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a b s t r a c t 

Background: There are limited population-wide trend data on kidney failure and kidney replacement 

therapy (KRT) in people with diabetes. We conducted a retrospective cohort study to report incidence 

trends of kidney failure and KRT and related mortality in people with diabetes in Hong Kong between 

2002 and 2015. 

Methods: We used territory-wide electronic medical records including laboratory, diagnostic and pro- 

cedural data to identify people with kidney failure and KRT. We used Joinpoint regression models to 

estimate the average annual percent change (AAPC) of kidney failure and KRT incidence for entire study 

period, and annual percent change (APC) for each linear trend segment, along with 1-year and 5-year 

mortality rates. 

Findings: During 4.9 million person-years of follow-up of 712,222 people with diabetes, 31,425 developed 

kidney failure, among whom 23.0% (n = 7,233) received KRT. The incidence of kidney failure declined by 

46.8% from 2002 to 2007 (APC: -11.6, 95% CI: -16.3, -6.7), then flattened from 2007 to 2015 (APC: -0.9, 

95% CI: -3.1, 1.3). The incidence of KRT remained constant (AAPC: -1.6, 95% CI: -4.4, 1.2). The 1-year 

mortality rates declined statistically significantly after both kidney failure and KRT. The 5-year mortality 

rates declined after kidney failure but the decline was not statistically significant after KRT. 

Interpretation: The findings of our study highlight the importance of developing new strategies to prevent 

a looming epidemic of kidney failure in people with diabetes in Hong Kong. 
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Research in context 

Evidence before this study 
We searched PubMed and Google Scholar up to Septem- 

ber 2020, for reviews and original research published in En- 
glish using the search terms “trends” AND “diabetes” AND 

(“chronic kidney disease” OR “end-stage kidney disease” OR 

“end-stage renal disease” OR “kidney failure”). A review pa- 
per summarising global trends in complications of diabetes 
reported that there was a steep increase in incidence of 
diabetes-related kidney failure in the general population be- 
tween 2002 and 2015. However, the trends in kidney fail- 
ure in people with diabetes have not been well explored and 

population-based trend data from Asia are sparse. In addition, 
in the absence of serial laboratory data, previous nationwide 
studies only reported people with treated kidney failure who 
were receiving kidney replacement therapy (KRT). 

Added value of this study 
Using territory-wide data from the Hong Kong Hospi- 

tal Authority, which provides about 95% of medical services 
throughout Hong Kong, we reported that the incidence rates 
of kidney failure in people with diabetes declined from 2002 
to 2007, then levelled off from 2007 to 2015, whilst the inci- 
dence of KRT remained constant during the same surveillance 
period. The 1-year mortality rates declined statistically sig- 
nificantly after both kidney failure and KRT. The 5-year mor- 
tality rates declined after kidney failure but remained stable 
after KRT. 

Implication of all the available evidence 
After improvement from 2002 to 2007, the incidence rates 

of kidney failure in people with diabetes in Hong Kong 
plateaued. Given the rapidly increasing number of people liv- 
ing with diabetes, the burden of diabetes-related kidney fail- 
ure is anticipated to grow. There is an urgent need to iden- 
tify factors contributing to the unchanged kidney failure in- 
cidence and implement new strategies to prevent a looming 
epidemic of kidney failure in Hong Kong. 

. Introduction 

Kidney failure is a major contributor to chronic disability, im- 

aired quality of life and premature death in people with dia- 

etes 1-3 . In recent estimates, between 40% and 50% of people 

ewly initiating kidney replacement therapy (KRT) had underlying 

iabetes 4 , 5 . In Hong Kong, the proportion of people entering KRT 

ttributable to diabetes has increased from 26.2% in 1996 to 49.6% 

n 2013 6 . The rapidly rising worldwide burden of diabetes in the 

ast 20 years has contributed to increased number of people at 

igh risk of kidney failure and related morbidity and mortality 7 , 8 . 

n the United States, population surveillance revealed a decline in 

he incidence of kidney failure with KRT in people with diabetes 

cross a 20-year period between 1990 and 2010 which levelled off

fter 2010 9,10 . In Germany, the incidence of KRT in people with di- 

betes was stable between 2002 and 2016 11 , whilst that in Aus- 

ralia, increased between 2002 and 2013 12 . Population-wide stud- 

es reporting trends in incidence of kidney failure among people 

ith diabetes in Asia are sparse. Understanding the epidemiology 

f kidney failure in people with diabetes allows us to evaluate the 

uality of diabetes care, to develop approaches to primary and sec- 

ndary prevention of kidney disease, and to plan health services to 

ddress unmet needs. 

Using territory-wide data from Hong Kong, we conducted a 14- 

ear retrospective cohort study to: 1) describe trends in incidence 

ates of kidney failure and KRT in people with diabetes from 2002 

o 2015; 2) describe trends in 1-year and 5-year mortality rates 

fter kidney failure and KRT in people with diabetes; and 3) com- 
2 
are all-cause and cause-specific years of life lost between diabetes 

opulation with and without kidney failure. 

. Methods 

.1. Study population 

The Hong Kong Hospital Authority (HA) is a statutory govern- 

ent body established in 1990, responsible for managing all pub- 

ic hospitals and specialist/general out-patient clinics in Hong Kong 

ith a population of 7.3 million. Because of the heavily subsidised 

ublic healthcare system, the HA provides about 95% of medical 

ervices throughout Hong Kong 13 . Since 20 0 0, the HA electronic 

edical record (EMR) system captures clinical information of at- 

endees of all public hospitals and clinics. The Hong Kong Diabetes 

urveillance Database (HKDSD) is a territory-wide cohort of peo- 

le with diabetes identified from the HA EMR system with data 

urrently up to 31 st December 2016. Details of the HKDSD have 

een described previously 14-17 . Briefly, people with diabetes were 

iagnosed based on fasting plasma glucose ≥7.0 mmol/L, glycated 

aemoglobin (HbA1c) ≥48 mmol/mol (6.5%), prescription of insulin 

r non-insulin glucose lowering drugs, or diagnosis codes for dia- 

etes by physicians. Women with gestational diabetes were not in- 

luded in the HKDSD. This study was approved by the local clinical 

esearch ethics committee (CREC Ref. No 2017.298). 

