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EDITORIAL 

Editorial 

Dissemination reports are concise informative reports 
of health-related research supported by the Health 
and Medical Research Fund (and its predecessor 
funds) administered by the Food and Health Bureau. 
In this edition, we present 11 dissemination reports 
of projects related to chronic disease, cancer, and 
audiology. In particular, three projects are highlighted 
for their potentially signifcant fndings, impact on 
healthcare delivery and practice, or contribution to 
health policy formulation in Hong Kong. 

In Hong Kong, 30% of the population has 
a chronic health condition, the most common of 
which is hypertension. Almost 90% of patients with 
chronic diseases receive follow-up care in the public 
sector. Most patients with hypertension are under 
satisfactory control, but they still receive follow-up 
every 2 to 4 months for repeat prescriptions. Yip et al1 

conducted a 1-year prospective randomised two-arm 
intervention study involving 400 older patients 
receiving anti-hypertensive medicine. Tey found 
that nurse-led repeat prescription was well accepted 
by patients with good compliance. Clinical outcomes 
of nurse-led repeat prescriptions were non-inferior 
to doctor consultations. 

Advanced age, race, and family history of 
prostate cancer are established risk factors of 
prostate cancer. Te infuence of environmental 
factors on prostate cancer aetiology remains unclear. 
Tse et al2 aimed to document the association between 
environmental exposure to bisphenol A (BPA) 
and the risk of prostate cancer among Hong Kong 
Chinese men, and to examine the exposure-response 
relationship between cumulative BPA exposure 

Supplement co-editors 

index and prostate cancer risk. A positive exposure-
response relationship between cumulative BPA 
exposure index and prostate cancer was observed, 
with a more prominent gradient in men under the age 
of 70 years. Te use of commercial food containers 
was positively related to prostate cancer risk, but 
only habitual drinking of chilled water in a plastic 
container showed a signifcant association.

Tinnitus is a self-reported phenomenon not 
readily apparent to others. Subjective psychometric 
measures are used to assess the severity and impacts 
of tinnitus and to determine the efectiveness of 
intervention. Te Tinnitus Functional Index (TFI) is a 
25-item self-administered questionnaire that assesses 
eight domains of negative tinnitus impact (intrusive, 
sense of control, cognitive, sleep, auditory, relaxation, 
quality of life, and emotion) using an 11-point scale 
(0-10). Kam et al3 translated the TFI into Chinese 
and validated its use in Hong Kong Chinese patients 
with chronic tinnitus. Its psychometric properties 
(reliability, construct validity, and responsiveness) were 
determined. Tey found that the Chinese version TFI 
was valid and reliable for measuring tinnitus severity 
and related negative impacts in Chinese patients.

We hope you will enjoy this selection of 
research dissemination reports. Electronic copies of 
these dissemination reports and the corresponding 
full reports can be downloaded individually from 
the Research Fund Secretariat website (https://rfs2.
fhb.gov.hk/). Researchers interested in the funds 
administered by the Food and Health Bureau also 
may visit the website for detailed information about 
application procedures. 

Dr Richard A. Collins 
Scientifc Review Director 
(Research Ofce)
Food and Health Bureau 

Kong Med J 2018;24(Suppl 4):S30-3. 
3. Kam AC, Leung EK, Chan PY, Cheung AP, Tong MC. 

Cross-cultural adaptation of the Tinnitus Functional 
Index for measurement of chronic tinnitus in Hong Kong 
Chinese patients. Hong Kong Med J 2018;24(Suppl 4):S42-
5. 

Dr Edmond SK Ma 
Consultant 
(Research Ofce)
Food and Health Bureau 
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HEALTH AND MEDICAL RESEARCH FUND 

Nurse-led repeat prescription for patients 
with controlled hypertension: a randomised 

controlled trial 
BHK Yip *, EKP Lee, RWS Sit, C Wong, X Li, ELY Wong, MCS Wong, RYN Chung, VCH Chung, 

K Kung, SYS Wong 

K E Y M E S S A G E S 

1. Nurse-led repeat prescription is well accepted by 
patients with good compliance. 

2. Clinicaloutcomesofnurse-ledrepeatprescription 
are non-inferior to doctor consultation. 

3. Policy makers may explore and expand the role of 
nurses in public primary care settings. 

Hong Kong Med J 2018;24(Suppl 4):S4-7 
HMRF project number: 11121041 

1 BHK Yip, 1 EKP Lee, 1 RWS Sit, 1 C Wong, 1 X Li, 1 ELY Wong, 
1 MCS Wong, 1 RYN Chung, 1 VCH Chung, 2 K Kung, 1 SYS Wong 

1 Jockey Club School of Public Health and Primary Care, The Chinese 
University of Hong Kong 

2 Private practice 

* Principal applicant and corresponding author: benyip@cuhk.edu.hk 

Introduction 
Repeat prescription of medication for patients with 
well-controlled chronic diseases without a direct 
consultation does not necessarily indicate suboptimal 
care; one examination a year may be more efective 
than six short consultations with brief exchanges of 
courtesies.1 In fact, repeat prescription is convenient 
to and welcomed by patients, as it facilitates access 
to medicines and utilisation of economic and human 
resources.1 

In Hong Kong, 30% of the population has 
chronic conditions, of which hypertension is the 
most common.2 More than 87% of patients with 
chronic diseases receive follow-up in the public 
sector.2 Most patients with hypertension are under 
satisfactory control, but they still receive follow-up 
every 2 to 4 months for repeat prescription. Te 
amount of medications dispensed per prescription 
is limited, thus controlling the cost per prescription. 
However, this comes at the expense of general 
outpatient clinic appointments, which could be used 
for patients with other problems.3 

Methods 
Tis was a 1-year, prospective, randomised, two-arm 
intervention study. Patients were recruited from Lek 
Yuen General Outpatient Clinics in Shatin, Hong 
Kong, between 28 March 2014 and 30 January 2015 
by referrals from 15 primary care doctors. Informed 
consent was obtained from each participant. 
Te inclusion criteria were (1) diagnosis with 
hypertension with systolic blood pressure (SBP) of 
<140 mm Hg and diastolic blood pressure (DBP) 
of <90 mm Hg at recruitment, (2) no medication 
titration in the previous 12 months, and (3) no 
history of cardiovascular diseases, diabetes mellitus, 
or hypertension complications (as per annual blood 

and urine checks). Patients were excluded if they 
were (1) unable to give consent, (2) concurrently 
in another clinical trial, (3) planned to become 
pregnant in 1 year or were pregnant at recruitment, 
or (4) had a known history of renal impairment or 
cardiovascular disease. 

Participants were equally randomised into 
intervention and usual care groups using computer-
generated random numbers. Blood pressure (BP) 
was measured by a clinical assistant using validated 
automatic BP monitoring machines. Clinical 
parameters were retrieved from the Hospital 
Authority Clinical Management System. Patients 
received follow-up at months 0, 4, and 8. Usual care 
resumed at the end of the study (month 12). Patients 
were encouraged to book episodic appointments for 
acute illnesses. 

In the intervention group, repeat prescription 
was led by a research nurse. A protocol was developed 
to ensure consistency: (1) drug compliance and BP 
of patients were checked at every visit; (2) if BP was 
normal, a repeat prescription that was pre-signed by 
the case doctor was issued (as prescriptions can only 
be provided by medical doctors in Hong Kong); (3) 
if SBP was >140 mm Hg and/or DBP was >90 mm 
Hg, the BP was rechecked; (4) if the rechecked BP 
was between 140/90 mm Hg and 160/95 mm Hg, 
medication was prescribed and the follow-up was 
shortened to 1 month; if the patient had abnormal 
BP during the subsequent visit, the nurse consulted 
the doctor; (5) if the rechecked BP was >160/95 mm 
Hg, the nurse consulted the doctor within the same 
day; (6) the nurse could consult with the attending 
doctor about complications, side-efects, and 
concerns about the medication. 

Te primary outcome measures were SBP and 
DBP at month 12. Te secondary outcome measures 
were the patient enablement index (which comprises 

Hong Kong Med J ⎥ Volume 24 Number 4 (Supplement 4) ⎥ August 2018 ⎥ www.hkmj.org 

© 2018 Administering Institution and Hong Kong SAR Government 

4 

http:www.hkmj.org
http:www.hkmj.org


   

                     

          
    
     

       
     

     
 

      
     

       
     

       
      

      
     

    

       
         

      
   

       
       

    
       

     
     

       
      
       

        
     

     
       

     
        

        
       

  
        

     
       

      
       

     
       

     
    

     

   

 
    
    

   
 

     
     
   

 

   

   

  
   

  
   

     
   
    

  
   

 
   
  

   
     
   

  

   

       
 

     

   
 

  
     
    

 
   

  
      
      
    

  

     

    

   
   

   
    

      
    
     

   
   

 
    
   

    
      
    

  
 

    

    
 

   
  

   

# Nurse-led repeat prescriptions for patients with controlled hypertension # 

six questions with a total score of 0-12, with a higher 
score indicating greater enablement), patients’ 
health service utilisation, frequency of consultations 
in general and special outpatient clinics, number of 
admissions to accident and emergency departments, 
number of hospitalisations, and self-reported private 
clinic visits. 

To assess potential changes to prescriptions, 
fve types of anti-hypertensive prescriptions were 
recorded at baseline and month 12: (1) angiotensin-
converting enzyme inhibitors or angiotensin II 
receptor blockers such as lisinopril and losartan, (2) 
beta-blockers such as atenolol and metoprolol, (3) 
calcium channel blockers such as amlodipine and 
nifedipine, (4) drugs containing thiazide diuretics 
such as indapamide, hydrochlorothiazide, and 
moduretic, and (5) other prescriptions such as alpha 
blockers or central acting agents such as methyldopa 
and prazosin. A score of 1 indicated a change of 
prescription, and 0 indicated the same prescription 
as the previous one. 

Results 
Of the 406 recruited patients, 13 were excluded 
because of elevated BP (n=4), diabetes (n=2), not 

receiving hypertension medications (n=1), lack 
of an annual assessment (n=1), lack of electronic 
records (n=1), and cognitive impairment (n=4). 
Te remaining 393 participants were randomised 
to the intervention (n=194) and usual care (n=199) 
groups. In the intervention group, seven participants 
dropped out because they felt more secure seeing 
the case doctor (n=4) or were referred to doctors 
for newly diagnosed diabetes mellitus (n=1), 
skin problems (n=1), or hyperthyroidism (n=1). 
In the usual care group, seven participants were 
lost to follow-up. Te modifed intention-to-treat 
analysis was based on 194 and 192 patients, and 
the per-protocol analysis was based on 187 and 192 
patients in the intervention and usual care groups, 
respectively (Fig 1).

Te mean patient age was 63.5 years; most 
patients were female, married, non-smokers, had 
a primary to secondary education level, and about 
half had been diagnosed with hypertension >7 
years prior (Table). Calcium blockers were the most 
common anti-hypertensive used, followed by beta-
blockers. Te two groups were comparable in terms 
of demographics, years since hypertension diagnosis, 
anti-hypertensive prescriptions, and primary and 

FIG 1. CONSORT flow diagram 

Patients screened for eligibility 
(n=406) 

Excluded (n=13) 
• 4 elevated blood pressure 
• 2 diagnosed with diabetes 

mellitus 
• 1 not receiving 

antihypertensive medication 
• 1 no annual blood assessment 
• 1 no patient record found 
• 4 cognitive impairment 

Randomisation (n=393) 

Intervention (n=194) Usual care (n=199) 

Lost to follow-up (n=7) 

Early termination (n=4) 
• Feel more secure 

seeing case doctor 
At 4-month follow-up (n=190) 
• 16 requested to see doctor 
• 7 no show 
• 2 changed appointment date 

Early termination (n=3) 
• 1 diagnosed with 

diabetes mellitus 
• 1 skin problems 
• 1 hyperthyroidism 

At 8-month follow-up (n=187) 
• 16 requested to see doctor 
• 4 no show 

Total early termination 
(n=7) 
• 2 incomplete survey 

Doctor consultation at 12 months 
(n=187) 

Doctor consultation at 12 
months (n=192) 

Hong Kong Med J ⎥ Volume 24 Number 4 (Supplement 4) ⎥ August 2018 ⎥ www.hkmj.org 5 
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# Yip et al # 

TABLE.  Participant characteristics at baseline 

Variable Usual care (n=199)* Nurse-led repeat P value* 
prescription (n=194)* 

Systolic blood pressure, mm Hg 123.4±10.8 123.8±9.7 0.666 

Diastolic blood pressure, mm Hg 72.3±9.0 73.1±9.4 0.429 

Age, y 62.9±8.3 64.0±9.1 0.197 

No. of male participants 72 (36.2) 85 (43.8) 0.149 

Marital status 

Single 15 (7.5) 7 (3.6) 

Married 149 (74.9) 151 (77.8) 

Widowed 24 (12.1) 22 (11.3) 

Separated 11 (5.5) 14 (7.2) 

Education level 0.330 

Illiterate 21 (10.8) 21 (10.8) 

Primary 1-6 79 (40.5) 90 (46.4) 

Secondary 1-7 85 (43.6) 79 (40.7) 

Tertiary or above 10 (5.1) 4 (2.1) 

Smoking status 

Current 13 (6.5) 14 (7.2) 

No 167 (83.9) 152 (78.4) 

Past 19 (9.5) 28 (14.4) 

Years since hypertension diagnosis 

<2 35 (17.7) 32 (16.6) 

2-7 63 (31.8) 75 (38.9) 

>7 100 (50.5) 86 (44.6) 

Patient enablement index 3.1±2.9 2.71±2.9 0.175 

Anti-hypertensive prescription 0.081 

Angiotensin converting enzyme inhibitors (lisinopril) or 26 (13.1) 42 (21.6) 
angiotensin receptor blockers (losartan) 

Beta-blockers (atenolol, metoprolol) 68 (34.2) 56 (28.9) 

Calcium blockers (amlodipine, nifedipine) 145 (72.9) 149 (76.8) 

Diuretics (hydrochlorothiazide, moduretic) 21 (1.0) 20 (10.3) 

Others (methyldopa, prazosin) 2 (1.0) 8 (4.1) 

0.347 

0.301 

0.338 

* Data are presented as mean±standard deviation or No. (%) of participants 

secondary outcomes such as SBP, DBP, and patient compliance to the intervention. 
enablement index. Te patient enablement index scores at 12 

After adjusting for baseline values, patients months were similar in the two groups, irrespective 
in the intervention group had a non-signifcantly of the type of analysis. 
higher estimated SBP (mean group diference, 0.53 In terms of health care utilisation, private 
mm Hg; 95% confdence interval [CI], −2.05 to 3.11 hospitalisation was rare (n=12), but consultations 
mm Hg) and DBP (mean group diference, 1.23 mm in private clinics were more common. A bimodal 
Hg; 95% CI, −0.27 to 2.73 mm Hg) than those in the pattern was observed: <50% of patients did not visit 
usual care group at the end of the trial (Fig 2). Repeat private clinics, but about 36% received care in private 
prescription was non-inferior to usual care because clinics on >10 occasions in the 12 months of the study. 
the lower boundary of the 95% CI did not cross the In addition to regular visits for anti-hypertensive 
pre-set non-inferiority margin for SBP (6.6 mm prescriptions (about 4-5 times annually), >27% of the 
Hg) or DBP (3.7 mm Hg). Te results were similar patients made additional general outpatient clinic 
between the modifed intention-to-treat analysis visits. About 15% of the patients visited accident and 
and the per-protocol analysis, mainly owing to high emergency departments, and similar percentage of 
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patients were admitted to public hospitals. Generally, 
there was no change (>90%) to the type and dose of 
anti-hypertensive prescribed. Health care utilisation 
and rate of change to anti-hypertensive prescriptions 
were comparable between groups. 

Discussion 
Te safety of nurse-led repeat prescription was 
supported by the similar BP outcomes observed, 
lack of dropout from the intervention group, lack of 
adverse events, similar medication change in both 
groups, and similar rates of seeking alternate sources 
of medical attention. Nurse-led repeat prescription 
seems to be acceptable by patients; only four 
patients opted for assessment by their case doctors. 
Similar observations have been previously reported.4 

Patients believe that repeat prescription may reduce 
doctors’ workload.5 Patients also reported receiving 
longer consultations, more information about their 
condition, and medication information from the 
repeat prescription pharmacist.5 

For repeat prescription to be implemented 
widely in primary care, a system with good 
communication is needed. Similar programmes 
involving doctors, nurses, and pharmacists were 
introduced in the UK in 2003.5 Although nurses 
and pharmacists generally have increased job 
satisfaction,5 they are concerned about professional 
consequences of any errors, risks to patient safety, 
legal considerations, lack of competency, and lack 
of defnition of their role in patients’ care.4 Tere 
is a need for continuing education for nurses and 
pharmacists who participate in the programme.5 In 
addition, doctors might be professionally defensive 
about the erosion of doctors’ traditional roles, 
professional hierarchies, and safety.5 
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# Nurse-led repeat prescriptions for patients with controlled hypertension # 

Outcome measure Mean difference (95% confidence interval) 

Systolic blood pressure (mm Hg) 

Modified intention-to-treat 0.53 (–2.05 to 3.11) 

Per-protocol 0.43 (–2.16 to 3.02) 

Diastolic blood pressure (mm Hg) 

Modified intention-to-treat 1.23 (–0.27 to 2.73) 

Per-protocol 1.16 (–0.35 to 2.67) 

–9.50 –6.60 –3.70 0 3.70 6.60 9.50 

Favour nurse-led repeat prescriptions Favour usual care 

FIG 2. Estimated mean difference between systolic blood pressure and diastolic 
blood pressure 
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Framingham risk score for predicting 
cardiovascular disease in older adults in 

Hong Kong 
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K E Y M E S S A G E S 

1. Te Framingham risk score, a widely used 
cardiovascular disease (CVD) risk prediction 
tool, overestimated the risk in a large cohort 
of older Chinese adults in Hong Kong despite 
recalibration. It should be used with caution for 
this population. 

2. Ourstudywaslimitedbythelackofcomprehensive 
laboratory predictors and CVD incidence data. 
New risk prediction models should be developed 
for specifc settings with CVD incidence data. 
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Introduction 
Cardiovascular disease (CVD), including ischaemic 
heart disease and stroke, is a leading cause of death. 
Many clinical guidelines recommend that clinicians 
use risk prediction tools to identify individuals at 
high risk of CVD. Te predicted CVD risk can then 
guide clinical decisions on the intensity of preventive 
interventions, especially the use of statins or other 
lipid-lowering therapies.

Te Framingham risk score (FRS) is the most 
widely used risk prediction tool.1 It predicts the 
risk of incident CVD events over the subsequent 10 
years. Te original FRS was derived from middle-
class Caucasian individuals and has been shown to 
systematically overestimate the risk of CVD in other 
ethnic groups, including Chinese.2,3 Patterns of CVD 
in the Hong Kong population difer from those in 
Caucasian populations, with lower incidence of 
ischaemic heart disease and higher incidence of 
haemorrhagic stroke and diabetes mellitus.4 Te 
Hong Kong Department of Health recommends 
that primary care physicians use the FRS to assess 
individual CVD risk but also acknowledges that 
the FRS probably overestimates the risk in the local 
population. With population ageing, CVD is more 
prevalent. In a prospective study of 2895 Hong 
Kong Chinese people aged 25 to 74 years, the FRS 
overestimated the CVD risk by 1.5-fold in men 
but was fairly accurate when applied to women.5 

Nonetheless, whether the FRS can be applied 
specifcally to older Chinese adults in Hong Kong 
remains unclear. Tis study compared the predictive 
performance of the FRS, specifcally a simple ofce-
based CVD risk prediction function, directly and 

after recalibration, in a large cohort of Chinese older 
adults in Hong Kong. 

