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Introduction
In patients with chronic obstructive pulmonary 
disease (COPD), exacerbations drive disease pro-
gression and can lead to a decline in lung function 
and a higher risk of mortality.1–3 The combined 
total direct and indirect costs of COPD in the 
European Union (EU) have been estimated to be 
approximately €48 billion.4 Exacerbations of 
COPD are key drivers for the costs of COPD, 
with a study of UK primarycare patients 

reporting that a history of exacerbations increases 
COPD treatment costs.5 Although inhaled thera-
pies are used to manage symptoms, improve qual-
ity of life, and reduce exacerbation frequency,1 
patients who have experienced one or more 
 moderate acute (requiring additional medication) 
or severe acute (requiring inpatient care) exacer-
bations are at an increased risk of future exacer-
bations.6 Also, patients experiencing severe 
COPD exacerbations have poorer prognoses than 
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patients having no prior exacerbations or those 
who have experienced moderate exacerbations.7

Longitudinal and observational studies have 
examined patients’ prior exacerbation history and 
COPD severity, the impact of early or late COPD 
diagnosis, and the relationship with future exac-
erbation risk.2,6–8 For example, an analysis of 
2138 patients enrolled in the ECLIPSE observa-
tional study indicated that prior exacerbation his-
tory and disease severity were key predictors of 
future exacerbation risk over 3 years of follow-
up.2 Furthermore, in an analysis of data from the 
UK Clinical Practice Research Datalink over 10 
years, Rothnie et  al. stratified patients by fre-
quency and severity of exacerbations in the previ-
ous year. They demonstrated that the risk of 
future exacerbations increased as a function of 
prior exacerbation history.7

Patients who experience frequent exacerbations 
are generally the focus of clinical practice,9,10 with 
severe exacerbations being an area of concern due 
to their association with increased mortality.3 
However, focusing solely on patients with severe 
and/or frequent exacerbations is inadequate, 
based on emerging evidence indicating that 
patients who have experienced infrequent or 
moderate exacerbations may be at increased risk 
of future exacerbations.2,7 Thus, it is important 
that all patients who are at risk of any exacerba-
tion be identified as early as possible to optimize 
any necessary interventions.11

At present, there is limited research on the asso-
ciation between the exacerbation history of 
patients in primary care who experience infre-
quent and less-severe exacerbations and the grad-
ual impact of these events on future exacerbations. 
Furthermore, there remains a gap in the literature 
regarding the association between a history of a 
single exacerbation event and future exacerba-
tions. The retrospective, observational cohort 
Study on HEalthcare Resource utiLization related 
to exacerbatiOns in patients with COPD 
(SHERLOCK; D5980R00014) was conducted 
to address this gap. The primary objective of 
SHERLOCK was to evaluate the associations 
between exacerbation history—based on both the 
frequency and severity of prior exacerbations—
and the patterns of subsequent COPD exacerba-
tions in terms of frequency and severity in primary 
care patients in the NHS Greater Glasgow and 
Clyde (NHSGGC) Health Board. By examining 

patterns in both the frequency and severity of 
exacerbations for 3 years, SHERLOCK expands 
the current understanding of the burden associ-
ated with exacerbations of COPD.

Methods

Study design
SHERLOCK was a retrospective cohort study 
using data stored within the Safe Haven database 
of the NHSGGC Health Board, an extensive 
research resource linking health information data 
sets at the patient level, including routinely col-
lected data. This database holds information on 
each patient living within the NHSGGC Health 
Board area (n = 1.25 million), covering the west of 
Scotland. As part of routine clinical practice, dis-
ease codes are entered into electronic patient 
records, with Read codes generally being used in 
primary care and International Classification of 
Diseases, Tenth Revision (ICD-10) codes in sec-
ondary care. These codes, and associated notes, 
comments, or expansions are entered by clini-
cians on an ongoing basis at each patient consulta-
tion and can be subsequently retrieved 
electronically. The Safe Haven database also 
holds, inter alia, records of prescribed and dis-
pensed medications; hospital admissions, and 
dates and places of other healthcare contacts; and 
laboratory results and medical imaging records. 
All information is held and linked by a unique 
identifier, the Community Health Index number.