.2. Ascertainment of incident kidney failure, KRT and mortality 

We identified people with kidney failure using the following 

riteria: 1) a minimum of two estimated glomerular filtration rates 

eGFR) < 15 mL/min/1.73 m 

2 occurring at least three months apart 

ut within one year based on the Chronic Kidney Disease Epidemi- 

logy Collaboration (CKD-EPI) equation 

18 . The requirement of two 

GFR measurements at least three months apart concurs with the 

urrent definition and staging of chronic kidney disease and pre- 

luded inappropriate inclusion of acute kidney injury 19 , 20 . A total 

f 24,265,042 eGFR measurements were recorded in the HKDSD 

nd 97.1% of the study population had at least two eGFR measure- 

ents. 2) KRT including maintenance peritoneal dialysis (PD) (ICD- 

 procedure code: 54.98) or hemodialysis (HD) (ICD-9 procedure 

ode: 39.95) for at least one month, or kidney transplant (ICD-9 

rocedure code: 55.6). People with KRT and concurrent acute kid- 

ey injury (ICD-9 diagnosis code: 584) were excluded; or 3) hospi- 

alisation due to kidney failure (ICD-9 diagnosis code: 585.5, 585.6 

r 586); or 4) mortality due to kidney failure (ICD-10 diagnosis 

ode: N18.5, N18.6, N19). 

We defined incident kidney failure as the first occurrence of any 

pisode fulfilling the criteria of kidney failure between 1 st January 

002 and 31 st December 2015. A two-year kidney failure free ob- 

ervation period from 1 st January 20 0 0 to 31 st December 2001 in 

he HA EMR system was used to exclude people with pre-existing 

idney failure. We defined incident KRT as people who started KRT 

ith PD, HD, or kidney transplant, whichever occurred first. Under- 

ying cause of death retrieved from the Hong Kong Death Registry 

ere grouped into 12 mutually exclusive categories using ICD-10 

odes (Appendix Table 1). 

.3. Statistical analysis 

We included all people with diabetes and without kidney fail- 

re aged ≥20 years between 2002 and 2015 in the HKDSD. The age 

f 20 years concurs with the cut-off used by the International Di- 

betes Federation for adults 21 and few people developed diabetes 

nd kidney failure who were younger than 20 years of age. We 

alculated the incidence rates of kidney failure/KRT as the num- 

er of incident cases divided by the person-years of follow-up in 
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ach calendar year. We calculated 1-year and 5-year cumulative 

ortality rates after incident kidney failure/KRT as the number of 

eaths within 1 year and 5 years after kidney failure/KRT divided 

y the number of people with incident kidney failure/KRT in each 

alendar year. All incidence rates of kidney failure/KRT were age- 

ex-standardised to the 2016 Hong Kong Census mid-year popula- 

ion 

16 , 22 . All mortality rates after kidney failure/KRT were age-sex- 

tandardised to the entire population with incident kidney failure 

n the HKDSD between 2002 and 2015. This approach avoids large 

hanges in standardised versus crude mortality rates due to large 

ifferences in age structure between Hong Kong Census population 

nd people with incident kidney failure. We also calculated the 

roportion of people living with kidney failure at the end of each 

ear who were receiving KRT. However, because this is a cohort of 

ncident cases of kidney failure, a large proportion of people liv- 

ng in the early part of the study period had newly developed kid- 

ey failure (Appendix Fig. 1). Therefore, we only made compari- 

on from 2005 to 2015 to allow a generally stable ratio of incident 

ases to prevalent cases among people living with kidney failure 

cross years. 

To create comparable statistics with studies reporting trends in 

idney failure in other countries 9 , 10 , 12 and with studies reporting 

ther diabetes-related complications in Hong Kong 22 , 23 , we used 

og-linear Joinpoint regression models to describe trends in inci- 

ence rates of kidney failure/KRT and 1-year mortality rates after 

idney failure/KRT from 2002 to 2015, and trends in 5-year mor- 

ality rates after kidney failure/KRT from 2002 to 2011. The Join- 

oint regression fits a piecewise linear regression to the natural 

ogarithm of the standardised rates with the calendar year as the 

redictor variable and uses permutation tests to detect whether 

here are time points (joinpoints) at which trends in rates statis- 

ically significantly change in either direction or magnitude 24 . The 

oinpoint regression compares models by starting with no join- 

oint (no joinpoints corresponds a straight line) and then testing 

hether more joinpoints are needed to be added into the model 

o best fit the data. The best fitting model was selected to report 

he average annual percent change (AAPC) in rates for entire study 

eriod, and annual percent change (APC) for each linear trend seg- 

ent detected. We conducted subgroup analyses by age (20-44, 

5-64, 65-74, and ≥75 years) and sex. We used a wider age inter- 

al for younger than older age groups to increase statistical power 

n younger age groups and to make the age bands comparable with 

ther studies 6 , 10 , 25 . 

In sensitivity analyses, we excluded recipients of kidney trans- 

lant to reduce its potential effects on 1-year and 5-year mortal- 

ty trends. We additionally compared key characteristics of peo- 

le with kidney failure between those with and without incident 

RT at the time of development of kidney failure, and described 

he trends in 1-year and 5-year mortality rates after kidney failure 

mong these two groups. 

