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Quantification of injury burden 
using multiple data sources: 
a longitudinal study
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Paul Ho4, Chak Wah Kam5, Esther W. Y. Chan6, Gilberto K. K. Leung7, Ko Ling Chan8, 
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Quantification of injury burden is vital for injury prevention, as it provides a guide for setting policies 
and priorities. This study generated a set of Hong Kong specific disability weights (DWs) derived from 
patient experiences and hospital records. Patients were recruited from the Accident and Emergency 
Department (AED) of three major trauma centers in Hong Kong between September 2014 and 
December 2015 and subsequently interviewed with a focus on health-related quality of life at most 
three times over a 12-month period. These patient-reported data were then used for estimation of 
DWs. The burden of injury was determined using the mortality and inpatient data from 2001 to 2012 
and then compared with those reported in the UK Burden of Injury (UKBOI) and global burden of 
diseases (GBD) studies. There were 22,856 mortality cases and 817,953 morbidity cases caused by 
injuries, in total contributing to 1,027,641 disability-adjusted life years (DALYs) in the 12-year study 
timeframe. Estimates for DALYs per 100,000 in Hong Kong amounted to 1192, compared with 2924 
in UKBOI and 3459 in GBD. Our findings support the use of multiple data sources including patient-
reported data and hospital records for estimation of injury burden.

Intentional and unintentional injuries are the leading causes of global morbidity, mortality and premature  death1, 
causing around 5 million deaths annually (9% of the global mortality). Injury is also a significant health problem 
in Hong Kong. Each year around 6.2% of the population reported functional limitations caused by  injuries2. 
Quantification of injury burden is important for surveillance and prevention activities. However, few studies 
have estimated the burden of injury at population level. This estimation process is complex and influenced by 
high heterogeneity across injury types and situations such as injury severity, recovery duration and outcomes. 
The injury pyramid by Wadman et al.3 illustrated the interrelationship between fatal and non-fatal injuries which 
should be examined together, as their effects can be addictive and result in various health problems ranging from 
temporary pain and inconvenience to lifelong disabilities.

The 1990 Global Burden of Diseases, Injuries and Risk Factors (GBD) Study was the first to develop and 
utilize a comprehensive assessment method to estimate population-level burden caused by  injuries4. The central 
component of the GBD methodology is the calculation of disability-adjusted life years (DALYs) from expert 
opinions and clinical data. The DALYs, which has been an important measure of healthcare burden since its 
first conceptualization in  1990s4, reflect the aggregated effects of both fatal and non-fatal  injuries5,6. Specifically, 
these estimates are derived from overall health loss in a population which is equivalent to the sum of years lost 
due to premature mortality (YLL) and years lived with disability (YLD). The YLL represents the incidence of 
fatal injuries, whereas the YLD represents the healthy time lost due to injuries after considering the incidence of 
non-fatal injuries, disability weights (DWs) and duration of recovery or until death.

However, there has been debate over the best approach to estimation of DWs. Polinder et al.7 suggested in 
their review that many existing methods were insufficient to compute accurate DWs due to issues such as varia-
tions in injury assessment instruments, definition of incident and fatal cases, and lack of information in valuation 
of disability. For example, the GBD 1990 study derived DWs and duration of recovery for different injury groups 
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from panel studies and expert opinions rather than direct measurement. The GBD 1990 study, although consid-
ered a major milestone in quantification of healthcare burden, had limited data on injury incidences and DWs 
which may potentially underestimate burden of  injury8,9. To address these limitations, it has been suggested that 
valid estimation of DWs requires a comprehensive set of epidemiological data including injury types, severity, 
duration, and outcomes from multiple  sources10,11.

The UK burden of injuries (UKBOI) study, on the other hand, employed a mixed methods design, in which 
data from hospital and injured individuals recruited from multiple centers were incorporated to quantify pop-
ulation-level injury  burden6,8,9. Results of the UKBOI study showed that, compared to hospital records alone, 
the use of patent-reported data can give more accurate DW estimates. In view of these results, the data sources 
for derivation of DWs have been changed from judgement of healthcare professionals in GBD 1990 to use of 
general public judgment of symptom severity in GBD 2010 and patient-reported data in GBD  201312–14. Recent 
studies also used patient-reported outcomes for derivation of  DWs15–18. However, most studies were conducted in 
Caucasian populations, and only one study was conducted in Asian  population15. The lack of culturally relevant 
DWs can hinder the development of effective injury prevention strategies for these understudied populations, 
particularly when patients’ perception of the impact of an injury can vary between cultural  settings19,20. For 
example, Chinese patients tend to prefer collectivism over individualism, and such preference may differentiate 
Chinese and western patient perceptions and reports of pain and other symptom severity following the same 
injury  incidence20. Therefore, this study adopted multiple estimation methods to generate a set of Hong Kong 
specific DWs derived from patient-reported data and hospital records. This study also assessed differences in 
injury burden between western and Chinese cultures by comparing estimates of injury burden with Hong Kong 
specific DWs and those reported in the GBD and UKBOI studies. The main outcomes of the current study are 
therefore the Hong Kong specific DWs and DALYs estimated from these DWs.

