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1. GLOSSARY

ASIR
ASPR
Ca
CKD5
CIR
CPR
CvD
DN
eGFR
ESA
IHD
Kt/V
GN
HD
hb
iPTH
PD
pmp
POa
PVD
SRR
URR
VWO

Age-standardised incidence rate
Age-standardised prevalence rate
Calcium

Chronic kidney disease stage 5
Crude incidence rate

Crude prevalence rate
Cerebrovascular disease
Diabetic nephropathy

Estimated glomerular filtration rate
Erythropoietin stimulating agent
Ischemic heart disease
Fractional clearance of urea
Glomerulonephritis
Haemodialysis

Haemoglobin

Intact parathyroid hormone
Peritoneal dialysis

Per million population
Phosphate

Peripheral vascular disease
Singapore Renal Registry

Urea reduction ratio

Voluntary Welfare Organisation
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2. EXECUTIVE SUMMARY

The crude incidence rate (CIR) of chronic kidney disease stage 5 (CKD5) increased
significantly from 418.8 per million population (pmp) in 2011 to 556.1 pmp in 2020.
While the age-standardised incidence rate (ASIR) of CKD5 remained stable and
ranged between 266.7 pmp and 295.6 pmp in 2011 to 2020, the ASIR of definitive
dialysis increased significantly from 169.6 pmp in 2011 to 195.9 pmp in 2021. The
age-standardised prevalence rate (ASPR) of definitive dialysis also increased
significantly from 919.2 pmp in 2011 to 1182.3 pmp in 2021.

Males outnumbered females in both the incidence and prevalence rates of dialysis. In
2021, the ASIR was 244.0 pmp for males and 151.4 pmp for females, while the ASPR
was 1391.2 pmp for males and 989.7 pmp for females. The incidence and prevalence
rates of dialysis were higher among Malays than Chinese and Indians. In 2021, the
ASIR was 154.5 pmp for Chinese, 482.7 pmp for Malays and 187.4 pmp for Indians,
while the ASPR was 924.0 pmp for Chinese, 2986.1 pmp for Malays and 1196.6 pmp
for Indians. Most dialysis patients were on haemodialysis (HD). 80.9% of the new
patients and 86.9% of the prevalent patients were on HD in 2021. Diabetic
nephropathy (DN) was the main cause of CKD5 among patients on dialysis. 66.9% of
the new dialysis patients and 56.3% of the prevalent dialysis patients had DN in 2021.

Cardiac event and infection were the two most common causes of death among
prevalent patients on dialysis. 40.7% of the deaths in 2021 were due to cardiac event,
while 29.8% were due to infection. After adjusting for demographics, etiology and co-
morbidities, the risk of death was 1.5 times higher for patients on peritoneal dialysis
(PD) compared to those on HD. This is mainly because patients who were older and/or
with medical conditions (besides the co-morbidities captured by the Singapore Renal
Registry) were preferentially placed on PD, a gentler therapy than HD. However, the
disparity in survival between HD and PD narrowed over the years as the survival of
HD patients remained stable while the survival of PD patients significantly improved.

The management of prevalent patients on dialysis was assessed using several criteria:
frequency of dialysis, management of urea, management of anaemia, and
management of mineral and bone disease. 97.0% of the HD patients had thrice weekly
dialysis in 2021. Urea was well managed in 97.6% of the HD patients and 36.5% of
the PD patients based on their urea reduction ratio or fractional clearance of urea in
2021. Anaemia was well managed in 75.5% of the HD patients and 60.2% of the PD
patients based on their haemoglobin level in 2021. Bone metabolism was well
managed in 73.7%, 56.2% and 27.8% of the HD patients and 59.9%, 54.6% and
27.1% of the PD patients based on their calcium level, phosphate level and intact
parathyroid hormone level respectively in 2021.

The ASIR of kidney transplant fluctuated over the years between 2011 and 2021 due
to the small number of transplants done each year. However, the ASPR of kidney
transplant remained stable during the same period as survival among the transplant
patients was high. The ASIR was 14.2 pmp, while the ASPR was 260.0 pmp in 2021.
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Males outnumbered females in both the incidence and prevalence rates of kidney
transplant. In 2021, the ASIR was 16.2 pmp for males and 12.4 pmp for females, while
the ASPR was 283.6 pmp for males and 238.3 pmp for females. There was no
consistent ethnic difference in the incidence rate of transplant, but Chinese had the
highest prevalence rate of transplant. In 2021, the ASIR was 14.1 pmp for Chinese,
17.4 pmp for Malays and 11.4 pmp for Indians, while the ASPR was 261.1 pmp for
Chinese, 241.7 pmp for Malays and 227.0 pmp for Indians. Most transplants were
performed locally. 95.9% of the transplants in 2021 were performed in Singapore.
Glomerulonephritis (GN) was the main cause of CKD5 among patients with transplant.
52.7% of the new transplant patients and 65.8% of the prevalent transplant patients
had GN in 2021.

Patients with kidney transplants from living donors had better survival (5-year graft
survival 93.9%, 5-year patient survival 96.3%) than those with kidney transplants from
deceased donors (5-year graft survival 85.9%, 5-year patient survival 91.6%). After
adjusting for demographics, etiology and co-morbidities, the risk of death was lower
for patients with transplant, be it from living or deceased donor, than those who were
on dialysis.
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3. INTRODUCTION

Chronic kidney disease (CKD) is a worldwide epidemic?, with diabetes as its leading
cause. Based on the National Population Health Survey 2020, about 1 in 10 Singapore
residents have diabetes?. Our ageing population further compounds the situation in
Singapore as decline in kidney function tends to rise with age?3.