We calculated excess life-years lost in people with kidney fail- 

re using a new method 

26-29 . We estimated the expected life ex- 

ectancy for people after incident kidney failure and before a set 

pper age limit (95 years for this study) using age-specific mortal- 

ty rates as the area under the survival curve. We chose 95 years 

s the upper age limit which is well above the life expectancy 

or the Hong Kong population with low survival probability. Next, 

ife-years lost was calculated as the average number of years lost 

efore the upper age limit (95 years minus the expected life ex- 

ectancy). Finally, the number of excess life-years lost for all-cause 

nd cause-specific mortality in people with versus without kidney 

ailure was estimated as the differences in life-years lost between 

he two groups. Life-years lost due to cause-specific death was cal- 

ulated through a competing risks model with mutually exclusive 

auses of death as competing events 30 . We performed all analy- 

es using R (version 3.5.3, Vienna, Austria) or Joinpoint Regression 
3 
rogram (version 4.8.0.1; Statistical Methodology and Applications 

ranch, Surveillance Research Program, National Cancer Institute). 

here is no allowance for multiplicity. A two-tailed P value less 

han 0.05 was considered statistically significant. 

.4. Role of the funding source 

The funding source of the study had no role in the study design, 

ata collection, data analysis, data interpretation, or drafting of the 

anuscript. The corresponding authors had full access to all study 

ata and are responsible for the decision to submit for publication. 

. Results 

.1. Characteristics of study population 

The HKDSD included 712,222 people with diabetes and with- 

ut pre-existing kidney failure, aged ≥20 years between 2002 and 

015 ( Fig. 1 ). Over time, the mean age of people in the HKDSD

ncreased, and the mean HbA1c and LDL-cholesterol levels im- 

roved ( Table 1 ). The proportion of people who were using renin- 

ngiotensin-aldosterone system (RAAS) inhibitors increased from 

1.3% in 2002 to 47.2% in 2015, with the increase mainly observed 

etween 2002 and 2008 (Appendix Table 2). During 4.9 million 

erson-years of follow-up, 31,425 incident cases of kidney fail- 

re were recorded, among whom 23.0% (n = 7,233) received KRT. 

mong all people with kidney failure, 96.2% of them were iden- 

ified by eGFR and the proportion changed little over time (Ap- 

endix Fig. 2). Among people with KRT, 83.6% (n = 6,044) had PD as 

he initial KRT modality and 1.6% (n = 114) ever received a kidney 

ransplant. The mean ages at development of kidney failure and 

nitiation of KRT were 72.7 (standard deviation [SD]:12.1) years and 

2.2 (SD: 12.1) years, respectively. The median time from develop- 

ent of kidney failure to KRT initiation was 12 (interquartile range 

IQR]: 6-21) months at a median eGFR of 6.5 (IQR: 5-9) mL/min 

er 1.73m 

2 . 

.2. Trends in incidence rates of kidney failure 

The number of incident cases of kidney failure increased from 

,552 in 2002 to 2,888 in 2015 ( Table 1 ). The incidence rates of

idney failure declined by 46.8% from 62.9 (95% CI: 56.0, 69.8) per 

0,0 0 0 person-years in 2002 to 33.4 (95% CI: 30.1, 36.7) per 10,0 0 0

erson-years in 2007 (APC: -11.6, 95% CI: -16.3, -6.7), then flat- 

ened from 2007 to 2015 (APC: -0.9, 95% CI: -3.1, 1.3) with similar 

rends between sexes ( Fig. 2 and Table 2 ). In age-stratified analysis, 

he changes in trends in rates of kidney failure after 2007 mainly 

ccurred in 45-64 and 65-74 age groups. In people aged 20-44 and 

75 years, the incidence rates of kidney failure decreased linearly 

uring the whole study period. The cumulative incidence of kidney 

ailure is shown in the Appendix Fig. 3. 

.3. Trends in incidence rates of KRT 

The number of people with incident KRT increased from 197 

n 2002 to 680 in 2015 ( Table 1 ). However, the incidence rates of

RT remained constant (AAPC: -1.6, 95% CI: -4.4, 1.2), which was 

1.2 (95% CI: 8.7, 13.7) and 13.8 (95% CI: 10.9, 16.7) per 10,0 0 0

erson-years in 2002 and 2015, respectively ( Fig. 2 and Table 2 ). 

he trends were similar between sexes. Stratifying by age, the in- 

idence rates of KRT declined slightly in the 65-74 (AAPC: -1.6, 

5% CI: -3.0, -0.2) and ≥75 age groups (AAPC: -2.8, 95% CI: -5.3, 

0.2). The cumulative incidence of KRT is shown in the Appendix 

ig. 3. Among those living with kidney failure at the end of the 

ear, proportion of people who were receiving KRT was 12.7% in 

002, and increased from 23.7% in 2005 to 31.3% in 2015, with 
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Table 1 

Characteristics of people with incident kidney failure and KRT between 2002 and 2015 in the HKDSD. 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

HKDSD 

No. of people 168,466 200,050 250,787 276,672 308,756 334,170 361,223 390,127 419,785 452,065 483,553 514,793 542,986 570,687 

% of men 46.1 46.4 46.7 47.2 47.4 47.8 48.1 48.5 48.8 49.1 49.4 49.6 49.9 50.0 

Age, mean (SD), years 64.9 (13.1) 65.1 (13.1) 65.2 (12.9) 65.4 (12.9) 65.5 (12.9) 65.6 (12.9) 65.8 (12.9) 65.9 (13.0) 66.1 (13.0) 66.3 (13.0) 66.5 (13.0) 66.6 (12.9) 66.8 (12.9) 67.0 (12.9) 

HbA1c, mean, mmol/mol (%) 61.2 (7.8) 61.5 (7.8) 61.7 (7.8) 61.9 (7.8) 61.6 (7.8) 61.6 (7.8) 59.5 (7.6) 59.1 (7.6) 57.7 (7.4) 58.0 (7.5) 57.6 (7.4) 57.3 (7.4) 56.2 (7.3) 56.3 (7.3) 

LDL-cholesterol, mean (SD), 

mmol/L 

3.2 (0.9) 3.1 (0.9) 3.1 (1.0) 3.0 (0.9) 2.9 (1.0) 2.9 (0.9) 2.9 (0.9) 2.9 (0.9) 2.9 (0.9) 2.8 (0.9) 2.7 (0.8) 2.5 (0.8) 2.4 (0.8) 2.3 (0.8) 