The study included a 1-year baseline period and a 
study period of up to 3 years (Figure 1(a)).

The 1-year baseline period (January 1 to 
December 31, 2013) was used to characterize 
patients’ exacerbation history. The index date 
was January 1, 2014. All patients were followed 
for a minimum of 12 months and a maximum of 
3 years (until December 31, 2016, death, or 
migration outside of the geographical NHSGGC 
Health Board area).

As SHERLOCK was a retrospective, secondary 
database cohort study, patient informed consent 
was not required. Ethics review and approvals 
were obtained (NHSGGC Project Number: 
GSH/19/RM/002). Patient identifiable data were 
not released to investigators; data sets were linked 
in-house prior to releasing the full research data 
set in an anonymized format. The full data set 
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was accessed remotely via NHSGGC Safe Haven 
by designated members of the Medical Statistics 
Team at the University of Aberdeen.

Study population
Participants in this study were ⩾40 years of age 
at the index date and identified by the presence 
of a Read or ICD-10 code for COPD 
(Supplemental Table 1). This method for identi-
fying COPD has been validated as an accurate 
approach to patient identification from electronic 
medical records.12 We also excluded participants 

without a prescription for COPD medication in 
the index year to minimize the risk of historically 
incorrect labeling. Thus, those included had a 
coded diagnosis of COPD and a prescription for 
COPD medication in the year before study entry.

Exacerbation history during the baseline period 
was recorded. Patients were stratified into four 
groups based on exacerbation history, in terms of 
both severity and frequency, during the baseline 
period: Group A (no exacerbations), Group B (1 
moderate exacerbation only), Group C (1 severe 
exacerbation only), and Group D (⩾2 moderate 

(a)

(b)

Figure 1. (a) Study design and (b) patient disposition in the SHERLOCK study. COPD, chronic obstructive 
pulmonary disease; ICD-10, International Classification of Diseases, Tenth Revision; SHERLOCK, Study on 
HEalthcare Resource utiLization related to exacerbatiOns in patients with COPD.
aPatients were required to have a historic (Read or ICD-10) code for COPD before the index date and not be registered as 
deceased to be included in the study.
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or severe exacerbations). To provide an addi-
tional summary of these groups, we also com-
bined patients of Groups B and C to represent 
patients who had a history of exactly one moder-
ate or severe exacerbation, denoted here as 
Group B + C. Based on patient records, moder-
ate COPD exacerbations were identified as those 
records indicating a course of oral corticosteroids 
and/or a prescription of a respiratory-related 
antibiotic (amoxicillin, clarithromycin, doxycy-
cline, co-amoxiclav, etc.), and/or a visit to the 
emergency department with a primary diagnosis 
of any COPD-related event. Severe exacerba-
tions were those associated with admission to 
hospital (general ward and/or inpatient care) in a 
patient with a primary diagnosis of any COPD-
related event, as identified by Read codes 
(Supplemental Table 2).

Study outcomes and statistical analysis
The primary study outcomes assessed were mod-
erate and/or severe exacerbations during 
follow-up.

Sample size calculations were based on estimates 
from two previous UK-based COPD cohorts.7,13 
Based on these studies, it was estimated that in a 
total baseline population of approximately 25,000 
patients, 19% of patients would have had no 
exacerbations (Group A), and 19.5% of patients 
would have had one moderate exacerbation 
within 12 months of follow-up (Group B). Under 
this assumption, the study had 90% power at the 
two-sided 5% significance level to detect a mean 
difference of at least 0.13 in the number of exac-
erbations in the first year of follow-up.

Patient demographics (sociodemographic and 
clinical characteristics, inhaler use, comorbid 
conditions, etc.) were extracted from records dur-
ing the 1-year baseline period and summarized by 
exacerbation history using descriptive statistics.

