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ABSTRACT
Objectives  Data linkage of cohort-based data and 
electronic health records (EHRs) has been practised in 
many countries, but in Hong Kong there is still a lack of 
such research. To expand the use of multisource data, we 
aimed to identify a feasible way of linking two cohorts with 
EHRs in Hong Kong.
Methods  Participants in the ‘Children of 1997’ birth 
cohort and the Chinese Early Development Instrument 
(CEDI) cohort were separated into several batches. The 
Hong Kong Identity Card Numbers (HKIDs) of each batch 
were then uploaded to the Hong Kong Clinical Data 
Analysis and Reporting System (CDARS) to retrieve EHRs. 
Within the same batch, each participant has a unique 
combination of date of birth and sex which can then be 
used for exact matching, as no HKID will be returned 
from CDARS. Raw data collected for the two cohorts were 
checked for the mismatched cases. After the matching, we 
conducted a simple descriptive analysis of attention deficit 
hyperactivity disorder (ADHD) information collected in the 
CEDI cohort via the Strengths and Weaknesses of ADHD 
Symptoms and Normal Behaviour Scale (SWAN) and EHRs.
Results  In total, 3473 and 910 HKIDs in the birth cohort 
and CEDI cohort were separated into 44 and 5 batches, 
respectively, and then submitted to the CDARS, with 100% 
and 97% being valid HKIDs respectively. The match rates 
were confirmed to be 100% and 99.75% after checking 
the cohort data. From our illustration using the ADHD 
information in the CEDI cohort, 36 (4.47%) individuals 
had ADHD–Combined score over the clinical cut-off in 
the SWAN survey, and 68 (8.31%) individuals had ADHD 
records in EHRs.
Conclusions  Using date of birth and sex as identifiable 
variables, we were able to link the cohort data and 
EHRs with high match rates. This method will assist in 
the generation of databases for future multidisciplinary 
research using both cohort data and EHRs.

INTRODUCTION
In epidemiological studies, both cohort-
based data and registry/hospital-based 

electronic health records (EHRs) are useful 
data sources, each of them having strengths 
and weaknesses. Cohort-based surveys usually 
focus on a specific topic of interest,1 such as 
health examination, biological indicators, 
socioeconomic information, lifestyle infor-
mation including income, education, exer-
cise and diet, or other qualitative data from 
questionnaires or interviews. However, they 
usually have limited years of follow-up with 
suboptimal follow-up rate2; they are labour-
intensive for data collection and manage-
ment,3 and may lack statistical power or 
suitable variables to address new research 
questions beyond the initial cohort establish-
ment due to inadequate sample sizes. Clinical 
data management systems such as EHRs are 

Strengths and limitations of this study

►► Our study links cohort data with a regionwide elec-
tronic healthcare database that covers more than 
90% of inpatient services and more than 80% of 
outpatient services in Hong Kong.

►► The use of date of birth and sex as identifiable vari-
ables for exact matching is easy and feasible and is 
highly accurate as it is not likely to be affected by 
recall bias.

►► Privacy is well protected in the process of data link-
age through the separate management of different 
documents.

►► The use of date of birth and sex as identifiable vari-
ables is less efficient when linking data which needs 
to be split into many batches.

►► Inherent problems within the different data sources, 
such as erroneous data entries in the cohort data 
and electronic health records including data from 
public settings only, can complicate the data linkage 
process and the use of linked data.
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real-time, and recorded as part of daily clinical practice 
or population management, and usually cover a large 
population. They include information on diagnosis, 
prescriptions, laboratory tests and payment information 
etc, that can facilitate the cost effectiveness of long-term 
follow-up.4 5 However, EHRs rely on information routinely 
collected in clinical settings. Some fundamental risk 
factors including social, behavioural and environmental 
factors, and patient-reported outcomes are not well docu-
mented in EHRs compared with other epidemiological 
studies like cohort studies.4

Considering the strengths and limitations of different 
data sources, the opportunity to link data using different 
data collection methods and across different settings 
would potentially enable a wider range of research ques-
tions to be addressed. With the development of interdis-
ciplinary research and big data analytics, there is a trend 
of using record-linkage technologies to use the data from 
different settings. It is also very important to assess the 
validity and practicability of the record-linkage before-
hand to make sure that it is useful for researchers.6 In 
many countries including Australia,7 the USA,8 Scotland,9 
New Zealand,10 China11 etc, data linkage has been prac-
tised in medical and social research.