Methods 
Tis study was approved by the Institutional Review 
Board of Te University of Hong Kong/Hospital 
Authority Hong Kong West Cluster. We used data 
from the Department of Health Elderly Health 
Service cohort that included 66 820 older Chinese 
adults (aged ≥65 years) enrolled at elderly health 
centres in Hong Kong from July 1998 to December 
2001 and followed up passively for >10 years until 
May 2012. Details of the cohort have been described 
in a previous study.4 Te 18 elderly health centres 
provide primary care services for older adults; all 
Hong Kong residents aged ≥65 years are encouraged 
to enrol in the service for a small annual fee. 
More women than men are enrolled; otherwise, 
participants were similar to the general elderly 
population in terms of age, socioeconomic status, 
current smoking status, and hospital use.4 

At the elderly health centres, specifcally 
trained nurses and doctors provided health 
assessments and physical check-ups using 
structured interviews and comprehensive clinical 
examinations. Height, weight, and blood pressure 
were measured according to standard protocols. 
Self-reports of chronic diseases were confrmed and 
supplemented by clinical diagnoses based on history. 
Serum samples were tested for total cholesterol.

Te ofce-based FRS was derived from the 
following non-laboratory predictors: age, body 
mass index, systolic blood pressure, treatment for 
hypertension, smoking, and diabetes status.1 To 
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# Framingham risk score for predicting CVD in older adults # 

ensure comparability, stratifcation of predictors or 
risk factors was based on the FRS. 

Death from CVD events at 10 years of follow-
up was as defned by the Framingham Heart Study. 
Vital status was ascertained from death registration 
by record linkage using Hong Kong identity card 
numbers. Causes of death were routinely coded 
by the Department of Health according to the 
International Classifcation of Disease. Fatal CVD 
was defned as death from ischaemic heart disease, 
cerebrovascular events, peripheral artery disease, 
intermittent claudication, or heart failure.1 To 
estimate the incidence of all CVD events, a ratio of 
8:1 for non-fatal to fatal events was assumed based 
on the number of inpatient discharges and CVD 
deaths in the Hospital Authority Statistical Report 
2012-2013 because participants were not actively 
followed up at 10 years from enrolment.

Only participants aged 65 to 74 years at 
baseline were included. Participants with a history 
of CVD or missing predictors at baseline were 
excluded. Baseline CVD was defned as self-reported 
physician-diagnosed ischaemic heart disease, 
circulatory disease, or peripheral vascular disease. 

Te FRS has been reported to predict 10-year 
risk of CVD events based on a sex-specifc Cox 
proportional hazards regression model on 8491 
participants aged 30 to 74 years who were free from 
CVD at the time of examination between 1968 and 
1987 and were followed up for a maximum of 12 
years.1 Te algorithm used to derive the FRS has 
good calibration and discrimination.1 In the present 
study, a simpler ofce-based version was used. 
Tis non-laboratory-based score uses body mass 
index (instead of total and high-density lipoprotein 
cholesterol) and thus is more suitable for resource-
limited settings and primary care.3 It has comparable 
performance with models that use cholesterol.1 

Statistical analyses were performed using Stata 
(version 13.0) and R (version 3.1.1). Te observed 
10-year risk of CVD events and baseline survival 
rate were calculated using sex-specifc Kaplan-Meier 
estimates. Participants who died from non-CVD 
causes were censored at the time of death. Te 
predicted risk of CVD events for each participant was 
calculated using the FRS. Participants were grouped 
into deciles of observed and predicted risk within 
10 years of follow-up. Te FRS was recalibrated by 
substituting the baseline survival rate and mean 
risk factor levels with data from the cohort, and the 
predictive performance of the models was evaluated. 
Calibration refers to the degree of agreement 
between observed and predicted events and was 
measured by the Hosmer-Lemeshow test, with χ2 

<20 indicating good calibration. 

Results 

included in the analysis. Table 1 shows the baseline 
characteristics of the cohort according to the FRS 
predictors. Te observed 10-year risk of CVD events 
was 31.0% in men and 18.6% in women. Applying 
the original FRS function and assuming a ratio 
of 8:1 for non-fatal to fatal CVD events, the mean 
predicted 10-year risk of CVD events was 38.5% 
(95% confdence interval [CI]=38.2%-38.8%) in men 
and 21.6% (95% CI=21.5%-21.8%) in women. Te 
original FRS function overestimated the 10-year risk 
of CVD events, especially at the highest risk deciles 
(Fig). Calibration was poor for both men (χ2=367.6) 
and women (χ2=258.6) [Table 2]. Recalibration using 
cohort data improved the model’s performance 
slightly in men (χ2=218.6) but not in women 
(χ2=303.0). Applying the recalibrated FRS function, 
the mean predicted 10-year risk of CVD events was 
36.1% (95% CI=35.8%-36.4%) in men and 22.2% (95% 
CI=22.0%-22.3%) in women. 

Discussion 
In this large cohort of Hong Kong Chinese older 
adults, the FRS overestimated the 10-year risk of 
CVD events by approximately 1.2-fold in both 
men and women, particularly at the highest risk 
deciles. Tis is consistent with the fndings of the 
Chinese Multi-provincial Cohort Study of 30 121 
Chinese adults aged 35 to 64 years, which reported 
that the FRS systematically overestimated CVD 
risk in men and women, with larger diferences 
in higher risk deciles.2 Te Asia-Pacifc Cohort 
Studies Collaboration also showed that the FRS 
overestimated risk of CVD by 11% and 10% for 
men and women, respectively, among six cohorts of 
25 682 Chinese adults.3 Recalibration substantially 
improved the model’s performance in these two 
studies. In the Hong Kong Cardiovascular Risk 
Factors Study with a cohort of 2895 Chinese adults 
aged 25 to 74 years, the FRS overestimated CVD 
risk by about 1.5-fold in men, although it was 
relatively accurate when applied to women.5 In our 

TABLE 1.  Baseline characteristics of the Elderly Health Service cohort by sex 

Characteristics Men (n=10 291)* Women (n=20 445)* 

Age, y 69.4±2.7 69.3±2.7 

Body mass index, kg/m2 23.9±3.3 24.6±3.7 

Systolic blood pressure, mm Hg 146.5±23.1 147.2±23.9 

Untreated 144.4±23.3 144.1±23.6 

Treated 152.6±21.4 154.9±22.8 

Hypertension 2643 (25.7) 5953 (29.1) 

Smoking 2227 (21.6) 663 (3.2) 

Diabetes 1389 (13.5) 2682 (13.1) 

A total of 10 291 men and 20 445 women were * Data are presented as mean±standard deviation or No. (%) of participants 
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# Leung et al # 

Original FRS for men Recalibrated FRS for men 
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FIG. Prediction of 10-year risk of cardiovascular disease (CVD) events by sex using the original and recalibrated Framingham risk scores (FRS) 

TABLE 2.  Calibration of the Framingham risk score by sex* 

Parameter Men Women 

Original Recalibrated Original Recalibrated 

Mean 10-year risk of cardiovascular disease events, % (n) 

Observed† 31.0 (3186) 31.0 (3186) 18.6 (3809) 18.6 (3809) 

Predicted 38.5 (3961) 36.1 (3712) 21.6 (4426) 22.2 (4531) 

Calibration 

Hosmer-Lemeshow χ2 statistic 367.6 218.3 258.6 303.0 

Hosmer-Lemeshow P value <0.001 <0.001 <0.001 <0.001 

* Discrimination could not be determined, as we did not have data on individual cardiovascular disease events 
† Based on a ratio of 8:1 for non-fatal to fatal cardiovascular disease events and Kaplan-Meier estimation for 10 years of follow-up 

cohort, recalibration did not improve the model’s results should be interpreted with caution owing to 
calibration for women, perhaps because we did not the lack of CVD incidence data. 
assess laboratory predictors. As we did not measure To our knowledge, this was the frst study to 
high-density lipoprotein cholesterol, we were unable assess the predictive performance of the FRS for older 
to evaluate the FRS based on laboratory predictors, adults in Hong Kong. Our cohort has the advantages 
as was in the Chinese Multi-provincial Cohort Study of large sample size and long duration of follow-up. 
and the Hong Kong Cardiovascular Risk Factors Nonetheless, there were several limitations. First, 
Study cohorts,2,5 although the ofce-based FRS has participants in the cohort were volunteers and may 
shown good internal validity.1 Nonetheless, our have been healthier and/or more health-conscious 
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# Framingham risk score for predicting CVD in older adults # 

than the general population, although the two groups 
were largely comparable in terms of socioeconomic 
status and health services use.4 Te FRS was derived 
from a cohort of volunteers. Older adults in long-
term care facilities or with very poor health were 
unlikely to attend the elderly health centres. Survivor 
bias may be a problem if those who are particularly 
prone to certain types of exposure died before they 
could be recruited.4 Tis is a problem inherent to 
all cohorts of older adults. Second, high-density 
lipoprotein cholesterol was not measured; hence, 
the laboratory-based version of the FRS could not 
be validated. Nonetheless, the ofce-based FRS 
has similar predictive performance to that of the 
laboratory-based version.1 Tird, only estimates of 
CVD events were provided because participants 
were not actively followed up, although the FRS still 
overestimated the risk according to a conservative 
assumption of the case-fatality ratio. We were unable 
to assess discrimination by the FRS, as we did not 
have individual data on CVD events. Nonetheless, 
even if participants had been followed up actively, the 
adjudication of CVD events in such a large sample 
would have been extremely labour-intensive and 
costly. Fourth, CVD risk prediction tools are used to 
guide clinical decisions on risk factor modifcation, 
such as lipid-lowering therapy. However, we were 
unable to assess whether participants were already 
on such therapy at baseline, which could result in 
overestimation of CVD risk. Finally, we relied on 
routine mortality data for classifcation of CVD 
deaths, which is more prone to misclassifcation 
than autopsy data. Nonetheless, most deaths in 
Hong Kong occur in hospitals; this enables relatively 
accurate ascertainment of the causes of death. 

Conclusions 
Te FRS systematically overestimated CVD 
risk in older Hong Kong Chinese adults despite 
recalibration. Te FRS should be used with caution. 
Overestimation of risk may result in unnecessary 
healthcare costs and potential harms associated 
with statin therapy. Te risk factors for CVD may 
vary across populations. New risk prediction models 
that account for CVD incidence data should be 
developed. 
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adolescents with non-alcoholic fatty liver disease: 

a randomised controlled study 
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K E Y M E S S A G E 

A 16-week lifestyle intervention efectively reduced 
body fat and intra-hepatic triglyceride content in 
obese Chinese adolescents with non-alcoholic fatty 
liver disease. 
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Introduction 
Te incidence of non-alcoholic fatty liver disease 
(NAFLD) has increased because of the growing 
prevalence of obesity and overweight in the 
paediatric population.1 NAFLD is one of the most 
common forms of chronic liver disease in children.1 

Lifestyle intervention is the main management 
approach. Although a lifestyle modifcation 
programme involving diet restriction and physical 
exercise provides benefcial efects for adults with 
NAFLD, there is limited evidence of its efcacy in 
adolescents. Te present study evaluated the efcacy 
of a lifestyle modifcation programme at reversing 
and reducing NAFLD in obese adolescents. 

Participants and Methods 
Te study was approved by the Joint Chinese 
University of Hong Kong and New Territories East 
Cluster Clinical Research Ethics Committee. Written 
informed consent was obtained from the parents 
and/or participants. Te study was conducted in 
compliance with the Declaration of Helsinki and 
International Conference on Harmonisation-Good 
Clinical Practice. 

Post-pubertal obese Chinese adolescents aged 
14 to 18 years with body mass index (BMI) ≥95th 
percentile of the local reference2 and who attended 
the Obesity and Lipid Disorder Clinic at Prince 
of Wales Hospital, Hong Kong were invited to 
participate. Teir intra-hepatic triglyceride content 
(IHTC) was measured at baseline and week 16 
using proton magnetic resonance spectroscopy (1H-
MRS) with a whole-body 3-Tesla scanner (Achieva 
TX; Philips Healthcare, Best, the Netherlands) by 
a trained investigator blinded to group allocation. 

Fatty liver was defned as the presence of hepatic 
steatosis ≥5% fat content level. 

Participants were randomised to the 
intervention (lifestyle modifcation programme) 
or control group. In the intervention group, 
counselling sessions were provided weekly for the 
frst 4 months and then bi-monthly for 52 weeks. Te 
lifestyle modifcation programme aims to improve 
knowledge, attitude, and practice regarding diet and 
exercise based on motivational interviewing and 
behavioural modifcation. In the control group, diet 
and exercise advice was provided during routine 
consultations at the Obesity Clinic every 4 months 
by attending physicians. 

Anthropometrics including body height, 
weight, BMI, and percentage of body fat were 
measured at baseline, week 16, and week 68, as well 
as dietary records and laboratory tests. 

Between-group and within-group comparisons 
were made at baseline, week 16, and week 68 using 
paired or independent t tests, the Chi squared 
test, or Fisher’s exact test, as appropriate. Logistic 
regression was used to determine NAFLD remission 
at week 16 based on the 1H-MRS, anthropometric, 
and laboratory results. Per-protocol analysis was 
performed among adherent participants. All 
statistical tests were two-sided, and a P value of 
<0.05 was considered statistically signifcant. SPSS 
(for Windows, version 21; IBM Corp, Armonk, NY, 
US) was used for all statistical analyses. 

Results 
A total of 79 obese adolescents aged 14 to 18 years 
were invited for NAFLD screening and assessed by 
1H-MRS between February and March 2014. Of these, 
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# Lifestyle intervention in obese Chinese adolescents with NAFLD # 

52 were diagnosed with NAFLD and randomised 
to the intervention (n=26) or control (n=26) group 
(Fig). At baseline, the two groups were well-matched 
in terms of demographic characteristics, clinical and 
laboratory data, and IHTC measurements (Table 1). 

At week 16, four participants in the intervention 
group had withdrawn owing to poor motivation 
(n=2), tight schedule (n=1), or study abroad (n=1); 
and two participants in the control group had 
withdrawn owing to tight schedule (n=2). Terefore, 
22 participants in the intervention group and 24 
participants in the control group were included in 
the per-protocol analysis. Te compliance rate was 
85% in the intervention group and 92% in the control 
group. None of the participants were using weight 
loss agents or lipid-lowering drugs.

Te between-group diference in the change 
of IHTC from baseline to week 16 was signifcant 
(P=0.029), and the mean reduction in the proportion 

TABLE 1.  Baseline characteristics of participants with non-
alcoholic fatty liver disease 

Variable Intervention Control 
(n=26)* (n=26)* 

Age, y 15.3±3.4 13.8±5.3 

Male sex 16 (61.5) 17 (65.4) 

Body weight, kg 91.1±9.8 91.1±8.0 

Male 93.7±7.7 91.4±8.2 

Female 87.0±11.6 90.3±7.8 

Body mass index, kg/m2 32.59±3.28 32.12±3.12 

Male 32.26±3.11 31.23±2.92 

Female 33.14±3.63 34.12±2.75 

Body mass index z-score 2.32±0.38 2.29±0.37 

Male 2.18±0.28 2.12±0.29 

Female 2.54±0.42 2.68±0.22 

Waist circumference, cm 103.9±9.7 103.6±7.8 

Male 106.0±9.8 103.1±8.2 

Female 100.5±8.8 104.7±7.1 

Body fat, % 41.1±8.5 39.0±9.1 

Male 38.4±7.4 34.2±5.5 

Female 45.5±8.7 49.8±5.3 

Alanine aminotransferase, IU/L 38.9±25.6 36.7±26.6 

Aspartate aminotransferase, IU/L 22.5±7.8 23.4±9.5 

Aspartate aminotransferase / 0.68±0.23 0.80±0.37 
alanine aminotransferase ratio 

Insulin, mIU/L 27.4±16.2 27.8±23.2 

Fasting glucose, mmol/L 5.0±0.4 4.9±0.5 

Homeostasis model assessment 6.3±4.2 5.3±3.1 

Quantitative insulin-sensitivity 0.50±0.07 0.52±0.12 
check index 

Intra-hepatic triglyceride content, 13.1±7.8 13.5±10.2 
% 

* Data are presented as mean±standard deviation or No. (%) 
of participants 

of IHTC from before to after intervention was 
signifcantly greater in the intervention group 
than the control group (30.5% vs 7.5%, P<0.001, 
Table 2). Ten (19%) of the 52 participants (six in 
the intervention group and four in the control 
group) had complete remission of NAFLD at 16 
weeks. Te aspartate aminotransferase (AST) / 
alanine aminotransferase (ALT) ratio, insulin, 
and homeostasis model assessment (HOMA) also 
improved signifcantly, paralleling the reduction 
in body size in the intervention group (Table 2). 
Multivariate analysis showed only reduction in 
body fat and baseline IHTC as independent factors 
associated with NAFLD remission (Table 3).

At week 68, two participants in each group 
were lost to follow-up during the maintenance 
phase. Terefore, 20 participants in the intervention 
group and 22 participants in the control group were 
included in the per-protocol analysis. Participants 
who completed or did not complete assessment at 
week 16 or week 68 were similar in terms of baseline 
body size and IHTC. 