The frequencies and rates of moderate or severe 
exacerbations were assessed at 12, 24, and 36 
months of follow-up. A 14-day window was used 
to address the frequency of individual exacerba-
tions, based on information suggesting that start-
ing a new treatment with an antibiotic or systemic 
corticosteroid more than 14 days after the start of 
an exacerbation constitutes a new exacerbation.14 
If a moderate exacerbation (reference event) was 
identified, all subsequent moderate exacerbation 

events within a 14-day window of the reference 
event were considered part of the same moderate 
exacerbation event. If a severe exacerbation was 
identified, all moderate and/or severe events 
within a 14-day window were considered a single 
severe event.

Censored patients, defined as those who died 
during the follow-up period or moved out of the 
area covered by the NHSGGC Health Board, 
were included in the statistical models until the 
date they were censored. All unadjusted out-
comes were tabulated by the exacerbationhistory 
group.

Adjusted rates of moderate and/or severe exacer-
bations were compared using a generalized linear 
model (GLM) with a negative binomial distribu-
tion and logarithmic link function. The single 
variable GLM was evaluated for each baseline 
covariate (sociodemographic and clinical charac-
teristics and comorbidities), and baseline covari-
ates that were significant at p < 0.10 were 
incorporated in the adjusted GLM. The final 
adjusted model included the following baseline 
sociodemographic and clinical characteristics, 
and comorbidities: sex, age, smoking status, car-
diovascular disease, cerebrovascular disease, 
depression, and Medical Research Council dysp-
nea score; the model did not include any interac-
tion terms. For both unadjusted and adjusted 
analyses, differences in exacerbation rates for 
Groups B, C, D, and B + C versus Group A (the 
reference group with no history of exacerbations) 
are presented as rate ratios (RRs) with 95% con-
fidence intervals (CIs) at each year of follow-up. 
Missing data were not imputed for any of the 
analyses. For smoking status, a missing value cat-
egory (or unknown category) was created to allow 
for its inclusion in the statistical models.

Results

Study population
Patient disposition is described in Figure 1(b). In 
total, 22,462 patients with a previous diagnosis 
code of COPD and a recent COPD-related pre-
scription from a routine medical care database 
were included in the study and were followed up 
for 36 months; all included patients were assessed 
at 12, 24, and 36 months. Patient demographic 
and clinical characteristics by exacerbation his-
tory group are summarized in Table 1.
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Table 1. Sociodemographic and clinical characteristics by exacerbation history.a

Group A
(n = 7788)

Group B
(n = 5151)

Group C
(n = 250)

Groups B + C
(n = 5401)

Group D
(n = 9273)

Female, n (%) 3947 (50.7) 3023 (58.7) 141 (56.4) 3164 (58.6) 6221(67.1)

Age, mean (SD), years 66.0 (10.8) 65.3 (10.6) 70.9 (10.6) 65.6 (10.7) 65.5 (10.6)

Smoking status, n (%)

 Current 3890 (49.9) 2702 (52.5) 127 (50.8) 2829 (52.4) 4737 (51.1)

 Ex 2620 (33.6) 1771 (34.4) 84 (33.6) 1855 (34.3) 3366 (36.3)

 Never 257 (3.3) 134 (2.6) 5 (2.0) 139 (2.6) 244 (2.6)

 Missing 1021 (13.1) 544 (10.6) 34 (13.6) 578 (10.7) 926 (10.0)

BMI, n
 mean (SD), kg/m2

5639  
27.3 (6.2)

3734  
27.5 (6.2)

182  
25.9 (7.0)

3916  
27.4 (6.2)

6777  
27.5 (6.2)

Primary-care visits

 Any, median number 12 12 15 12 15

  (Q1, Q3) (7, 17) (8, 18) (9, 20) (8, 18) (10, 21)

 COPD-related, median number 9 10 11 10 12

  (Q1, Q3) (6, 13) (6, 14) (7, 15) (6, 14) (8, 17)

Oxygen therapy,b n (%)

