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ABSTRACT

Objectives Chronic wounds are common, costly and
impair quality of life, yet epidemiological data are scarce.
We aimed to estimate the incidence trend of a multiethnic
Asian population.

Design Retrospective cohort study.

Setting Singapore’s nationwide claims database.
Participants Singaporeans and permanent residents.
Outcomes Patients were identified by International
Classification of Disease, Ninth Revision, Australian
Modification (ICD-9-AM) and ICD-10-AM codes from all
admissions between 2000 and 2017, and categorised
according to aetiology: venous, arterial, diabetic and
pressure. Comorbidities were extracted from a national
database of Charlson Comorbidity Index scores.

Results Between 2000 and 2017, 124 023 wound-related
claims among 86 631 patients were identified. Age-specific
rate (ASR) and age-adjusted incidence rates of all wounds
increased over 18 years, with greatest increases among
those aged >80. In 2017, the median age of patients was
74 (IQR 63—-84). Half were male (51%). 70% were ethnic
Chinese, 15% Malay and 9% Indian. In 2017, the crude
incidence rate (CIR) was 15 per 100000 persons (95% Cl
14 to 16) for venous wounds, 56 (95% Cl 53 to 58) for
arterial, 168 (95% Cl 164 to 173) for diabetic and 183
(95% Cl 179 to 188) for pressure wounds. The CIR of any
chronic wound was 296 (95% CI 291 to 301). ASRs were
greatest in patients aged >80: 92 (95% Cl 74 to 112) for
venous, 478 (95% Cl 436 to 522) for arterial, 1791 (95%
Cl 1710 to 1876) for diabetic, 3647 (95% Cl 3530 to 3766)
for pressure and 4277 (95% Cl 4151 to 4407) for any
wound. Compared with the Chinese, Indians had thrice the
ASRs of venous and arterial wounds and double the ASR
of diabetic wounds. Malays had double the ASRs of arterial
and diabetic wounds.

Conclusions Chronic wounds are common in the elderly
with significant ethnic disparities in this Asian cohort. With
the incidence expected to rise with ageing populations,

it is crucial to address health disparities and evaluate
utilisation and cost to inform clinical practice and health
policy.
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Strengths and limitations of this study

» Pragmatic and replicable use of a nationwide da-
tabase to analyse the incidence of wounds in the
general population.

» Thorough case identification through including ad-
missions with wounds as a secondary diagnosis.

» Analysis of trends over 18 years.

» Excludes patients who may have used only outpa-
tient services for wounds.

» Subject to systematic errors in estimating incidence
based on ICD coding as an upgrade in ICD codes
was implemented during the period of observation.

INTRODUCTION
Chronic wounds are associated with pain,
depression, anxiety, embarrassment, func-
tional impairment and reduced quality of
life for both patients and caregivers.' * They
impose extra costs forinpatientand outpatient
health services.! ®* However, the magnitude
of the problem is poorly understood due to
under-reporting and challenges in case iden-
tification as they are frequently documented
as a comorbid condition.” Chronic wounds
are commonly defined as barrier defects that
have not healed in 3months.’ The four most
common chronic wounds are arterial insuffi-
ciency ulcers, venous ulcers, diabetic ulcers
and pressure ulcers.” In developed countries,
an estimated one to two per cent of the popu-
lation will experience a chronic wound during
their lifetime.® With the absolute incidence
of chronic wounds expected to increase in
ageing populations with comorbid conditions
such as diabetes, this is a silent epidemic that
will affect a growing proportion of the global
population.”?

To reduce the burden of chronic wounds,
information on the epidemiology of chronic
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wounds is required to inform decision-making by health
service planners.'' ' Unfortunately, the reported preva-
lence of chronic wounds varies widely and ranges from
0.15% to 1.69%." Estimates on the prevalence and
incidence of chronic wounds vary by jurisdiction, study
designs and methods for reporting prevalence and inci-
dence rates.” '* ' Studies also differ on the duration
required for chronicity, ranging from 4weeks to more
than 3months."®

The objective of this paper is to estimate the trend
in incidence rates of chronic wounds and its four most
common categories in the general population in Singa-
pore using a nationwide administrative claims database.
This will facilitate better public allocation of healthcare
resources in anticipation of an ageing population. To our
knowledge, data on the epidemiology of chronic wounds
is sparse in Asia. The incidence trends of chronic wounds
among multiethnic Singaporeans of Chinese, Malay and
Indian descent will be informative for the rest of Asia.