Incident kidney failure 

No. of incident kidney failure 1,552 1,739 2,026 1,845 1,917 1,889 2,151 2,340 2,337 2,541 2,623 2,733 2,844 2,888 

% of men 42.5 43.5 43.8 44.5 46.2 45.3 47.4 48.0 48.5 48.2 48.7 47.8 48.9 50.0 

Age at kidney failure, mean (SD), 

years 

70.3 (11.1) 70.6 (11.5) 71.5 (11.5) 71.3 (11.5) 72.1 (11.8) 72.6 (11.5) 72.6 (11.9) 73.0 (12.0) 73.1 (12.2) 73.2 (12.4) 73.2 (12.4) 73.5 (12.8) 74.2 (12.5) 74.2 (12.8) 

HbA1c, mean, mmol/mol (%) 59.9 (7.6) 57.3 (7.4) 59.4 (7.6) 60.7 (7.7) 57.8 (7.5) 57.9 (7.5) 55.7 (7.2) 58.2 (7.5) 58.1 (7.5) 58.9 (7.5) 59.2 (7.6) 58.3 (7.5) 57.9 (7.5) 57.3 (7.4) 

LDL-cholesterol, mean (SD), 

mmol/L 

3.2 (1.4) 3.0 (1.3) 3.1 (1.3) 2.9 (1.2) 2.9 (1.2) 2.9 (1.3) 2.8 (1.2) 2.9 (1.2) 2.8 (1.2) 2.7 (1.2) 2.7 (1.1) 2.6 (1.1) 2.5 (1.1) 2.5 (1.1) 

eGFR, median (IQR), mL/min per 

1.73 m 

2 

12.6 (8-16) 13.2 (9-18) 13.3 (10-17) 14.1 (11-18) 14.1 (11-18) 14.3 (11-19) 14.1 (11-19) 14.3 (11-19) 14.5 (11-20) 14.3 (11-20) 14.4 (11-20) 14.5 (11-20) 14.7 (12-21) 14.6 (12-21) 

No. of 1-year mortality after 

kidney failure 

516 519 580 515 482 543 610 640 660 637 660 665 714 714 

No. of 5-year mortality after 

kidney failure 

1,239 1,370 1,581 1,429 1,474 1,465 1,671 1,777 1,784 1,893 NA NA NA NA 

Incident KRT 

No. of incident KRT 197 332 386 403 429 531 511 524 562 628 644 710 696 680 

No. (%) of incident peritoneal 

dialysis ∗
179 (90.9) 301 (90.7) 343 (88.9) 359 (89.1) 351 (81.8) 442 (83.2) 436 (85.3) 441 (84.2) 433 (77.0) 503 (80.1) 532 (82.6) 589 (83.0) 579 (83.2) 556 (81.8) 

No. (%) of incident hemodialysis ∗ 17 (8.6) 30 (9.0) 41 (10.6) 44 (10.9) 77 (17.9) 88 (16.6) 74 (14.5) 81 (15.5) 129 (23.0) 124 (19.7) 110 (17.1) 120 (16.9) 117 (16.8) 124 (18.2) 

No. (%) of incident kidney 

transplant ∗
1 (0.5) 1 (0.3) 2 (0.5) 0 (0) 1 (0.2) 1 (0.2) 1 (0.2) 2 (0.4) 0 (0) 1 (0.2) 2 (0.3) 1 (0.1) 0 (0) 0 (0) 

% of men 54.8 59.6 58.8 57.8 63.2 62.3 61.6 62.8 68.3 65.3 64.0 64.6 64.1 67.5 

Age at KRT, mean (SD), years 63.3 (10.9) 61.0 (11.8) 60.9 (11.7) 62.7 (11.8) 62.4 (11.2) 62.5 (10.9) 62.6 (10.8) 62.4 (11.2) 61.6 (11.8) 62.6 (10.5) 62.6 (11.0) 61.6 (11.4) 62.8 (10.3) 62.4 (10.7) 

Months ∗∗ from kidney failure to 

KRT, median (IQR) 

8 (2-15) 10 (4-19) 13 (6-27) 13 (6-25) 13 (7-21) 11 (6-19) 13 (7-23) 13 (7-22) 12 (6-22) 12 (6-22) 12 (6-20) NA NA NA 

HbA1c, mean, mmol/mol (%) 57.5 (7.4) 54.6 (7.1) 57.0 (7.4) 56.8 (7.3) 53.6 (7.1) 55.9 (7.3) 54.2 (7.1) 54.0 (7.1) 54.5 (7.1) 55.5 (7.2) 55.3 (7.2) 55.1 (7.2) 53.4 (7.0) 53.7 (7.1) 

LDL-cholesterol, mean (SD), 

mmol/L 

3.2 (1.2) 2.9 (1.4) 2.9 (1.4) 2.7 (1.2) 2.8 (1.2) 2.7 (1.2) 2.8 (1.2) 2.8 (1.2) 2.8 (1.3) 2.7 (1.1) 2.6 (1.2) 2.6 (1.1) 2.4 (1.0) 2.5 (1.2) 

eGFR, median (IQR), mL/min per 

1.73 m 

2 

7.0 (5-10) 6.4 (5-9) 6.7 (5-9) 6.2 (5-9) 6.3 (5-9) 6.5 (5-9) 6.8 (5-10) 6.8 (5-9) 6.6 (5-9) 6.5 (5-9) 6.6 (5-9) 6.5 (5-9) 6.3 (5-9) 6.3 (5-9) 

No. of 1-year mortality after KRT 42 58 60 62 58 78 76 80 66 79 73 71 80 80 

No. of 5-year mortality after KRT 130 216 264 275 257 344 344 325 363 396 NA NA NA NA 

∗Number and proportion as the initial KRT modality. 
∗∗In the entire cohort, 96% of people who received KRT started KRT within 46 months after incident kidney failure. To reduce follow-up bias, four years (from 2013 to 2016) were used to remove people without complete 

follow-up from kidney failure to KRT. Thus, the median months from kidney failure to KRT were only reported from 2002 to 2012. 