Estimated glomerular filtration rate (eGFR; glomerular filtration rate corrected to body
surface area of 1.73m?) is one of the markers of kidney damage. Internationally, CKD
is defined as eGFR <60 mL/min/1.73m?. There are five stages of CKD. This report
focuses on CKD5, the most severe stage of kidney failure, whereby the eGFR is <15
ml/min/1.73m? on at least two occasions >90 days apart. CKD5 patients may undergo
dialysis, kidney transplant or conservative management after discussion with their
doctor. This report focuses on CKD5 patients who were on renal replacement therapy
(i.e. dialysis or kidney transplant). There are two main modalities of dialysis:
haemodialysis (HD) and peritoneal dialysis (PD). Older patients and/or those with
medical conditions were preferentially placed on PD, a gentler therapy compared to
HD.

1 Mallamaci F. Highlights of the 2015 ERA-EDTA congress: chronic kidney disease, hypertension. Nephrology
Dialysis Transplant. 2016; 31(7): 1044-1046.

2 National Population Health Survey 2020 (Household Interview and Health Examination). Ministry of Health,
Singapore. www.moh.gov.sg/resources-statistics/reports//national-survey-2019-20 Accessed on 1 Feb 2022.

3 Ayodele OE and Alebiosu CO. Burden of chronic kidney disease: an international perspective. Advanced Chronic
Kidney Disease. 2010; 17(3): 215-224.
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4. METHODOLOGY

The National Registry of Diseases Office (NRDO) collects and analyses
epidemiological data to support policy planning and review as well as programme
evaluation.

In most renal registries, only patients who initiated dialysis are captured®. There are
also others, such as the United States Renal Data System®, which capture only
patients who survived >90 days after initiation of dialysis. However, these registries
may underestimate the burden of kidney failure in the country and the workload of
healthcare professionals. Hence, the Singapore Renal Registry (SRR) captures
patients with CKD5, regardless whether they have initiated dialysis or survived >90
days after initiation of dialysis.

In 2007, the Singapore General Hospital started providing their list of patients with
eGFR <15 ml/min/1.73m? to the SRR. This practice was followed by the National
University Hospital in 2009 and the remaining healthcare institutions in 2010, after
legislation mandating notification of CKD5 from all healthcare institutions was put in
place by the Ministry of Health.

Data sources

The SRR receives CKD5 case notifications from the public hospitals, dialysis centres,
private nephrology clinics, kidney transplant centres and the National Organ
Transplant Unit.

From 1999 to 2009, case finding for CKD5 was guided by serum creatinine =10 mg/dl
or 2880 pmol/L, or initiation of renal replacement therapy. Since 2010, to ensure that
case coverage is as comprehensive as possible, the guiding principle was
subsequently changed to serum creatinine 2500 pmol/L, eGFR <15 ml/min/1.73m?, or
initiation of renal replacement therapy. Once a potential CKD5 case is identified, the
SRR monitors the patient’'s eGFR readings that are at least six months apart before
accepting the case as CKD5. The monitoring period is to let the eGFR readings
stabilise over a period of time for accurate case ascertainment and to rule out the
possibility of acute kidney impairment. This is in accordance with the Kidney Disease
Outcomes Quality Initiative guidelines®.

The registry coordinators confirm the diagnosis of CKD5 by viewing the patients’
medical records, before extracting relevant detailed clinical information from there.

For this report, the death status of all patients registered in the SRR were updated till
30 April 2022 by matching the patients’ unique National Registration Identity Card
number with information from the Death Registry.

4 Liu FX, Rutherford P, Smoyer-Tomic K, Prichard S, Laplante S. A global overview of renal registries: a systematic
review. BMC Nephrology. 2015; 16: 31.

5 United States Renal Data System (USRDS). www.usrds.org Accessed on 1 Mar 2021.

6 Chronic Kidney Disease: Evaluation, Classification, and Stratification 2002. National Kidney Foundation, New
York.
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The Singapore population estimates used to calculate the incidence rates and
prevalence rates in this report were obtained from the Singapore Department of
Statistics, which releases mid-year population estimates of Singapore residents (i.e.
Singapore citizens and permanent residents) annually’. The Segi World population
estimates used for age standardisation are available on the World Health Organisation
website®,

This report focuses on Singapore residents with CKD5 and underwent dialysis or
kidney transplant in 2011 to 2021, as they stood on 20 July 2022. Statistics on
prevalence and survival included patients since the start of the SRR in 1999. Detailed
definition of each indicator is elaborated at the start of each section of this report.

7 SingStat Table Builder, Population and Population Structure, Annual Population, Singapore Residents by age
group, ethnic group and sex. Department of Statistics, Singapore. www.tablebuilder.singstat.gov.sq Accessed on
9 May 2022.

8 Omar BA et al. Age standardization of rates: a new WHO standard. GPE discussion paper series: no. 31.
EIP.GPE/EBD World Health Organization 2001.
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5. FINDINGS

5.1 Overview of dialysis and transplant

Table 5.1.1 shows the stock and flow of patients in the past five years from 2017 to
2021. The number of new dialysis patients, deaths among dialysis patients, and
prevalent dialysis patients generally increased over the years. The number of new
kidney transplant patients generally dropped during the same period, though there
was a slight rise in 2021. Deaths among transplant patients and number of prevalent
transplant patients remained stable over the years.