METHODS

Study population

We carried out a cohort study of wounds requiring care
in acute hospitals among Singaporeans and permanent
residents (PRs) between 2000 and 2017. All Singaporeans
are insured by a compulsory national health insurance
scheme that covers some portion of all inpatient hospital
bills. This identification of cases by International Classi-
fication of Diseases (ICD) codes in the national claims
database allows a population-based estimate of the inci-
dence of chronic wounds. Data on wounds were identi-
fied from the Ministry of Health’s (MOH) Central Claims
Processing System which includes all admissions of Singa-
pore residents to public and private acute care hospitals.

Chronic wounds can be caused by a wide variety of
diseases including inflammatory diseases, infection, malig-
nancy and haematological disease. This study focuses on
the four major causes of chronic wounds seen in Singa-
pore which are arterial ulcers, venous ulcers, diabetic
ulcers and pressure ulcers. Patients with chronic wounds
were identified using diagnostic codes from International
Classification of Disease, Ninth Revision, Australian Modi-
fication (ICD-9-AM) for the period 2000-2011 and from
ICD-10-AM for the period 2012-2017.

Patients were considered to have an incident chronic
wound—henceforth referred to as ‘wounds’—in a year if
their admission included diagnosis codes of any of our
aetiological subtypes as a primary or secondary diagnosis
(details of diagnosis codes in online supplementary table
1):

Venous ulcers: ICD-9-AM: 4540, 4532, 4591; ICD-10-AM:
183.0, 183.2, 187.0.

Arterial insufficiency ulcers: ICD-9-AM: 44023, 44024;
ICD-10-AM: 170.23, 170.24.

Diabetic ulcers: ICD-9-AM: 7071, 7078, 7079, 7854 &
one of 25070, 25071, 25072 or 25073; ICD-10-AM: E10.73,

E11.73, E13.73, E14.73, £10.52, E11.52, E13.52, E14.52,
E09.02, £E09.52, E10.69, E11.69, E13.69, E14.69.

Pressure ulcers: ICD-9-AM: 7070; ICD-10-AM: L89.0,
L89.1, 1.89.2, L.89.3, L.89.4, 1.89.5, 1.89.6, L.89.7, L89.8,
L.89.9.

Study variables

The demographic characteristics of patients were
extracted from the MOH Central Claims Processing
System. The Charlson Comorbidity Index (CCI) is a
summary score of an individual’s comorbidities based on
the presence of and severity of common chronic diseases.
Itis commonly used as a prognostic indicator and predicts
10-year survival risk and hospital utilisation in patients
with multiple comorbidities.'” ' The CCI of patients with
incident wounds was calculated based on pre-existing
comorbidities identified from diagnostic codes obtained
from MOH’s nationwide administrative databases on
inpatient admissions, day surgery and emergency depart-
ment episodes, public sector primary healthcare clinic
visits and subsidised general practitioner clinic visits via
the Community Health Assist Scheme. The prevalence of
comorbidities among the cohort of patients with incident
wounds in 2017 was defined as being diagnosed with any
of the comorbidities included in the CCI by the end of
2017.

Statistical analysis
The demographic and clinical characteristics of patients
with different incident wound types in 2017 were
compared. Differences in the median age and CCI score
between those with and without one of the four specific
wound types were tested for statistical significance using
the Mann-Whitney U test. Differences in gender, race
and prevalence of comorbidities between those with and
without a specific wound type were compared using the
x” test. Differences in demographic or clinical character-
istics between individuals with different incident wound
types could not be tested for statistical significance as
these groups were not mutually exclusive and there were
individuals with multiple incident wound types in a year.

The primary outcome was the incidence of any wound,
and each of the four aetiological types of wounds, per
100000 persons in the general population. We consid-
ered that the different wound types share risk factors and
patients may present with coexisting wound types. Hence,
patients who presented with more than one wound type
in a year were counted as having multiple wounds. To
estimate the yearly crude incidence rate (CIR) of chronic
wounds in the general population, each admission for a
wound type was counted once in a year. Multiple admis-
sions for the same wound type in a patient were counted
once in a year only. The denominator for each year was
the total mid-year population of Singaporeans and perma-
nent residents obtained from the Department of Statistics
of Singapore.