Results
Participants. A total of 1924 patients were recruited from the Queen Elizabeth Hospital (n = 218, 11.3%), 
Queen Mary Hospital (n = 1,372, 71.3%), and Tuen Mun Hospital (n = 334, 17.4%). The average age of the 
recruited patients was 50.7 years, and 50.0% of them were males. 673 of them were (35.0%) admitted to the 
hospital after AED attendance. Workplace was the most frequent location of injury (24.7%), followed by home 
(22.6%). The most common mechanism causing injuries was fall (49.4%) followed by being hit/struck (14.0%). 
Most of the injury types included in this study were able to be mapped to the EUROCOST injury types. Table 1 
shows the distribution of injury types by age group among the recruited patients.

At one month after the injury, 1728 patients (89.8%) were contacted via phone calls. Around 45% (775) of 
them still reported functional limitations due to injury. Unrecovered patients were further contacted at 4-month 
post injury, of whom 337 (43.5%) were still affected by the injury. All patients were contacted again at 12 months 
post-injury with a response rate of 80.0%. Around 13.1% (201) of them were still unrecovered and were consid-
ered as having a lifelong consequence due to injury.

Disability weights (DWs). Figure  1 displays the overall changes of the utility index during the study 
period. It was found that the index scored low at 1-month post-injury and increased steadily at 4 and 12 months, 
with male patients reporting higher scores at all time points.

Length of hospital stay was used as a proxy for estimation of DWs of rare injury types. Linear regression 
analyses were conducted to examine the association between length of stay and DWs, which showed that DWs 
at all time points can be predicted by length of stay with regression coefficients of 0.004 (1st and 4th months) 
and 0.002 (12th month) (all p < 0.001). When the measures were standardized to their SDs, the coefficients were 
0.24 and 0.30, respectively, indicating small-to-medium effect sizes. Based on these results, DWs were estimated 
by the rate of 0.004 at 1st and 4th months and 0.002 at 12th month for hospitalization due to rare injury types. 
Acute and lifelong DWs together with the proportion of lifelong consequences of each EUROCOST injury type 
were computed as shown in Table 1. The injury type with the highest DW was spinal cord injury (0.654), followed 
by fracture of femur shaft (0.286) and injury of lower extremity nerves (0.230). Moreover, the lifelong DWs were 
generally lower than the acute DWs for most of the injury cases.

YLLs, YLDs and DALYs. In total there were 22,856 cases of injury mortality and 817,953 cases of injury 
morbidity during the period of 2001–2012. The total number and rate of injury episodes are shown in Sup-
plementary Table 1. The most common injury type was skull-brain injury other than concussion, followed by 
hip fracture. Table 2 shows the population-level YLLs and YLDs by sex, age group, and year using the DWs 
derived from our study. During the 12-year timeframe of this study, injury caused a total of 1,021,815 DALYs in 
Hong Kong, which is equivalent to 85,151 DALYs on a yearly basis. Injury-related burden of disease was 1192 
DALYs per 100,000 population. As shown in Table 2, males contributed more to DALYs (624,844) than females 
(396,971), but the trend was decreasing from 2001 to 2012. The average YLL to YLD ratio in this study was 2.3, 
which was higher than the estimate of the UKBOI study (0.2) yet lower than that of the GBD study (5.7). Fur-
thermore, the DALYs reported in this study (1192 per 100,000) were much lower than that in the UKBOI (2924 
per 100,000) and the GBD Study (3459 per 100,000) (Table 3).

Discussion
This study utilized and incorporated multiple sources of data from patients and hospitals to quantify the burden 
of injury at population level. A local prospective cohort of about 2000 injured patients was established to generate 
a set of Hong Kong specific DWs to allow for estimation of injury burden indicated by DALYs in Hong Kong. 
We found that the DALYs reported in this study was lower than those reported in the UKBOI and GBD studies. 
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Moreover, mortality was found to be the major contributor to injury burden in Hong Kong as indicated by a high 
YLL to YLD ratio, and most injuries imposed relatively short-term burden on  patients21.

Although assessment of injury burden is important for policy formulation and setting priorities, there has 
been no consensus on the method that is both valid and reliable for estimation of DWs attributable to injury in 
the scientific literature. While the approach used in the GBD 1990  study1 heavily relied on the opinions from 
an expert panel, we used empirical data collected from local injured patients to develop a set of DWs that were 
culturally sensitive and relevant to the Hong Kong setting. This approach was similar to that used in the UKBOI 
 study6,8 which utilised patient experiences-derived DWs and healthcare data to estimate the DALYs attributable 
to injury. The use of multiple data sources to quantify health losses attributable to fatal and non-fatal injuries 

Table 1.  Distribution of study participants among EUROCOST injury types, and estimation of disability 
weights and proportion of lifelong consequences. Remarks: 85 of them cannot be categorized into the 39 
EUROCOST injury group; 22 patients did not provide sufficient data to compute disability weights. DW 
disability weight.