Table 5.1.1: Stock and flow in 2017 — 2021

| 2017 | 2018 | 2019 | 2020 2021
Incidence
Definitive dialysis 1173 1255 1207 1334 1409
Transplant 115 114 105 50 74
Death
Definitive dialysis 879 915 907 957 1029
Transplant 20 39 33 30 34
Prevalence
Definitive dialysis 7007 7407 7765 8219 8668
Transplant 1568 1602 1619 1609 1609

All dialysis and transplant patients are tracked by the SRR at the end of every year as
part of the year-end follow-up monitoring. Patients can be followed up for dialysis or
consultation with nephrologist, and the prevalence numbers in Table 5.1.2 were based
on the last follow-up visit for each patient.

Not only are HD patients followed up by their nephrologists in the public hospital®, they
also have routine follow-up at the dialysis centre, where they go for their regular
dialysis. In 2021, most of the prevalent HD patients were last followed up at dialysis
centres run by the Voluntary Welfare Organisations (VWO, 62.6%), followed by the
private clinics and dialysis centres (35.3%), then the public hospitals and affiliated
dialysis centres (2.2%).

On the other hand, as PD is done at home, follow-up among PD patients is typically
for consultation with their nephrologists, where PD was initiated. Almost all the
prevalent PD patients (99.2%) were last followed up at the public hospitals and
affiliated dialysis centres in 2021.

Similarly, follow-up among transplant patients is typically for consultation with their
nephrologists, where transplant was done. Almost all the prevalent transplant patients
(90.7%) were followed up at the public hospitals and affiliated dialysis centres in 2021.

Detailed breakdown of the prevalent patients by service providers is shown in the
Annex.

9 Patients on HD routinely follow up with a primary nephrologist at the Specialist Outpatient Clinics (SOC) in the
RH once every 4-6 months.
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Table 5.1.2: Prevalent patients as at 31 December 2021

HD PD Transplant

Number | % |[Number| % |Number| %
Public hospitals and
affiliated dialysis centres | 102 | 22 | 1125 19921 1460 | 907
Dialysis centres under
Voluntary Welfare 4713 62.6 0 0.0 0 0.0
Organisations
PUIVELS GlIEs Ene 2659 | 353 | 9 08 | 148 | 92
dialysis centres
Overseas 0 0.0 0 0.0 1 0.1
Total 7534 |100.0] 1134 [100.0] 1609 |100.0

13|86



5.2 Incidence of CKD5

The incidence rate of CKD5 in each year was calculated by taking the number of new
CKD?5 patients in a year, divided by the number of Singapore residents in the same
year. The count was based on the diagnosis date of CKD5. Patients were categorised
into 10-year age groups and age standardisation was done using the direct method
with the Segi World population as the reference population.

As the registry monitors the patient’'s eGFR readings for at least six months before
accepting a case as CKD5 to allow for accurate case ascertainment, all statistics
related to new CKD5 patients for 2021 are not shown in this section.

The number of new patients diagnosed with CKD5 increased from 1,587 in 2011 to
2,249 in 2020 (Table 5.2.1 and Figure 5.2.1). Correspondingly, the CIR increased
significantly from 418.8 pmp in 2011 to 556.1 pmp in 2020 (p<0.001). However, the
ASIR remained stable and ranged between 266.7 pmp and 295.6 pmp during the
same period. The stable ASIR trend in relation to the significant rise in CIR suggests
that the rise in CIR was driven mainly by Singapore’s ageing population.

Table 5.2.1: Incidence number and rate (pmp) of CKD5

Year of diagnosis Number CIR ASIR
2011 1587 418.8 288.9
2012 1557 407.8 274.0
2013 1570 408.4 266.7
2014 1788 461.9 295.6
2015 1711 438.4 270.3
2016 1926 489.6 291.1
2017 2025 510.6 292.8
2018 2050 513.2 285.0
2019 2116 525.6 284.6
2020 2249 556.1 293.9

P for trend - <0.001 0.258

Figure 5.2.1: Incidence rate (pmp) of CKD5
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The age-specific incidence rates of CKD5 did not show any distinct trend over the years (Table 5.2.2).