We estimated the CIR and age-adjusted rate (AAR) of
all wound types in 2017. The AAR was estimated based
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on the Singapore population in 2000. We also studied
the trend of age-specific incidence rates (ASR) of various
wound types for the following age groups: <40, 40-49,
50-59, 60-69, 70-79 and >80. ASR and overall CIR were
stratified by the three main ethnic groups in Singapore:
Chinese, Malay and Indian. To determine the trend of
annual incidence rates during this 18-year period, CIR
and AAR for wounds were estimated. Poisson regression
was used to identify the 95% CI of all incidence rates.

As there is no consensus on the minimum duration
needed to satisfy chronicity and no data on the duration
of wounds in administrative databases, neither point nor
period prevalence was estimated in our study. All analyses
were performed using Stata V.16 (Stata Statistical Software:
Release 16. College Station, Texas, USA: StataCorp LLC).

Ethical standards

As this study was conducted in accordance with the
national guidelines for the use of administrative data-
bases and personal data protection using anonymised
data from the Singapore MOH’s administrative databases,
the approval of an ethical committee was not required for

this study.

Patient and public involvement

As this was a retrospective analysis of an anonymised
national claims database, patients and the public were not
involved in the design or conduct of this study. A summary
of the results will be shared with the public by the MOH.

RESULTS

Patient characteristics

The average population size of Singaporeans and PRs
during this 18-year period was 3645514. Between 2000
and 2017, 124023 wound-related admissions of 86631
patients were identified. There were 11733 patients
admitted with a wound-related diagnosis in 2017. The
median age of patients in 2017 was 74 (IQR 63-84).
Approximately half of the patients were male (51%) and
the majority were Chinese (70%). The median CCI score
was 6 (IQR 3-9). The prevalence of conditions associated
with end-organ damage, such as congestive heart failure,
chronic obstructive pulmonary disease, acute myocar-
dial infarction, stroke, dementia and moderate to severe
kidney disease ranged from 20% to 47% in this popula-
tion (table 1).

Incidence trends
There was an increase in the yearly CIRs of venous, arte-
rial, diabetic, pressure, multiple and any wounds in the
general population during this 18-year duration. This
trend was also seen in the respective AAR adjusted to the
population structure in 2000 (figure 1A,B and table 2).
There was a sharp increase in the AAR of any wound in
2012 and 2013, which was contributed mainly by the sharp
increases in AAR of pressure and diabetic wounds in the

same years. Nevertheless, the graph shows an increasing
secular trend of AAR from 2012 to 2017.

The incidence rates of venous, arterial, diabetic and
pressure wounds increased exponentially with age. This
increase is highest among those aged 80 and older. This is
shown in the graphs trending the ASR of wounds in years
2000, 2005, 2010, 2015 and 2017 (figure 2A-E).

Incidence rates in 2017

In 2017, the CIR of chronic wounds per 100000 persons
in the general population was 15 (95% CI 14 to 16) for
venous wounds, 56 (95% CI 53 to 58) for arterial wounds,
168 (95% CI 164 to 173) for diabetic wounds and 183
(95% CI 179 to 188) for pressure wounds. Further, 114
per 100000 persons (95% CI 110 to 117) in the general
population presented with more than one wound type or
had multiple wounds. In total, 296 per 100000 persons
(95%CI 291 to 301) in the general population, and 792
(95% CI 777 to 807) per 100 000 persons aged 50 and
older in the general population had any chronic wound
(table 3).

Diabetic and pressure wounds were the most common
wounds in each age group. All four wound types had an
increasing incidence with age. Among those aged 80
and older in the general population, the ASR was 92 per
100000 persons (95% CI 74 to 113) for venous wounds,
478 (95% CI 436 to 522) for arterial wounds, 1791 (95%
CI 1710 to 1876) for diabetic wounds, 3647 (95% CI 3530
to 3766) for pressure wounds and 4277 (95% CI 4151 to
4407) for any wound. In the highest age group, patients
aged 80 and older, the ASR of arterial and diabetic
wounds were approximately twofold higher than that of
those aged 70-79. The age group-specific incidence rate
of pressure wounds among those aged 80 and older was
more than fourfold higher compared with those aged
70-79 (table 3, figure 3).