EUROCOST injury types 12–24 25–59 60+ Total DWs (acute) DWs (lifelong)
Proportion of lifelong 
consequence (%)

Concussion 9 28 36 73 0.044 0.005 6.7

Other skull-brain injury 3 10 10 23 0.079 0.001 6.3

Open wound head 5 16 24 45 0.010 0.000 0.0

Eye injury 4 22 7 33 0.025 0.004 2.5

Fracture facial bones 5 5 4 14 0.151 0.026 21.1

Open wound face 7 19 17 43 0.043 0.000 8.4

Fracture/dislocation/strain/sprain 
vertebrae/spine 8 53 23 84 0.056 0.002 11.0

Whiplash, neck sprain, distortion 
cervical spine 3 15 3 21 0.136 0.016 32.0

Spinal cord injury 0 1 0 1 0.654 0.394 100.0

Internal organ injury 0 0 0 0 0.216 0.055 59.1

Fracture rib/sternum 0 15 12 27 0.092 0.000 6.1

Fracture clavicle/scapula 0 8 8 16 0.141 0.021 12.6

Fracture upper arm 0 5 20 25 0.183 0.002 25.1

Fracture elbow/forearm 5 15 14 34 0.174 0.016 12.5

Fracture wrist 4 45 50 99 0.138 0.002 10.5

Fracture hand/fingers 2 21 10 33 0.115 0.032 22.4

Dislocation/sprain/strain shoul-
der/elbow 7 20 8 35 0.075 0.014 13.6

Dislocation/sprain/strain wrist/
hand/fingers 8 28 10 46 0.083 0.013 14.5

Injury of upper extremity nerves 0 0 0 0 0.142 0.022 34.6

Complex soft tissue injury upper 
extremity 0 8 0 8 0.123 0.003 17.5

Fracture pelvis 1 3 3 7 0.041 0.001 8.9

Fracture hip 0 4 53 57 0.150 0.077 57.4

Fracture femur shaft 0 3 4 7 0.286 0.080 72.8

Fracture knee/lower leg 3 30 31 64 0.222 0.029 31.6

Fracture ankle 7 42 5 54 0.168 0.028 18.1

Fracture foot/toes 5 32 19 56 0.141 0.020 12.7

Dislocation/sprain/strain knee 11 42 27 80 0.069 0.006 13.1

Dislocation/sprain/strain ankle/
foot 34 64 18 116 0.065 0.000 10.0

Dislocation/sprain/strain hip 2 6 4 12 0.060 0.018 21.1

Injury of lower extremity nerves 0 0 0 0 0.230 0.060 100.0

Complex soft tissue injury lower 
extremities 2 5 0 7 0.198 0.001 0.0

Superficial injury, incl. contusions 47 199 120 366 0.037 0.005 8.3

Open wounds 34 101 30 165 0.030 0.002 5.2

Burns 6 19 5 30 0.030 0.016 4.9

Poisoning 5 15 4 24 0.025 0.000 21.1

Foreign body 5 15 6 26 0.000 0.000 0.0

Other injury 10 39 16 65 0.047 0.008 11.9

Total 244 959 614 1817
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has been suggested to provide the most accurate estimates of injury  burden8. The establishment of Hong Kong-
specific DWs in this study can help local policy makers in making accurate decisions and predictions on injury 
burden and trends in Hong Kong. The findings also inform future prevention strategies and priorities setting by 
highlighting the most disabling injury types and the patient groups with unmet needs.

Figure 1.  SF6D single utility score among recruited patients at 1-, 4-, 12-month post injury.

Table 2.  DALYs, YLL, YLD (acute and lifelong) and YLL:YLD ratio according to sex, age and year 
stratification. YLDs year lived with disability; YLLs years of life lost, DALYs disability-adjusted life years.

DALYs YLL YLD (acute) YLD (lifelong) YLL:YLD ratio

Sex

Male 624,844 459,626 64,663 100,555 2.78

Female 396,971 253,390 64,009 79,573 1.76

Age

0–14 40,957 23,967 6994 9995 1.41

15–59 734,971 579,912 54,945 100,114 3.74

60 or above 245,887 109,136 66,732 70,019 0.80

Year

2001 91,562 65,080 10,745 15,737 2.46

2002 93,451 67,891 10,452 15,108 2.66

2003 89,874 66,469 9440 13,966 2.84

2004 95,215 71,127 9771 14,316 2.95

2005 91,617 68,438 9495 13,684 2.95

2006 83,991 60,714 9524 13,753 2.61

2007 78,471 55,874 9560 13,037 2.47

2008 77,016 53,347 10,186 13,483 2.25

2009 84,216 57,504 11,309 15,403 2.15

2010 85,802 56,069 12,441 17,292 1.89

2011 74,592 44,772 12,712 17,108 1.50

2012 76,008 45,731 13,037 17,240 1.51



5

Vol.:(0123456789)