Table 5.2.2: Age distribution (%) and age-specific incidence rate (pmp) of CKD5

Year of Age 0-19 Age 20-29 Age 30-39 Age 40-49
diagnosis | Number % CIR Number % CIR Number % CIR Number % CIR
2011 7 0.4 7.8 19 1.2 36.7 54 3.4 88.0 131 8.3 207.7
2012 10 0.6 11.3 26 1.7 50.1 46 3.0 75.5 157 10.1 249.3
2013 5 0.3 5.7 21 1.3 40.2 43 2.7 714 155 9.9 246.5
2014 8 0.4 9.4 24 1.3 45.3 51 2.9 85.8 194 10.9 310.6
2015 5 0.3 5.9 14 0.8 26.2 62 3.6 104.8 156 9.1 251.5
2016 10 0.5 12.0 12 0.6 22.2 40 2.1 68.1 176 9.1 286.4
2017 4 0.2 4.8 22 1.1 40.1 61 3.0 105.1 147 7.3 239.0
2018 7 0.3 8.6 21 1.0 38.4 64 3.1 109.4 146 7.1 238.8
2019 11 0.5 13.5 18 0.9 33.5 50 2.4 84.1 162 7.7 264.5
2020 5 0.2 6.2 18 0.8 33.9 81 3.6 135.6 158 7.0 258.6
P for trend - - 0.992 - - 0.362 - - 0.073 - - 0.458
Year of Age 50-59 Age 60-69 Age 70-79 Age 80+
diagnosis | Number % CIR Number % CIR Number % CIR Number % CIR
2011 324 20.4 569.8 394 24.8 1229.3 398 25.1 2384.7 260 16.4 3551.9
2012 317 20.4 544.5 380 24.4 1108.5 348 22.4 2023.3 273 175 3518.0
2013 367 23.4 617.9 413 26.3 1122.0 344 21.9 1953.4 222 14.1 2704.0
2014 437 24.4 723.6 487 27.2 1240.1 363 20.3 1982.4 224 12.5 2566.0
2015 388 22.7 635.9 464 27.1 1097.1 363 21.2 1974.5 259 15.1 2771.6
2016 359 18.6 583.6 537 27.9 1193.7 428 22.2 2232.1 364 18.9 3721.9
2017 335 16.5 545.2 571 28.2 1223.7 488 24.1 2307.9 397 19.6 3920.0
2018 314 15.3 511.9 560 27.3 1157.5 501 24.4 2189.0 437 21.3 4088.7
2019 344 16.3 565.4 533 25.2 1065.7 559 26.4 2284.2 439 20.7 3795.7
2020 349 15.5 579.8 614 27.3 1194.5 593 26.4 2272.0 431 19.2 3476.5
P for trend - - 0.442 - - 0.753 - - 0.277 - - 0.207
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The median age at diagnosis of CKD5 increased slightly from 66.5 years in 2011 to
68.6 years in 2020 (Figure 5.2.2a).

Figure 5.2.2a: Median age (year) and age distribution (%) of CKD5 patients
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The age-specific incidence rate of CKD5 was highest for those aged 80 years or older
(Figure 5.2.2b).

Figure 5.2.2b: Age-specific incidence rate (pmp) of CKD5 across years
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The age-specific incidence rates of CKD5 increased exponentially with age for all the
years (Figure 5.2.3).
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Figure 5.2.3: Age-specific incidence rate (pmp) of CKD5 across age

groups
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The ASIRs of CKD5 were consistently higher among males than females across the
years (Table 5.2.3 and Figure 5.2.4). In 2020, the ASIR was 343.1 pmp and 247.2
pmp for males and females respectively. The ASIRs for both genders remained stable

over the years.

Table 5.2.3: Incidence number and rate (pmp) of CKD5 by gender

Male

Year of diagnosis Number % CIR ASIR
2011 816 51.4 436.8 3194
2012 854 54.8 454.3 323.5
2013 817 52.0 432.0 295.3
2014 927 51.8 487.3 321.9
2015 920 53.8 480.0 309.8
2016 1015 52.7 526.0 331.5
2017 1034 51.1 532.0 323.8
2018 1060 51.7 542.0 321.0
2019 1158 54.7 588.0 338.7
2020 1212 53.9 612.9 343.1

P for trend - - <0.001 0.051

Female

Year of diagnosis Number % CIR ASIR
2011 771 48.6 401.4 258.4
2012 703 45.2 362.8 228.3
2013 753 48.0 385.5 239.2
2014 861 48.2 437.4 269.5
2015 791 46.2 398.3 232.4
2016 911 47.3 454.6 253.1
2017 991 48.9 490.0 262.6
2018 990 48.3 485.7 250.1
2019 958 45.3 465.8 234.4
2020 1037 46.1 501.8 247.2

P for trend - - 0.001 0.988
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Figure 5.2.4: Incidence rate (pmp) of CKD5 by gender
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The ASIRs of CKD5 were consistently higher among Malays than Chinese and Indians
across the years (Table 5.2.4 and Figure 5.2.5). In 2020, the ASIR among Malays was
696.8 pmp, which was about 3-fold compared to Chinese (232.4 pmp) and 2-fold
compared to Indians (356.5 pmp). While the ASIR for Malays increased significantly
over the years (p=0.006), the ASIRs for Chinese and Indians remained stable.

Table 5.2.4: Incidence number and rate (pmp) of CKD5 by ethnicity

Chinese

Year of diagnosis Number % CIR ASIR
2011 1109 69.9 394.9 245.7
2012 1065 68.4 376.1 228.8
2013 1063 67.7 372.5 221.6
2014 1189 66.5 413.7 241.5
2015 1142 66.7 393.8 220.1
2016 1300 67.5 4447 236.9
2017 1373 67.8 465.7 236.9
2018 1391 67.9 468.5 229.8
2019 1426 67.4 476.3 230.6
2020 1489 66.2 495.2 232.4

P for trend - - <0.001 0.719

Malay

Year of diagnosis Number % CIR ASIR
2011 339 21.4 669.4 604.8
2012 349 22.4 685.1 601.0
2013 367 23.4 715.8 589.5
2014 426 23.8 824.5 671.7
2015 411 24.0 789.0 618.2
2016 459 23.8 872.8 685.1
2017 475 23.5 895.0 675.9
2018 478 23.3 892.1 667.2
2019 492 23.3 909.8 659.2
2020 536 23.8 982.6 696.8