Significant differences in incidence rates were also
observed among the major ethnic groups. Among those
aged 50 and older in the general population, the ASR
was 38 per 100000 persons (95% CI 35 to 42) for venous
wounds, 150 per 100000 persons (95% CI 144 to 156) for
arterial wounds, 446 per 100000 persons (95% CI 435 to
457) for diabetic wounds and 505 per 100000 persons
(95% CI 493 to 517) for pressure wounds. Compared with
the Chinese majority, Indians had threefold higher inci-
dence rates of venous and arterial wounds and a twofold
higher incidence rate of diabetic wounds. Compared
with the Chinese majority, Malays had twofold higher
incidence rates of arterial and diabetic wounds. These
differences are seen among those aged 50 and older, and
also in the general population (table 3). These relative
differences in incidence rates of wounds among the three
ethnic groups were consistent over the 18-year period.
Malays and Indians had higher incidences of venous, arte-
rial and diabetic wounds, whereas the Chinese had the
highest incidence of pressure wounds (see online supple-
mentary figure 1A-D).
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Table 1 Characteristics of patients who had an incident wound in 2017

All Venous Arterial Diabetic Pressure
No. of individuals* 11733 598 2207 6679 7267
Age, median (IQR)t 74 (63-84) 66 (57-76) 68 (60-78) 70 (60-81) 80 (70-87)
Male, n (%)t 6020 (51.3) 338 (56.5) 1293 (58.6) 3591 (53.8) 3365 (46.3)
Racet
Chinese, n (%) 8255 (70.4) 354 (59.2) 1295 (58.7) 4129 (61.8) 5800 (79.8)
Malay, n (%) 1771 (15.1) 87 (14.7) 452 (20.4) 1300 (19.5) 811 (11.2)
Indian, n (%) 1113 (9.5) 112 (18.7) 332 (15.0) 854 (12.8) 360 (5.0)
Comorbidities
DM, n (%)t 7766 (66.2) 261 (43.7) 1293 (87.1) 6500 (97.3) 3886 (53.5)
PVD, n (%)t 3579 (32.6) 175 (38.5) 2153 (99.7) 2921 (44.9) 1029 (15.2)
CTD, n (%)t 315 (2.9) 35 (7.7) 63 (2.9)" 133 (2.1) 206 (3.0)"
AMI, n (%)t 3558 (32.4) 102 (22.4) 949 (44.0) 2327 (35.8) 2212 (32.7)"
CHF, n (%)t 3228 (29.4) 131 (28.8)" 902 (41.8) 2205 (33.0) 1872 (27.6)
COPD, n (%)t 2143 (19.5) 110 (24.2) 387 (17.9) 1121 (17.3) 1389 (20.5)
Stroke, n (%)t 4325 (39.3) 103 (22.6) 752 (34.8) 2410 (37.1) 3220 (47.5)
Dementia, n (%)t 2627 (23.9) 33 (7.3) 220 (10.2) 1149 (17.7) 2380 (35.1)
MS liver cirrhosis, n (%)t 578 (4.9) 33 (5.5)* 87 (3.9) 333 (5.0)" 412 (5.7)
MS CKD, n (%)t 5145 (46.8) 135 (29.7) 1378 (63.8) 3661 (56.3) 2963 (43.7)
Metastatic cancer, n (%)t 976 (8.9) 16 (3.5) 73 (3.4) 406 (6.3) 834 (12.3)
CCl score, median (IQR)T 6 (3-9) 3 (1-6) 7 (5-9) 7 (5-9) 6 (3-9)

*Non-additive across this row as one patient may have multiple wound diagnoses. Statistical significance of differences in median age and
CCl score was tested using the Mann-Whitney U test. Statistical significance of differences in percentages was tested using the y? test.
Tp<0.01 when compared with those without the specified wound, except for those marked with #.

Fp<0.05when compared with those without the specified wound, except for those marked with #.

AMI, acute myocardial infarction; CCI, Charlson Comorbidity Index; CHF, congestive heart failure; CKD, chronic kidney disease; COPD,
chronic obstructive pulmonary disease; CTD, connective tissue disease; CVA, cerebrovascular disease; DM, diabetes mellitus; MS, moderate

to severe; PVD, peripheral vascular disease.