 Yes 22 (0.3) 11 (0.2) 1 (0.4) 12 (0.2) 62 (0.7)

MRC dyspnea score, n 5051 3322 149 3471 6164

 Median 2 2 3 2 3

 (Q1, Q3) (2, 3) (2, 3) (2, 3) (2, 3) (2, 3)

Comorbidities, n (%)

 Cardiovascular diseasec 1917 (24.6) 1294 (25.1) 94 (37.6) 1388 (25.7) 2522 (27.2)

 Cerebrovascular disease 929 (11.9) 660 (12.8) 45 (18.0) 705 (13.1) 1194 (12.9)

 Diabetes mellitus 1218 (15.6) 826 (16.0) 54 (21.6) 880 (16.3) 1505 (16.2)

 Depression 1739 (22.3) 1255 (24.4) 49 (19.6) 1304 (24.1) 2697 (29.1)

BMI, body mass index; COPD, chronic obstructive pulmonary disease; MRC, Medical Research Council; Q, quartile; SD, standard deviation.
aExacerbation history group: A, no exacerbations; B, 1 moderate exacerbation only; C, 1 severe exacerbation only; D, ⩾2 moderate or severe 
exacerbations.
bBased on information from the physician and pharmacy (prescribed oxygen cylinders); excludes data on concentrator from the nurse/home visit 
database.
cCombined with heart failure.

In the overall population, mean (standard devia-
tion [SD]) age was 65.7 (10.7) years old, and 
59.4% of patients were female. The median 

(quartile 1, quartile 3) number of COPD-related 
physician consultations, which captured primary 
care visits only, was 11 (7, 15).
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Exacerbation rates over the follow-up period
Rates of severe exacerbations (0.04 at 12 months, 
0.05 at 24 months, and 0.07 at 36 months) were 
substantially lower than rates of moderate exacerba-
tions (0.65 at 12 months, 0.70 at 24 months, and 
0.76 at 36 months). The exacerbation rates and 
unadjusted RRs for each exacerbation history group 
versus Group A at 12, 24, and 36 months of follow-
up are summarized in Supplemental Table 3.

Adjusted RRs for each exacerbation history group 
versus Group A at 12, 24, and 36 months of fol-
low-up are summarized in Figure 2. At 12 months 
of follow-up, adjusted RRs (95% CI) for moder-
ate and/or severe exacerbations in Groups B, C, 
B + C, and D, versus Group A, respectively, were 
1.70 (1.61, 1.80), 1.88 (1.56, 2.25), 1.71 (1.61, 
1.80), and 4.23 (4.04, 4.43) (Figure 2(a)).

The relative rate of moderate exacerbations was 
highest in Group D versus Group A (RR 4.27 
(4.07, 4.47); Figure 2(b)) and the relative rate of 
severe exacerbations was highest in Group C ver-
sus Group A (RR 3.93 (2.34, 6.62); Figure 2(c)).

At 24 months of follow-up, adjusted RRs for 
moderate and/or severe exacerbations for Groups 
B, C, B + C, and D, versus Group A, respectively, 
were 1.65 (1.57, 1.72), 1.74 (1.48, 2.04), 1.65 
(1.58, 1.73), and 3.87 (3.73, 4.03) (Figure 2(a)). 
The relative rate of moderate exacerbations was 
highest in Group D versus Group A (RR 3.94 
(3.78, 4.09); Figure 2(b)) and the relative rate of 
severe exacerbations was greatest in Group C ver-
sus Group A (3.32 (2.20, 5.01); Figure 2(c)).

At 36 months of follow-up, an increased rate of 
exacerbations relative to Group A continued to be 
observed. Adjusted RRs at 36 months of follow-up 
for moderate and/or severe exacerbations for 
Groups B, C, B + C, and D, respectively, versus 
Group A were 1.60 (1.53, 1.67), 1.75 (1.50, 2.04), 
1.61 (1.54, 1.68), and 3.61 (3.48, 3.74) (Figure 
2(a)). The adjusted RR for moderate exacerba-
tions was highest for Group D versus Group A 
(3.68 (3.55, 3.82): Figure 2(b)) and the adjusted 
RR for severe exacerbations was highest for Group 
C versus Group A (3.13 (2.20, 4.46): Figure 2(c)).