P for trend - - <0.001 0.006
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Indian
Year of diagnosis Number % CIR ASIR
2011 115 7.2 329.7 298.0
2012 117 7.5 333.3 314.5
2013 113 7.2 321.5 293.2
2014 134 7.5 379.6 311.9
2015 116 6.8 326.8 267.1
2016 135 7.0 378.3 303.6
2017 150 7.4 418.0 322.9
2018 150 7.3 416.1 301.2
2019 159 7.5 438.5 314.6
2020 180 8.0 496.9 356.5
P for trend - - <0.001 0.149
Figure 5.2.5: Incidence rate (pmp) of CKD5 by ethnicity
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5.3 Incidence of ever-started dialysis

The incidence rate of ever-started dialysis in each year was calculated by taking the
number of new patients who ever-started on dialysis in a year, divided by the number
of Singapore residents in the same year. The modality was based on the first dialysis.
Patients were categorised into 10-year age groups and age standardisation was done
using the direct method with the Segi World population as the reference population.

The number of new patients who initiated dialysis increased from 1,049 in 2011 to
1,500 in 2021 (Table 5.3.1 and Figure 5.3.1). Correspondingly, the CIR increased
significantly from 276.8 pmp in 2011 to 376.2 pmp in 2021 (p<0.001). However, the
ASIR remained stable and ranged between 194.0 pmp and 210.9 pmp during the
same period.

Table 5.3.1: Incidence number and rate (pmp) of ever-started dialysis

Year of first dialysis Number CIR ASIR
2011 1049 276.8 197.1
2012 1080 282.9 195.9
2013 1192 310.1 207.5
2014 1154 298.1 194.0
2015 1258 322.3 205.2
2016 1328 337.6 210.9
2017 1320 332.8 198.8
2018 1381 345.7 204.5
2019 1371 340.5 198.7
2020 1492 368.9 209.7
2021 1500 376.2 207.7
P for trend - <0.001 0.128
Figure 5.3.1: Incidence rate (pmp) of ever-started dialysis
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The age-specific incidence rate of ever-started dialysis increased for those aged 30 to 39 years (p=0.016) and 70 to 79 years
(p=0.016), but it dropped for those aged 80 years and above (p=0.044) (Table 5.3.2).

Table 5.3.2: Age distribution (%) and age-specific incidence rate (pmp) of ever-started dialysis

Year of Age 0-19 Age 20-29 Age 30-39 Age 40-49

dig{;;is Number | % CIR | Number | % CIR | Number | % CIR | Number | % CIR
2011 7 0.7 7.8 17 16 32.8 42 4.0 68.4 114 10.9 | 180.8
2012 9 0.8 10.2 21 1.9 40.4 30 2.8 49.3 126 11.7 | 200.1
2013 6 0.5 6.9 21 18 40.2 48 4.0 79.7 132 11.1 | 209.9
2014 4 0.3 4.7 20 17 37.8 38 3.3 63.9 140 12.1 | 2242
2015 5 0.4 5.9 16 13 29.9 41 3.3 69.3 138 11.0 | 2225
2016 8 0.6 9.6 15 11 27.7 46 3.5 78.3 131 9.9 213.1
2017 3 0.2 3.6 13 1.0 23.7 42 3.2 72.4 115 8.7 187.0
2018 4 0.3 4.9 15 11 27.4 60 4.3 102.5 131 95 2142
2019 8 0.6 9.8 19 14 35.4 46 3.4 77.4 137 10.0 | 2237
2020 8 0.5 10.0 15 1.0 28.2 64 4.3 107.1 130 8.7 212.8
2021 4 0.3 5.1 15 1.0 29.1 56 3.7 94.9 134 8.9 226.0

P for trend ) } 0.706 ; _ 0.070 ; } 0.006 ] 3 0.102

Year of Age 50-59 Age 60-69 Age 70-79 Age 80+

diglr;;is Number | % CIR | Number | % CIR | Number | % CIR | Number | % CIR
2011 267 255 | 469.6 301 287 | 939.2 226 215 | 1354.1 75 71 | 10246
2012 271 251 | 4655 302 280 | 8810 230 213 | 13372 91 8.4 | 11727
2013 319 26.8 | 537.1 335 281 | 9101 231 194 | 13118 | 100 8.4 | 12180
2014 315 273 | 5216 330 28.6 | 8403 214 185 | 1168.7 93 8.1 | 1065.4
2015 319 254 | 522.8 397 316 | 9387 243 193 | 13218 99 79 | 1059.4
2016 337 254 | 547.8 430 324 | 9558 269 20.3 | 1402.9 92 6.9 940.7
2017 292 221 | 4752 439 333 | 9408 296 224 | 1399.9 | 120 9.1 | 11849
2018 275 199 | 448.4 464 336 | 959.1 325 235 | 14200 | 107 77 | 1001.1
2019 281 205 | 4618 420 30.6 | 839.8 357 26.0 | 14588 | 103 75 890.6
2020 288 193 | 4785 486 326 | 9455 383 257 | 1467.4 | 118 7.9 951.8
2021 290 193 | 496.4 472 315 | 9112 403 26.9 | 1480.0 | 126 8.4 959.5

P for trend _ 3 0.545 _ _ 0.775 ] _ 0.016 _ _ 0.044
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The median age at first dialysis increased slightly from 62.5 years in 2011 to 65.5
years in 2021 (Figure 5.3.2a).