DISCUSSION
In this comprehensive population-based study of nation-
wide claims for admissions to acute hospitals among
all Singaporeans and PRs, we estimated the incidence
of wounds in the general population over 18 years and
showed an increasing trend of venous, arterial, diabetic
and pressure wounds. In 2017, the incidence of any
wound was 300 per 100 000 persons in the general popula-
tion and 800 per 100000 among those aged 50 and older.
To our knowledge, this is the first report of incidence
rates in the general population in Asia. Outside of Asia,
Heyer and colleagues have reported national incidence
rates based on a German administrative database.” Other
reports on the incidence of wounds have been limited to
selected populations such as those with diabetes or institu-
tionalised patients. Specific epidemiological data on the
individual wounds types are frequently inadequate and
studies that have reported on the incidence of chronic
wounds are seldom comparable due to the heterogeneity
of the study design and methodology.”'* 11

The incidence has consistently increased with age,
with the sharpest rise observed in the oldest age group of
those aged 80 and above. The global burden of disease is

set to rise with ageing populations as better management
of infectious disease, cardiovascular disease and cancer
prolong survival and increase the prevalence of the frail
elderly. Interactions between the increasing burden of
comorbid diseases such as metabolic syndrome, vascular
risk factors and end-organ damage, and frailty in the
elderly increase the incidence of wounds.” Furthermore,
age is also a predictor of poor wound healing.'” The
trends reported in this study lend more evidence to the
prediction that the burden of chronic wounds in ageing
populations is a ‘snowballing threat’ to public health and
the economy.”

This highlights the global need to estimate local inci-
dence rates of this neglected epidemic. Although not
immediately fatal, wounds result in significant morbidity
through pain, impaired selfimage and restricted func-
tion especially when located at the lower limbs.' * Wounds
tend to be recurrent and result in high resource use in a
complex care setting, requiring medications, revasculari-
sation procedures, prolonged antibiotic therapy, special-
ised dressing and nursing care, readmissions, extended
length of stay and frequent outpatient visits. In addition,
there is direct and indirect loss of productivity through
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Figure 1 Trends of incidence rates from 2000 to 2017. (A)
The trend of CIR of wounds from 2000 to 2017. (B) The trend
of AAR of wounds from 2000 to 2017. The incidence rates
of specific wound types do not add up to the total incidence
rates as one patient may have multiple wound diagnoses in
the same year.

loss of function and significant caregiver burden.”” The
management of wounds is thus a complex multidisci-
plinary care challenge. In order to begin defining the
magnitude of this problem, health systems will benefit
from monitoring years lived with disability rates of
wounds alongside other common conditions studied in
the Global Burden of Disease Study.”'

This has implications for healthcare systems. In high-
resource healthcare systems, this is an opportunity to
lower the incidence rates of wounds by improving health
financing and delivery of integrated care for better
prevention and management of risk factors that include
well-reported diseases like diabetes and hypertension, as
well as the less reported syndrome of frailty among the
geriatric population or the chronically sick. Low-resource
countries may benefit from early recognition of this
problem and investing early in a healthcare system that is
poised to mitigate the morbidity and costs associated with
the wounds epidemic.

Understanding ethnic disparities is crucial to identi-
fying targeted measures to reduce chronic wounds. We
reported that venous, arterial and diabetic wounds are
more common among the Malays and Indians compared
with the Chinese majority. This may partly be due to
inherent genetic differences in risk profile. The preva-
lence of chronic venous disease, a precursor of venous
wounds, manifested by spider veins, varicose veins, trophic
changes, oedema and a history of venous thrombosis, has
been shown to be influenced by ethnicity.** At the same
time, our results are consistent with the higher incidence
of lower extremity amputations, a late complication of
arterial and diabetic wounds, among Malays and Indians
in Singapore.”” More research is needed to determine the
extent to which disparities are mediated by differences in
the control of known risk factors, socioeconomic status
and access to health services, so as to inform interven-
tions that will aggressively mitigate these factors.