4
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778,051 people with diabetes in the 

Hong Kong Diabetes Surveillance 

Database between 2000 and 2016 

712,222 people with diabetes and without kidney failure aged ≥20 years in 

the Hong Kong Diabetes Surveillance Database between 2002 and 2015 

were included in the analysis 

715,163 people with diabetes aged ≥20 

years in the Hong Kong Diabetes 

Surveillance Database between 2002 

and 2015 

62,888 people aged <20 years, or died in 

2000-2001, or diagnosed with diabetes 

in 2016 were excluded 

2,941 people with pre-existing kidney 

failure were excluded 

31,425 people developed kidney failure 

between 2002 and 2015 

7,233 people received KRT between 

2002 and 2015 

Fig 1. Flowchart of participants selection in the Hong Kong Diabetes Surveillance Database between 2002 and 2015. 

Table 2 

Joinpoint analysis of trends in standardised incidence rates of kidney failure and KRT in people with diabetes in Hong Kong between 2002 and 2015. 

Rates per 10,0 0 0 person-years Period 1 Period 2 

2002 2015 AAPC (95% CI) P Period APC (95% CI) P Period APC (95% CI) P 

Incident kidney failure 

All 62.9 37.3 -5.2 (-7.2, -3.1) < 0.001 2002-2007 -11.6 (-16.3, -6.7) 0.001 2007-2015 -0.9 (-3.1, 1.3) 0.360 

Men 71.0 45.3 -5.1 (-7.5, -2.5) < 0.001 2002-2006 -13.2 (-20.0, -5.8) 0.004 2006-2015 -1.2 (-3.6, 1.3) 0.290 

Women 54.9 29.3 -5.6 (-7.9, -3.3) < 0.001 2002-2007 -13.4 (-17.8, -8.6) 0.001 2007-2015 -0.5 (-3.6, 2.8) 0.739 

20-44 years 32.0 32.5 -3.8 (-7.3, -0.1) 0.043 2002-2015 -3.8 (-7.3, -0.1) 0.043 NA 

45-64 years 62.4 27.0 -6.3 (-8.1, -4.4) < 0.001 2002-2006 -15.4 (-20.8, -10.1) < 0.001 2006-2015 -1.8 (-3.4, -0.1) 0.042 

65-74 years 114.4 40.1 -8.0 (-9.7, -6.2) < 0.001 2002-2006 -14.7 (-19.6, -9.6) < 0.001 2006-2015 -4.8 (-6.4, -3.2) < 0.001 

≥75 years 158.8 101.7 -3.3 (-4.2, -2.4) < 0.001 2002-2015 -3.3 (-4.2, -2.4) < 0.001 NA 

Incident KRT 

All 11.2 13.8 -1.6 (-4.4, 1.2) 0.235 2002-2015 -1.6 (-4.4, 1.2) 0.235 NA 

Men 12.5 19.7 -1.3 (-4.6, 2.1) 0.422 2002-2015 -1.3 (-4.6, 2.1) 0.422 NA 

Women 9.8 8.0 -2.2 (-4.8, 0.6) 0.111 2002-2015 -2.2 (-4.8, 0.6) 0.111 NA 

20-44 years 7.5 12.9 -3.3 (-9.3, 3.1) 0.282 2002-2015 -3.3 (-9.3, 3.1) 0.282 NA 

45-64 years 15.1 16.4 -1.1 (-2.5, 0.4) 0.127 2002-2015 -1.1 (-2.5, 0.4) 0.127 NA 

65-74 years 15.9 16.0 -1.6 (-3.0, -0.2) 0.028 2002-2015 -1.6 (-3.0, -0.2) 0.028 NA 

≥75 years 6.8 5.1 -2.8 (-5.3, -0.2) 0.035 2002-2012 -0.5 (-2.6, 1.8) 0.650 2012-2015 -10.1 (-19.3, 0.2) 0.053 

NA indicates no second trend identified 

t

i

y

9

i
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t

t

1

he proportion consistently higher in men than women, and higher 

n younger than older ages (Appendix Fig. 4). The mean age (62.2 

ears [SD:12.1]) or median eGFR (6.5 mL/min per 1.73m 

2 [IQR: 5- 

]) at KRT initiation and median time (12 months [IQR:6-21]) from 

ncident kidney failure to KRT initiation were similar over time 

 Table 1 ). 
5 
.4. Trends in 1-year mortality rates after kidney failure and KRT 

Between 2002 and 2015, the overall crude 1-year cumula- 

ive mortality rates after incident kidney failure and KRT initia- 

ion were 26.9% (95% CI: 26.4%, 27.4%) and 13.3% (95% CI: 12.5%, 

4.1%), respectively. The 1-year mortality rates after kidney fail- 
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Fig 2. Trends in standardised incidence rates of kidney failure (a and b) and KRT (c and d) in people with diabetes in Hong Kong between 2002 and 2015, stratified by sex 

(a and c) and age (b and d). Dots are observed rates and solid lines are modelled rates from Joinpoint regression models. 
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b

re (AAPC: -2.7, 95% CI: -3.4, -1.9) and after KRT (AAPC: -3.8, 95% 

I: -5.2, -2.4) both declined linearly ( Fig. 3 and Table 3 ). The de-

line was observed for both sexes but varied by age. There was 

 non-statistically significant increasing trend in 1-year mortal- 

ty rates after kidney failure in people aged 20-44 years (AAPC: 

.7, 95% CI: -6.2, 10.2). Sensitivity analyses excluding recipients of 

idney transplant yielded similar declining trends in 1-year mor- 

ality after kidney failure and KRT (Appendix Fig. 5). Similar de- 

lining trends in 2-year (Appendix Table 3) and 3-year mortal- 

ty rates (Appendix Table 4) after kidney failure and KRT were 

bserved. 

