviation: IRR, incidence rate ratio. Panel A = CPRD (Clinical Practice 
Research Datalink); panel B = SAIL (Secure Anonymized Information Linkage).

Figure 2.  HRs of infection-related hospital admission in patients with delayed 
compared with immediate antibiotic prescribing overall and stratified by age, sex, 
Charlson comorbidity, type of infection, and calendar time period. x axis: fully 
adjusted HR over follow-up (95% CI). Models included delayed prescribing, cal-
endar year, and month of the date of antibiotic prescription, Charlson comorbidity 
index, BMI categories, smoking history, IMD quintiles, flu vaccination, outpatient 
referral, and hospitalization in the previous year. Abbreviations: BMI, body mass 
index; CI, confidence interval; CPRD, Clinical Practice Research Datalink; HR, hazard 
ratio; IMD, Index of Multiple Deprivation; IRR, incidence rate ratio; SAIL, Secure 
Anonymized Information Linkage.
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validation of the risk prediction model was conducted, as the 
objective of this analysis was to describe the distribution of risks 
in the study population (rather than to use it for risk prediction 
in different populations). The model performance indicated 
that the model was properly fitted to the data. Another limi-
tation was that there was no information on actual compliance 
and antibiotic intake by patients. Patients with URTI were also 
not routinely tested for viral or bacterial infections as point-
of-care testing has only been introduced to a limited extent in 
recent years.

In conclusion, waiting to treat URTI was associated with 
increased risk of infection-related complications. There was 
considerable variation in the risks of infection-related hospital 
admission, although the probability of delayed antibiotic pre-
scribing was unrelated to these. There is an important need 
to better target delayed antibiotic prescribing to patients with 
URTI with moderate risks of complications and immediate 
antibiotic prescribing to those with higher risks. Further re-
search on the cost-effectiveness of the most optimal threshold is 
needed to establish the treatment thresholds.
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line. Consisting of data provided by the authors to benefit the reader, 
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