Figure 5.3.2a: Median age (year) and age distribution (%) of ever-started
dialysis patients
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The age-specific incidence rate of ever-started dialysis was highest for those aged 70
to 79 years (Figure 5.3.2b).

Figure 5.3.2b: Age-specific incidence rate (pmp) of ever-started dialysis
across years
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Although the age-specific incidence rates of ever-started dialysis increased with age,
a decline was observed among those aged 80 years or older for all the years (Figure
5.3.3). Possible reasons for this decline could be elderly patients passing away before
their first planned dialysis or refusing dialysis as studies have shown that dialysis offers
little advantage in improving survival, especially among those with pre-existing co-
morbidities?©.

10 Sarhijit V and Watson D. Dialysis in late life: benefit or burden. Clinical Journal of American Society of Nephrology.
2009; 4: 2008-2012.
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Figure 5.3.3: Age-specific incidence rate (pmp) of ever-started dialysis

across age groups
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The ASIRs of ever-started dialysis were consistently higher among males than
females across the years (Table 5.3.3 and Figure 5.3.4). In 2021, the ASIR was 262.1
pmp and 157.1 pmp for males and females respectively. The ASIRs for both genders
remained stable over the years.

Table 5.3.3: Incidence number and rate (pmp) of ever-started dialysis by

gender
Male

Year of first dialysis Number % CIR ASIR
2011 624 59.5 334.0 245.2

2012 621 57.5 330.4 235.4

2013 673 56.5 355.8 244.6

2014 665 57.6 349.6 231.2

2015 706 56.1 368.4 239.1

2016 780 58.7 404.2 258.7

2017 744 56.4 382.8 233.8

2018 785 56.8 401.4 243.1

2019 808 58.9 410.3 245.0

2020 868 58.2 438.9 253.3

2021 904 60.3 462.9 262.1

P for trend - - <0.001 0.095
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Female

Year of first dialysis Number % CIR ASIR
2011 425 40.5 221.2 152.8
2012 459 42.5 236.9 158.9
2013 519 43.5 265.7 172.8
2014 489 42.4 248.4 159.6
2015 552 43.9 277.9 174.3
2016 548 41.3 273.4 166.2
2017 576 43.6 284.8 167.5
2018 596 43.2 292.4 168.7
2019 563 41.1 273.7 156.4
2020 624 41.8 301.9 169.8
2021 596 39.7 293.1 157.1

P for trend - - <0.001 0.727

Figure 5.3.4: Incidence rate (pmp) of ever-started dialysis by gender
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The ASIRs of ever-started dialysis were consistently higher among Malays than
Chinese and Indians across the years (Table 5.3.4 and Figure 5.3.5). In 2021, the
ASIR was 167.4 pmp, 483.8 pmp and 209.5 pmp for Chinese, Malays and Indians
respectively. While the ASIRs for Malays increased significantly over the years
(p=0.023), the ASIRs for Chinese and Indians remained stable.
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Table 5.3.4: Incidence number and rate (pmp) of ever-started dialysis by

ethnicity
Chinese

Year of first dialysis Number % CIR ASIR
2011 715 68.2 254.6 165.6
2012 729 67.5 257.5 162.0
2013 795 66.7 278.6 172.0
2014 760 65.9 264.4 157.6
2015 819 65.1 282.4 166.1
2016 829 62.4 283.6 161.8
2017 851 64.5 288.6 156.0
2018 885 64.1 298.1 158.9
2019 888 64.8 296.6 156.1
2020 939 62.9 312.3 161.4
2021 994 66.3 335.8 167.4

P for trend - - <0.001 0.390

Malay

Year of first dialysis Number % CIR ASIR
2011 240 22.9 473.9 422.4
2012 258 23.9 506.5 438.7
2013 290 24.3 565.6 470.3
2014 285 24.7 551.6 447.7
2015 316 25.1 606.6 473.9
2016 356 26.8 677.0 525.7
2017 339 25.7 638.8 485.4
2018 359 26.0 670.0 498.8
2019 338 24.7 625.0 464.1
2020 387 25.9 709.4 503.5
2021 366 24.4 672.2 483.8

P for trend - - <0.001 0.023

Indian

Year of first dialysis Number % CIR ASIR
2011 74 7.1 212.2 186.8
2012 75 6.9 213.7 199.2
2013 90 7.6 256.0 233.0
2014 89 7.7 252.1 206.6
2015 97 7.7 273.3 224.1
2016 113 8.5 316.6 254.1
2017 100 7.6 278.7 216.0
2018 114 8.3 316.2 233.9
2019 122 8.9 336.4 244.4
2020 133 8.9 367.1 265.4
2021 110 7.3 310.0 209.5

P for trend - - <0.001 0.059
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Figure 5.3.5: Incidence rate (pmp) of ever-started dialysis by ethnicity
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The ASIRs of ever-started dialysis were consistently higher among HD than PD across
the years (Table 5.3.5 and Figure 5.3.6). In 2021, the ASIR was 179.0 pmp and 28.7
pmp for HD and PD respectively. While the ASIR for PD increased significantly over
the years (p=0.001), the ASIR for HD remained stable. The Ministry of Health has
been working with the public healthcare institutions and dialysis service providers to
promote the uptake of PD among local dialysis patients.