Scientific Reports |         (2021) 11:3078  | https://doi.org/10.1038/s41598-021-82799-9

www.nature.com/scientificreports/

However, estimation of patient experiences-derived DWs requires the collection of pre-injury HRQoL data. 
This study had considered three methods to evaluate pre-injury HRQOL, including patient recall of pre-injury 
HRQoL level (Method 1), use of normative values from previous population-based studies (Method 2), and 
proxy evaluation of pre-injury HRQoL by averaging the utility indexes of recovered patients within the 12-month 
study period (Method 3). Compared to Method 1 and Method 2, Method 3 was considered more reliable in 
terms of reflecting the true value of injury-related HRQoL loss. It is because Method 1 may involve recall bias, as 
traumatic events could have altered patients’ perception of their own health states. Method 2 may also generate 
biased estimates because of the potential socio-demographic differences between injured patients and the general 
population, as it has been reported that injuries occur more frequently in individuals from underprivileged social 
 class22. As such, if using Method 2, patients suffering injuries may have experienced lower levels of pre-injury 
HRQoL than the general population which could potentially inflate the estimation of DWs. Method 3 computes 
DWs using the population mean utility index reported by recovered patients which should produce the most 
valid estimates, and thus we adopted this method to compute the Hong Kong specific DWs.

Most of the DWs in this study were found to be lower than those reported in other UK  studies1,6,8, which could 
be explained by two possibilities. One possibility is that injuries in Hong Kong might be less severe than those 
in the UK. The other possibility pertains to cultural differences between Hong Kong and the UK, as the DWs in 
this study were estimated from patient-reported experiences following injury incidents which could be subject to 
cultural  influences19,20. For example, due to differences in preference for individualism and collectivism between 
the western and Chinese  cultures20, a patient with broken arm in western societies may regard themselves to 
have higher physical limitations when compared to their counterparts in Chinese societies. Notably, for most 
injury types, we cannot make direct comparison of DWs between the UKBOI study and the current study, as 
the UKBOI study used a 13-category injury classification system and yet we used the EUROCOST 39-category 
classification. For the remaining comparable subgroups such as upper and lower extremity fractures, the acute 
DWs for upper and lower extremity fractures in this study ranged from 0.115 to 0.183 and from 0.141 to 0.286 
respectively, but the DWs of admitted cases due to upper and lower extremity fractures in the UKBOI study were 
0.120 and 0.2408. We further compared the DWs in this study against findings from previous meta-analysis of 
six injury cohort studies on DWs derived from patient-reported data in five developed  countries16. The median 
acute and lifelong DWs (interquartile ranges [IQRs]) reported in this meta-analysis16 were 0.127 (0.076–0.188) 
and 0.107 (0.04–0.171) respectively, when compared to the same estimates in our study of 0.092 (0.044–0.151) 
and 0.008 (0.002–0.022) respectively. Furthermore, 24 out of the 30 DWs generated in our study are lower than 
those reported in the meta-analysis16, majority of which are lifelong DWs. This could be due to the prompt 
response of emergency services and high quality of care in secondary and tertiary healthcare institutes in Hong 
Kong, which have been shown to have great influences on patient trauma  outcomes23.

We found that compared to the UK, Hong Kong experienced greater injury burden due to mortality than to 
disability as indicated by a higher YLL:YLD ratio in this study than that reported in the UKBOI study. It has been 
reported that the estimation of the YLL:YLD ratio can be affected by a wide range of methodological factors, 
including DWs estimation, injury grouping, and data  source24. This finding suggests that the nature of injury 
burden may vary across societies. In particular, Hong Kong has a very low injury mortality rate when compared 
to other  populations25,26. The ratio therefore further suggests that the proportion of lifelong disability due to injury 
among Hong Kong residents could be even lower than that in other populations, possibly because the health 
care and medication administration systems in Hong Kong are of high quality, and most injuries are mild which 
do not necessarily result in hospital admission and thus contribute to smaller burden on local injured patients.

In addition, our study contributes to the literature by illustrating how to make use of multiple data sources to 
generate estimates of injury burden in Hong Kong. It should be noted that the DALYs reported in this study are 
indicative of injury burden for both mortality and inpatient cases. For instance, if a patient suffering from knee 
or lower leg fractures has an acute DW of 0.222 and lifelong DW of 0.029 at their first follow-up, these generated 
DWs can be combined with hospitalization data and AED records to generate YLD estimates attributable to knee 
or lower leg fractures. We can further quantify the level of burden due to knee or lower leg fractures by computing 
the DALYs using the associated YLD and the YLL estimates derived from mortality data. It is therefore impor-
tant to adopt standardized injury surveillance measures within the healthcare system, particularly the inclusion 
of AED data, for routine collection and analysis of injury-related data. The injury surveillance model based on 
AED data of a  hospital27 could be extended by adding a linkage with inpatient  records28 which can provide more 
information about long-term injury outcomes and thus achieve higher accuracy in estimation of injury burden.