Discussion
The SHERLOCK study provides insight into the 
relationship between a recent history of exacerba-
tions, in terms of both frequency and severity, 

and patterns of future exacerbations over 36 
months in patients with COPD. The key findings 
demonstrate that a recent history of any exacerba-
tion was associated with an increased rate of 
future exacerbations at 12, 24, and up to 36 
months of follow-up, relative to having no prior 
exacerbations within 1 year of the index date. 
Having multiple prior exacerbations (Group D) 
was associated with the greatest increased rate of 
future exacerbations, with adjusted RRs ranging 
from 3.61 to 4.23 for moderate and/or severe 
exacerbations over 12–36 months of follow-up 
(3.68–4.27 for moderate exacerbations; 2.87–
3.61 for severe exacerbations) relative to having 
no exacerbations. Perhaps most importantly, 
even a single moderate exacerbation in the previ-
ous year was associated with an increased rate of 
both future moderate and severe exacerbations 
over 36 months of follow-up, compared with no 
prior exacerbations.

The data from 36 months of follow-up in this 
study support previously reported data and 
extend our understanding of the impact of recent 
prior exacerbations on future exacerbation risk. 
Previous observational, longitudinal, and post hoc 
studies have shown that exacerbation history and 
disease severity are key predictors of future exac-
erbation events over varying time periods over 3 
years or 10 years of follow-up.2,6,7 For example, 
Rothnie et  al.7 reported adjusted hazard ratios 
(relative to patients with no prior exacerbations) 
for future moderate exacerbations of 2.35 in 
patients with two prior moderate exacerbations to 
5.50 in patients with ⩾5 prior moderate exacer-
bations. Furthermore, hazard ratios (relative to 
patients with no prior exacerbations) were 3.27 
and 3.69, respectively, for future moderate exac-
erbations and future severe exacerbations among 
patients with ⩾1 prior severe exacerbation.7 
However, the severe exacerbation history group 
included patients who had experienced ⩾1 severe 
exacerbations and any number of moderate exac-
erbations. With the observation of increased rates 
of future exacerbations among those who had 
experienced a single exacerbation, either moder-
ate or severe, SHERLOCK expands upon the 
existing literature.

The rate per person per year of moderate and/or 
severe exacerbations ranged from 0.69 at the 
12-month follow-up to 0.83 at the 36-month fol-
low-up among patients with no prior exacerba-
tions in this study, with moderate exacerbations 



J Haughney, AJ Lee et al.

journals.sagepub.com/home/tar 7

(a)

(b)

(c)

Figure 2. Forest plot showing adjusteda RRs of (a) moderate and/or severe, (b) moderate, and (c) severe 
exacerbations by exacerbation historyb group at 12, 24, and 36 months of follow-up. RRs >1 indicate that 
patients with prior exacerbations have a greater event rate than patients with no prior exacerbations (Group A).
CI, confidence interval; MRC, Medical Research Council; RR, rate ratio.
aAdjusted for sex, age, smoking status, cardiovascular disease, cerebrovascular disease, depression, and MRC dyspnea 
score.
bExacerbation history group: A, no exacerbations; B, 1 moderate exacerbation only; C, 1 severe exacerbation only; D, ⩾2 
moderate or severe exacerbations.
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occurring at a higher rate than severe exacerba-
tions, as expected. These findings are generally 
consistent with other published data that have 
shown a relatively high frequency of exacerba-
tions after 3 years of follow-up. For example, in a 
subgroup analysis of the SPIROMICS study, 
48.7% of patients experienced ⩾1 exacerbation 
during the 3-year follow-up.6 The SHERLOCK 
study emphasizes the progression of COPD with 
time and the high percentage of patients with 
COPD who experience exacerbations over time.