To the best of our knowledge, only one other similar 
data linkage study has been conducted in Hong Kong. It 
linked data from the social service databases and EHRs 
by obtaining the direct linkage from the Hong Kong 
Hospital Authority (HA).12 As the data was owned by the 
Government and it was a one-off linkage, it is not possible 
to maintain the databases as a longitudinal dataset to 
evaluate long-term outcomes of children. Therefore, in 
this study, we aim to identify a feasible way to link data 
from two previously established cohorts of children and 
EHRs, to provide methodological fundamentals for the 
life trajectory and long-term assessment of various health 
conditions in Hong Kong.

METHOD
Data source
We performed the record-linkage of two cohort studies 
with the Clinical Data Analysis and Reporting System 
(CDARS), an electronic database used by the public 
healthcare system in Hong Kong. The ‘Children of 
1997’ birth cohort,13 established by the School of Public 
Health at the University of Hong Kong (HKU) and 
the Department of Health, is one of Asia’s largest birth 
cohorts. The study successfully recruited over 8300 babies 
born in 1997. Since 2007, direct contact with subjects 
has been re-established and postal surveys have been 
regularly conducted in the entire cohort. 3618 subjects 
participated in the Biobank clinical follow-up study for 
assessing body composition and provided biospecimens 
for biobanking from 2013 to 2018. They also consented 
to record-linkage for future health-related studies. The 
second cohort is the Chinese Early Development Instru-
ment (CEDI) cohort, which was established in 2011 by 

the Department of Paediatrics & Adolescent Medicine 
at HKU to study the impact of socioeconomic disparity 
on child health and development. Stratified samples of 
K3 children from high-income and low-income districts 
were successfully recruited in 2011/12 (K3, 5–6 years, 
N=567). These children were followed up in 2014/15 
(grade 3, 8–9 years, N=519, N=832 with chain-referral) 
and 2018/19 (grade 7, 12–13 years, ongoing, expected 
N=583 with chain referral), respectively, with retention of 
>80%.14 15 Parents/guardians of participants in the two 
cohorts, or participants 18 years or older, were asked to 
provide informed written consent agreeing to the use 
of their Hong Kong Identity Card Number (HKID) for 
record-linkage and longitudinal follow-up for clinical 
research. Each of them provided their HKID volun-
tarily.15 16

CDARS is an electronic database that includes EHRs 
since 1995 from all public hospitals and clinics in Hong 
Kong. It contains anonymised inpatient, outpatient 
(ambulatory care) and emergency department admissions 
records to protect patient confidentiality. Information 
including diagnosis, hospital admissions and discharges, 
payment method and prescription and dispensing infor-
mation are recorded in CDARS. Data from CDARS has 
been validated and used in many previous epidemiological 
studies on children’s neurodevelopment disorders.17–20

Record-linkage process
Individuals in the two cohorts who provided HKID were 
included. We completed the record-linkage in four steps:
1.	 First, we used the combination of date of birth and sex 

to generate a reference ID in each cohort database; we 
then separated all the participants into several batches 
and ensured, within the same batch, each participant 
had a unique reference ID (figure 1).

2.	 Second, we used the HKID in each batch to retrieve 
their patient ID, sex and date of birth from CDARS. 
At this stage, the CDARS should return the number of 

Figure 1  Method to generate batches. Dob, date of birth.
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valid HKID uploaded and identify invalid HKIDs if any 
(equation 1).

3.	 Due to the protection of patient privacy, only the pa-
tient ID, but not the HKID can be returned on request 
in CDARS. Thus, for records with valid HKID, we used 
unique combinations of date of birth and sex retrieved 
from CDARS (equation 2) for further matching in 
each batch with the information from the cohort data-
base (equation 3) to shorten the matching time.

4.	 For those mismatched cases, we checked the raw data 
collected for the two cohorts (questionnaires in paper 
format) to exclude the possibility of data entry errors 
and ensure the highest match rate (equation 4).

To protect data security and patient privacy, we sepa-
rated the management of cohort ID, HKID and patient 
ID. The data retrieval process and record-linkage flow 
are illustrated in figure  2. EC had access to the cohort 
data including cohort ID (not HKID), generated the 
matching batches. ML, the only person who had access 
to both HKID and cohort ID, then uploaded HKID and 
retrieved patient ID from CDARS data by batches, but was 
not included in the data management and analysis. LG 
did the batch splitting independently for quality control 
as well as the remaining analysis.

Reported outcomes
To evaluate the success of our data linkage method, vali-
dated HKID rate, CDARS retrieved rate, crude match 
rate, match rate after checking and total link rate were 
calculated using the equations in figure 3.