Findings of this study should be interpreted with the following caveats. First, our study may not be able 
to assess the burden of all types of injury. We attempted to overcome this issue by adopting the length of hos-
pital stay as a proxy to estimate the DWs for rare injury conditions. The second limitation of this study is the 
restricted follow-up period up to 12 months. This might affect the accuracy of the lifelong DWs estimation, as 

Table 3.  YLDs, YLLs, YLL:YLD ratio and DALYs comparisons with overseas studies (per 100,000 population). 
YLDs year lived with disability, YLLs years of life lost, DALYs disability-adjusted life years.

Country, Year YLLs per 100,000 YLDs per 100,000 YLL:YLD ratio DALYs per 100,000

United Kingdom,  20058 526 2398 0.2 2924

Global,  201335 2945 515 5.7 3459

Hong Kong, 2001–2012 867 286 2.3 1192
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our current calculation was carried out based on the assumption that patients who had not been recovered from 
the injury by 12 months would have lifelong consequences. Other studies also acknowledged the weaknesses 
of this  approach7,8,29,30. In addition, the current method of DW estimation could be overestimated, as the loss 
in QoL might not be attributable to the injury episode. On the other hand, as the diagnosis data retrieved from 
the AED system was incomplete, we only included admission data in the calculation of DALYs, and this may 
potentially cause underestimation. However, the risk of underestimation should be low, as most patients with 
severe injuries should have been admitted to hospitals for treatment and observation. Finally, the lack of objec-
tive assessment of disability may also limit generalizability of the findings.

This study utilized and integrated patient-reported data, hospital data and mortality records to estimate the 
burden of injury at the population level. We found a unique set of DWs and DALYs that are specific to Hong 
Kong population and are different from those reported in the GBD and UKBOI studies. The results suggest that 
compared to expert panel-based estimation, patient-reported data might provide more reliable and valid esti-
mates of the burden of injury which have implications for future injury prevention efforts. Moreover, the Hong 
Kong specific DWs generated in this study will be useful for surveillance and monitoring of local injury burden 
with higher accuracy and thus inform service planning and delivery approaches.

Methods
Study participants. This study recruited individuals with any medical histories of intentional or uninten-
tional injuries from three major trauma centers in Hong Kong (Queen Elizabeth Hospital, Queen Mary Hospital 
and Tuen Mun Hospital) during the period of September 2014 to December 2015. These three hospitals were 
selected, as they are designated as trauma centers for three major areas in Hong Kong, namely the Hong Kong 
Island, Kowloon, and New Territories. The caseloads of these trauma centers are believed to be representative 
of the overall injury situation in Hong Kong. Quota sampling was adopted for recruitment to ensure the inclu-
sion of different types of injury at various levels of severity. Individuals who attended the Accident and Emer-
gency Department (AED) or admitted to the hospital due to injury during the study period were approached 
by trained research staff with the help of trauma nurses at the AED. After obtaining informed consent, patients 
were instructed to complete questionnaires on their demographics, details of the occurrence of injury, and their 
health-related quality of life (HRQoL) prior to the incidence of injury and were followed up over 12 months. 
They were subsequently interviewed by phone on recovery progress and HRQoL at 1- and 4-month post-injury 
or until full recovery was reported, whichever earlier. At 12-month post injury, telephone survey on health status 
was administered to all recruited patients, regardless of their recovery progress. Patients who did not respond to 
initial follow-up phone calls were contacted repeatedly via phone calls at different times of the day to minimize 
the study attrition rate. Patients’ hospitalization data and AED records in the follow-up period were extracted 
from the electronic health record sharing system under the local public hospital network.

Individuals aged below 12 years were excluded from this study due to the lack of appropriate measurement 
tool and Hong Kong-based population norm for evaluation of their HRQoL. Individuals who did not provide 
consent or were not Hong Kong permanent residents were also excluded.

Measures and statistical analysis. The DALYs were used to estimate population burden of injury. DWs, 
YLLs and YLDs were calculated using self-reported patient experience data, hospital data, and mortality records.