Table 5.3.5: Incidence number and rate (pmp) of ever-started dialysis by

modality
HD

Year of first dialysis Number % CIR ASIR
2011 965 92.0 254.7 181.0

2012 1000 92.6 261.9 181.0

2013 1096 91.9 285.1 190.3

2014 1073 93.0 277.2 180.1

2015 1120 89.0 287.0 182.3

2016 1169 88.0 297.2 185.6

2017 1133 85.8 285.7 170.4

2018 1195 86.5 299.2 176.1

2019 1209 88.2 300.3 174.7

2020 1317 88.3 325.7 183.5

2021 1297 86.5 325.3 179.0

P for trend - - <0.001 0.261
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PD

Year of first dialysis Number % CIR ASIR
2011 84 8.0 22.2 16.2
2012 80 7.4 21.0 14.8
2013 96 8.1 25.0 17.2
2014 81 7.0 20.9 13.8
2015 138 11.0 35.4 22.9
2016 159 12.0 40.4 25.4
2017 187 14.2 47.2 28.4
2018 186 13.5 46.6 28.4
2019 162 11.8 40.2 24.0
2020 175 11.7 43.3 26.2
2021 203 13.5 50.9 28.7

P for trend - - <0.001 0.001

Figure 5.3.6: Incidence rate (pmp) of ever-started dialysis by modality
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5.4 Incidence of definitive dialysis

The incidence rate of definitive dialysis in each year was calculated by taking the
number of new patients who survived >90 days after initiation of dialysis in a year,
divided by the number of Singapore residents in the same year. The modality was
based on the dialysis closest to the 915t day from initiation of dialysis. As some patients
did not survive beyond three months from the first dialysis, those on definitive dialysis
is a more stable subset of the CKD5 and ever-started dialysis cohorts. Patients were
categorised into 10-year age groups and age standardisation was done using the
direct method with the Segi World population as the reference population.

The number of new patients on definitive dialysis increased from 903 in 2011 to 1,409
in 2021 (Table 5.4.1 and Figure 5.4.1). Correspondingly, the CIR increased
significantly from 238.3 pmp in 2011 to 353.4 pmp in 2021 (p<0.001). The rise in ASIR
from 169.6 pmp in 2011 to 195.9 pmp in 2021 was also significant (p=0.001), albeit of
a smaller magnitude than the rise in CIR.

Table 5.4.1: Incidence number and rate (pmp) of definitive dialysis

Year of definitive dialysis Number CIR ASIR
2011 903 238.3 169.6
2012 921 241.2 169.6
2013 978 254.4 171.2
2014 1042 269.2 176.1
2015 1090 279.3 177.7
2016 1171 297.7 186.4
2017 1173 295.8 1794
2018 1255 314.2 186.5
2019 1207 299.8 176.3
2020 1334 329.9 188.3
2021 1409 353.4 195.9

P for trend - <0.001 0.001

Figure 5.4.1: Incidence rate (pmp) of definitive dialysis
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The age-specific incidence rate of definitive dialysis increased for those aged 30 to 39 years (p=0.002), 40 to 49 years (p=0.017) and
70 to 79 years (p=0.003) (Table 5.4.2).

Table 5.4.2: Age distribution (%) and age-specific incidence rate (pmp) of definitive dialysis

Year of Age 0-19 Age 20-29 Age 30-39 Age 40-49
ddeiglny'gi"se Number | % CIR | Number | % CIR | Number | % CIR | Number | % CIR
2011 4 0.4 4.5 14 1.6 27.0 39 4.3 63.5 107 11.8 169.7
2012 10 1.1 11.3 19 2.1 36.6 29 3.1 47.6 108 11.7 171.5
2013 6 0.6 6.9 20 2.0 38.3 38 3.9 63.1 120 12.3 190.8
2014 5 0.5 5.8 20 1.9 37.8 35 3.4 58.9 124 11.9 198.5
2015 2 0.2 2.4 14 1.3 26.2 33 3.0 55.8 128 11.7 206.4
2016 8 0.7 9.6 12 1.0 22.2 48 4.1 81.7 114 9.7 185.5
2017 6 0.5 7.3 12 1.0 21.8 38 3.2 65.5 107 9.1 174.0
2018 4 0.3 4.9 17 1.4 31.1 54 4.3 92.3 121 9.6 197.9
2019 6 0.5 7.4 17 1.4 31.6 45 3.7 75.7 126 104 205.7
2020 8 0.6 10.0 16 1.2 30.1 59 4.4 98.8 123 9.2 201.3
2021 5 0.4 6.4 12 0.9 23.3 57 4.0 96.6 128 9.1 215.9
P for trend - - 0.646 - - 0.239 - - 0.002 - - 0.017
Year of Age 50-59 Age 60-69 Age 70-79 Age 80+
ddeigrylgivse Number % CIR Number % CIR Number % CIR Number % CIR
2011 242 26.8 425.6 264 29.2 823.7 178 19.7 1066.5 55 6.1 751.4
2012 227 24.6 389.9 280 30.4 816.8 191 20.7 1110.5 57 6.2 734.5
2013 277 28.3 466.4 273 27.9 741.6 170 17.4 965.4 74 7.6 901.3
2014 307 29.5 508.4 307 29.5 781.8 170 16.3 928.4 74 7.1 847.7
2015 293 26.9 480.2 335 30.7 792.1 212 19.4 1153.2 73 6.7 781.2
2016 287 24.5 466.5 385 32.9 855.8 233 19.9 1215.1 84 7.2 858.9
2017 276 23.5 449.2 398 33.9 852.9 255 21.7 1206.0 81 6.9 799.8
2018 255 20.3 415.7 420 33.5 868.1 283 22.5 1236.5 101 8.0 945.0
2019 255 21.1 419.1 393 32.6 785.8 284 23.5 1160.5 81 6.7 700.3
2020 249 18.7 413.7 420 315 817.1 350 26.2 1341.0 109 8.2 879.2
2021 271 19.2 463.9 435 30.9 839.8 394 28.0 1446.9 107 7.6 814.8
P for trend - - 0.892 - - 0.284 - - 0.003 - - 0.557
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The median age at definitive dialysis increased slightly from 61.5 years in 2011 to 65.7
years in 2021 (Figure 5.4.2a).