The CIR of wounds of 300 per 100000 persons in the
general population in 2017 is similar to the rate of 280
previously reported in Germany in 2012 by Heyer and
colleagues.” Our estimated CIR of venous wounds of 15
per 100000 persons is close to the range of 20-350 per
100000 previously reported in an international study in
1999.** However, it is one-quarter of that estimated by
Heyer and colleagues in their more recent study. This
discrepancy could be due to inherent ethnic differences
in the prevalence of risk factors for venous wounds,
which has been shown to be more common among non-
Hispanic whites compared with Asians.*

The arterial wound rate of 60 per 100000 persons and
diabetic wound rate of 170 per 100000 persons are twice
that reported in the German setting, which is the only
other study that has reported these rates in the general
population.'” Arterial and diabetic wounds share a
common pathophysiological process and are considered
late-stage manifestations of disease. In our population,
87% of those with an arterial wound have comorbid
diabetes. The higher rates of arterial and diabetic wounds
in our population are consistent with existing evidence
of higher diabetes prevalence in Singapore and poorer
outcomes of diabetic patients in Singapore compared with
Organisation for Economic Co-operation and Develop-
ment (OECD) nations. In 2017, the age-sex standardised
rate of lower extremity amputations among diabetics in
Singapore, a late complication of arterial and diabetic
wounds, exceeded all OECD countries, with the excep-
tion of Israel and Mexico.” In response to the alarmingly
poor outcomes of our patients with diabetes, the Singa-
porean government has declared a ‘war on diabetes’
and initiated a multi-ministerial task force to improve
the quality of care of diabetes through campaigning to
encourage better compliance to lifestyle modifications,
enhancing the skills of healthcare providers, empowering
the patient community and increasing health financing
of care for diabetes.”

The pressure wound incidence rate of 180 per 100000
persons is also twice that reported in the German setting.
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Figure 2 Trends of ASR of wound types from 2000 to 2017. (A) The increases in ASR of venous wounds from 2000 to 2017.
(B-E) Similar trends for arterial, diabetic, and pressure wounds and total incidence, respectively.

Again, there were also no other studies in the general
population with which we could make a direct compar-
ison. One-year incidence rates reported among patients
in cohort studies across various hospital settings ranged
from 11% to 18%.” * Since the incidence of pressure
wounds is higher among elderly, functionally dependent,
intensive care unit and institutionalised patients, more
information is needed on the risk profile of the popula-
tion to explain this difference.'”

The strengths of this study include the use of the nation-
wide claims database to access all inpatient utilisation
episodes and the long duration of observation, allowing us
to reliably make a population estimate and trend the inci-
dence across 18 years. By including secondary diagnoses
of wounds, we accounted for wounds which are frequently
under-reported as they tend to be regarded as comorbid
condition by clinicians. Although there is a limit to the
generalisability of incidence rates to other populations
due to differences in the age structure, ethnicity, disease
epidemiology and healthcare infrastructure, the trend

of increasing rates can be generalised to other coun-
tries with an ageing population. The method of identi-
fying cases through inpatient utilisation is reliable and
useful for future research. It is a pragmatic method that
can be easily replicated in other countries for compar-
ison, especially in low-resource settings where setting up
a registry is not feasible. Inpatient utilisation is the most
significant contributor to direct healthcare costs. These
population-based estimates may be used to build on
recently published estimates on the incidence and costs
of wounds in the second largest healthcare institution in
Singapore, to derive the economic burden of wounds to
the population.”” This will provide valuable information
to inform future cost-effectiveness evaluations of interven-
tions to reduce the frequency, duration and recurrence of
wounds for decision-making and priority setting.”

Our study has important limitations. The complete reli-
ance on ICD codes to identify cases subjected the data to
fluctuations related to a change from the use of ICD-9-AM
to ICD-10-AM in 2012. There were sharp increases in the

Goh 0Q, et al. BMJ Open 2020;10:¢039411. doi:10.1136/bmjopen-2020-039411

7



)
7
o
3]
3]
®©
c
[
o

©)

*suosiad 000 00| 4od punom Aue pey oym JaquinN,
'S|D %G6 SJBWIISe 0} Pasn sem UoIssaifal uossiod

€'10€ 01 G'06¢C 6'G6¢ €eLLL G'/81 0} L'6.LL c'esl 19¢L G'¢LL O vv9l 7’891 6,99 085 01 ¥'€G JACE] pAV44 €9L016°€l LGl 869 796 ,.596¢€ lle49n0

0°0ci 01 G'¢8¢ 6°001 VL. 8'961 C1E'LLL L'e8l €8 6'0LE 01 L'8L¢C S§'v6¢ €0ct 0'¢cll 010'¢6 ¢'cob  cSy 0'v¢ 01 G'Gl ¥'6L 98 0LL0ES Kejey