It is known that COPD exacerbations are associated 
with a worse prognosis, including a decline in lung 
function, increased mortality, and increased health-
care resource utilization and costs.5,7,15–17 Therefore, 
early diagnosis and effective treatment of COPD 
and management of exacerbations are key to limit-
ing future exacerbation events to improve patient 
outcomes and reduce healthcare resource utilization 
and associated costs.5,7,8 The risk of death from 
COPD has been shown to increase with the fre-
quency of moderate exacerbations.7 The 
SHERLOCK study has shown that having a history 
of a single moderate or severe exacerbation increases 
the rate for subsequent exacerbations. Future stud-
ies should further explore the risk of mortality 
among patients who have only experienced a single 
moderate or severe COPD exacerbation.

The management and prevention of exacerba-
tions generally focus on patients who experience 
frequent or severe exacerbations.9,10 but there is 
an increasing awareness that patients who experi-
ence infrequent or moderate exacerbations may 
have an increased risk of future exacerbations and 
should be monitored.2,7 Although not specifically 
explored in this study, it should be recognized 
that strategies to prevent exacerbations should 
include all patients, particularly those identified 
through increasing use of a short-acting broncho-
dilator (‘mild exacerbations’) because these 
patients may also encounter disease progression. 
The importance of mild exacerbations as a proxy 
for symptomatic breakthrough and as a factor 
influencing disease progression should be recog-
nized and considered to expand on this study’s 
findings through future randomized controlled 
trials and observational studies.

Strengths and limitations
The main strengths of the SHERLOCK study 
include its large patient population, which was 

entirely inclusive of the geographical area cov-
ered by the NHSGGC Health Board, and the 
use of relatively few exclusion criteria, making 
the findings generalizable to the broader real-
world population of patients with COPD in both 
primary and specialty care. The study’s primary 
limitations are those inherent to retrospective 
studies and observational studies that utilize a 
routine clinical practice database rather than 
academic research use. These include being reli-
ant on a large and disparate group of clinicians 
to diagnose and record data accurately, incom-
plete or missing data (particularly for home visits 
and out-of-hours care), and the inability to 
extract data in an electronic form, such as 
spirometry data. For the spirometry data, only a 
small proportion of individual-level data was 
electronically retrievable. The lack of standard-
ized, accurate, and electronically retrievable 
spirometry data within the electronic health 
records setting has been previously reported.18 
Nevertheless, using diagnostic codes to identify 
COPD patients from electronic medical records 
is a validated approach, and the addition of 
COPD medications and spirometry data 
improves accuracy marginally.12 It should also 
be noted that this study did not control for lung 
function because spirometry data could be 
sparse.

In this study, Group C (i.e. those experiencing 1 
severe exacerbation) was slightly older and a 
greater percentage had cardiovascular disease, 
cerebrovascular disease, and diabetes than the 
other treatment groups. However, due to the small 
sample size of patients in this group (n = 250), 
baseline characteristics may be skewed. The per-
centage of never smokers was lower than might be 
expected in a population of patients with COPD 
(ranging from approximately 2%–3%) and may 
include some mislabeling and/or misreporting.

Conclusion
The SHERLOCK study demonstrates that a his-
tory of even 1 recent moderate or severe exacerba-
tion within the previous year increases the rate of 
subsequent exacerbations, compared with not hav-
ing a recent prior exacerbation at 12 months and 
for up to 36 months, emphasizing the importance 
of early identification and management of COPD 
to minimize the impact of exacerbations. These 
findings indicate that having a history of multiple 
exacerbations was associated with the greatest 
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increases in the rate of future exacerbations. When 
considered together, these data further emphasize 
the importance of early identification of those at 
risk for exacerbations to prevent further exacerba-
tions and their associated negative clinical and 
socioeconomic consequences. An appropriate 
management approach can be identified to improve 
patient outcomes and reduce hospitalizations by 
reviewing recent exacerbation history to ascertain 
future exacerbation risk.
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