After the intervention, the mean BMI z-score 
of the intervention group was reduced to 2.2, whereas 
that of the control group was non-signifcantly 

FIG. Flowchart of the study 

Obese adolescents assessed by proton magnetic resonance spectroscopy 
for eligibility (n=79) 

Randomisation of adolescents with non-alcoholic fatty liver disease (n=52) 

Intervention group (n=26) 

Participants completed the study 
(n=20) 

Participants completed the study 
(n=22) 

At week 16: 
22 completed 
4 lost to follow-up 
- Poor motivation (n=2) 
- Tight schedule (n=1) 
- Study abroad (n=1) 

At week 68: 
20 continued during the 
maintenance phase 
6 lost to follow-up 
- Poor motivation (n=2) 
- Tight schedule (n=2) 
- Study abroad (n=1) 
- Unknown reason (n=1) 

At week 68: 
22 continued during the 
maintenance phase 
4 lost to follow-up 
- Tight schedule (n=2) 
- Study abroad (n=1) 
- Unknown reason (n=1) 

At week 16: 
24 completed 
2 lost to follow-up 
- Tight schedule (n=2) 

Control group (n=26) 

Excluded (n=27): 
no fatty liver 
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# Chan et al # 

TABLE 2.  Clinical and laboratory characteristics of participants at 16 weeks and 68 weeks 

Baseline Baseline to 16 weeks Baseline to 68 weeks 

Within-group 
difference 

Between-group 
difference in change 

Within-
group 

difference 

Between-group 
difference in change 

Mean±SD Mean±SD Mean±SE P value Mean±SD Mean±SE P Value 

Body weight, kg 

Control 91.1±8.0 −0.7±2.9 Reference −0.08±7.16 Reference 

Intervention 91.1±9.8 −5.2±5.4* −4.5±1.3 0.001 −1.60±6.49 −1.52±2.19 0.472 

Body mass index, kg/m2 

Control 32.1±3.1 −0.37±0.95 Reference −0.69±2.15 Reference 

Intervention 32.6±3.3 −1.8±1.6* −1.45±0.38 0.001 −0.79±2.01 −0.10±0.65 0.882 

Body mass index z-score 

Control 2.3±0.4 −0.03±0.08 Reference −0.07±0.21 Reference 

Intervention 2.3±0.4 −0.19±0.17* −0.16±0.04 <0.001 −0.05±0.18 0.02±0.64 0.808 

Waist circumference, cm 

Control 103.6±7.8 3.1±5.2* Reference −0.16±6.95 Reference 

Intervention 103.9±9.7 −0.6±5.0 3.71±1.51 0.018 −1.04±6.26 0.88±2.02 0.831 

Body fat, % 

Control 39.0±9.1 1.0±4.2 Reference 0.86±6.27 Reference 

Intervention 41.1±8.5 −3.1±4.0* −4.12±1.21 0.001 −3.81±6.02* −4.67±1.88 0.017 

Alanine aminotransferase, IU/L 

Control 36.7±26.6 −4.4±8.7 Reference 10.00±53.98 Reference 

Intervention 38.9±25.6 −4.10±16.5 0.30±3.86 0.610 5.41±22.63 −4.59±12.48 0.715 

Aspartate aminotransferase, IU/L 

Control 23.4±9.5 −0.9±5.4 Reference 6.91±23.60 Reference 

Intervention 22.5±7.8 −0.70±5.64 0.18±1.67 0.917 7.40±11.27 0.49±5.78 0.933 

Aspartate aminotransferase / alanine 
aminotransferase ratio 

Control 0.80±0.37 0.02±0.14 Reference 0.09±0.27 Reference 

Intervention 0.68±0.23 0.12±0.17* 0.11±0.05 0.052 0.13±0.26* 0.04±0.08 0.650 

Insulin, mIU/L 

Control 27.8±23.2 −0.88±18.29 Reference −2.43±21.88 Reference 

Intervention 27.4±16.2 −4.98±10.86* −4.10±4.49 0.366 −0.62±10.38 3.06±5.31 0.507 

Fasting glucose, mmol/L 

Control 4.9±0.5 0.12±0.29 Reference 0.07±0.31 Reference 

Intervention 5.0±0.4 −0.11±0.39 −0.23±0.12 0.039 0.03±0.47 −0.04±0.12 0.771 

Homeostasis model assessment 

Control 5.3±3.1 0.8±2.70 Reference 0.32±1.92 Reference 

Intervention 6.3±4.2 −1.2±1.90* −2.00±0.80 0.018 0.23±2.69 −0.11±0.81 0.894 

Quantitative insulin-sensitivity check index 

Control 0.52±0.12 −0.04±0.11 Reference 2.23±0.32* Reference 

Intervention 0.50±0.07 0.03±0.06 −0.01±0.03 0.043 2.28±0.31* 0.05±0.10 0.509 

Intra-hepatic triglyceride content, % 

Control 13.5±10.2 −0.96±4.18 Reference - - -

Intervention 13.1±7.8 −4.02±5.02* −3.1±1.36 0.029 - - -

Abdominal adipose tissue, mL 

Control 16456.8±2715.5 593.7±1697.2 Reference - - -

Intervention 16002.3±3709.5 −795.8±1918.1 -1389.5±533.10 0.012 - - -

Subcutaneous abdominal adipose tissue, mL 

Control 13640.2±2341.4 243.5±1091.7 Reference - - -

Intervention 13038.7±3432.2 −727.1±1575.1* −970.6±403.04 0.019 - - -

Visceral adipose tissue, mL 

Control 2816.6±786.8 350.2±1108.5 Reference - - -

Intervention 2963.6±865.9 −68.8±834.9 −419.0±291.45 0.158 - - -

Abbreviations: SD=standard deviation; SE = standard error 
* P<0.05, paired t-test within group 
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# Lifestyle intervention in obese Chinese adolescents with NAFLD # 

reduced by 0.07. Body fat was signifcantly lower 
in the intervention group than the control group 
(mean diference=4.6%, P=0.025, Table 2). Te 
IHTC, quantitative insulin sensitivity check index, 
and high-density lipoprotein cholesterol level were 
improved signifcantly in both groups compared with 
baseline (Table 2). Te improvement in the AST/
ALT ratio from baseline to week 68 was signifcant 
in the intervention group (P=0.017). Te proportion 
of participants with insulin resistance (HOMA >3) 
did not difer signifcantly between groups (16/20 vs 
15/22, P=0.384). 

Discussion 
Te 16-week lifestyle modifcation programme 
signifcantly reduced IHTC, body size, and 
subcutaneous abdominal adipose tissue. Te 
laboratory variables, including AST/ALT ratio, 
insulin, and HOMA, improved signifcantly in the 
intervention group. Body fat and baseline IHTC 
were independent factors associated with NAFLD 
remission at week 16. Tis indicates that the efects 
of the programme were largely mediated by body fat 
reduction and baseline IHTC. Body fat reduction 
improved not only liver condition (AST/ALT ratio 
and IHTC) but also insulin resistance indices (HOMA 
and quantitative insulin sensitivity check index). 
Insulin resistance is a common fnding in paediatric 
patients with NAFLD.3 Weight loss in healthy adults 
can improve insulin sensitivity and lower the risk of 
diabetes conferred by insulin resistance.4 Tis may 
partially explain the programme’s benefcial efects 
of improving the AST/ALT ratio, insulin levels, 
and HOMA. Baseline IHTC was associated with 
remission of NAFLD in both groups.

Tere are limitations to our study. Te nature of 
the study did not allow blinding of study participants. 
Liver biopsy was not performed to evaluate the 
presence of necrosis and infammation. Nonetheless, 
1H-MRS enables an accurate assessment of IHTC,5 

and the technicians were blinded to the grouping. 
Further studies are required to determine the long-
term prognoses of development of fbrosis, mortality, 
and quality of life and their modifcation by weight 
reduction. 

Conclusion 
Childhood obesity has signifcant medical and socio-
economic impacts on society. NAFLD is an important 
obesity-related complication. Te 16-week lifestyle 
modifcation programme efectively reduced body fat 
and IHTC in obese Chinese adolescents with NAFLD. 
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TABLE 3.  Factors associated with remission of non-alcoholic fatty liver disease at 
week 16 

Factor Univariate Multivariate 

Odds ratio (95% P Adjusted odds P 
confdence value ratio (95% value 

interval) confdence 
interval) 

Intervention group 1.875 (0.451-7.802) 

Age 0.730 (0.362-1.473) 

Baseline intra-hepatic 0.596 (0.375-0.950) 
triglyceride content 

Baseline body weight 0.988 (0.912-1.071) 

Change in body weight 0.704 (0.549-0.902) 

Baseline body mass index 0.852 (0.663-1.095) 

Change in body mass index 0.387 (0.200-0.749) 

0.388 0.392 (0.034-4.519) 0.453 

0.379 

0.029 0.431 (0.209-0.889) 0.023 

0.771 

0.006 

0.211 

0.005 

0.165 

0.002 

0.031 

0.044 0.687 (0.483-0.975) 0.036 

0.148 

0.137 

0.242 

0.042 

0.122 

0.760 

Baseline body mass index 
z-score 

Change in body mass index 
z-score 

Baseline body fat 

Change in body fat 

Baseline abdominal 
adipose tissue 

Change in abdominal 
adipose tissue 

Baseline subcutaneous 
abdominal adipose tissue 

Change in subcutaneous 
abdominal adipose tissue 

Baseline visceral adipose 
tissue 

Change in visceral adipose 
tissue 

0.238 (0.031-1.809) 

0.000 (0.000-0.029) 

0.890 (0.801-0.990) 

0.826 (0.686-0.994) 

1.000 (1.000-1.000) 

1.000 (0.999-1.000) 

1.000 (1.000-1.000) 

0.999 (0.999-1.000) 

0.999 (0.998-1.000) 

1.000 (0.999-1.001) 

Grants Council. Te authors also thank all the 
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Introduction 
After exposure to traumatic events, negative 
outcomes such as anxiety and stress disorders are 
often reported. However, positive changes, or post-
traumatic growth (PTG), have also been increasingly 
documented1 and can be refected in self-perception, 
a changed sense of relationship with others, and a 
changed philosophy of life.2 Te Post-traumatic 
Growth Inventory (PTGI) has been widely used to 
measure PTG in fve domains: appreciation of life, 
new possibilities, personal strength, spiritual change, 
and relating to others.3 

Although the reliability of the PTGI has 
generallybeensupported, itspsychometricproperties 
among Chinese people remain unconfrmed. In a 
study of mainland Chinese people with skin disease, 
PTG has been understood as self-growth, new 
possibilities, and appreciation of life. Nonetheless, 
in studies of Chinese patients with cancer in Hong 
Kong and Taiwan, a higher-order model of PTG has 
been supported.4,5 Te PTGI has not been validated 
in patients with non-cancer chronic conditions 
in Hong Kong. Tis study aimed to examine the 
psychometric properties of the Chinese version of 
the PTGI (CPTGI) among patients with chronic 
disease in terms of internal consistency, reliability, 
concurrent validity, underlying measurement model, 
and test-retest reliability. 

Methods 
Using stratifed sampling, nine non-governmental 
organisations and parents’ self-help groups from 
diferent districts were randomly selected. Te 
targeted participants were frst screened by the 
ofcers. Te inclusion criteria were: (1) Chinese 
adult patients in Hong Kong with any kind of chronic 
illness; (2) currently under medical treatment for the 
illness; (3) non-cancerous or no cancer history; and 

(4) no cognitive or psychiatric impairments. 
Te participants were told that the purpose 

of the study was to understand their psychological 
well-being after having been diagnosed with chronic 
illnesses. Informed consent was obtained from each 
participant before data collection. A subsample of 
the respondents (n=122) were randomly selected for 
a follow-up survey after 1 to 9 weeks to assess the 
test-retest reliability of the CPTGI. 

Te questionnaire consisted of demographic 
variables (age, sex, chronic disease, time of diagnosis, 
marital status, accommodation) and psychometric 
scales that assess PTG, anxiety and depression, hope, 
and coping. Te CPTGI measures positive changes 
experienced by patients after a major life crisis. It 
comprises 21 items in the domains of appreciation 
of life, new possibilities, relating to others, personal 
strength, and spiritual change. Te Chinese 
version of the Hospital Anxiety and Depression 
Scale comprises 14 items: half on depression and 
half on anxiety. Te Chinese version of the Adult 
Trait Hope Scale measures an individual’s hope on 
two subscales: pathways (4 items) for individual 
appraisals of the capability to surmount barriers 
and strive for goals, and agency (4 items) to assess 
individual general determination with respect to 
goals. Te short version of the Coping Orientation 
to Problems Experienced scale comprises 28 items 
on 14 coping strategies: active coping, planning, 
positive reframing, acceptance, humour, religion, 
using emotional support, using instrumental 
support, self-distraction, denial, venting, substance 
use, behavioural disengagement, and self-blame. 

Results 
A total of 265 patients were included. Teir mean age 
was 72.95 (standard deviation, 14.85; range, 20-100) 
years. Most (61%) had a primary education or lower. 
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# Psychometric properties of the Chinese Post-traumatic Growth Inventory # 

Most (54%) were married. About 28% lived with their 
parents and/or children, 26% lived with spouses, 
22% were solitary, and 19% lived in caring or nursing 
homes. Most (61%) took care of themselves, but 24% 
received care from family members, 12% from caring 
or nursing homes, and 3% from domestic helpers. 
Te mean time since primary disease diagnosis was 
3.88 (standard deviation, 3.28; range, 0-10) years. 
Diagnoses included hypertension (n=50), coronary 
heart disease (n=37), diabetes (n=26), Parkinson 
disease (n=26), stroke (n=19), and other chronic 
illnesses (rheumatoid arthritis, low back pain, and 
cardiac dysrhythmia). 

All scales had satisfactory internal consistency 
reliability, with Cronbach’s alpha ranging 0.66 to 0.85 
(Table 1). No gender diferences were signifcant on 
any scale or subscale. 

Confrmatory factor analysis was conducted 
on the covariance matrix of the CPTGI scores. 
Competing models were specifed according to 
the literature and included the original fve-factor 
frst-order model, a three-factor frst-order model, 
a higher-order model, and a higher-order model 
without item 15 (Table 2).3-5 

TABLE 1.  Internal consistency and reliability of scales 

Te two frst-order models had poorer ft 
than the higher-order models, in which self, life 
orientation, and spiritual were combined under a 
latent factor (intrapersonal), whereas interpersonal 
was the fourth factor on its own. Removal of item 
15 (as suggested in a study)5 did not generate a 
signifcantly better ft. Te higher-order model in 
which all items were retained was adopted (Fig). 
Our hypothesis was supported by the results: PTG 
can be understood as a four-factor construct (self, 
spiritual, life orientation, interpersonal) in which a 
higher-order factor (intrapersonal) includes the self, 
spiritual, and life orientation factors. 

Te concurrent validity of the CPTGI was 
examined by Pearson’s correlations among all scales. 
Overall, the CPTGI correlated positively with hope 
(r=0.37) and coping (r=0.32) but negatively with 
anxiety and depression (r= −0.21), as predicted. 
Tese inter-factor relationships supported the 
construct validity of the CPTGI. Nonetheless, owing 
to fatigue, only a few participants could fnish all four 
scales. Tus, interpretations of correlations between 
the Adult Trait Hope Scale and Coping Orientation 
to Problems Experienced scale should be cautious. 

Scale No. of items Male Female Total Cronbach’s alpha 

Chinese version of Post-traumatic Growth Inventory 21 2.69±0.84 2.63±0.97 2.64 ±0.92 0.93 

Appreciation of life 3 8.77±2.99 8.22±3.84 8.42±3.51 0.66 

New possibilities 5 11.69±5.77 11.52±6.22 11.58±6.01 0.85 

Relating to others 7 20.21±6.56 19.90±7.37 19.92±7.08 0.85 

Personal strength 4 12.31±3.46 12.58±4.33 12.40±4.05 0.76 

Spiritual change 2 4.88±2.92 4.82±3.03 4.82±2.97 0.66 

Chinese version of Hospital Anxiety and Depression Scale 14 1.75±0.38 1.82±0.33 1.78±0.35 0.82 

Anxiety 7 2.23±0.74 2.34±0.61 2.29±0.68 0.69 

Depression 7 1.25±0.31 1.29±0.32 1.27±0.31 0.77 

Chinese version of Adult Trait Hope Scale 8 6.07±1.43 5.02±1.42 5.65±1.47 0.86 

Pathway 4 6.06±1.47 5.08±1.86 5.67±1.65 0.77 

Agency 4 6.08±1.51 4.96±1.34 5.63±1.51 0.73 

Coping Orientation to Problems Experienced scale 28 2.47±0.39 2.60±0.41 2.52±0.39 0.80 

TABLE 2.  Goodness-of-fit indices of different factor models 

Factor model χ2 Degrees 
of 

freedom 

χ2 / 
degrees 

of 
freedom 

Goodness-
of-ft index 

Adjusted 
goodness-
of-ft index 

Com-
parative 
ft index 

Tucker-
Lewis 
index 

Root mean 
square error of 
approximation 

Standardised 
root mean 

square 
residual 

Original fve-factor frst-order model 394.203 179 2.20 0.874 0.837 0.917 0.903 0.0670 0.0480 

Three-factor frst-order model 343.374 132 2.60 0.867 0.827 0.900 0.884 0.078 0.0531 

Higher-order model 170.153 87 1.95 0.924 0.895 0.946 0.934 0.060 0.0445 

Higher-order model without item 15 147.354 74 1.99 0.929 0.899 0.949 0.937 0.061 0.0437 
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# Cheng # 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
0.73 

0.71 

0.74 

0.67 

0.66 

0.59 

0.65 

0.68 

0.09 

Q18 

Q5 

Q4 

Q1 

Q17 

Q6 

Q8 

Q15 

Q7 

Q3 

Q13 

Q11 

Q10 

Q12 

Q9 

Interpersonal 
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FIG. Higher-order factor model of the Chinese version of the Post-traumatic Growth Inventory 

In summary, the more hope a patient saw in life 
after experiencing trauma, the more growth he/she 
perceived. With regard to coping, positive coping 
strategies (positive reframing, religion, planning) 
correlated positively with PTG, but negative coping 
correlated negatively with PTG. Te results of the 
PTGI correlated negatively with anxiety (r= −0.15 to 
−0.23). 

Te test-retest reliability values of CPTGI 
scores at weeks 1 and 9 were analysed using Pearson’s 
product-moment correlation and dependent t-
tests. All paired t-tests of within-subject diferences 
were non-signifcant, indicating that there was no 
signifcant change between pre-test and post-test 
scores. Pearson’s correlations between the test/
retest scores on all subscales and the total scale were 
signifcant, but not high (r=0.33 to 0.44). 

Discussion 
Te CPTGI is a reliable and valid instrument 
for assessment of PTG in Chinese patients with 
chronic disease. All items should be included in the 
measurement of total PTG and domain-specifc PTG; 
deletion of any item is not advisable. On the subscale 
level, the original fve subscales had better internal 
consistency reliability than the four frst-order 
factors had. Tis suggests that when measurement 
of specifc domains of PTG is of concern, the original 
subscales should be adopted. When the overall PTG 
of patients is of interest, the higher-order model can 
be referenced, for instance, when designing a PTG 
enhancement programme for patients.

Te concurrent validity of the CPTGI was also 
satisfactory. Overall, PTG was associated positively 
with hope and positive coping but negatively with 
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# Psychometric properties of the Chinese Post-traumatic Growth Inventory # 

anxiety. Under the higher-order model, anxiety was 
related to intrapersonal growth but not interpersonal 
growth. Te higher anxiety an individual had, the 
lower was his/her level of intrapersonal growth. 
Depression did not have a signifcant association 
with PTG (but this could be caused by the small 
sample size). 

Based on the correlation between PTG and 
hope, we may interpret that when one acquires new 
understanding and perceptions of the self, one may 
acquire a higher capacity to surmount obstacles and 
grow even after trauma. Moreover, one may have 
stronger determination to overcome difculties when 
he/she can appreciate new spiritual experiences after 
trauma. 

Positive coping strategies (such as positive 
reframing, religion, and planning) were benefcial 
to PTG, whereas negative coping strategies (such 
as denial and substance use) may impede PTG. 
Te associations between negative coping and PTG 
domains were as strong as that between positive 
coping and PTG. Health practitioners should focus 
not only on strengthening positive coping but also 
on reducing negative coping. 

Health practitioners may use the CPTGI to 
assess the PTG of patients with chronic diseases 
to improve monitoring of patients’ emotional 
and cognitive conditions. For example, specifc 
vulnerable domains in individuals’ post-traumatic 
well-being can be easily identifed and managed with 
intervention programmes. 

Our study has provided empirical support for 
the test-retest reliability of the CPTGI. Tis is crucial 
for an instrument that measures PTG, which is a 
long-term process for some people. 
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K E Y M E S S A G E S 

1. Compared with exclusive breastfeeding, formula-
feeding in the frst 3 months of life is associated 
with poorer lipid profle and possibly greater 
insulin resistance but not greater adiposity at age 
17.5 years. 