.5. Trends in 5-year mortality rates after kidney failure 

nd KRT 

Between 2002 and 2011, the overall crude 5-year cumulative 

ortality rates after incident kidney failure and KRT were 77.1% 

95% CI: 76.5%, 77.7%) and 64.7% (95% CI: 63.3%, 66.1%), respec- 

ively. During the study period, the 5-year mortality rates af- 

er kidney failure declined (AAPC: -1.0, 95% CI: -1.2, -0.8) with 

lightly less marked and not statistically significant decline after 

RT (AAPC: -0.8, 95% CI: -1.9, 0.3) ( Fig. 4 and Table 3 ). These trends

ere similar between sexes and across age subgroups, except for 

 non-statistically significant increasing trend in 5-year mortality 

ates after both kidney failure (AAPC: 2.1, 95% CI: -4.8, 9.4) and KRT 

AAPC: 5.3, 95% CI: -0.5, 11.4) in people aged 20-44 years. Sensitiv- 

ty analyses excluding recipients of kidney transplant yielded simi- 

ar results (Appendix Fig. 6). The cumulative survival probability of 

eople after kidney failure and KRT are shown in the Appendix Fig. 

. Among people who had received a kidney transplant, the over- 

ll crude 1-year and 5-year cumulative mortality rate after kidney 

ransplant was 5.7% (95% CI: 1.3%, 10.3%) and 19.1% (95% CI: 7.9%, 

0.4%), respectively. 
6 
.6. Comparison between people with kidney failure with versus 

ithout incident KRT 

Compared to people with KRT, those without KRT were more 

ikely to be women (58.4% vs 36.6%), developed kidney failure at 

n older age (mean: 76.6 vs 61.1 years), had a higher eGFR (me- 

ian: 14.6 vs 12.6 mL/min per 1.73 m 

2 ) at the time of development

f kidney failure, and substantially higher crude 1-year (33.5% vs 

.7%) and 5-year (87.5% vs 48.3%) cumulative mortality rates after 

nset of kidney failure (Appendix Table 5). Kidney disease was the 

ost common cause of death in people without KRT, whereas car- 

iovascular disease accounted for the highest proportion of deaths 

n people who received KRT. The declining trends in both 1-year 

nd 5-year mortality rates after kidney failure were generally sim- 

lar between people with and without incident KRT (Appendix Fig. 

 and Appendix Fig. 9). 

.7. Excess life-years lost in people with kidney failure 

On average, the remaining life expectancy was 3.5 years for 

eople with kidney failure after diagnosis. Kidney failure was asso- 

iated with 12.5 excess life-years lost as compared to people with- 

ut kidney failure (Appendix Table 6). The excess life-years lost de- 

reased with increasing age of kidney failure onset. People diag- 

osed with kidney failure at the age of 45 years and 75 years had 

n estimated additional 31.3 and 9.3 years of life lost, respectively. 

idney disease, cardiovascular disease, and pneumonia were lead- 

ng causes of excess life-years lost in people with kidney failure. 

eople with kidney failure had a larger number of life-years lost 

han people without kidney failure for all specific causes of death, 

xcept for cancer. 

. Discussion 

Using data from a territory-wide cohort of people with dia- 

etes, we report four main findings. First, the initial downward 
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Fig 3. Trends in standardised 1-year mortality rates after kidney failure (a and b) and KRT (c and d) in people with diabetes in Hong Kong between 2002 and 2015, stratified 

by sex (a and c) and age (b and d). Dots are observed rates and solid lines are modelled rates from Joinpoint regression models. Joinpoint regression analysis for 1-year 

mortality rates after KRT was not performed for people aged 20-44 years because no people aged 20-44 years died within one year after KRT in 2009. 
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Fig 4. Trends in standardised 5-year mortality rates after kidney failure (a and b) and KRT (c and d) in people with diabetes in Hong Kong between 2002 and 2011, stratified 

by sex (a and c) and age (b and d). Dots are observed rates and solid lines are modelled rates from Joinpoint regression models. 
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Table 3 

Joinpoint analysis of trends in standardised 1-year and 5-year mortality rates after incident kidney failure and KRT in people with diabetes in Hong Kong between 2002 

and 2015. 

Rates per 100 Period 1 

1-year mortality rates 2002 2015 AAPC (95% CI) P Period APC (95% CI) P 

After kidney failure 

All 35.9 23.3 -2.7 (-3.4, -1.9) < 0.001 2002-2015 -2.7 (-3.4, -1.9) < 0.001 

Men 39.7 25.4 -2.5 (-3.6, -1.4) < 0.001 2002-2015 -2.5 (-3.6, -1.4) < 0.001 

Women 32.1 21.1 -3.0 (-4.0, -2.0) < 0.001 2002-2015 -3.0 (-4.0, -2.0) < 0.001 

20-44 years 9.2 8.9 1.7 (-6.2, 10.2) 0.666 2002-2015 1.7 (-6.2, 10.2) 0.666 

45-64 years 16.7 13.0 -2.7 (-4.3, -1.1) 0.004 2002-2015 -2.7 (-4.3, -1.1) 0.004 

65-74 years 36.4 17.7 -4.1 (-5.9, -2.2) 0.001 2002-2015 -4.1 (-5.9, -2.2) 0.001 

≥75 years 44.6 30.9 -2.3 (-3.1, -1.6) < 0.001 2002-2015 -2.3 (-3.1, -1.6) < 0.001 