Disability weights estimation. DW is essential for calculating the YLDs. It is the loss of quality of life following 
the injury and indicator of the severity of injury experienced by the patient. It is measured on a scale ranging 
from 0 (perfect health condition) to 1 (worst health condition, death)31. In this study, the DWs were derived 
from data on patients’ self-reported HRQoL which was measured by the 12-item Short-Form Health Survey (SF-
12v2)32. The SF-12v2 is a widely used scale for assessing daily functions and can be used to compute a single 
utility index (SF6D) which is an indicator of health  state33. In this study, patients could have at most three SF6Ds 
measured at 1-, 4-, and 12-month post injury. The follow-up would be terminated when they reported full recov-
ery, and their subsequent SF6Ds would be assumed to remain the same. All the collected SF6D data from the 
recovered patients over the 12-month study period were averaged to generate the population mean index (PMI). 
The acute DWs were computed as the difference between the SF6D measured at 1-month post-injury and the 
PMI ( SF6D1m − PMI ), whereas the lifelong DWs were computed as the difference between the mean of all post-
injury SF6D and the PMI 

(

SF6D1m+SF6D4m+SF6D12m

3
− PMI

)

 . The study was originally planned to recruit at least 
six patients for each age and injury category in order to ensure the 95% margin of error within 10% of mean. The 
plan was difficult to achieve particularly for certain combinations of age and injury type. We therefore used 
regression analysis to estimate the DWs using length of hospital stay based on the assumption that the length of 
stay was mainly driven by the level of disability.

Calculation of years‑of‑life‑lost (YLLs) and years lived with disability (YLDs). The mortality data, including 
date of death, sex, age at death, residential district and all causes of death, were obtained from the Hong Kong 
Department of Health. Gender- and sex- specific mortality rate due to injury from 2001 to 2012 according to 
the ICD-10 causes of death were obtained. The population-level YLLs due to injury were calculated by matching 
the mortality data with the gender- and sex-specific life expectancies extracted from the 2011 Life Table by the 
Census and Statistics Department. To quantify the YLD component of DALYs, hospitalization data and AED 
record related to injury were retrieved from Clinical Data Analysis and Report System (CDARS). The CDARS 
captures majority of the hospitalization and 24-h AED service data in Hong Kong, including length of hospital 
stay which is a recognized indicator of injury severity. The International Classification of Diseases, 9th revision 
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(ICD-9) system for  diagnosis34 was adopted in the CDARS to document the types of injuries. E-codes (diagnos-
tic codes with first position as ‘E’) were also used to identify any external causes of AED admissions. The YLDs 
were computed as the product of injury incidence, DWs estimated from patient data, and duration of recovery 
or until  death24. The short-term YLDs were computed as the product of  DW1-year and number of occurrences of 
the corresponding injury type, whereas the long-term YLDs were computed by multiplying the lifelong DWs 
with the prevalence of all injury types, the proportion of lifelong consequences after injury and the remaining 
life expectancy of the injured patients.

Ethics approval. The study and consent procedures stated in the protocol of this study have been approved 
by the ethics committee of the Institutional Review Board of Hospital Authority in Hong Kong West Cluster 
(Ref. No.: UW 13-252), Kowloon Central Cluster (KC/KE-13-0148/ER-1), and New Territories West (1197/13). 
All methods of this study were performed in accordance with the relevant guidelines and regulations. Informed 
consent was obtained from all patients joining this study. For patients aged below 18 years, informed consent was 
obtained from both the patients themselves and their guardians.

Data availability
The data that support the findings of this study are available from Hong Kong Department of Health but restric-
tions apply to the availability of these data, which were used under license for the current study, and so are not 
publicly available. Data are however available from the authors upon reasonable request and with permission of 
Hong Kong Department of Health.

Received: 24 May 2020; Accepted: 26 January 2021

References
 1. Wang, H. et al. Global, regional, and national life expectancy, all-cause mortality, and cause-specific mortality for 249 causes of 

death, 1980–2015: A systematic analysis for the Global Burden of Disease Study 2015. Lancet 388, 1459–1544 (2016).
 2. Surveillance and Epidemiology Branch, Centre for Health Protection. (Department of Health—The Goverment of the Hong Kong 

Special Adminstrative Region, 2010).
 3. Wadman, M. C., Muelleman, R. L., Coto, J. A. & Kellermann, A. L. The pyramid of injury: Using ecodes to accurately describe the 

burden of injury. Ann. Emerg. Med. 42, 468–478. https ://doi.org/10.1067/S0196 -0644(03)00489 -X (2003).
 4. Murray, C.J. & Lopez, A.D. The Global Burden of Disease: A Comprehensive Assessment of Mortality and Disability from Diseases, 

Injuries and Risk Factors in 1990 and Projected to 2020. (Harvard School of Public Health, Global Burden of Disease and Injury 
Series, vol. I), 1996).

 5. Gold, M. R., Stevenson, D. & Fryback, D. G. HALYS and QALYS and DALYS, Oh My: Similarities and differences in summary 
measures of population Health. Annu. Rev. Public Health 23, 115–134. https ://doi.org/10.1146/annur ev.publh ealth .23.10090 1.14051 
3 (2002).

 6. Lyons, R. A. et al. The UK burden of injury study—A protocol. [National Research Register number: M0044160889]. BMC Public 
Health 7, 317. https ://doi.org/10.1186/1471-2458-7-317 (2007).

 7. Polinder, S. et al. Measuring the population burden of fatal and nonfatal injury. Epidemiol. Rev. 34, 17–31. https ://doi.org/10.1093/
epire v/mxr02 2 (2012).