2. Early infant nutrition may afect long-term health; 
therefore, breastfeeding should be encouraged. 

3. Further studies are warranted, to investigate the 
efects of infant feeding on glucose metabolism 
and insulin resistance later in life. 
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Introduction 
Te long-term efects of infant feeding mode on 
glucose metabolism and risk of type-2 diabetes 
mellitus (T2DM) remain unclear. In the 1980s, a 
randomised controlled trial demonstrated that 
formula-fed preterm infants, compared with 
breastfed preterm infants, had faster infant growth 
and greater insulin resistance during adolescence.1 

However, another randomised controlled trial found 
no efect of breastfeeding on cardiometabolic risk at 
age 11.5 years.2 A systematic review of observational 
studies concluded that breastfeeding was associated 
with a lower risk of T2DM, compared with formula-
feeding.3 Nonetheless, publication bias and residual 
confounding by socio-economic status could not be 
ruled out. Tis study aimed to assess the association 
of infant feeding modes with risk factors for T2DM at 
age 17.5 years in the ‘Children of 1997’ birth cohort.4 

Methods 
Tis study was approved by the University of Hong 
Kong-Hospital Authority Hong Kong West Cluster 
Joint Institutional Review Board (UW 12-249) and 
the Joint Chinese University of Hong Kong-New 
Territories East Cluster Clinical Research Ethics 
Committee (CRE-2013.507). 

Te ‘Children of 1997’ birth cohort (n=8327) 
covers 88% of all births from 1 April to 31 May 1997. 
Families were recruited at their frst postnatal visit 
to the Maternal and Child Health Centres. Baseline 
characteristics including birth characteristics, 
parental education, and feeding mode were obtained 
using a self-administered questionnaire. Information 
on feeding mode was collected at age 3, 9, and 18 
months. Since 2005, passive and active follow-ups 
have been carried out by means of data linkage and 
surveys to obtain health-related information. 

Several sites were set up for clinical examination 
of the cohort at age 17.5 years. Fasting blood (30 
mL) was drawn from participants in the morning to 
measure haemoglobin A1c, fasting glucose, insulin, 
cholesterol, triglyceride, and high-sensitivity C-
reactive protein (hs-CRP). Body weight, % body fat, 
% muscle, standing height, waist circumference, and 
hip circumference were measured based on standard 
protocols. Handgrip strength (a proxy for muscle 
mass) of both hands was measured using a handgrip 
dynamometer. Pubertal stages were self-reported 
using line drawings of models at each Tanner stage. 

Infant feeding mode at age 0-3 months was 
categorised as always formula-fed, mixed feeding, 
or exclusively breastfed. Te duration of formula-
feeding was categorised as 0-2 years, 3-5 years, or 6 
years.

General adiposity was proxied by body mass 
index z-score relative to the 2007 World Health 
Organization growth reference and % body fat, 
whereas central adiposity was proxied by waist-to-
height ratio z-score. Lean mass was proxied by total 
muscle mass and handgrip strength. Markers of 
glucose metabolism included fasting haemoglobin 
A1c, fasting glucose, fasting insulin, insulin 
resistance, and insulin sensitivity (estimated by 
the homeostasis model assessment). Other health 
markers included lipid profle (ie, total cholesterol), 
low-density lipoprotein (LDL) cholesterol, high-
density lipoprotein cholesterol, triglycerides, and 
systematic infammation, proxied by hs-CRP. Log-
transformed insulin and hs-CRP levels were used in 
the analyses.

Multivariable linear regression was used to 
assess the association of infant feeding mode with 
diabetes risk factors and other health markers at age 
17.5 years. Model 1 adjusted for sex, pubertal stage, 
and age at follow-up and potential confounders, 
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# Formula-feeding and risk of type-2 diabetes # 

including birth weight, gestational age, pregnancy 
characteristics (gestational diabetes, preeclampsia, 
and maternal smoking), mother’s place of birth, 
and highest parental education. To test whether 
infant growth mediated any association, model 2 
additionally adjusted for weight gain from birth to 
3 months or birth to 12 months, defned in terms 
of the change in weight z-score. Whether the 
associations varied by sex and infant growth rate 
from the signifcance of interaction terms was tested. 
To minimise the bias from missing data, multiple 
imputation and inverse probability weighting were 
combined and the results summarised from 10 
imputed datasets into single estimates. 

Results 
Tis study aimed to include 700 participants and 
fnally included 710. Compared with the entire birth 
cohort, the 315 male and 395 female participants 
had parents with slightly higher education, a higher 
rate of gestational diabetes, and less maternal 
smoking during pregnancy. Clinical examinations 
were carried out at a mean age of 17.5 years. As 
expected, males on average were taller with lower 
% body fat, greater total muscle mass, and greater 
handgrip strength. Approximately 15% of male and 
9% of female participants were overweight according 

to the International Obesity Task Force cut-ofs. 
Few participants had LDL cholesterol (<1%) or 
triglycerides (<4%) above normal ranges (4.1 mmol/L 
and 1.7 mmol/L, respectively). Only fve participants 
had elevated fasting glucose (range, 5.8-7.6 mmol/L), 
of whom four had normal haemoglobin A1c and 
one had clinically diagnosed T2DM. In both sexes, 
greater body mass index was associated with higher 
fasting glucose, insulin, insulin resistance, LDL 
cholesterol, triglycerides, and hs-CRP. 

Approximately 7% of the participants were 
exclusively breastfed at 0-3 months; they were more 
likely to be female, with mainland-born mothers 
with a lower education level (Table 1). Compared 
with participants who were exclusively breastfed at 
0-3 months, participants who were always formula-
fed had less weight gain at 0-3 months, but not at 
0-12 months (Fig). About 25% of parents reported 
their children had daily consumption of at least 
one glass of formula milk until 6 years. Tere was 
no diference in family and birth characteristics by 
duration of regular formula-feeding.

Compared with participants who were 
exclusively breastfed at 0-3 months, those who were 
always formula-fed tended to have marginally higher 
total cholesterol, LDL cholesterol, triglycerides, and 
insulin resistance (Table 2). Exclusive breastfeeding 

TABLE 1.  Characteristics of participants by infant feeding mode at age 0-3 months and duration of formula-feeding 

Characteristics Infant feeding mode at age 0-3 months Duration of formula-feeding, y 

Exclusively Mixed (n=302) Always formula- 0-2 (n=316) 3-5 (n=183) 6 (n=183) 
breastfed (n=51) fed (n=344) 

Male sex, % 31 47 44 47 42 42 

Gestational age, % 

≤36 weeks 5.9 4.6 2.9 4.4 4.9 1.6 

37-38 weeks 24 26 29 29 26 26 

39-40 weeks 55 55 52 50 57 58 

≥41 weeks 16 15 16 17 11 15 

Gestational diabetes, % 8.2 7.9 11 8.6 8.4 11 

Preeclampsia, % 2.0 3.2 4.5 3.4 3.6 2.9 

Maternal smoking during pregnancy, % 0 1.4 5.6 3.3 4.0 3.4 

Infant feeding during 0-3 months, % 

Always formula-fed - - - 50 50 47 

Mixed - - - 43 45 43 

Always breastfed - - - 6.7 5.0 10 

Infant growth, weight z-score 

At birth -0.31 -0.32 -0.17 -0.22 -0.29 -0.25 

At 3 months 0.29 0.06 0.13 0.10 0.07 0.13 

At 12 months -0.01 0.01 0.10 0.03 0.05 0.10 

Parents’ highest education, % 

9th grade or below 40 20 29 26 26 25 

10th to 11th grade 32 39 49 43 41 46 

12th grade or above 28 41 22 32 33 29 

Hong Kong born mother, % 30 64 64 63 62 61 

Hong Kong born father, % 48 75 72 69 76 74 
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# Hui et al # 

at age 0-3 months had a graded association with lower 
fasting insulin (P value for trend=0.02) and lower 
insulin resistance (P value for trend=0.03). When we 
repeated the analyses (except for insulin resistance 
and hs-CRP) with an additional 1920 participants 
with blood tested at a similar age in another study, 
these associations with total cholesterol (r=0.19, 95% 
confdence interval [CI]= −0.04 to 0.41) and higher 
LDL cholesterol (r=0.12, 95% CI= −0.08 to 0.32) 
became signifcant. Body mass index and % body 
fat at age 17.5 years did not difer by infant feeding 
modes. 

W
ei

gh
t 

z-
sc

or
e

Always formula-fed 

Mixed 

Exclusively breastfed 

0.4 

0 

-0.4 

Age (months) 
0 1 3 9 12 

FIG. Weight z-score at age 0-12 months by infant feeding mode at age 0-3 months 
of life. 

None of the above associations difered by sex 
or infant growth rate, and they were not attenuated 
after adjustment for infant growth (data not 
shown). Te duration of formula-feeding was not 
associated with any risk factors of T2DM or other 
health markers at age 17.5 years (Table 2), with no 
interaction of sex (data not shown). 

Discussion 
Formula-feeding at 0-3 months was associated 
with higher LDL cholesterol but not associated 
with higher insulin resistance or adiposity markers 
at age 17.5 years. Te lack of association between 
breastfeeding and adiposity in the present study and 
in the randomised controlled trial on breastfeeding 
promotion2 is inconsistent with the protective 
efect of breastfeeding against obesity reported in 
some systematic reviews of observational studies.3 

Diferent social patterns on breastfeeding may 
result in various associations between infant feeding 
mode and subsequent adiposity in diferent stages 
of economic development. Te null association of 
early infant feeding with adiposity at age 7 years and 
at young adulthood may be attributed to the lack of 
social patterns on breastfeeding in our population in 
the 1990s. 

We also observed a null association of early 
infant feeding with fasting glucose levels. Tis is 

TABLE 2. Adjusted associations of infant feeding mode at age 0-3 months and duration of formula-feeding with markers of health at age 17.5 years 

Value Mean±SD or Infant feeding mode at age 0-3 months Duration of formula-feeding, y 
median (range) (β [95% CI]) (β [95% CI]) 

Male Female Exclusively Mixed Always formula- 0-1 3-5 6 
(n=315) (n=395) breastfed fed 

Height, cm 172.1±6.0 159.6±5.4 Ref −0.2 (−2.1 to 1.7) 0.1 (−1.7 to 1.9) Ref 0.0 (−1.0 to 1.0) 0.2 (−0.8 to 1.3) 

Body mass index, kg/m2 21.0±3.5 20.5±3.0 Ref 0.1 (−1.0 to 1.2) 0.1 (−1.0 to 1.1) Ref 0.2 (−0.4 to 0.8) −0.1 (−0.7 to 0.5) 

Waist-to-height ratio 0.43±0.05 0.43±0.04 Ref 0.0 (−0.3 to 0.3) 0.1 (−0.3 to 0.4) Ref 0.0 (−0.1 to 0.2) −0.1 (−0.3 to 0.1) 
z-score 

% body fat 15.1±5.8 27.7±5.5 Ref 0.2 (−1.7 to 2.1) 0.4 (−1.4 to 2.3) Ref −0.2 (−1.2 to 0.9) −0.7 (−1.7 to 0.4) 

Muscle mass, kg 49.7±6.2 35.2±3.2 Ref −0.3 (−1.8 to 1.3) −0.2 (−1.8 to 1.3) Ref 0.8 (−0.1 to 1.6) 0.4 (−0.4 to 1.3) 

Hand grip strength, kg 32.1±6.5 20.6±4.5 Ref −0.4 (−2.2 to 1.5) −0.7 (−2.5 to 1.1) Ref 0.6 (−0.4 to 1.6) 0.7 (−0.3 to 1.7) 

Haemoglobin A1c, % 5.4±0.2 5.4±0.2 Ref −0.01 (−0.09 to 0.07) −0.02 (−0.10 to 0.6) Ref 0.01 (−0.03 to 0.05) −0.04 (−0.08 to 0.01) 

Fasting glucose, mmol/L 4.7±0.4 4.6±0.3 Ref −0.08 (−0.19 to 0.04) −0.07 (−0.18 to 0.05) Ref 0.03 (−0.03 to 0.10) 0.01 (−0.06 to 0.08) 

Fasting insulin, pmol/L* 63.7±28.1 60.0±36.1 Ref 0.02 (−0.04 to 0.08) 

Insulin resistance 1.09±0.65 1.16±0.51 Ref 0.03 (−0.17 to 0.22) 0.12 (−0.07 to 0.32) Ref −0.05 (−0.14 to 0.05) −0.02 (−0.12 to 0.08) 

Insulin sensitivity, % 115.1±53.9 101.9±44.8 Ref −5.0 (−21.3 to 11.3) −8.8 (−24.9 to 7.3) Ref 6.9 (−2.1 to 15.8) 1.5 (−7.6 to 10.6) 
of homeostasis model 
assessment 

Total cholesterol, mmol/L 3.9±0.7 4.1±0.7 Ref 0.19 (−0.03 to 0.42) 0.19 (−0.04 to 0.41) Ref −0.16 (−0.28 to −0.03) −0.03 (−0.16 to 0.10) 

Low-density lipoprotein 2.0±0.6 2.2±0.6 Ref 0.15 (−0.05 to 0.35) 
cholesterol, mmol/L 

High-density lipoprotein 1.4±0.3 1.6±0.3 Ref 0.06 (−0.05 to 0.17) 0.06 (−0.05 to 0.16) Ref −0.04 (−0.10 to 0.02) −0.03 (−0.09 to 0.03) 
cholesterol, mmol/L 

Triglycerides, mmol/L 0.86±0.36 0.79±0.34 Ref −0.00 (−0.12 to 0.11) 

High sensitive C-reactive 0.03 (0.02-0.9) 0.03 (0.02-0.9) Ref −0.30 (−0.83 to 0.24) −0.25 (−0.78 to 0.29) Ref 0.23 (−0.07 to 0.53) −0.10 (−0.40 to 0.21) 
protein, mg/dL* 

0.05 (−0.02 to 0.11) Ref −0.03 (−0.06 to 0.01) −0.01 (−0.05 to 0.03) 

0.12 (−0.08 to 0.32) Ref −0.11 (−0.22 to 0.01) 0.01 (−0.11 to 0.12) 

0.06 (−0.05 to 0.17) Ref −0.06 (−0.12 to 0.01) −0.02 (−0.09 to 0.04) 

* Measured in 710 participants only; log-transformed value was used in regression analyses 
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# Formula-feeding and risk of type-2 diabetes # 

consistent with fndings from a meta-analysis of 
observational studies, which concluded that infant 
feeding has little efect on fasting glucose levels in 
adulthood.3 Breastfed infants have a marginally 
lower insulin level and a signifcantly lower risk of 
T2DM in adulthood.3 We observed associations 
between the always formula-fed participants and 
higher insulin resistance, and between exclusive 
breastfeeding at age 0-3 months and lower insulin 
resistance. However, these associations were not 
statistically signifcant, perhaps owing to the small 
sample size. Furthermore, we cannot rule out a 
delayed efect of early-life exposure on glucose 
metabolism that may only become obvious later in 
adulthood. Longer-term follow-up in a larger sample 
within the birth cohort are warranted to confrm 
the long-term efects of infant feeding on insulin 
resistance and glucose metabolism. 

We found higher total and LDL cholesterol 
and marginally higher triglycerides among formula-
fed participants. Systematic reviews have concluded 
that breastfeeding is associated with a modest 
reduction in total cholesterol in adulthood.5 Te 
literature on the association between breastfeeding 
and triglycerides is rather mixed. Te association of 
formula-feeding with higher LDL cholesterol and 
triglycerides but not with adiposity indicates that 
diferent mechanisms may be involved. Breast milk 
contains higher cholesterol, and breastfed infants 
synthesised less cholesterol. It has been speculated 
that such change in homeostasis of cholesterol in 
early life may programme lipid profle in adulthood.

In the early 2000s, prolonged infant formula-
feeding was common in Hong Kong, with 30% of 
our participants having daily consumption of infant 
formula at age 6 years. We did not observe any efects 
of duration of formula-feeding on any risk factor for 
T2DM or health markers at age 17.5 years. Prolonged 
formula-feeding may be a result of perceived poor 
growth or ill health. Terefore, 6-year-olds who did 
not receive infant formula may have been healthier 
or even overweight, suggesting a reverse causality in 
the association between prolonged formula-feeding 
and subsequent health. 

Tere are some limitations to this study. 
We included only a subset of the birth cohort 
and participation in the follow-up was voluntary. 
However, breastfeeding was not socially patterned 
in the cohort, suggesting little residual confounding 
by unmeasured socio-economic status. Inverse 
probability weighting was used to mitigate any 
selection bias. Information on formula milk use 
provided by mothers was prone to recall bias. Te 
societal value on prolonged formula-feeding was 
unclear, so there was unlikely any diferential recall 
bias. Breastfeeding duration was commonly short 
in the 1990s in Hong Kong, which did not allow 
assessment on dose-response efect. 

Conclusions 
Compared with exclusive breastfeeding, formula-
feeding at age 0-3 months was associated with poorer 
lipid profle and maybe greater insulin resistance 
but not associated with adiposity at age 17.5 years. 
Prolonged formula-feeding was unrelated to any 
markers of cardiovascular and metabolic health. 
Early infant nutrition may afect long-term health; 
exclusive breastfeeding, even for a short period, 
was associated with a healthier lipid profle. Our 
fndings support the promotion of breastfeeding in 
Hong Kong. Further studies are warranted to assess 
the biological mechanisms by which breastfeeding 
duration afects health later in life. 
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Development and validation of a tool to identify 
barriers to starting insulin treatment in patients 

with type-2 diabetes mellitus 
SN Fu*, WY Chin, CKH Wong, VTF Yeung, MP Yiu, HY Tsui, KH Chan 

K E Y M E S S A G E S 

1. Te 13-item Chinese version of the Attitudes 
to Starting Insulin Questionnaire has reliable 
psychometric properties and an interpretable and 
relevant structure. It can be used by clinicians to 
assess psychological barriers to insulin treatment 
in Chinese patients with type-2 diabetes mellitus 
in primary care settings. 

2. Te most signifcant barriers to starting insulin 
treatment in Chinese patients with poorly 
controlled type-2 diabetes mellitus appear 
to be fear of pain and needles and perceived 
insufcient social support. Women are more 

negative towards starting insulin treatment. 

Hong Kong Med J 2018;24(Suppl 4):S24-9 
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Introduction 
In Hong Kong, type-2 diabetes mellitus (T2DM) is 
commonly managed in general out-patient clinics. 
Insulin treatment is eventually indicated once 
the maximal dose of oral medication is no longer 
sufcient to control the blood sugar level (‘failed oral 
therapy’). Most patients with T2DM resist insulin 
treatment,1 particularly Chinese patients (>70%),2 

women, and patients with lower education levels,3 

probably owing to cognitive appraisals or emotional 
reactions afected by culture, degree of self-efcacy, 
and health literacy.1 

None of the existing questionnaires4,5 have 
been validated for use in predominantly elderly or 
socially deprived primary care patients who have 
not yet started insulin treatment (‘insulin naïve’ 
patients). Tis study aimed (1) to develop a Chinese 
questionnaire and to assess its psychometric 
properties, acceptability, and feasibility in elderly 
patients with T2DM in primary care settings; and 
(2) to determine the association between attitude 
toward starting insulin treatment and biomedical 
and socio-demographic factors in patients with 
poorly controlled T2DM who were receiving the 
maximum tolerable dose of oral drugs. 

Methods 
Tis study was approved by the Research Ethics 
Committee of the Kowloon West Cluster, Hospital 
Authority of Hong Kong. 