After KRT 

All 20.0 11.2 -3.8 (-5.2, -2.4) < 0.001 2002-2015 -3.8 (-5.2, -2.4) < 0.001 

Men 17.8 13.0 -3.1 (-4.3, -1.9) < 0.001 2002-2015 -3.1 (-4.3, -1.9) < 0.001 

Women 22.2 9.4 -4.5 (-7.2, -1.8) 0.004 2002-2015 -4.5 (-7.2, -1.8) 0.004 

20-44 years ∗ 5.9 3.5 / / / / / 

45-64 years 15.1 9.5 -2.9 (-5.9, 0.2) 0.064 2002-2015 -2.9 (-5.9, 0.2) 0.064 

65-74 years 26.4 13.1 -4.7 (-7.7, -1.7) 0.005 2002-2015 -4.7 (-7.7, -1.7) 0.005 

≥75 years 29.6 16.6 -4.6 (-7.7, -1.4) 0.009 2002-2015 -4.6 (-7.7, -1.4) 0.009 

5-year mortality rates 2002 2011 AAPC (95% CI) P Period APC (95% CI) P 

After kidney failure 

All 81.8 73.6 -1.0 (-1.2, -0.8) < 0.001 2002-2011 -1.0 (-1.2, -0.8) < 0.001 

Men 81.3 76.9 -0.6 (-0.9, -0.2) 0.007 2002-2011 -0.6 (-0.9, -0.2) 0.007 

Women 82.3 70.4 -1.4 (-1.8, -1.0) < 0.001 2002-2011 -1.4 (-1.8, -1.0) < 0.001 

20-44 years 24.4 31.1 2.1 (-4.8, 9.4) 0.520 2002-2011 2.1 (-4.8, 9.4) 0.520 

45-64 years 60.8 48.4 -2.5 (-3.4, -1.7) < 0.001 2002-2011 -2.5 (-3.4, -1.7) < 0.001 

65-74 years 81.8 69.9 -1.2 (-1.9, -0.5) 0.003 2002-2011 -1.2 (-1.9, -0.5) 0.003 

≥75 years 92.9 87.7 -0.5 (-0.9, -0.2) 0.004 2002-2011 -0.5 (-0.9, -0.2) 0.004 

After KRT 

All 62.8 61.6 -0.8 (-1.9, 0.3) 0.115 2002-2011 -0.8 (-1.9, 0.3) 0.115 

Men 66.7 62.0 -0.2 (-1.6, 1.3) 0.783 2002-2011 -0.2 (-1.6, 1.3) 0.783 

Women 59.0 61.3 -1.4 (-2.8, 0.1) 0.058 2002-2011 -1.4 (-2.8, 0.1) 0.058 

20-44 years 20.4 44.3 5.3 (-0.5, 11.4) 0.070 2002-2011 5.3 (-0.5, 11.4) 0.070 

45-64 years 56.5 53.2 -1.4 (-2.8, -0.1) 0.043 2002-2011 -1.4 (-2.8, -0.1) 0.043 

65-74 years 75.0 72.7 -0.9 (-1.9, 0.03) 0.055 2002-2011 -0.9 (-1.9, 0.03) 0.055 

≥75 years 77.4 75.0 -0.7 (-2.4, 1.2) 0.427 2002-2011 -0.7 (-2.4, 1.2) 0.427 

∗Joinpoint regression analysis for 1-year mortality rates was not performed for people aged 20-44 years because no people aged 20-44 years died within one year after 

KRT in 2009. 
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rend between 2002 and 2007 was followed by subsequent stagna- 

ion in incidence rates of kidney failure in people with diabetes in 

ong Kong. Second, the incidence rates of KRT remained constant 

uring the surveillance period. Third, although the 1-year post- 

RT mortality rates have decreased, survival at a longer term of 

-years post-KRT did not improve with a tendency of rising mor- 

ality among the 20-44 age group. Fourth, the occurrence of kidney 

ailure shortened life expectancy by an average of 12.5 years which 

ncreased to 31 years if kidney failure developed at a younger age. 

.1. Lack of decline in rates of kidney failure in the last decade 

The stagnated decline in rates of kidney failure in the last 

ecade is concerning despite the 50-70% reduction in other 

iabetes-related complications during the same period 

22 . There are 

everal possible explanations. First, the reduction in morbidities 

as led to increased survival of people with diabetes in Hong Kong 

n the past 20 years 16 , 22 . From 2001 to 2016, the all-cause mor- 

ality rate in people with diabetes in Hong Kong has declined by 

bout 50% 

16 . This has given rise to an accumulating pool of older 

eople living with long disease duration who were at high risk of 

eveloping kidney complications. Thus, the reduction in compet- 

ng risk from death has allowed people with diabetes to live long 

nough to develop kidney failure, which has been supported by the 

ncreasing mean age at development of kidney failure over time in 

he HKDSD. Second, using the same dataset, we have reported a 

ising incidence of diabetes in people < 45 years of age which could 

ontribute to the increasing risk of kidney failure due to their 

ong disease duration 

14 . This is further compounded by the com- 

lex phenotypes in people with young-onset diabetes who have 
8 
oor control of metabolic risk factors with both delayed and sub- 

ptimal management 31 . The stagnating rates of kidney failure was 

ost evident in those aged 45-64 years, in keeping with the ris- 

ng incidence of young-onset diabetes whose risk of kidney failure 

egan to surge in middle age 32 . Third, the efforts to prevent kid- 

ey failure might have plateaued along with the lack of new treat- 

ent strategies. The initial decline in rates between 2002 and 2007 

ould be the combined effects from previous healthcare reform in 

ong Kong 16 , 22 and the introduction of RAAS inhibitors 33 . How- 

ver, whilst the uptake of RAAS inhibitors has increased over time, 

lbuminuria was present in up to one third of people with diabetes 

n Hong Kong in the most recent estimate 32 . Although glucagon- 

ike peptide 1 receptor agonists and sodium-glucose cotransporter- 

 inhibitor have kidney protective effects, in Hong Kong, these 

ew drug classes were available in the public sector only in 2011 

nd 2015, respectively 34 . Fourth, the increasing number of people 

ith kidney failure might reflect changes in screening practice. In 

009, a structured Risk Assessment and Management Programme- 

iabetes Mellitus (RAMP-DM) was expanded from hospital-based 

iabetes centres to all primary care clinics in Hong Kong to pro- 

ide regular screening of complications for people with diabetes. 

lthough data showed that RAMP-DM led to 12% decreased risk 

f microvascular complications compared to those who were not 

nrolled into the programme 35 , complication screening might also 

ave increased the number of incident cases detected. 