S'0L0L 0} 0'V¥6 /'S00L /86 6'6.€ 01 8'50€ Y'ive gee L'v€8 01 £'€2L SLLL €9/ 8'8y€0¥8'L/¢ 8'Lle 90¢ L'9LL 0169, 8V¥6 €6 /€186 uelpul

€'€€L019°10L €LLL 9G6L ¢'GeS 01 6’861 8'LIS 999 97/9€ 0} €'GVE £'96¢ ¢S6¢ 8'8LLOYEQ0L  Vv'CLE vl 8'¢€ 01€'9¢ ¥'6c  9c¢e 0c€L60L | esaulyd

L'90vy OYO'LSLy  v'Llev  cEEY 0'99/£018'6¢9€ G'9¥9€  €69€ G'G/8L0}1.'60LL  L'I6BLL Vi8I v'cegore9ey 6Ly v8Y  G¢LLOl L'y,  8l6 €6 9/¢ 1oL 08<

9’1990} C'61S L'ovs 0cse 8'0G¢ 0} 9'¢ee ¥'9¢ge 0Lt ¥'98€ O} 1L GE 9'89¢ 0cL L'ySLoy'eel  vevl 699 geyorgee  §le  GlL 02999Y 69-09

0'G8 01 6'0L L) 8Ly 0'9¢ o '8l 0¢e gel 6°¢9 01 8°09 9'99 81¢ L'6L019°CL 96l 96 7’60} L'G 0L v Lv6v19 6v-0v

10 %56 ajey u 10 %56 aey u 10 %56 ey u 10 %S6 ajey u 10%S6  9ied u uaseg dnoib aby
Jeol ainssaid onaqelqg leuspy snouap

Goh 0Q, et al. BMJ Open 2020;10:¢039411. doi:10.1136/bmjopen-2020-039411



Incidence of wounds by type and age groups
in 2017
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Figure 3 Incidence of different wounds by age group in

2017. The incidence rates of specific wound types do not
add up to the total incidence rates as one patient may have
multiple wound diagnoses in the same year.

trend of pressure and diabetic wounds seen in 2012. This
could have been related to the use of more specified
codes for diabetic and pressure wounds in ICD-10-AM.
Since codes were not more inclusive but more detailed
and specific, this may have influenced hospital coders in
the medical records office to pay more attention to these
diagnoses when transiting from ICD-9-AM to ICD-10-AM
(see online supplementary table 1). Regardless of the
spike in rates seen in 2012 and 2013, our figures show an
increasing trend in age-adjusted rates for all wound types.

Dependence on inpatient utilisation as a surrogate for
wound incidence might overestimate incidence rates in
recent years. The increase in rates in most recent years
could be contributed by an increase in patient aware-
ness and utilisation of inpatient health services for thera-
peutic management such as revascularisation procedures
and advanced wound nursing care options rather than a
true increase in incidence. Furthermore, case identifica-
tion through diagnosis coding without supplementation
with other criteria may also result in an overestimation.”’
Overall, these effects may be minimal as there could be
a concurrent underestimation of incidence through the
exclusion of patients with wounds who only used outpa-
tient services. Nonetheless, we expect that in spite of these
uncertainties, there is a true increase in incidence due
to the effects of an ageing population in a high-resource
healthcare setting for reasons mentioned earlier.

We were unable to determine the duration of wounds
to quantify chronicity. This is not possible based on
administrative data and makes the case for the establish-
ment of a wounds registry to more accurately estimate
the incidence and prevalence of wounds in the general
population. However, the high administrative burden of
establishing a registry may not be feasible in low-resource
healthcare systems.

Our study estimated the incidence rate of wounds and
four aetiological types in the general population based on
a national administrative database over an 18-year period.

We found an increasing trend across all wound types, with
the highest increase among the oldest age groups. The
burden of wounds is expected to increase as the popu-
lation ages. Our findings suggest that countries should
actively monitor the epidemiology of wounds to better
quantify the burden of disease so that the data can be
used for priority setting for health services delivery and
for evaluating the cost-effectiveness of targeted interven-
tions. Future analyses might build on this work to esti-
mate the economic burden of chronic wounds.
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