A total of 27 potential items were identifed 

review.1,2,4,5 from a literature An expert panel 
rated the items for content, breadth, validity, and 
relevancy. Each item that scored ≥80% on the 
content validity index was retained. Te resulting 
structured English questionnaire used a four-point 
Likert scale for each item (from strongly agree to 
strongly disagree). Te questionnaire was translated 
into Chinese and back-translated into English. Te 
resulting Chinese version of the Attitudes to Starting 
Insulin Questionnaire (Ch-ASIQ) was feld tested 
in 10 patients with diferent age, sex, and previous 
insulin use status. 

Consecutive eligible patients were identifed 
through the Hospital Authority system and invited 
to complete the questionnaire by self-administration 
or face-to-face interview from June 2012 to March 
2013. Tere were 27 potential items; therefore, a 
sample size of 270 was required for a patient-to-
item ratio of 10:1. Te inclusion criteria were (1) 
Chinese-speaking adults aged ≥18 and ≤80 years, (2) 
receiving the maximum recommended or tolerable 
doses of oral diabetic medications (gliclazide 
320 mg, modifed release gliclazide 120 mg, or 
glibenclamide 15 mg and metformin ≥2 g daily), 
and (3) haemoglobin A1c level of ≥7.5% within the 
past 12 months. Exclusion criteria were pregnancy, 
inability to answer the questionnaire, and already 
receiving insulin treatment.

Under the Risk Factor Assessment and 
Management Programme, patients with T2DM 
underwent laboratory tests, retinal photo or 
ophthalmologist assessment, and nurse-led diabetes 
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# Barriers to starting insulin treatment for type-2 diabetes # 

complication screening once every 1 to 2 years. underlying structure and to sort the items into sub-
Our nurses collected the patients’ records for data scales. Te Kaiser-Meyer-Olkin measure of sampling 
analysis. adequacy (using a cut-of of 0.5) and Bartlett’s Test 

Negative items were reverse coded. Scores of Sphericity (using a cut-of P<0.001) were used 
ranged from one to four, with higher scores to ensure the appropriateness of the dataset for 
indicating more positive attitudes. Exploratory exploratory factor analysis. A Cronbach’s alpha 
factor analysis was used to explore the instrument’s coefcient of ≥0.6 was used as the cut-of to indicate 

TABLE 1.  Sociodemographic and clinical characteristics of patients with type-2 diabetes mellitus 

Characteristics Mean (range) or No. (%) of patients (n=303) 

Age, y 63 (54-70) 

Male 136 (44.9) 

Female 167 (55.1) 

Education 

No formal education 44 (15.4) 

Primary 117 (41.1) 

Secondary 107 (37.5) 

Tertiary 

Occupation 

Full-time 90 (32.8) 

Unemployed/retired 82 (29.9) 

Homemaker 99 (36.1) 

Part-time 3 (1.1) 

Mode of questionnaire administration 

Self 104 (34.4) 

Interviewer 199 (65.7) 

Duration of diabetes mellitus, y 11 (7-16) 

Diabetes drug 

Glibenclamide 37 (12.2) 

Gliclazide 259 (85.5) 

Metformin 7 (2.3) 

Body mass index, kg/m2 25.2 (22.6-27.7) 

Body mass index cut-off, kg/m2 

<18.50 (underweight) 3 (1.0) 

≥18.50 to <24 (normal) 109 (36.5) 

≥24 to <27 (overweight) 91 (30.4) 

≥27 (obese) 96 (32.1) 

Haemoglobin A1c level, % 8.3 (7.9-9.1) 

Low-density lipoprotein, mmol/L 2.5 (2.0-3.0) 

Estimated glomerular fltration rate, mL/min/1.73m2 88.0 (70.5-108.0) 

Hypertension 246 (81.2) 

Nephropathy 49 (16.8) 

Foot ulcer 4 (1.4) 

Neuropathy 6 (2.0) 

Peripheral vascular disease 0 (0.0) 

Retinopathy 165 (57.5) 

Ischaemic heart disease 5 (1.7) 

Stroke 14 (4.8) 

17 (6.0) 
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# Fu et al # 

sufcient internal reliability. Linear regression was 
performed to explore the associations of Ch-ASIQ 
with socio-demographic and clinical characteristics. 
SPSS (version 20.0; IBM Corp., Armonk [NY], US) 
was used for statistical analyses. 

Results 
All 27 items yielded >80% on the content validity 
index and cognitive debriefng. Of the 306 patients 
invited, 303 completed the questionnaire (response 
rate, 99%). Te median haemoglobin A1c level was 
8.3% (interquartile range, 7.9%-9.1%) indicating very 
poor glycaemic control (Table 1).

Ten factors with eigenvalues of ≥1 were 
extracted using exploratory factor analysis with 
varimax rotation. Te Kaiser-Meyer-Olkin measure 
was 0.725, indicating sampling adequacy. Sufcient 
variability of data was confrmed by Bartlett’s Test of 
Sphericity (P<0.001). 

After collapsing and combining factors, 
the internal consistency of four out of the seven 
subscales had Cronbach’s alpha values of >0.6, 
indicating sufcient internal consistency (Table 
2). Te remaining subscales had poor internal 
consistency were removed.

Te fnal instrument yielded 13 items in four 
subscales: (1) self-image and stigmatisation, (2) 
factors promoting self-efcacy, (3) fear of pain or 
needles, and (4) time and family support.

Te mean scores of the 13 items of the Ch-ASIQ 
were calculated. Te mean overall Ch-ASIQ score 
was 2.50 (standard deviation, 0.38), which was the 
mid-point. Te item yielding the most negative 
attitude toward starting insulin treatment was “I am 
afraid of needle injection” (70.6%), whereas the item 
yielding the most positive attitude towards starting 
insulin treatment was “I can manage the skill of 
injecting insulin” (67.5%) in the factors promoting 
self-efcacy subscale.

Te linear regression analysis showed that 
women had more negative attitudes toward starting 
insulin treatment (P=0.022, Table 3). Patients 
who could not self-administer the questionnaire 
had lower scores on the factors promoting self-
efcacy subscale. Age, education level, working 
status, haemoglobin A1c, coexisting hypertension, 
and complications related to retinopathy were not 
associated with the Ch-ASIQ scores. 

Discussion 
Two subscales of the Ch-ASIQ measure two common 
psychological barriers to starting insulin treatment: 
stigma of insulin use and fear of injection. Clinicians 
should consider patients’ negative emotions and 
concerns when counselling them to start insulin 
treatment. Similarly, two subscales of the Ch-ASIQ 

measure patients’ perceived needs in terms of 
personal resources required to take on the added 
responsibility of insulin therapy. It is important to 
identify ways to empower patients, especially those 
with lower education levels and health literacy, and 
to assess their needs in terms of knowledge, skills, 
and social support. Time should be factored in an 
evaluation of a patient’s readiness to adhere to any 
change in drug regimen.

Time appears to be an important factor, 
although less than one-third of the patients were 
employed full-time. Tis may refect long working 
hours and limited free time. 

Te deleted items ‘Misunderstanding of insulin 
therapy’, ‘Worry about complications of insulin 
therapy’, and ‘Trust in health care professionals’ 
appear to be relatively unimportant in our study 
population, possibly owing to their lower levels 
of education, age, and ethnicity. Elderly Chinese 
patients appear to be less likely to question the 
doctor’s expertise or advice. 

Te items related to fear of hypoglycaemia, 
weight gain, and complications of insulin, which 
have been reported to be important,4,5 were not 
consistently weighted in the exploratory factor 
analysis on our patients. Similar fndings were also 
found in another study that interviewed Chinese 
subjects.2 One explanation is that the anxiety evoked 
by injection exceeds that evoked by any other factor.

One reason for insulin refusal is that Chinese 
patients might not trust Western medicine.1 

Nonetheless, in our patients, the items related 
to distrust of Western medicine were deleted, 
indicating that these were not barriers to starting 
insulin treatment in our patients. 

Te mean overall score for attitudes toward 
insulin treatment was at the mid-point (2.5), 
indicating ambivalence. Fear of pain and needles 
has been reported to be an important barrier to 
starting insulin treatment.1-3 Primary healthcare 
professionals should be trained to manage patients’ 
anxiety about needles, counsel patients on the use of 
less-painful insulin pens, instruct patients on proper 
injection techniques, and provide support to help 
patients starting insulin treatment.

Tere are limitations to the study. Te 
questionnaire was interviewer-administered in 
most patients owing to poor literacy levels. Te 
psychometric properties of the Ch-ASIQ may have 
difered if self-administered. Test-retest reliability 
measurements were not performed; further studies 
to examine the responsiveness of the instrument 
(ability to detect change) following intervention or 
over time are warranted. Our patients were generally 
older; younger patients with higher education levels 
might have responded diferently. Further studies 
with age subgroups are needed. 
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2.59±0.82 158 (53.02) 0.656 

3.05±0.72 242 (80.40) 0.463 

TABLE 2.  Mean scores of individual items and internal consistency of each subscale 

# Barriers to starting insulin treatment for type-2 diabetes # 

Subscale/item Mean±standard No. (%) of patients Cronbach’s alpha if 
deviation score agree/totally agree item deleted 

Self-image and stigmatisation (Cronbach’s alpha=0.802) 

Item 22: I worry that people will know I have diabetes if I am on insulin 2.36±0.85 121 (40.33) 0.702 
treatment 

Item 23: Injecting insulin is embarrassing; I worry about being seen when I 2.49±0.81 147 (49.16) 0.663 
inject insulin 

Item 24: If I have to inject insulin, it makes me feel like a drug addict 2.45±0.80 133 (44.93) 0.812 

Factors promoting self-effcacy (Cronbach’s alpha=0.675) 

Item 1: I have up-to-date knowledge about diabetes management 2.60±0.83 189 (63.21) 0.670 

Item 8: Insulin can help control blood glucose and prevent complications 2.65±0.68 181 (63.73) 0.618 

Item 14: I can manage the skill of injecting insulin 2.72±0.75 201 (67.45) 0.592 

Item 26: There is social support available if I have to inject insulin 2.37±0.68 131 (44.41) 0.601 

Item 27: I can pay as close attention to my diet as insulin treatment 2.67±0.66 196 (66.67) 0.640 
requires. For example, I may need to eat snacks or reduce my amount of 
eating accordingly. 

Fear of pain or needles (Cronbach’s alpha=0.653) 

Item 13: Injecting insulin is painful 2.79±0.73 200 (66.89) 0.620 

Item 16: I am afraid of needle injections 2.91±0.86 211 (70.57) 0.340 

Item 17: I worry about needing to perform home blood sugar monitoring 

Time and family support (Cronbach’s alpha=0.620) 

Item 20: I can spare enough time to perform insulin injection 2.58±0.71 176 (59.46) -

Item 25: My family will support me in injecting insulin 2.45±0.73 133 (45.70) -

Misunderstanding of insulin therapy (Cronbach’s alpha=0.573) 

Item 6: Insulin can cause permanent damage to or worsening of my health 2.50±0.71 133 (45.86) 0.512 

Item 9: Diabetes tablets work better than insulin 2.82±0.70 205 (69.26) 0.460 

Item 10: Insulin injection means failure of oral diabetes treatment 2.73±0.64 197 (66.55) 0.560 

Item 15: Injecting insulin is inconvenient 

Worry about complications of insulin therapy (Cronbach’s alpha=0.488) 

Item 5: Insulin treatment for diabetes causes feelings of drug dependence 2.63±0.69 172 (58.70) 0.550 

Item 11: An insulin overdose can lead to extremely low blood sugar levels 2.61±0.68 168 (57.53) 0.337 
(hypoglycaemia). I am afraid of experiencing the symptoms of low blood 
sugar levels. 

Item 12: I worry about weight gain associated with insulin injections 2.40±0.65 117 (39.80) 0.374 

Item 18: I worry about skin marks or skin complications associated with 2.56±0.72 152 (51.18) 0.383 
injecting insulin 

Item 21: Insulin treatment will make life less fexible or affect my social life 2.67±0.73 174 (58.78) 0.485 
and hobbies (eg, performing exercise, dining out) 

Trust in health care professionals (Cronbach’s alpha=0.203) 

Item 2: I trust that my doctor is providing me with the most appropriate 3.22±0.60 278 (92.67) -
diabetes management for me 

Item 3: I wish to or I am now trying traditional Chinese medicine to control 2.35±0.79 130 (43.05) -
blood sugar 

Item 4: I wish to or am now trying lifestyle (diet control and exercise) or 3.15±0.58 280 (92.72) -
other alternative medicine (eg, complementary medicine, Qi Kung, etc) to 
control blood sugar 
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# Fu et al # 

TABLE 3.  Factors associated with the Chinese version of the Attitudes to Starting Insulin Questionnaire 

Factors Self-image and stigmatisation* Factors promoting self-effcacy† 

Coeffcient (95% CI) P value Coeffcient (95% CI) P value 

Age −0.006 (−0.018 to 0.006) 0.359 −0.007 (−0.015 to 0.002) 0.114 

Female 0.158 (−0.058 to 0.374) 0.152 −0.083 (−0.238 to 0.073) 0.297 

Education 

No formal education 0.568 0.277 

Secondary or above 0.127 (−0.154 to 0.408) 0.376 0.164 (−0.039 to 0.367) 0.112 

Primary 0.037 (−0.227 to 0.301) 0.783 0.102 (−0.087 to 0.291) 0.290 

Working status 

Working 0.427 0.993 

Homemaker −0.130 (−0.389 to 0.128) 0.324 −0.009 (−0.193 to 0.175) 0.924 

Unemployed/retired −0.152 (−0.397 to 0.093) 0.223 −0.009 (−0.184 to 0.165) 0.919 

Interviewer administration 0.063 (−0.117 to 0.244) 0.491 −0.176 (−0.303 to −0.049) 0.007 

Duration of diabetes −0.012 (−0.027 to 0.004) 0.140 0.007 (−0.004 to 0.017) 0.225 

Diabetes drug 

Metformin only 0.152 0.187 

Gliclazide and metformin −0.482 (−0.983 to 0.018) 0.059 0.330 (−0.036 to 0.696) 0.078 

Glibenclamide and metformin −0.527 (−1.078 to 0.024) 0.061 0.271 (−0.128 to 0.671) 0.183 

Body mass index 

Underweight/normal 0.195 0.359 

Overweight −0.088 (−0.299 to 0.123) 0.414 −0.108 (−0.258 to 0.043) 0.160 

Obese −0.199 (−0.415 to 0.017) 0.071 −0.038 (−0.191 to 0.115) 0.624 

Haemoglobin A1c −0.028 (−0.103 to 0.048) 0.473 0.046 (−0.008 to 0.099) 0.095 

Low-density lipoprotein −0.073 (−0.186 to 0.040) 0.204 0.023 (−0.054 to 0.101) 0.552 

Estimated glomerular fltration rate 0.001 (−0.003 to 0.005) 0.501 0.002 (−0.001 to 0.005) 0.195 

Hypertension 0.142 (−0.076 to 0.360) 0.203 0.093 (−0.064 to 0.250) 0.248 

Nephropathy 0.247 (−0.025 to 0.519) 0.075 0.034 (−0.154 to 0.223) 0.721 

Retinopathy 0.079 (−0.094 to 0.252) 0.370 0.048 (−0.074 to 0.171) 0.439 

* Higher scores indicate greater barriers to insulin treatment 
† Higher scores indicate lower barriers to insulin treatment 

Conclusions 
Te 13-item Chinese version of Ch-ASIQ has reliable 
psychometric properties and an interpretable and 
relevant structure. Te most signifcant barriers 
to starting insulin treatment appear to be fear of 
pain and needles and perceived insufcient social 
support. Nonetheless, most patients are aware of 
the efectiveness of insulin and have confdence to 
learn the skill of insulin injection. Women are more 
negative towards starting insulin treatment and 
have more fear of pain and needles. Support and 
education for patients may increase their acceptance 
of insulin treatment. 
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# Barriers to starting insulin treatment for type-2 diabetes # 

Fear of pain or needles* Time and family support† Overall* 
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0.428 0.227 0.799 
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HEALTH AND MEDICAL RESEARCH FUND 

Environmental risk factors of prostate cancer: a 
case-control study 

LA Tse*, WM Ho, F Wang, YH He, CF Ng 

K E Y M E S S A G E S 

1. Tis study provides the frst epidemiological 
evidence on the link between chronic bisphenol 
A (BPA) exposure and prostate cancer risk. 

2. Policies to remove toxicant BPA at source should 
be implemented to ameliorate prostate cancer 
risk. Personalised education programmes should 
be implemented to modify unhealthy dietary 
habits and avoid hazardous working schedules 
that disrupt the circadian rhythm. 

3. Te validated assessment tool can be used 
as a reasonable reference in the Hong Kong 
population to identify potential sources of BPA 
exposure via the route of ingestion and evaluate 

the exposure level in daily living. 
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Introduction 
Advancing age, race, and family history of prostate 
cancer are established risk factors of prostate cancer.1 

Te infuence of environmental factors on prostate 
cancer aetiology remains unclear. Geographic 
variations in age-standardised incidence of prostate 
cancer have been positively correlated to detection 
rates of urinary bisphenol A (BPA). Oestrogen-
like BPA has been linked to prostate cancer risk 
in animals, but evidence for this link in humans is 
scarce. Tere is no information on environmental 
exposure and prostate cancer aetiology in a Hong 
Kong population. Te aim of the present study was 
to document the association between environmental 
exposure to BPA and the risk of prostate cancer 
among Hong Kong Chinese men, and to examine the 
exposure-response relationship between cumulative 
BPA exposure index and prostate cancer risk. 

Methods 
Tis case-control study was conducted between 
August 2011 and November 2016. Consecutive 
Chinese men aged 35 to 84 years who were diagnosed 
with primary prostate cancer (ICD-10 code C61) by 
histology were recruited from the Department of 
Surgery and Clinical Oncology of a regional hospital. 
Controls were selected at random from patients 
being treated at the same hospital for diseases other 
than prostate cancer or benign prostate hyperplasia 
(BPH). We also recruited a total of 855 patients 
with biopsy-confrmed BPH; they were likely biased 
controls, as they may share some common exposure 
with the cases. Terefore, comparisons were based 

mainly on cases with prostate cancer and controls 
without BPH; patients with BPH were used only as 
supporting data. 

Participants were interviewed by trained 
staf using a standardised questionnaire that 
covered information on education level, smoking 
habit, alcohol drinking, dietary habit, supplement 
intake, physical activity, history of benign disease 
in genitourinary system, family cancer history of 
frst-degree relatives, occupation, shift work, and 
environmental exposure to BPA. Diagnostic and 
histological data were extracted from hospital 
records. 

A new tool to assess environmental BPA 
exposure was developed, based on a literature 
review, to reconstruct each participant’s past 
exposure to BPA according to a master list of food 
or beverage containers under diferent handling 
processes. Te assessment tool was further validated 
by two experts in environmental hygiene and food 
safety who blindly rated the exposure intensity of 
BPA based on the same master list and same rating 
scale. High inter-rater and inter-method agreement 
on interclass correlation coefcient was achieved, 
indicating good replication and validation of the 
new assessment tool for evaluation of BPA exposure 
(Table 1). A novel cumulative BPA exposure index 
was constructed based on a standard approach 
commonly used in assessing hazardous substances 
in workplace environment: multiplying the square 
of exposure score by the frequency (per week) and 
years of use for each type of container under a 
specifc handling practice, and then summed over all 
types of containers in a lifetime. 
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# Environmental risk factors of prostate cancer # 

Risk factors between cases and controls were 
compared using Chi square or Student’s t tests. 
Multiple logistic regression analysis was performed 
to determine odds ratio (OR) and 95% confdence 
interval (CI). An exposure-response relationship 
was considered signifcant when a P value for trend 
was <0.05. 