In addition, after the data linkage, we took attention 
deficit hyperactivity disorder (ADHD) as an example 

and conducted a simple descriptive analysis in the CEDI 
cohort to compare the survey results and EHRs in CDARS. 
In the CEDI cohort, two surveys using the Strengths and 
Weaknesses of ADHD Symptoms and Normal Behaviour 
Scale (SWAN) were conducted in the primary school 
phase (March 2014–December 2015) and the secondary 
school phase (June 2018–September 2019). We used both 
clinical cut-off and alternative (borderline) cut-off21 to 
identify individuals who scored above the threshold in 
three domains. Also, EHRs of ADHD in these matched 
participants were summarised using the International 
Classification of Diseases, Ninth Revision, Clinical Modi-
fication code of 314 for the ADHD diagnosis, and the 
British National Formulary chapter 4.4 for the ADHD 
medication prescription.

Microsoft Excel and R V.3.6.1 were used for data manip-
ulation and analysis.

Patient and public involvement
This is a methodological study to assess the feasibility of a 
data linkage method. Patients and/or the public were not 
involved in the design, conduct, reporting or dissemina-
tion plans of this research.

RESULTS
In total, at the time of analyses, there were 3473 HKIDs 
within 44 batches in the birth cohort submitted to the 
CDARS and all of these HKIDs were valid with successful 
data retrieval from the system. Of the 3473 children 
included in the birth cohort, 95.85% had at least one 
public hospital/clinic attendance up to the end of 2019, 
and were successfully matched from cohort data to CDARS 
data. For the 910 children separated into five batches in 
the CEDI cohort, 889 of them provided valid HKIDs, and 
820 of them had records in CDARS. The crude match rate 
was 93.05%, and the match rate was increased to 99.75% 
after checking the raw data about the date of birth and 
sex records in the CEDI cohort. The rate of each match 
step is shown in table 1.

The information of ADHD in the CEDI cohort is 
summarised in table 2. In 806 individuals who answered 
at least one survey, 4.47%, 5.58% and 4.22% of these 
individuals had an ADHD-Combined score, ADHD-
Inattentive score and ADHD-Hyperactivity/Impulsivity 

Figure 2  Method to link data from cohort and CDARS in 
each batch. CDARS, Hong Kong Clinical Data Analysis and 
Reporting System; Dob, date of birth; EHRs, electronic health 
records; HKID, Hong Kong Identity Card Number.

Figure 3  Method to calculate the rate of each step. HKID, 
Hong Kong Identity Card Number.
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score over the clinical cut-off. After the data linkage, we 
found 54 individuals had at least one diagnosis of ADHD, 
and 60 individuals had the prescription record of ADHD 
medication. Then we compared the ADHD information 
from the cohort survey and the EHRs. Of the 68 individ-
uals who had a history of ADHD diagnosis or medication 
treatment, less than 30% of them had scores in three 
domains above the clinical cut-off and more than half of 
them had scores above the borderline cut-off.

DISCUSSION
In recent years, with the increasing use of electronic 
mobile devices, investigation and follow-up in cohort 
studies have become easier to implement, so a large 
number of cohort studies were set up and related 
networks were formed to collaborate, such as the EU Joint 
Programme-Neurodegenerative Disease Research,22 23 
Collaborative Initiative for Paediatric HIV Education and 
Research Global Cohort Collaboration24 25 and Biosocial 
Birth Cohort Research Network.26 Meanwhile, many big 
data networks integrate EHRs for research, for example, 
the Neurological and mental health Global Epidemi-
ology Network27 28 and the Asian Pharmacoepidemiology 
Network.29 30 These two kinds of data are both valu-
able for epidemiological research on different topics, 
with the potential to be used in both policy and social 
research too. Cohort studies can obtain more detailed 
and customised variables while EHRs can provide more 
data that are less subject to attrition or response bias.31 
Therefore, making full use of these two kinds of data will 
increase the scope for research. There are already good 
practices for linking cohort studies to EHRs in other 
countries, for example, the UK Biobank has been linked 
to different kinds of EHRs.32 However, there is still a lack 
of studies that use both cohort studies and EHRs in Hong 

Table 1  Data linkage rate in each step

‘Children of 1997’ 
birth cohort CEDI cohort

No. of submitted HKID 3473 910

No. of valid HKID (%) 3473 (100) 889 (97.69)

No. of retrieved records 
(%)

3329 (95.85) 820 (92.24)

No. of crude matched 
records (%)

3321 (99.76) 763 (93.05)

No. of matched records 
after checking (%)

3329 (100) 818 (99.75)

Total link rate (%) 95.85 89.89

CEDI, Chinese Early Development Instrument; HKID, Hong Kong 
Identity Card Number.