Figure 5.4.2a: Median age (year) and age distribution (%) of new definitive
dialysis patients
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The age-specific incidence rate of definitive dialysis was highest for those aged 70 to
79 years (Figure 5.4.2b).

Figure 5.4.2b: Age-specific incidence rate (pmp) of definitive dialysis
across years
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The age-specific incidence rates of definitive dialysis increased with age, but a decline
was observed from those aged 80 years or older for all the years (Figure 5.4.3).
Possible reasons for this decline could be elderly patients passing away before
reaching definitive dialysis or refusing dialysis as studies have shown that dialysis
offers little advantage in improving survival, especially among those with pre-existing
co-morbidities®.

11 Sarhjit V and Watson D. Dialysis in late life: benefit or burden. Clinical Journal of American Society of Nephrology.
2009; 4: 2008-2012.
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Figure 5.4.3: Age-specific incidence

across age groups
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The ASIRs of definitive dialysis were consistently higher among males than females
across the years (Table 5.4.3 and Figure 5.4.4). In 2021, the ASIR was 244.0 pmp
and 151.4 pmp for males and females respectively. The ASIR increased significantly
over the years for males (p=0.008), but not for females.

Table 5.4.3: Incidence number and rate (pmp) of definitive dialysis by

gender
Male

Year of definitive dialysis Number % CIR ASIR
2011 554 61.4 296.5 217.1

2012 515 55.9 274.0 196.8

2013 544 55.6 287.6 198.1

2014 602 57.8 316.4 209.2

2015 620 56.9 323.5 209.2

2016 657 56.1 340.5 216.6

2017 651 55.5 335.0 208.4

2018 728 58.0 372.2 225.6

2019 696 57.7 353.4 212.4

2020 784 58.8 396.4 231.4

2021 844 59.9 432.1 244.0

P for trend - - <0.001 0.008
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Female

Year of definitive dialysis Number % CIR ASIR
2011 349 38.6 181.7 125.6
2012 406 44.1 209.5 143.7
2013 434 44.4 222.2 146.2
2014 440 42.2 223.5 144.4
2015 470 43.1 236.6 148.6
2016 514 43.9 256.5 158.9
2017 522 44.5 258.1 152.3
2018 527 42.0 258.5 150.3
2019 511 42.3 248.4 142.7
2020 550 41.2 266.1 148.7
2021 565 40.1 277.8 1514

P for trend - - <0.001 0.073

Figure 5.4.4: Incidence rate (pmp) of definitive dialysis by gender
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The ASIRs of definitive dialysis were consistently higher among Malays than Chinese
and Indians across the years (Table 5.4.4 and Figure 5.4.5). In 2021, the ASIR was
154.5 pmp, 482.7 pmp and 187.4 pmp for Chinese, Malays and Indians respectively.
While the ASIRs for Malays increased significantly over the years (p=0.001), the
ASIRs for Chinese and Indians remained stable.
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Table 5.4.4: Incidence number and rate (pmp) of definitive dialysis by

ethnicity
Chinese

Year of definitive dialysis Number % CIR ASIR
2011 614 68.0 218.6 143.2
2012 616 66.9 217.5 138.7
2013 658 67.3 230.6 144.6
2014 677 65.0 235.5 141.9
2015 717 65.8 247.2 144.4
2016 742 63.4 253.8 144.6
2017 754 64.3 255.7 141.6
2018 825 65.7 277.8 148.6
2019 773 64.0 258.2 137.4
2020 868 65.1 288.7 149.8
2021 919 65.2 310.5 154.5

P for trend - - <0.001 0.088

Malay

Year of definitive dialysis Number % CIR ASIR
2011 207 22.9 408.8 358.8
2012 224 24.3 439.7 389.9
2013 240 24.5 468.1 380.7
2014 249 23.9 481.9 386.6
2015 274 25.1 526.0 415.8
2016 315 26.9 599.0 461.1
2017 309 26.3 582.2 442.7
2018 311 24.8 580.4 433.3
2019 302 25.0 558.4 410.2
2020 335 25.1 614.1 443.9
2021 366 26.0 672.2 482.7

P for trend - - <0.001 0.001

Indian

Year of definitive dialysis Number % CIR ASIR
2011 64 7.1 183.5 166.0
2012 65 7.1 185.2 175.7
2013 66 6.7 187.8 165.1
2014 94 9.0 266.3 226.4
2015 82 7.5 231.0 181.4
2016 86 7.3 241.0 197.5
201