Results 
Cases (n=431) and controls (n=402) were comparable 
in terms of age at diagnosis (69.4 vs 68.2 years). More 
cases than controls were married (P=0.039) or retired 
(P=0.046) [Table 2]. Among potential risk factors of 
prostate cancer in Hong Kong Chinese men, family 
history of prostate cancer was more common in 
cases than controls (9.5% vs 3.0%, P<0.001, Table 
3), with an adjusted OR of 3.68 (95% CI=1.85-7.34). 
Weekly consumption of deep-fried food and pickled 
vegetables was associated with an increased risk of 
prostate cancer by 85% (95% CI=15%-195%) and 87% 
(95% CI=7%-228%), respectively. Night shift work 
was hazardous (OR=1.76, 95% CI=1.07-2.89), but 
habitual green tea drinking was protective (OR=0.56, 
95% CI=0.34-0.91). A positive exposure-response 
relationship between cumulative BPA exposure 
index and prostate cancer was observed, with a 
more prominent gradient in men under the age of 
70 years. Te use of commercial food containers 
was positively related to prostate cancer risk, but 
only habitual drinking of chilled water in a plastic 
container showed a signifcant association. 

Discussion 
Our study found that some dietary habits, night 
shift work, and environmental BPA exposure 
are risk factors of prostate cancer among Hong 
Kong Chinese men. Prostate cancer was positively 
associated with consumption of deep-fried food 
and pickled vegetables, independent of other risk 
factors or confounders. Deep-fried food has high 
levels of heterocyclic amines and other mutagens/
carcinogens. Te carcinogenic efect of preserved 
food on prostate cells may be related to some 
mutagenic activities in pickled vegetables (mustard 
greens). An inverse association of prostate cancer 
with habitual green tea intake may be related to 
epigallocatechin 3-gallate, which is a potent catechin 
that specifcally inhibits carcinogenesis of prostate 
cells. 

According to the International Agency for 
Research on Cancer in 2007, shift work that disrupts 
the circadian rhythm is probably carcinogenic to 
humans (Group 2A).2 Night shift work may lead to 
sustained low levels of melatonin, increasing prostate 
cancer risk. Sleep deprivation secondary to night 
shift work increases the pro-infammatory response 
process but decreases the immune defence against 

TABLE 1.  Intraclass correlation coefficient for the inter-method and inter-rater 
agreement on bisphenol A exposure 

Master list of environmental Literature Intraclass correlation coeffcient 
bisphenol A exposure review (95% confdence interval)* 

Expert 1 Expert 2 

Including all items 

Literature review 1.00 0.90 (0.81-0.95) 0.86 (0.73-0.93) 

Expert 1 1.00 0.94 (0.88-0.97) 

Expert 2 1.00 

Excluding items of glass or metal 

Literature review 1.00 0.87 (0.71-0.85) 0.82 (0.58-0.92) 

Expert 1 1.00 0.92 (0.82-0.97) 

Expert 2 1.00 

*	 Coefficient of <0.40, 0.40-0.75, and >0.75 is interpreted as poor, moderate-to-good, 
and excellent agreement, respectively 

TABLE 2.  Sociodemographic variables of prostate cancer cases and hospital controls 

Variable Cases (n=431)* Controls (n=402)* P value 

Age, y 69.4±7.3 68.2±8.2 0.027 

Education 0.562 

Primary or below 177 (41.1) 157 (39.1) 

Secondary school 197 (45.7) 198 (49.2) 

College or above 57 (13.2) 47 (11.7) 

Place of birth 0.481 

Hong Kong 161 (37.3) 167 (41.6) 

Mainland China 249 (57.8) 216 (53.7) 

Southeast Asia 21 (4.9) 19 (4.7) 

Marital status 0.039 

Married 400 (92.8) 352 (87.5) 

Widower 14 (3.3) 24 (6.0) 

Single or divorced 17 (3.9) 26 (6.5) 

Retirement status 0.046 

Retired 329 (76.3) 286 (71.1) 

Employed 102 (23.7) 116 (28.9) 

* Data are presented as mean ± standard deviation or No. (%) of patients 

free radicals, thus increasing the carcinogenesis 
process.3 

In 2014, evidence of a direct link between 
BPA exposure and human prostate cancer was frst 
reported.4,5 Abnormalities of centrosome (a hallmark 
of malignant transformation) induced by low levels 
of BPA were highlighted as the potential mechanism 
in promoting the formation of prostate cancer.5 Our 
study provides the frst epidemiological evidence 
that cumulative exposure to BPA is associated with 
an increased risk of prostate cancer in a Chinese 
population. In addition, an exposure-response 
relationship was observed among Chinese men aged 
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TABLE 3.  Potential risk factors of prostate cancer in Hong Kong Chinese men 

Variables Prevalence* P value Main effect model Full model 

Cases (n=431) Controls 
(n=402) 

Adjusted odds ratio 
(95% confdence 

interval) 

Adjusted odds ratio 
(95% confdence 

interval) 

Family prostate cancer history <0.001 

Negative 390 (90.5) 390 (97.0) 1.00 1.00 

Positive 41 (9.5) 12 (3.0) 3.54 (1.81-6.95) 3.68 (1.85-7.34) 

Deep-fried food consumption <0.001 

<1 time per month 208 (48.3) 210 (52.2) 1.00 1.00 

1-3 times per month 137 (31.8) 152 (37.8) 1.03 (0.75-1.41) 0.91 (0.65-1.27) 

≥1 time per week 86 (20.0) 40 (10.0) 2.36 (1.51-3.68) 1.85 (1.15-2.95) 

Pickled vegetables consumption 0.006 

<1 time per month 204 (47.3) 199 (49.5) 1.00 1.00 

1-3 times per month 175 (40.6) 180 (44.8) 0.95 (0.74-1.28) 0.90 (0.66-1.23) 

≥1 time per week 52 (12.1) 23 (5.7) 2.24 (1.31-3.84) 1.87 (1.07-3.28) 

Green Tea drinking habit 0.040 

Non-habitual 396 (91.9) 351 (87.3) 1.00 1.00 

Habitual 35 (8.1) 51 (12.7) 0.60 (0.387-0.96) 0.56 (0.34-0.91) 

Nightshift work 0.005 

Never 366 (84.9) 372 (92.5) 1.00 1.00 

Ever 58 (13.5) 30 (7.5) 1.87 (1.16-3.01) 1.76 (1.07-2.89) 

Cumulative bisphenol A index 

All participants 0.018 

Low 75 (17.4) 101 (25.1) 1.00 1.00 

Middle 232 (53.8) 201 (50.0) 1.66 (1.15-2.40) 1.54 (1.05-2.26) 

High 124 (28.8) 100 (24.9) 1.88 (1.24-2.86) 1.57 (1.01-2.44) 

P value for trend 0.014 0.057 

Participants aged <70 years 0.048 

Low 40 (16.7) 61 (24.8) 1.00 1.00 

Middle 123 (51.5) 124 (50.4) 1.62 (0.99-2.64) 1.56 (0.94-2.59) 

High 76 (31.8) 61 (24.8) 2.10 (1.22-3.64) 1.79 (1.01-3.18) 

P value for trend 0.017 0.056 

* Data are presented as No. (%) of patients 

>70 years who were born around or prior to the time 
BPA was introduced in the industrialised world. Tis 
correlation suggests a potential infuence of early 
exposure in the development of prostate cancer. 
Although only habitually drinking chilled water in a 
plastic container was identifed as a signifcant risk 
factor, there is a positive association between other 
types of commercial food or beverage containers 
and prostate cancer risk.

Tere are limitations to the study. Several 
factors might generate biases. Selection bias is a 
concern as all cases were recruited from a single 
centre. Nonetheless, the age distribution of our cases 
was similar to that from the Hong Kong Cancer 
Registry. Using hospital patients as controls may be 

a concern, as their lifestyle habits may difer from 
those of the general population. However, hospital 
controls with diverse diagnoses may reduce the 
potential selection bias, but the response rate of 
hospital controls was higher than that of healthy 
controls from the general population. Cumulative 
BPA exposure index is regarded as the best available 
indicator for chronic BPA exposure by ingestion 
because it is generally infeasible for case-control 
studies to have bio-monitoring data. Hence, capture 
of reliable chronic exposure to BPA has to rely 
on a well-designed questionnaire covering long-
term exposure. We developed and validated a new 
assessment tool to evaluate chronic BPA exposure, 
with the collective index representing the chronic 
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# Environmental risk factors of prostate cancer # 

exposure to environmental BPA via ingestion. 
Although BPA may also enter into human body 
via direct contact or inhalation, routes other than 
ingestion cannot be totally ignored. Misclassifcation 
of BPA exposure is a concern, as we did not consider 
exposure variations over time. Tis possible recall 
bias may be non-diferential misclassifcation, which 
in turn lead to a potential underestimation of the 
association between cumulative BPA exposure index 
and prostate cancer, partly because the use of BPA 
in food and water containers has recently declined. 
Our sample is relatively small and has limited power 
to determine in-depth associations of specifc type 
of food container under diferent handling process. 
Only 855 biopsy-negative controls (rather than the 
estimated 1200) were eventually obtained when we 
recruited 431 ‘true cases’. Further evidence from 
multiple logistic regression analysis for the 855 
patients with BPH and 401 controls without BPH 
showed a greater gradient between cumulative BPA 
exposure index and BPH (adjusted ORs for the low, 
middle, and high cumulative BPA exposure index 
were 1.00, 2.08, and 2.55, respectively) than that was 
observed between cumulative BPA exposure index 
and prostate cancer. As BPH and prostate cancer 
may share some risk factors, any association between 
BPA and prostate cancer is likely to be biased if the 
patients with BPH were used as the controls. 

Conclusions 
Among Hong Kong Chinese men, risk factors of 
prostate cancer are family history of prostate cancer, 
night shift work, and frequent consumption of deep-
fried food and pickled vegetables, whereas habitual 
green tea drinking has a moderately benefcial 
efect. Chronic exposure to environmental BPA 
is associated with an elevated prostate cancer 
risk, in particular for those with prostate cancer 
occurred below the age of 70 years. Frequent 
drinking of chilled water from a plastic container is 
the most signifcant source of environmental BPA 
by ingestion. Policies to remove the toxicant BPA 
at source should be implemented to ameliorate 
the prostate cancer risk. Personalised education 
programmes are recommended to promote healthy 
dietary habits and avoid hazardous working 
schedules. Te newly developed assessment tool can 
be used as a reference in Hong Kong populations 

to help understand potential sources and exposure 
levels of environmental BPA by ingestion. 
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HEALTH AND MEDICAL RESEARCH FUND 

Predictive biomarkers for EGFR tyrosine kinase 
inhibitors in treatment of advanced non-small-
cell lung cancer: a systematic review and meta-

analysis of randomised controlled trials 
ZY Yang, C Mao*, DY Zheng, JL Tang 

K E Y M E S S A G E S 

1. Of the four potential predictive biomarkers 
studied, epidermal growth factor receptor 
(EGFR) gene mutations are the most powerful 
predictor of the efcacy of EGFR tyrosine kinase 
inhibitors in advanced non-small-cell lung 
cancer. Tey should be tested prior to treatment 
to select patients who are more likely to beneft 
from EGFR tyrosine kinase inhibitors. 

2. Chemotherapy is a better choice than EGFR 
tyrosine kinase inhibitors in patients with wild-

type EGFR. 
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Introduction 
Lung cancer is the most common cancer and the 
leading cause of cancer-related mortality in Hong 
Kong. Approximately 85% of patients with lung 
cancer have a histological diagnosis of non–small-
cell lung cancer (NSCLC). Two thirds of patients with 
NSCLC are at an advanced stage when diagnosed, 
and their average survival is 8 to 10 months.

Two specifc epidermal growth factor receptor 
(EGFR) tyrosine kinase inhibitors (TKIs), geftinib 
and erlotinib, have been approved for second- 
or higher-line treatment for advanced NSCLC 
following failure of prior chemotherapy.1 Erlotinib 
has been used as maintenance therapy after four 
cycles of platinum-based frst-line chemotherapy.2 

Both geftinib and erlotinib are efective as frst-line 
treatment, and geftinib is efective as maintenance 
therapy.3 Nonetheless, among unselected patients 
with advanced NSCLC, the overall beneft of EGFR-
TKIs is limited, possibly because only a subset of 
recipients responds to the treatment (objective 
response rate: about 10%). Tis, together with the 
risk of adverse events and ensuing costs, prompts us 
to identify predictors for treatment beneft to help 
clinical oncologists select patients who are most 
likely to beneft from EGFR TKIs.

As EGFR TKIs act on the EGFR pathway, 
molecular alterations along this pathway, such as 
EGFR mutations, high EGFR gene copy number, high 
EGFR protein expression, and KRAS mutations, have 
been indicated as potential predictive biomarkers 
for treatment by many single-arm studies of patients 
treated with EGFR TKIs. However, the association 

between biomarker status and outcome in patients 
treated with EGFR TKIs may be just a ‘prognostic’ 
efect rather than a ‘predictive’ one. To determine 
whether a biomarker is predictive of benefts from 
EGFR TKIs, the efcacy of EGFR TKIs is assessed 
with stratifed (or subgroup) analysis according to 
biomarker status (eg mutant versus wild-type EGFR), 
which allows testing for the treatment-by-biomarker 
status interaction. 

Previous randomised controlled trials were 
often statistically underpowered to detect the 
treatment-by-biomarker status interaction owing 
to the voluntary nature of tumour tissue donation, 
insufcient tumour tissues for biomarker testing, 
or undeterminable testing results. We performed 
this systematic review and meta-analysis to 
comprehensively summarise the current best 
evidence on the predictive values of four biomarkers 
for EGFR TKIs treatment in patients with advanced 
NSCLC. 

Methods 
Te MEDLINE, EMBASE, CENTRAL, Chinese 
Biomedical Database, and Wan Fang Digital Journals 
databases were searched using the following 
keywords: ‘non-small cell lung cancer’, ‘tyrosine-
kinase inhibitor’, ‘geftinib’, ‘erlotinib’, ‘biomarker’, 
‘EGFR’, and ‘KRAS’. Te search was limited to human 
studies, without restriction on the language of 
publication. Eligible studies were retrieved, and their 
bibliographies were checked for further relevant 
publications. If the same patient population was used 
in several studies, only the largest one or the one 
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# Predictive biomarkers for EGFR tyrosine kinase inhibitors # 

with complete data was used to avoid overlapping. 
Te others were used as supplementary information 
to obtain relevant data. 

Inclusion criteria were: (1) population: patients 
with locally advanced or metastatic NSCLC; (2) 
intervention arm: EGFR-TKIs as a monotherapy 
or in combination with other agents; (3) control 
arm: chemotherapy, placebo, or no treatment; 
(4) outcome: progression-free survival, overall 
survival, and/or objective response; (5) study design: 
randomised controlled trial; and (6) stratifed (or 
subgroup) analysis by biomarkers: EGFR mutations, 
EGFR gene copy number, EGFR protein expression, 
and/or KRAS mutations as detected by analysis of 
tumour samples.

Data extraction was performed independently 
by two researchers. Disagreements were resolved by 
discussion. Unsettled disagreements were settled 
by a third knowledgeable arbiter whose opinions 
were fnal. Te data collected included: frst author’s 
name, year of publication, study design, number of 
patients included, number of patients stratifed by 
relevant biomarker status, baseline characteristics of 
patients in diferent groups, methods for detection 
of biomarkers status, previous treatment protocols, 
study treatment protocols, response criteria, 
progression-free survival, overall survival, and 
objective response rate. Clinical outcome variables 
were extracted according to biomarker and EGFR 
TKIs treatment status. Te quality of included studies 
was assessed using the Jadad score, a 5-point study 
quality assessment instrument.4 Te assessment was 
performed independently by two researchers, with 
diferences resolved by consensus.

Te primary outcome was progression-free 
survival, defned as the period from the start of 
treatment to disease progression or death from any 
cause before disease progression. Te secondary 
outcomes included overall survival, defned as the 
period from the start of treatment to death from any 
cause; and objective response, defned as the sum of 
complete and partial responses.

Treatment efects on progression-free survival 
or overall survival were measured by hazard ratios 
(HRs) and 95% confdence intervals (CIs). Treatment 
efects on objective response were expressed as risk 
ratios (RRs) and 95% CIs. To determine whether a 
biomarker was predictive of the treatment beneft 
of EGFR TKIs on an outcome, we calculated the 
ratio of HRs or RRs and 95% CIs, which indicate the 
treatment-by-biomarker status interaction, based on 
the HRs (95% CIs) or RRs (95% CIs) in the biomarker-
positive and biomarker-negative subgroups.5 A ratio 
of HRs or RRs equal to 1 suggests that the treatment 
efects of EGFR TKIs are the same in both subgroups. 
A ratio of HRs <1 means that biomarker-positive 
patients beneft more from EGFR TKIs than do 
biomarker-negative patients in terms of progression-

free survival or overall survival. Conversely, a ratio 
of RRs <1 means that biomarker-positive patients 
beneft less from EGFR TKIs than do biomarker-
negative patients in terms of objective response. If 
appropriate, the ratios of HRs or RRs from diferent 
studies were combined for each outcome using 
a random-efect model. Heterogeneity among 
studies was assessed by Cochran’s Q-test and the 
I2 statistic. A P value of ≤0.10 for the Q-test or an 
I2 of >50% is suggestive of substantial between-
study heterogeneity. Subgroup analyses according 
to comparator in trials (placebo or chemotherapy) 
were conducted to explore sources of heterogeneity. 
Sensitivity analyses were performed to determine 
whether study quality afected the fnal results. 
Egger’s funnel plots were used to assess the possibility 
of publication bias, as appropriate. All meta-analyses 
were performed with Review Manager, Version 5.3 
(Copenhagen: Te Nordic Cochrane Centre, Te 
Cochrane Collaboration, 2014). 

Results 
Of the 28 studies included, 21 were on EGFR 
mutations, 12 were on EGFR gene copy number, 
9 were on EGFR protein expression, and 7 were 
on KRAS mutations. Of the studies, 16 were of 
high quality, with Jadad scores of 3 to 5, and the 
rest were of low quality, with Jadad scores of 0 to 
2. Te number of patients included in analyses of 
diferent biomarkers varied from 1872 to 4343. 
Compared with placebo, EGFR TKIs are efective 
at increasing progression-free and overall survival, 
although the efect size is smaller for overall survival 
than for progression-free survival. EGFR TKIs are 
comparable to chemotherapy in prolonging both 
progression-free and overall survival, except among 
the EGFR mutation group, in which EGFR TKIs 
seem to be much more efective than chemotherapy 
at prolonging progression-free survival.