 8. Lyons, R. A. et al. Measuring the population burden of injuries-implications for global and national estimates: A multi-centre 
prospective UK longitudinal study. PLoS Med. 8, e1001140. https ://doi.org/10.1371/journ al.pmed.10011 40 (2011).

 9. Lyons, R. A. Measuring the burden of injury. Injury Prevent. 14, 3–4 (2008).
 10. Schuur, J. D. & Venkatesh, A. K. The growing role of emergency departments in hospital admissions. N. Engl. J. Med. 367, 391–393 

(2012).
 11. Polinder, S., Meerding, W. J., Mulder, S., Petridou, E. & van Beeck, E. Assessing the burden of injury in six European countries. 

Bull. World Health Organ. 85, 27–34 (2007).
 12. Salomon, J. A. et al. Common values in assessing health outcomes from disease and injury: Disability weights measurement 

study for the Global Burden of Disease Study 2010. Lancet (London, England) 380, 2129–2143. https ://doi.org/10.1016/s0140 
-6736(12)61680 -8 (2012).

 13. Murray, C. J. L. et al. Disability-adjusted life years (DALYs) for 291 diseases and injuries in 21 regions, 1990–2010: A systematic 
analysis for the Global Burden of Disease Study 2010. Lancet 380, 2197–2223. https ://doi.org/10.1016/S0140 -6736(12)61689 -4 
(2012).

 14. Haagsma, J. A. et al. The global burden of injury: Incidence, mortality, disability-adjusted life years and time trends from the 
Global Burden of Disease study 2013. Injury Prevent. 22, 3–18. https ://doi.org/10.1136/injur yprev -2015-04161 6%JInju ryPre venti 
on (2016).

 15. Jagnoor, J. et al. Mortality and health-related quality of life following injuries and associated factors: A cohort study in Chandigarh, 
North India. Injury Prevent. 26, 315–323. https ://doi.org/10.1136/injur yprev -2019-04314 3%JInju ryPre venti on (2020).

 16. Gabbe, B. J. et al. Disability weights based on patient-reported data from a multinational injury cohort. Bull. World Health Organ. 
94, 806 (2016).

 17. Gabbe, B. J. et al. Long-term health status and trajectories of seriously injured patients: A population-based longitudinal study. 
PLOS Medicine 14, e1002322. https ://doi.org/10.1371/journ al.pmed.10023 22 (2017).

 18. Harcombe, H., Langley, J., Davie, G. & Derrett, S. Functional status following injury: What recovery pathways do people follow?. 
Injury 46, 1275–1280. https ://doi.org/10.1016/j.injur y.2015.04.004 (2015).

 19. Maramaldi, P., Berkman, B. & Barusch, A. Assessment and the ubiquity of culture: Threats to validity in measures of health-related 
quality of life. Health Soc. Work 30, 27–38 (2005).

 20. Triandis, H. C. Collectivism and individualism as cultural syndromes. Cross‑Cultural Res. 27, 155–180 (1993).
 21. Murray, C. J. & Evans, D. Health Systems Performance Assessment (Office of Health Economics, London, 2006).
 22. Karb, R. A., Subramanian, S. V. & Fleegler, E. W. County poverty concentration and disparities in unintentional injury deaths: A 

fourteen-year analysis of 1.6 million US fatalities. PLoS ONE 11, e0153516. https ://doi.org/10.1371/journ al.pone.01535 16 (2016).
 23. Harmsen, A. M. et al. The influence of prehospital time on trauma patients outcome: A systematic review. Injury 46, 602–609. 

https ://doi.org/10.1016/j.injur y.2015.01.008 (2015).
 24. Haagsma, J. A. et al. Improved and standardized method for assessing years lived with disability after injury. Bull. World Health 

Organ. 90, 513–521. https ://doi.org/10.2471/BLT.11.09510 9 (2012).
 25. World Health Organization. Injuries and Violence: The Facts 2014 (World Health Organisation Geneva, Geneva, 2014).

https://doi.org/10.1067/S0196-0644(03)00489-X
https://doi.org/10.1146/annurev.publhealth.23.100901.140513
https://doi.org/10.1146/annurev.publhealth.23.100901.140513
https://doi.org/10.1186/1471-2458-7-317
https://doi.org/10.1093/epirev/mxr022
https://doi.org/10.1093/epirev/mxr022
https://doi.org/10.1371/journal.pmed.1001140
https://doi.org/10.1016/s0140-6736(12)61680-8
https://doi.org/10.1016/s0140-6736(12)61680-8
https://doi.org/10.1016/S0140-6736(12)61689-4
https://doi.org/10.1136/injuryprev-2015-041616%JInjuryPrevention
https://doi.org/10.1136/injuryprev-2015-041616%JInjuryPrevention
https://doi.org/10.1136/injuryprev-2019-043143%JInjuryPrevention
https://doi.org/10.1371/journal.pmed.1002322
https://doi.org/10.1016/j.injury.2015.04.004
https://doi.org/10.1371/journal.pone.0153516
https://doi.org/10.1016/j.injury.2015.01.008
https://doi.org/10.2471/BLT.11.095109


8

Vol:.(1234567890)

Scientific Reports |         (2021) 11:3078  | https://doi.org/10.1038/s41598-021-82799-9

www.nature.com/scientificreports/

 26. Department of Health. Death Rates by Leading Causes of Death, 2001–2018 (Centre for Health Protection, Department of Health, 
Hong Kong SAR, 2019).