Table 2  Summary of ADHD information in CEDI cohort

Female Male Total

Cohort SWAN information

 � No. of individuals answering the survey (%) 359 (44.54) 447 (55.46) 806 (100)

 � No. of individuals with ADHD-C score over clinical cut-off (%) 11 (3.06) 25 (5.59) 36 (4.47)

 � No. of individuals with ADHD-I score over clinical cut-off (%) 18 (5.01) 27 (6.04) 45 (5.58)

 � No. of individuals with ADHD-HI score over clinical cut-off (%) 10 (2.79) 24 (5.37) 34 (4.22)

 � No. of individuals with ADHD-C score over borderline cut-off (%) 34 (9.47) 105 (23.49) 139 (17.25)

 � No. of individuals with ADHD-I score over borderline cut-off (%) 69 (19.22) 96 (21.48) 165 (20.47)

 � No. of individuals with ADHD-HI score over borderline cut-off (%) 52 (14.48) 72 (16.11) 124 (15.38)

CDARS EHRs information

 � No. of final matched (%) 366 (44.74) 452 (55.26) 818 (100)

 � No. of individuals with ADHD diagnosis (%) 14 (3.83) 40 (8.85) 54 (6.60)

 � No. of individuals with ADHD medication (%) 13 (3.55) 47 (10.40) 60 (7.33)

 � No. of individuals with ADHD diagnosis or medication (%) 15 (4.10) 53 (11.73) 68 (8.31)

In individuals with ADHD diagnosis or medication

 � No. of individuals (%) 15 (22.06) 53 (77.94) 68 (100)

 � No. of individuals with ADHD-C score over clinical cut-off (%) 0 (0.00) 16 (30.19) 16 (23.53)

 � No. of individuals with ADHD-I score over clinical cut-off (%) 2 (13.33) 16 (30.19) 18 (26.47)

 � No. of individuals with ADHD-HI score over clinical cut-off (%) 2 (13.33) 13 (24.53) 15 (22.06)

 � No. of individuals with ADHD-C score over borderline cut-off (%) 8 (53.33) 36 (67.92) 44 (64.71)

 � No. of individuals with ADHD-I score over borderline cut-off (%) 11 (73.33) 36 (67.92) 47 (69.12)

 � No. of individuals with ADHD-HI score over borderline cut-off (%) 8 (53.33) 31 (58.49) 39 (57.35)

ADHD, attention deficit hyperactivity disorder; ADHD-C, ADHD-Combined; ADHD-HI, ADHD-Hyperactivity/Impulsivity; ADHD-I, ADHD-
Inattentive; CDARS, Clinical Data Analysis and Reporting System; CEDI, Chinese Early Development Instrument; EHRs, electronic health 
records; SWAN, Strengths and Weaknesses of ADHD Symptoms and Normal Behaviour Scale.
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Kong and examine the feasibility and implications of the 
linkage.

Due to the different information contained in each 
database and the data request method, there are various 
ways to link to different databases in different parts of 
the world. For example, Peacock et al33 used the name, 
address, date of birth and gender as the Master Linkage 
Key to link the cohort data with other health records; in 
the UK Biobank, NHS number together with other iden-
tifiers (name, date of birth, address, general practice, 
phone numbers and email addresses) were used for the 
follow-up and the linkage with EHRs.34 In this study, we 
used date of birth and sex to identify and match the indi-
viduals’ data across different data sources. The matching 
rate after checking the original cohort data was 100% 
for the ‘Children of 1997’ birth cohort and 99.75% for 
the CEDI cohort. The total link rates of the two cohorts 
of 95.85% and 89.89% were lower than the match rates 
after checking, mainly because we included those without 
public hospital visits as well as those who provided an 
invalid HKID in the denominator for calculation. Our link 
rates were comparable with a similar data linkage study in 
the United Kingdom,35 where out of the 90% who gave 
consent for data linkage, 99% of the Millennium Cohort 
were linked with birth registration data and 83% linked 
with hospital record data.