For progression-free survival, the summary 
HRs were 0.46 (95% CI=0.32-0.67, P<0.01, Fig 
a) for EGFR mutations (versus wild-type), 0.72 
(95% CI=0.52-0.99, P=0.04) for EGFR gene copy 
number gain (versus no gain), 0.99 (95% CI=0.79-
1.24, P=0.92) for EGFR protein expression (versus 
negative), and 1.40 (95% CI=1.07-1.84, P=0.02) for 
KRAS mutations (versus wild-type). For overall 
survival, the summary HRs for the four biomarkers 
were 0.80 (95% CI=0.64-1.00, P=0.05, Fig b), 0.92 
(95% CI=0.69-1.23, P=0.57), 0.86 (95% CI=0.70-
1.05, P=0.14), and 1.59 (95% CI=1.00-2.54, P=0.05), 
respectively. For objective response, the summary 
RRs for the four biomarkers were 3.76 (95% CI=1.91-
7.41, P<0.01, Fig c), 0.76 (95% CI=0.32-1.82, P=0.54), 
0.40 (95% CI=0.11-1.48, P=0.17), and 0.03 (95% 
CI=0.00-5.43, P=0.19), respectively. Tese results 
indicated that an interaction may exist between 
EGFR TKIs treatment and EGFR mutations (all three 
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# Yang et al # 

FIG. Interaction between epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKIs) treatment and EGFR 
mutations in terms of (a) progression-free survival, (b) overall survival, and (c) objective response. 

(a) 

(b) 

(c) 
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# Predictive biomarkers for EGFR tyrosine kinase inhibitors # 

outcomes), EGFR gene copy number (progression-
free survival), and KRAS mutations (progression-
free survival and overall survival).

Sensitivity analyses conducted by removing 
studies of low quality did not change the results of 
the meta-analyses reported above, although the 95% 
CIs of some interactions tended to be wider owing 
to the decreased number of studies. Publication bias 
did not seem to be present. 

Discussion 
EGFR mutations, EGFR gene copy number gain, 
and KRAS mutations are predictive of the treatment 
efects of EGFR TKIs in advanced NSCLC, with 
EGFR mutations being the most powerful predictor. 
However, it is unclear whether the interactions 
between treatment and EGFR gene copy number 
gain, or between treatment and KRAS mutations 
are independent or mediated by association with 
EGFR mutations. Tere is no convincing evidence 
to support the predictive value of EGFR protein 
expression. 

Tis study has two implications for the decision 
to use EGFR TKIs to treat advanced NSCLC. First, 
EGFR mutations and possibly EGFR gene copy number 
gain and KRAS mutations can help to determine 
which patients are likely to beneft from EGFR TKIs 
treatment. Second, chemotherapy is cheaper and 
causes fewer side efects and thus is generally a better 

choice, except in patients with EGFR mutations in 
whom EGFR TKIs are a better option. Our fndings 
provide the most comprehensive evidence available 
for recommendations about current practice 
guidelines on testing for EGFR mutations. 
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Living with advanced breast cancer in women 
resilient to distress versus women with persistent 

distress: a qualitative study 
WWT Lam*, R Fielding, SW Yoon, J Tsang, I Soong 

K E Y M E S S A G E S 

1. Cognitive bias in information, thought 
suppression, social constraints, and pre-existing 
exposure to life stress were potential risk factors 
for chronic distress in response to advanced 
breast cancer. 

2. Patients with advanced breast cancer should be 
assessed for recent exposure to life crises, quality 
of available family support, and pre-existing 
emotional problems. Timely referral for relevant 
supportive services should be implemented. 

3. Patient support groups should be introduced to 
patients in the early phase of breast cancer. 

4. Response style and cancer-related rumination 

should be assessed in women with breast cancer. 
Early referral to manage maladaptive rumination 
should be implemented to prevent chronic 
distress. 

Hong Kong Med J 2018;24(Suppl 4):S38-41 
HMRF project number: 11121551 
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Introduction 
Improved treatment options have increased survival 
in women with advanced breast cancer. However, the 
incurable and progressive nature of the disease makes 
enormous emotional demands of women living with 
advanced breast cancer. Yet, most women with 
locally advanced or metastatic breast cancer have 
been reported to show little distress; only one in ten 
have been reported to show persistent distress over 
time.1 Understanding the factors that diferentiate 
individuals on distinct distress trajectories is 
essential to inform therapeutic interventions. 
Personal attitudes towards and meanings of disease 
infuence how an illness is embodied, lived, and 
coped with and in turn dictates adjustment to that 
illness. Hence, construction of illness meaning may 
play an important role in diferentiating women with 
persistent distress from those with low or transient 
distress. Te present study aimed to compare 
women with persistent distress and those with low 
or transient distress in terms of illness meaning of 
advanced breast cancer and how illness meaning 
infuences their coping strategies. Te following 
questions were addressed: (1) What does being 
diagnosed with advanced breast cancer mean? Tat 
is, how do women ft the diagnosis of advanced breast 
cancer into their individual life schema? (2) How do 
the meanings ascribed to advanced breast cancer 
shape the afected individuals’ coping strategies? 

Methods 
To compare women with persistent distress and 
those with low or transient distress in response 
to advanced breast cancer, a sample was drawn 
from our existing longitudinal study to explore 
trajectories of psychological distress over the frst 
year following diagnosis of advanced breast cancer. 
A total of 42 Cantonese- or Mandarin-speaking 
Chinese women who were diagnosed with locally 
advanced or metastatic breast cancer and received 
care from public oncology centres were recruited 
(Table). Interviews were recorded, transcribed, and 
analysed following grounded theory approaches 
using simultaneous analysis. 

Results 
Narrative analyses identifed several distinct 
characteristics that diferentiate women with 
persistent distress from those with low or transient 
distress: (1) living through ongoing life crises, 
(2) information processing bias, (3) thought 
suppression, and (4) sense of demoralisation. Tese 
distinct characteristics were not mutually exclusive 
but highly interrelated. 

For women with persistent distress, the 
diagnosis of advanced breast cancer was often 
viewed as another blow in life. A common, distinct 
feature in women with persistent distress was 
dealing with ongoing life crises, such as caring for 
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# Living with advanced breast cancer # 

TABLE.  Characteristics of the participants 

Case Age, y Marital status Occupation Education Diagnosis Distress Recurrence 
No. pattern 

1 48 Divorced Unemployed since diagnosis Secondary Non-metastatic Low No 

2 49 Married Employed Secondary Non-metastatic Low No 

3 38 Married Employed Tertiary Non-metastatic Transient No 

4 39 Married Employed Tertiary Non-metastatic Low No 

5 39 Married Employed Tertiary Non-metastatic Transient No 

6 53 Married Unemployed since diagnosis No education Non-metastatic Low No 

7 46 Married Unemployed since diagnosis Secondary Non-metastatic Transient No 

8 40 Married Employed Secondary Non-metastatic High No 

9 42 Married Unemployed since diagnosis Secondary Metastatic Low Yes 

10 59 Married Employed Tertiary Non-metastatic Low No 

11 47 Married Homemaker Secondary Non-metastatic Transient No 

12 51 Married Homemaker Tertiary Non-metastatic Transient No 

13 45 Married Homemaker Secondary Non-metastatic Low No 

14 45 Divorced Employed part-time Tertiary Non-metastatic Low No 

15 40 Single Employed Secondary Non-metastatic Low No 

16 67 Widowed Retired Secondary Metastatic Low Yes 

17 48 Married Employed part-time Tertiary Non-metastatic Low No 

18 49 Married Homemaker Primary Metastatic High No 

19 47 Married Unemployed Tertiary Metastatic Low No 

20 44 Married Unemployed Primary Non-metastatic High No 

21 50 Single Employed Secondary Metastatic Transient No 

22 67 Married Unemployed since diagnosis Primary Metastatic Low Yes 

23 73 Married Homemaker Primary Metastatic Low Yes 

24 53 Married Unemployed since diagnosis Primary Metastatic High Yes 

25 58 Married Retired Secondary Metastatic High No 

26 35 Married Employed Tertiary Non-metastatic Low No 

27 30 Single Employed Tertiary Non-metastatic Transient No 

28 52 Single Unemployed before diagnosis Secondary Non-metastatic Low No 

29 40 Single Employed Secondary Non-metastatic Transient No 

30 60 Married Homemaker Primary Metastatic Low Yes 

31 48 Single Employed Secondary Metastatic Low No 

32 57 Married Employed Secondary Non-metastatic High No 

33 47 Married Homemaker Secondary Metastatic Transient No 

34 58 Widowed Employed Primary Metastatic Transient Yes 

35 46 Married Employed Secondary Non-metastatic Transient No 

36 Married Homemaker Secondary Metastatic Transient Yes 

37 53 Married (husband died Unemployed after diagnosis Secondary Non-metastatic High No 
during the study) 

38 53 Married Unemployed after diagnosis Primary Metastatic High No 

39 43 Widowed Unemployed after diagnosis Secondary Non-metastatic High No 

40 47 Married Unemployed after diagnosis Secondary Non-metastatic High No 

41 47 Married Unemployed since diagnosis Tertiary Metastatic Transient Yes 

42 46 Divorced Homemaker Primary Non-metastatic High No 
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# Lam et al # 

family members with chronic or terminal illness, 
loss of spouse, marriage failure, or work stress. 

“I was very upset (about the diagnosis). I asked 
myself, ‘Why is this happening to us’? My 
husband was diagnosed with lung cancer. Now 
it’s me.… His condition has been stable for a 
while. After I got sick, his condition got worse. 
When I was having chemotherapy, his condition 
deteriorated rapidly and he was hospitalised. I 
had to look after him when I was having chemo. 
He was very picky. Apart from me, he wouldn’t 
let anyone else feed him.… At one time, I said to 
my husband, ‘Perhaps we should just end our 
life together’. It was just a thought, of course. 
We had to keep it going.… After I fnished the 
radiation therapy, my husband passed away. It 
was very, very hard…” (case 37) 
Owing to their chronic ongoing life stress, these 

women often had pre-existing emotional problems. 
Some had previously sought help from psychiatrists 
or clinical psychologists but were in remission before 
the cancer diagnosis. Te cancer diagnosis triggered 
relapse of the emotional instability. 

“My former job was very stressful.… I was 
also very anxious. I always thought, ‘why is 
my life so bad’? It’s so unfair. I was referred 
to a psychiatrist. Te doctor gave me some 
medication.” (case 39)
Anothercharacteristicofwomenwithpersistent 

distress was attentional and interpretational bias 
toward threat-related information. Although most 
women reported physical symptom distress, women 
with persistent distress expressed difculties shifting 
their thoughts away from the unmanaged physical 
symptoms. Tey often exhibited vigilant behaviour 
and intrusive cancer-related thoughts. Furthermore, 
they often interpreted these as signs of cancer 
recurrence or disease progression. 

“I got very worried when I wasn’t well about 
things like having pain. I couldn’t help but keep 
thinking about it. It was very stressful. I felt 
helpless.” (case 43)
To deal with their intrusive thoughts, some 

patients attempted to suppress their thoughts by 
forcing themselves not to think about their illness 
and avoiding situations that reminded them about 
their illness. 

“I don’t want to talk about this (my illness). My 
life is a tragedy. I force myself not to think about 
it. Whenever I talk about it, I cry.… I don’t join 
the activities organised by the cancer resource 
centre. I don’t like to meet other patients with 
cancer. I don’t want to be reminded about (my 
illness).” (case 42) 
Many patients with persistent distress 

exhibited demoralisation syndrome, including senses 
of hopelessness and helplessness, feelings of being 
trapped, and lack of motivation to cope efectively. 

“I feel hopeless. Tere is no cure. Tere is no 
hope.… Just waiting. When it’s time, that is it.” 
(case 38)
In contrast to women with persistent distress, 

women with transient distress adopted various 
strategies to cope with the demands of the illness, 
including acceptance, taking charge, and social 
support. Rumination on cancer and its impacts was 
perceived as inefective for coping with the demands. 
Some patients refused to let the illness take over 
their lives. Instead, they proactively maintained 
their normal routines. In contrast to women with 
persistent distress who avoided social support from 
peers, women with transient distress viewed patient 
support groups as efective coping resources. Mutual 
sharing with other patients with advanced breast 
cancer helped these women come to terms with the 
diagnosis. 

“I was very down when I found out that I need 
chemo. But it’s only temporary. I didn’t let myself 
think about it. I just focused on completing the 
treatment and getting on with my life.” 
“I had to look after myself. I had to take charge. 
If I want to be healthy, I need to treat myself 
well.” (taking charge: case 35) (acceptance: case 
27) 

“I met so many patients like me. It made me 
realise that the disease is not as horrible as I 
thought. Now I know that having this illness 
doesn’t equate to a death sentence.” (social 
support: case 36)
Women with low, stable distress shared 

common features with respect to coping with 
illness demands with those of women with transient 
distress. However, several additional features seem 
to be linked to their resilience, including living in the 
present and having a pre-existing stable, supportive 
family.

“I am not upset or scared. I don’t worry. I try to 
live fully each day.” (living in the present: case 
04) 

“I am lucky that I have a supportive husband. 
I don’t have to worry about my family.” 
(supportive family: case 22) 

Discussion 
Te narratives of women with persistent distress 
highlighted how the illness permeates every 
aspect of their lives and often leads to a sense of 
demoralisation.2 In contrast, women with low, 
stable or transient distress were able to encapsulate 
the illness with minimum impacts on their lives.2 

Cognitive biases in information processing were 
a key diferentiating factor in women’s illness 
representations. Women with persistent distress 
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# Living with advanced breast cancer # 

were not only vigilant towards somatic and 
cancer-related threats but also had difculties with 
disengaging from these threats. To cope with the 
perseverative negative thinking, cognitive avoidance 
was commonly used by women with persistent 
distress. Tese women acknowledged their inability 
to control their own worry and rumination, which 
prompted them to attain control over their negative 
thinking using thought suppression. Tis was 
counterproductive and resulted in increased levels 
of intrusive thoughts and attentional bias towards 
somatic and cancer-related information. 

In contrast, women with low, stable or transient 
distress did not engage in dysfunctional repetitive 
thoughts. Tey were able to accept and/or live in 
the present moment, a component of mindfulness 
practice.3 Mindfulness may reduce anxiety and 
depression symptoms among patients with cancer.3 

Hence, mindfulness-based intervention may be 
benefcial to women with persistent distress who 
have attentional bias toward cancer-related threats. 

Te role of social support (family and peer 
support groups) was also highlighted in the narrative 
analysis. Women with low, stable or transient 
distress received encouragement from their peers 
and families to adopt positive coping strategies. In 
contrast, women with persistent distress were often 
in unsupportive environments that likely promoted 
thought and emotion suppression.

Exposure to multiple life stresses was another 
diferentiating factor. Previous or current life stress 
has commonly been reported in women with 
persistent distress, and they have been reported to 
be more vulnerable in terms of coping with cancer 
impacts.4 Similarly, people who are depressed show 
selective recall of negative events.5 

Conclusions 
Cognitive processing, social resources, and exposure 
to life stress infuence how women cope with 
advanced breast cancer. Cognitive bias in terms of 
information, thought suppression, social constraints, 
and pre-existing exposure to life stress were the 
potential risk factors for chronic distress in response 
to advanced breast cancer. 
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Cross-cultural adaptation of the Tinnitus 
Functional Index for measurement of chronic 

tinnitus in Hong Kong Chinese patients 
ACS Kam*, EKS Leung, PYB Chan, APP Cheung, MCF Tong 

K E Y M E S S A G E S 

1. Te 25-item Chinese version of the Tinnitus 
Functional Index (TFI-CH) is a valid, reliable, 
and responsive tool to measure tinnitus severity 
and related negative impacts. 

2. Te TFI-CH has comprehensive coverage of 
tinnitus severity, as the same eight factors 
(intrusive, sense of control, cognitive, sleep, 
auditory, relaxation, quality of life, and emotion) 
from the original TFI were extracted. 
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Introduction 
Tinnitus is a self-reported phenomenon that is not 
readily apparent to others. Subjective psychometric 
measures are used to assess the severity and impacts 
of tinnitus and to determine the efectiveness of 
intervention. Te Tinnitus Functional Index (TFI) 
was developed by a group of audiologists, otologists, 
hearing scientists, and other health researchers.1,2 

It is a 25-item self-administered questionnaire 
that assesses eight domains of negative tinnitus 
impact (intrusive, sense of control, cognitive, sleep, 
auditory, relaxation, quality of life, and emotion) 
using an 11-point scale (0-10). Te overall score 
ranges from 0 to 100; higher scores indicate greater 
severity. Te TFI has good test-retest reliability, 
convergent validity, and discriminant validity.2 Efect 
size has been measured as moderate to large (0.74-
1.01) at 3 months and larger (1.19-1.88) at 6 months 
after the frst treatment session. Te TFI is valid for 
assessment of the severity and negative impacts of 
tinnitus at initial assessment and treatment-related 
changes (responsiveness) and covers multiple 
domains of tinnitus severity.2 

Tis study aimed to translate the TFI into 
Chinese and to validate its use in Hong Kong Chinese 
patients with chronic tinnitus. Its psychometric 
properties (reliability, construct validity, and 
responsiveness) were determined. 

Methods 
Te original TFI was translated into Chinese using 
the translation-back-translation method.3 Te 
corresponding author of the original TFI helped us to 

assess the equivalence of the back-translation to the 
original. A pilot test on 30 subjects was conducted 
before fnalisation. 

A total of 124 consecutive adult tinnitus 
patients were recruited from the Prince of Wales 
Hospital, Pamela Youde Nethersole Eastern 
Hospital, and Yan Chai Hospital. Informed consent 
was obtained from each patient before the frst 
tinnitus consultation. Patients were interviewed, and 
their demographics, symptoms, and comorbidities 
were recorded. Patients were asked to complete the 
Chinese version of the Tinnitus Functional Index 
(TFI-CH), the Chinese version of the Tinnitus 
Handicap Inventory (THI-CH), and the Chinese 
version of the Short-Form 36 Health Survey (SF-
36).4 Patients were asked to rate tinnitus severity 
on a visual analogue scale (VAS) of 0 to 100 in 
terms of tinnitus loudness, annoyance, acceptance, 
emotional disturbance, sleep disturbance, ability to 
concentrate, stress, worry, ease of communication, 
life satisfaction, and tinnitus severity. 

Twenty-fve of the patients were selected at 
random for retest of the TFI-CH, THI-CH, VAS for 
tinnitus severity and questionnaires about history of 
treatments received and global perception of change. 
For global perception of change, patients were asked 
to rate the overall change in tinnitus condition 
between the present situation and the frst visit to 
the tinnitus clinic on a 7-point scale from 1 (much 
improved) to 7 (much worse).2 

Follow-up data were collected at 3 months and 
6 months after the frst tinnitus treatment session 
using pre-stamped mail.