 27. Chow, C. B. et al. Development of an electronic emergency department-based geo-information injury surveillance system in Hong 
Kong. Injury 43, 739–748. https ://doi.org/10.1016/j.injur y.2011.08.008 (2012).

 28. Williams, J. M., Furbee, P. M. & Prescott, J. E. Development of an emergency department-based injury surveillance system. Ann. 
Emerg. Med. 27, 59–65 (1996).

 29. Gabbe, B. J., Sutherland, A. M., Hart, M. J. & Cameron, P. A. Population-based capture of long-term functional and quality of 
life outcomes after major trauma: The experiences of the Victorian State Trauma Registry. J. Trauma 69, 532–536. https ://doi.
org/10.1097/TA.0b013 e3181 e5125 b (2010) (discussion 536).

 30. Mackenzie, E. J. et al. The National Study on Costs and Outcomes of Trauma. J. Trauma 63, S54–S67. https ://doi.org/10.1097/
TA.0b013 e3181 5acb0 9 (2007) (discussion S81–S56).

 31. Reidpath, D. D., Allotey, P. A., Kouame, A. & Cummins, R. A. Measuring health in a vacuum: Examining the disability weight of 
the DALY. Health Policy Plan. 18, 351–356. https ://doi.org/10.1093/heapo l/czg04 3 (2003).

 32. Haagsma, J. A., Polinder, S., Van Beeck, E., Mulder, S. & Bonsel, G. J. Alternative approaches to derive disability weights in injuries: 
Do they make a difference?. Qual. Life Res. 18, 657–665 (2009).

 33. Ware, J. E. Jr., Kosinski, M. & Keller, S. D. A 12-Item Short-Form Health Survey: Construction of scales and preliminary tests of 
reliability and validity. Med. Care 34, 220–233 (1996).

 34. Statistics, N. C. F. H. The International Classification of Diseases: 9th Revision, Clinical Modification: ICD‑9‑CM. (US Department 
of Health and Human Services, Public Health Service, Health Care Financing Administration, 1989).

 35. Haagsma, J. A. et al. The global burden of injury: Incidence, mortality, disability-adjusted life years and time trends from the Global 
Burden of Disease study 2013. Inj. Prev. 22, 3–18. https ://doi.org/10.1136/injur yprev -2015-04161 6 (2016).

Acknowledgements
This work was supported by the Health & Medical Research Fund (Ref.: 11121401).

Author contributions
K.T.S.T. contributed to data interpretation and drafted the manuscript. F.K.H. drafted the initial manuscript 
and performed major parts of the statistical analysis. W.H.S.W. interpreted the results of the data and critically 
revised the manuscript. R.S.W. assisted in performing statistical analysis and critically revised the manuscript. 
P.H., C.W.K., and G.K.K.L. contributed to the recruitment coordination, study design, and data interpretation. 
E.W.Y.C. and K.L.C. contributed to data interpretation and revised the manuscript. C.B.C. contributed to study 
conceptualisation, study design and data preparation and revised the manuscript. P.I. contributed to the overall 
study coordination, study design, data preparation and interpretation and revised the manuscript. He had full 
access to all of the data in the study and takes responsibility for the integrity of the data and the accuracy of the 
data analysis. All authors have approved the final manuscript as submitted.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https ://doi.
org/10.1038/s4159 8-021-82799 -9.

Correspondence and requests for materials should be addressed to P.I.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

© The Author(s) 2021

https://doi.org/10.1016/j.injury.2011.08.008
https://doi.org/10.1097/TA.0b013e3181e5125b
https://doi.org/10.1097/TA.0b013e3181e5125b
https://doi.org/10.1097/TA.0b013e31815acb09
https://doi.org/10.1097/TA.0b013e31815acb09
https://doi.org/10.1093/heapol/czg043
https://doi.org/10.1136/injuryprev-2015-041616
https://doi.org/10.1038/s41598-021-82799-9
https://doi.org/10.1038/s41598-021-82799-9
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Quantification of injury burden using multiple data sources: a longitudinal study
	Results
	Participants. 
	Disability weights (DWs). 
	YLLs, YLDs and DALYs. 

	Discussion
	Methods
	Study participants. 
	Measures and statistical analysis. 
	Disability weights estimation. 
	Calculation of years-of-life-lost (YLLs) and years lived with disability (YLDs). 

	Ethics approval. 

	References
	Acknowledgements