Although we do not have a direct way of linking the data 
of each individual using their HKIDs collected from the 
cohort, the use of date of birth and sex to conduct exact 
matching is an easy and feasible way of avoiding some 
potentially complex approval processes. The identifiable 
variables for the exact matching, date of birth and sex, are 
fixed demographics, which are easy to collect in various 
types of studies and not subject to recall bias, so the accu-
racy of these factors is relatively high. Also, CDARS has 
already linked HKIDs with birth registry data with accu-
rate information on date of birth and sex, which can be 
used as the unique identifier within each batch. Another 
advantage of this study is that we can use HKIDs which 
were collected from cohorts to retrieve data from CDARS 
followed by exact matching using the date of birth and 
sex to maintain patient privacy. The use of HKIDs allows 
us to obtain data from CDARS, but at the same time, 
CDARS will not return data with HKID, which makes the 
privacy of non-consented patients well protected. Also, 
in our study, HKIDs and other cohort information were 
stored in separate files and kept by different researchers, 
which further strengthened the protection of privacy.

The first limitation of this study is that we need to split 
all individuals into several batches so that the individuals 
in each group have a unique combination of date of birth 
and sex. There were 44 batches in the ‘Children of 1997’ 
birth cohort. Therefore, this method is less efficient when 
linking data with large sample sizes, for example, millions 
of individuals, especially in cohorts with relatively concen-
trated dates of birth because it is time-consuming to split 
the data into thousands of batches, and then upload 
them by batch and load the data from CDARS. However, 

for a general cohort study, the sample size may not be so 
large and the dates of birth not too concentrated, so this 
method can be applied to link cohort studies and EHRs 
in Hong Kong. One of the obstacles identified in our 
study was erroneous data entries that arose from the tran-
scription of written responses of the paper questionnaire 
to the electronic database. We overcame the obstacle by 
manually checking the physical copies of the question-
naires, which is labour-intensive and therefore not so 
practical for large cohort studies. Such transcribing errors 
can be eliminated or reduced by using electronic ques-
tionnaires to collect responses in future cohort studies. 
Another issue is that the CDARS data are collected by the 
HA from public hospitals, so that only individuals who 
had utilised public hospital services can be linked. Only 
around 5% of our cohort with valid HKIDs had not used 
public hospitals and were not linked. Similarly, the lower 
than expected prevalence of the diseases reported may 
be due to the inclusion of people who do not frequently 
go to public hospitals, leading to underestimation of the 
prevalence. In future studies on disease epidemiology, 
we can consider using the number of individuals who 
frequently visit the public hospital as the denominator to 
eliminate such bias.

We linked two cohorts with the EHRs and were able to 
achieve almost all matching of subjects (both >99%). The 
resultant longitudinal databases will allow researchers in 
Hong Kong to conduct long-term studies on neurode-
velopmental disorders such as ADHD and Autism Spec-
trum Disorder. Although many countries have developed 
longitudinal cohorts (databases or registries) to systemat-
ically collect data on patients with ADHD,36 Hong Kong 
lacks a comparable cohort and an evidence-based policy 
to tackle the challenges of treating patients with ADHD 
locally. Establishing an ADHD cohort with record-linkage 
from multiple datasets is essential to investigate the long-
term impact of ADHD and inform policymakers on effec-
tive management and support of patients through their 
life trajectory. Based on the established cohorts of chil-
dren in Hong Kong developed by the research teams for 
various proposes, this study developed a record-linkage 
model to link project-based data and routine clinical 
data and assess the impact of ADHD on health outcomes, 
education attainment and social service utilisation. Data 
collected in these cohort studies are for specific purposes, 
and when linking them with EHRs, we are able to obtain 
more comprehensive information for analysis. Take the 
CEDI cohort as an example, the SWAN questionnaire 
was used to identify the ADHD symptoms, and socio-
economic information was also available. After linking 
the cohort data with hospital-based data, not only can 
we use complementary data, such as the clinical diag-
nosis, prescription and admission records which are not 
available in the cohort data but also the socioeconomic 
information lacking in the hospital-based database, for 
life-long follow-up.

The linking method established in this study has proved 
to be effective and, to a large extent, ensures the privacy 
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of individuals. There are some limitations from cohort 
studies or medical databases, but overall it will provide 
a good basis for linking these types of data in the future 
allowing us to expand the use of richer data resources 
and to be able to answer further research questions.

CONCLUSION
This study has demonstrated the feasibility of record-
linkage between cohort-based data and hospital-based 
EHRs with high data linkage rates in Hong Kong using 
batches of HKID to obtain EHRs and exact matching 
using date of birth and sex as identifiable variables. The 
record-linkage methodology and linked database gener-
ated from this study will enable future multidisciplinary 
research in Hong Kong using EHRs.
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