.2. KRT in people with kidney failure 

One in four people with kidney failure received KRT in our 

tudy. Although there are recognised indications for KRT, the de- 
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ision to initiate KRT remains complex and is likely to be affected 

y multiple factors including the care practices of physicians, pref- 

rences of patients (KRT or comprehensive conservative care), and 

vailability of resources 36 , 37 . In addition, due to a high compet- 

ng risk of mortality, a large number of people with kidney fail- 

re may not survive to KRT. This is evidenced by the considerably 

igher 1-year mortality rates after onset of kidney failure among 

eople without KRT than those who initiated KRT as reported in 

ur study. We observed a slight increase in proportion of people 

ith kidney failure receiving KRT from 2005 to 2015, although the 

ncidence of KRT remained stable. The possible explanation is that 

he decrease in mortality after KRT has allowed more people with 

RT to live in each year over time. Hong Kong has practiced PD- 

rst policy for three decades and has the highest proportion of PD 

opulation in the world 

6 . Additionally, organ donation rate is very 

ow in Hong Kong as compared with other developed regions, and 

rgan shortage has contributed to the small number of people re- 

eiving kidney transplant 38 . 

.3. Trends in mortality after kidney failure and KRT 

The improvements in short- and long-term mortality rates af- 

er kidney failure are encouraging, but still, the absolute rates re- 

ained high at 24% in 1 year and 74% in 5 years. Short-term mor- 

ality rates after KRT have also declined, but the decline in rates 

t 5 years was not statistically significant. Nonetheless, these 5- 

ear mortality rates after KRT ranging from 60% to 68%, are com- 

arable to that of 62% reported in the United States in 2008 39 and 

0% reported in the Europe in 20 04-20 08 40 . The nominally increas- 

ng trends in mortality rates after both kidney failure and KRT in 

oung people aged 20-44 years is concerning, with 31% and 44% of 

hem having died within 5 years after development of kidney fail- 

re and KRT in the most recent estimates. These non-statistically 

ignificant trends may be related to the small sample size in this 

ge group, but may also reflect delayed diagnosis and treatment 

mong young people with diabetes 16 , 41 . 

.4. Excess life-years lost in people with kidney failure 

Cardiovascular diseases accounted for more than 20% of the ex- 

ess life-years lost in people with kidney failure. The contribution 

f cardiovascular diseases to loss of life-years increased with the 

ounger age of kidney failure onset. Life expectancy was short- 

ned by 9 years with onset of kidney failure at the age of 75 

ears versus 31 years with onset of kidney failure at 45 years of 

ge. This underscores the importance of preventing and/or delay- 

ng the progression of diabetic kidney disease, and aggressive man- 

gement of cardiovascular risk factors especially in young people. 

iven the high mortality among people without KRT, greater ef- 

orts are needed to broaden the availability of KRT to prevent pre- 

ature deaths due to a lack of access to KRT treatment. Further- 

ore, kidney transplant is considered the most cost-effective form 

f KRT with the best outcomes among suitable candidates 42 . The 

xtremely low organ donation rate in Hong Kong calls for new en- 

ancement to existing organ transplantation policy and mass me- 

ia promotion to improve public understanding and boost donor 

egistration 

38 . 

.5. Strengths and limitations 

The major strengths of this study are the territory-wide cov- 

rage of the study population with minimal selection bias and a 

ong period of follow-up. Moreover, compared to previous stud- 

es which only reported trends in KRT or used KRT as a proxy for 

idney failure 9-12 , the large volume of eGFR measurements in the 

A EMR system has enabled us to include the entire population 
9 
f kidney failure regardless of treatment status. Our study has sev- 

ral limitations. First, despite our efforts to reduce misclassifica- 

ion bias, overestimation or underestimation of kidney failure and 

RT was still possible, including using the CKD-EPI equation for 

hinese ethnicity and people with diabetes 43 . However, misclas- 

ifications should be non-differential across study years and were 

nlikely to cause significant bias to the trend estimates. The ratio 

f incident PD to HD in our study was similar to that reported in 

he Hong Kong Renal Registry 6 , indicating a high degree of reliabil- 

ty. Second, we were unable to delineate non-diabetes causes that 

ight contribute to kidney failure, such as hypertension, obstruc- 

ive uropathy and primary glomerulonephritis. Third, the existing 

A EMR system lacks information on people’s sociodemographic 

nd lifestyle factors. Therefore, we could not properly identify the 

rivers of the observed trends, and instead, our study was only de- 

igned to quantify the trends in incidence and mortality of kid- 

ey failure in people with diabetes in Hong Kong. Fourth, the ef- 

ect of diabetes duration on excess life-years lost could not be as- 

essed since age of diagnosis of diabetes was not documented in 

he EMR. Our results are interpreted as the average excess years 

f life lost in people with kidney failure versus their counterparts 

ithout kidney failure regardless of diabetes duration. Fifth, our 

ata are subject to potential issue of validity as with all adminis- 

rative data. Last, we were unable to differentiate between types of 

iabetes. However, using a validated algorithm, we have reported 

 1% of incident cases between 2002 and 2015 had type 1 diabetes 

n the HKDSD 

14 . The influence of type 1 diabetes on our results is 

xpected to be minimal. 

In conclusion, we have provided territory-wide trends in in- 

idence of kidney failure and KRT and related mortality in peo- 

le with diabetes in Hong Kong. After improvement from 2002 to 

007, the incidence rates of kidney failure plateaued. With more 

eople living with diabetes together with the rising number of 

eople with young-onset diabetes, the burden of kidney failure re- 

ated to diabetes is anticipated to escalate. There is an urgent need 

o identify factors contributing to the unchanged kidney failure in- 

idence and implement new strategies to prevent a looming epi- 

emic of kidney failure. 
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