Internal consistency reliability was assessed 

Hong Kong Med J ⎥ Volume 24 Number 4 (Supplement 4) ⎥ August 2018 ⎥ www.hkmj.org 

© 2018 Administering Institution and Hong Kong SAR Government 

42 

http:www.hkmj.org
http:1.19-1.88
mailto:annakam@eduhk.hk


   

                     

     
    

     
      

        
     

      
      
        

        
        

     

        
        

     
        

      
       

      
         

       
     

     
        

     
         

         
         
      

    
     

  
      

        
         
           

        
          

         
         

         
      

        
     

        
        

      
     

      
        

     
      

       
     

       

   
      

      
      
       

      
   

        
       

 
 

   

 

 

   

# Cross-cultural adaptation of the Tinnitus Functional Index # 

using Cronbach’s alpha coefcients and item-total TABLE 1.  Standardised factor loadings for the confirmatory factor analysis 

correlation analyses. Test-retest reliability was Factor Estimate Standard Estimate / P value 
assessed using the intraclass correlation coefcient. error standard (two-
Confrmatory factor analysis was performed to check error tailed) 

whether the eight factors could still be identifed in Intrusive 

the TFI-CH. Convergent and discriminant validity I3: Recoded % annoyed 0.87 0.03 25.49 <0.001 
were assessed with correlational analyses on initial I1: Recoded % aware 0.59 0.07 9.03 <0.001 
TFI-CH and THI-CH scores, VAS for tinnitus 

I2: Strong or loud 0.67 0.06 11.94 <0.001 severity, and the Chinese version of the SF-36. Te 
Sense of control efect size for the TFI-CH was compared with that 

for the THI-CH and the VAS for tinnitus severity SC6: Easy to ignore 0.78 0.05 16.07 <0.001 

after 3 months and 6 months. SC4: Feel in control 0.56 0.07 7.81 <0.001 

SC5: Easy to cope 0.69 0.06 11.52 <0.001 
Results Cognitive 
A total of 71 women and 53 men completed C7: Concentrate 0.91 0.02 42.76 <0.001 
assessment at baseline; 93 and 58 of the patients 

C8: Think clearly 0.86 0.03 32.24 <0.001 completed the 3-month and 6-month follow-ups, 
C9: Focus attention 0.87 0.03 32.80 <0.001 respectively. Te patients were aged 23 to 83 (mean, 

53.98; standard deviation, 10.55) years. Te mean Sleep 

time since onset of tinnitus was 5.61 (standard SL11: As much sleep 0.96 0.02 60.02 <0.001 
deviation, 7.58) years. Tinnitus noise was continuous SL10: Diffcult to fall asleep, stay 0.91 0.02 45.47 <0.001 
in 76.6% of patients and was unilateral in 47.6% of asleep 

patients. SL12: Keep from sleeping deeply, 0.83 0.03 26.97 <0.001 
Te internal consistency of the TFI-CH was peacefully 

assessed using Cronbach’s alpha coefcients and Auditory 
item-total correlations. Te Cronbach’s alpha for A15: Follow conversations 0.91 0.02 41.43 <0.001 
the total scale was 0.97, indicating a high degree 

A14: Understand people 0.91 0.02 43.67 <0.001 of internal consistency. Te item-total correlations 
A13: Hear clearly 0.87 0.03 31.86 <0.001 ranged from 0.45 (item 4: “Over the past week, did 

you feel in control in regard to your tinnitus?”) to Relaxation 

0.85 (item 16: “Over the past week, how much has R16: Quiet resting activities 0.93 0.02 63.35 <0.001 
your tinnitus interfered with your quiet resting R17: Ability to relax 0.95 0.01 77.98 <0.001 
activities?”). Te test-retest correlation (intraclass 

R18: Enjoy peace and quiet 0.91 0.02 48.74 <0.001 correlation coefcient) was 0.84 (P<0.01), indicating 
Quality of life good test-retest reliability.

A confrmatory factor analysis was conducted Q20: Enjoyment of life 0.92 0.02 51.22 <0.001 

on all subjects (n=124). In the original TFI, items Q19: Enjoy social activities 0.91 0.02 49.32 <0.001 
1 to 3 loaded onto the intrusive factor; items 4 Q21: Relationships family and 0.91 0.02 48.63 <0.001 
to 6, the sense of control factor; items 7 to 9, the friends 

cognitive factor; items 10 to 12, the sleep factor; Q22: Diffculty performing work 0.84 0.03 29.45 <0.001 
items 13 to 15, the auditory factor; items 16 to 18, or tasks 

the relaxation factor; items 19 to 22, the quality of Emotional 
life factor; and items 23 to 25, the emotional factor. E24: Bothered or upset 0.95 0.02 64.90 <0.001 
A Chi squared test of model ft for the confrmatory 

E23: Anxious or worried 0.92 0.02 52.55 <0.001 factor analysis with an eight-factor solution rejected 
E25: Depressed 0.82 0.03 24.69 <0.001 the null hypothesis that the designated free and fxed 

factor loadings hold, χ2(247 df )=419.32 (P<0.001). 
Te comparative ft index was 0.95 and the Tucker-
Lewis index was 0.93. Te root mean square error 
of approximation for this model indicated mediocre product-moment correlation analysis was 
ft (0.075, 90% confdence interval=0.063-0.087). Te performed. Te overall TFI-CH score was strongly 
standardised root mean residual was 0.045 (P<0.05). correlated with the THI-CH total score (r=0.86, 
Tus, this eight-factor model was a good ft. Te P<0.01), moderately correlated with the VAS for 
standardised factor loadings from the confrmatory tinnitus severity (r=0.68, P< 0.01) [Table 2], and 
factor analysis are shown in Table 1. weakly to moderately correlated with the SF-36 

Te construct validity of the TFI-CH was subscale scores (r=0.28-0.62, P<0.01).
evaluated using correlations with the THI-CH, Te efect sizes of the TFI-CH overall scale 
the VAS for tinnitus severity, and SF-36. Pearson’s and subscales were examined in terms of criterion 
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# Kam et al # 

TABLE 2.  Pearson’s correlations among different scales 

Scale Total Chinese version of the Tinnitus Functional Index subscale 

Intrusive Sense of Cognitive Sleep Auditory Relaxation Quality of Emotional 
Control Life 

Chinese version of the 
Tinnitus Handicap Inventory 

Total 0.86† 0.62† 0.56† 0.75† 0.61† 0.69† 0.76† 0.84† 0.84† 

Emotional 0.78† 0.57† 0.48† 0.67† 0.53† 0.61† 0.72† 0.78† 0.83† 

Functional 0.84† 0.60† 0.50† 0.75† 0.59† 0.74† 0.74† 0.85† 0.78† 

Catastrophic 0.67† 0.51† 0.61† 0.57† 0.53† 0.42† 0.54† 0.57† 0.64† 

Visual analogue scale for 
tinnitus severity 

Tinnitus loudness 0.67† 0.73† 0.48† 0.62† 0.51† 0.56† 0.56† 0.58† 0.51† 

Tinnitus annoyance 0.75† 0.64† 0.55† 0.57† 0.64† 0.51† 0.68† 0.60† 0.73† 

Tinnitus acceptance −0.52† −0.19* −0.38† −0.42† −0.51† −0.33† −0.48† −0.43† −0.57† 

Emotional disturbance −0.56† −0.39† −0.39† −0.53† −0.38† −0.45† −0.48† −0.53† −0.62† 

Sleep disturbance −0.55† −0.32† −0.40† −0.42† −0.62† −0.36† −0.46† −0.44† −0.51† 

Concentration −0.59† −0.43† −0.38† −0.62† −0.35† −0.45† −0.55† −0.61† −0.54† 

Stress 0.65† 0.46† 0.33† 0.61† 0.41† 0.54† 0.62† 0.65† 0.68† 

Worries 0.69† 0.51† 0.45† 0.60† 0.48† 0.53† 0.65† 0.62† 0.70† 

Communication diffculty −0.51† −0.36† −0.35† −0.55† −0.17 −0.59† −0.40† −0.61† −0.42† 

Life satisfaction −0.58† −0.40† −0.44† −0.60† −0.28† −0.57† −0.48† −0.58† −0.54† 

Severity 0.68† 0.68† 0.48† 0.56† 0.59† 0.54† 0.54† 0.54† 0.58† 

Short Form 36 Health Survey 

Physical function −0.28† −0.15 −0.10 −0.28† −0.20* −0.29† −0.25† −0.36† −0.25† 

Role physical −0.53† −0.30† −0.31† −0.47† −0.44† −0.43† −0.45† −0.51† −0.46† 

Body pain −0.37† −0.22* −0.21* −0.35† −0.26† −0.31† −0.33† −0.41† −0.39† 

General health −0.34† −0.26† −0.32† −0.34† −0.24† −0.16 −0.25† −0.33† −0.37† 

Vitality −0.44† −0.28† −0.27† −0.46† −0.26† −0.34† −0.34† −0.46† −0.43† 

Social functioning −0.48† −0.32† −0.31† −0.42† −0.30† −0.34† −0.40† −0.51† −0.41† 

Role emotional −0.52† −0.34† −0.27† −0.52† −0.30† −0.41† −0.51† −0.53† −0.45† 

Mental health −0.62† −0.42† −0.30† −0.59† −0.40† −0.44† −0.62† −0.64† −0.66† 

* P<0.05 (2-tailed) 
† P<0.01 (2-tailed) 

groups of improved, unchanged, and worse based on 
the global perception of change at 3 and 6 months 
(Table 3). Efect sizes were calculated using Cohen’s d 
and ranged from small to large. Positive and negative 
efect sizes were obtained in the improved and worse 
groups, respectively. Efect sizes for the unchanged 
groups were closest to zero. Overall, the efect sizes 
of the improved and worse groups were larger for the 
TFI-CH than for the THI-CH or the VAS for tinnitus 
severity at 3 and 6 months. 

Discussion 
Te TFI-CH has good internal consistency, with a 
Cronbach’s alpha of 0.97, which is the same as that 

of the original TFI. Test-retest reliability was good, 
with an intraclass correlation coefcient of 0.84. 
Factor analysis showed comparable results with the 
original TFI. Te same eight factors were extracted 
with the same item compositions of subscales in the 
TFI and TFI-CH. 

Convergent validity with the TFI-CH was high 
(r=0.86, P<0.01), and that with the VAS for tinnitus 
severity was moderate (r=0.68, P<0.01). TFI-CH 
scores were also moderately correlated with the 
SF-36 subscales of mental health (r=0.62, P<0.01), 
role physical (r=0.53, P<0.01), and role emotional 
(r=0.52, P<0.01), but these correlations were 
weaker than that of the VAS for tinnitus severity. 
Tis indicates that tinnitus-related complaints 
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# Cross-cultural adaptation of the Tinnitus Functional Index # 

TABLE 3.  Effect size estimates for the overall scales and subscales at 3 and 6 months 

Scale Perceived change in overall tinnitus condition 

At 3 months At 6 months 

Improved Unchanged Worse Improved Unchanged Worse 
(n=19) (n=43) (n=31) (n=11) (n=46) (n=15) 

Chinese version of the Tinnitus Functional Index 0.50 −0.27 −1.08 0.38 −0.29 −0.86 

Chinese version of the Tinnitus Handicap Inventory 0.13 −0.34 −0.87 1.15 −0.37 −0.53 

Visual analogue scale for tinnitus severity 0.33 −0.19 0.14 −0.40 0.08 0.23 

Chinese version of the Tinnitus Functional Index subscales 

Intrusive 0.23 −0.14 −0.32 0.31 −0.14 −0.45 

Sense of control 0.58 −0.38 0.20 0.18 −0.19 −0.55 

Cognitive 1.22 −0.69 0.53 0.09 −0.51 −1.25 

Sleep 0.75 −0.35 0.40 0.42 −0.25 −0.51 

Auditory 0.72 −0.41 0.57 0.29 −0.36 −0.69 

Relaxation 1.03 −0.73 0.03 −0.23 −0.53 −0.89 

Quality of life 0.91 −0.46 0.18 0.41 −0.42 −1.27 

Emotional 1.29 −0.47 0.90 0.22 −0.25 −0.70 

Chinese version of the Tinnitus Handicap Inventory subscales 

Functional 0.19 −0.32 −0.70 1.00 −0.06 1.03 

Emotional 0.11 −0.32 −0.82 0.92 −0.09 1.17 

Catastrophic 0.00 −0.39 −0.71 0.93 −0.07 1.30 

are diferent from general psychopathological 
symptoms and syndromes.5 Divergent validity was 
demonstrated. 

Te TFI-CH had good responsiveness, with 
stronger efect sizes for detecting change (treatment 
efects) than the THI-CH at 3 months. A similar 
trend was observed at 6 months, except among 
the improved group. Caution should be taken in 
interpreting the results because of the small sample 
size. Te efect sizes for some TFI-CH subscales 
were small, and use of the overall scale score is 
recommended. 

Limitations 
Only three criterion groups were included in the 
efect size estimation. It is unknown whether the 
TFI-CH is sensitive to more subtle changes in 
tinnitus condition. Te present study did not control 
for the type of tinnitus treatment patients received. 
Diferences between various treatments may have led 
to increased variance in treatment-related changes 
and restriction of the range of efect sizes.2 

Conclusion 
Te TFI-CH is a valid, reliable, and responsive tool 

to measure tinnitus severity and related negative 
impacts in Chinese patients. 
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Efect of short-term high-intensity noise exposure 
on auditory physiology: a functional magnetic 

resonance imaging study 
C Lau* 

K E Y M E S S A G E S 

1. Short-duration, high-intensity noise exposure 
changes midbrain auditory processing. 

2. Functional magnetic resonance imaging is 
sensitive to such changes, which are temporary 
and reversible in weeks and are likely related to 
more permanent changes in the inner ear and 
auditory nerve. 

Hong Kong Med J 2018;24(Suppl 4):S46-7 
HMRF project number: 11122581 

C Lau 

Department of Physics, City University of Hong Kong 

* Principal applicant and corresponding author: condon.lau@cityu.edu.hk 

Introduction 
Te present study investigated changes in the central 
auditory system following short-duration, high-
intensity noise exposure. Normal female Sprague-
Dawley rats were exposed to 100-dB sound pressure 
level noise for 15 minutes. Te auditory system of 
each rat was scanned using functional magnetic 
resonance imaging (fMRI) to determine the blood-
oxygen-level-dependent signal at three timepoints 
(before exposure and at days 7 and 14 after the 
exposure). fMRI was sensitive to the resulting 
functional changes to the central auditory system. 

Results 
Figure 1 shows the t-value maps at three timepoints 
(days 0, 7, and 14) with 12- and 20-kHz stimulation. 
For 12-kHz stimulation, t-values were highest at days 
0 and 14 and lowest at day 7 in the inferior colliculus, 
whereas t-values were highest at day 0, slightly lower 
at day 14, and lowest at day 7 in the lateral lemniscus. 
For 20-kHz stimulation, t-values were highest at day 
0 and lower at days 7 and 14 in the inferior colliculus 
and highest at day 0, slightly lower at day 14, and 
lowest at day 7 in the lateral lemniscus. Tus, there 
were transient changes in fMRI responses following 
short-duration, high-intensity noise exposure.

Tukey’s honest signifcant diference test 
showed that signal amplitudes in the inferior 
colliculus were signifcantly greater at day 0 than 
day 7 for 12-kHz stimulation (P<0.01) and 20-kHz 
simulation (P<0.001), and they were also signifcantly 
greater at day 14 than day 7 for 12-kHz and 20-kHz 
simulation (P<0.05). Overall, fMRI responses were 
signifcantly reduced at day 7 and largely recovered 
at day 14.

Figure 2 shows the blood-oxygen-level-
dependent signal amplitudes measured from the 

12 kHz 

Day 0 

Day 7 

Day 14 

20 kHz 

IC 

LL 

t value 
0 5 10 15 20 25 30 

FIG 1. Functional magnetic resonance imaging showing the 
mean t-value maps immediately after 15 minutes of exposure 
to 100-dB sound pressure level noise (day 0), 7 days after 
exposure (day 7), and 14 days after exposure (day 14). 
Activation maps acquired with 12-kHz and 20-kHz noise 
stimulation are overlaid on anatomical images.Activation 
is mainly observed in the inferior colliculus (IC) and lateral 
lemniscus (LL) in the hemisphere contralateral to the 
stimulated left ear. 

inferior colliculus at the three time-points. Te 
orders of signal amplitudes from highest to lowest 
were those at days 0, 14, and 7 for 12-kHz stimulation 
(P<0.05), and those at days 0, 14, and 7 for 20-kHz 
stimulation (P<0.01). Noise exposure signifcantly 
reduced fMRI response in the inferior colliculus at 
day 7, but the response had largely recovered at day 
14. 

Discussion 
Short-duration, high-intensity noise exposure 
results in transient reduction in fMRI responses 
in the auditory midbrain of rats. Te reductions 

Hong Kong Med J ⎥ Volume 24 Number 4 (Supplement 4) ⎥ August 2018 ⎥ www.hkmj.org 

© 2018 Administering Institution and Hong Kong SAR Government 

46 

http:www.hkmj.org


   

                     

       
       

    
        

     
   

       
      

       
    
     

      
     

    
      

       
     

     
      
       

      
      

        
       

       
        

       
       

     
       
    

        
      

      
       

      
        

     
    

       
      

      
      

       
      

     
      

         
      

   
       

      
       

    

        
      

     
      

        
       

 

 

 

 

 

 

      
         
         

         
      

 

 

 

 

 

 

   

 

 

   

  

    

   

  

  

   

  

    

     
         
         

         
       

    

 

   

12 kHz 

Day 14 20 kHz 

Day 7 P<0.01 

Day 0 

Day 14 

P<0.05 Day 7 

Day 0 

0 0.5 1.0 1.5 

FIG 2. Blood-oxygen-level-dependent signal amplitude (%) 
in the inferior colliculus (n=10) before exposure and 7 and 
14 days after exposure to 12-kHz and 20-kHz stimulation. 
The signal amplitude is significantly reduced at day 7 after 
exposure and largely recovers at day 14. 

Blood-oxygen-level-dependent signal amplitude (%) 

were observed 7 days after noise exposure. Tese 
reductions occurred even in the absence of auditory 
brainstem response threshold elevations, suggesting 
that the changes were of central origin. Te midbrain 
responses had largely recovered to pre-exposure 
levels at day 14.

Exposure to high sound pressure level can 
cause permanent hearing loss and tinnitus. Hearing 
loss involves an increase in the minimum detectible 
sound pressure level threshold. Occupational 
health standards have documented exposure limits. 
Exposures that do not permanently shift thresholds 
may still contribute to difculty comprehending 
speech and hyperacusis. Noisy environments 
contribute to sleep loss, cardiovascular disease, and 
stress. Noise exposure (or the absence thereof ) also 
afects auditory physiology. For example, cochlear 
implantation alters auditory cortical function.1,2 

Hearing loss at certain frequencies causes neurons 
normally sensitive to those frequencies to adjust to 
neighbouring frequencies.3-5 Te results of this study 
provide insight on how central auditory processing 
is afected by exposure to high sound pressure level.

Exposure to high sound pressure level also 
leads to long-term loss of aferent nerve terminals 
on inner hair cells and degeneration of the cochlear 
nerve.6 In mice exposed to 100-dB sound pressure 
level noise for 2 hours, their auditory brainstem 
response and compound action potential thresholds 
returned to pre-exposure levels 2 weeks later.6 

However, suprathreshold responses decreased at 
high frequencies. Tere was no loss of hair cells, 
but there was degeneration of presynaptic and 

# Effect of short-term high-intensity noise exposure on auditory physiology # 

postsynaptic elements around inner hair cells in 
the high-frequency portion of the cochlea within 24 
hours. At 1-year post-exposure, there was signifcant 
reduction in the spiral ganglion cell count in the 
high-frequency region. Tis reduction was not 
signifcant at 2 weeks post-exposure. 

Conclusions 
Central structures of the auditory system, such as 
the lateral lemniscus and inferior colliculus, and 
possibly even higher auditory structures, are related 
to degeneration of the cochlea and surrounding 
structures. Tis relationship is observed 1 to 2 
weeks following noise exposure. fMRI can detect 
transient changes in inferior collicular responses 
long before signifcant spiral ganglion cell reduction 
in the cochlea has set in. Te fMRI signal reduction 
may be related to decreased auditory brainstem 
suprathreshold responses.6 Suprathreshold decreases 
primarily occur at much higher frequencies (32 kHz) 
and are permanent. Terefore, the recovery observed 
may indicate the central auditory system’s ability to 
compensate for the peripheral damage. 
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