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ABSTRACT
Introduction  Insights into ethnic differences in the 
natural history of chronic kidney disease (CKD) among 
people with type 2 diabetes mellitus (T2DM) might inform 
clinical strategies to address disparities in hospitalization 
and mortality. Risks of CKD II–V stages over a 25-year 
period between New Zealand Europeans (NZEs), Māori and 
Pasifika, and with T2DM in Auckland, New Zealand (NZ) 
were compared.
Research design and methods  As a primary care audit 
program in Auckland, the Diabetes Care Support Service 
was linked with national registration databases. People 
with existing CKD II–V were ruled out. To balance potential 
confounders, we applied a tapered matching method . 
‘Quasi-trial’-matched cohorts were set up separately 
between Māori and NZE and between Pasifika and NZE. 
Ethnic population differences in risk of any and each stage 
of CKD over 1994–2018 were examined by weighted Cox 
regression model.
Results  The HRs for developing any CKD, CKD stages II–V 
for Māori (n=2215) versus NZE (n=2028) were 1.18 (95% 
CI 0.99 to 1.41), 1.10 (95% CI 0.91 to 1.32), 1.70 (95% 
CI 1.19 to 2.43), 3.93 (95% CI 2.16 to 7.14), and 3.74 
(95% CI 1.74 to 8.05), respectively. Compared with NZE 
(n=2474), the HRs for developing any CKD, CKD stages 
II–V for Pasifika (n=3101) were 1.31 (95% CI 1.09 to 1.57), 
1.26 (95% CI 1.05 to 1.52), 1.71 (95% CI 1.14 to 2.57), 
3.75 (95% CI 1.40 to 10.05), and 4.96 (95% CI 1.56 to 
15.75), respectively.
Conclusions  Among people with T2DM in NZ, significant 
ethnic differences exist in the risk of progressing to each 
stage of CKD (stage V in particular). Mechanism studies 
underlying these differences, as well as the need for 
identification of biomarkers to predict the early onset renal 
lesion, are warranted.

INTRODUCTION
Type 2 diabetes mellitus (T2DM) has attained 
epidemic proportions in New Zealand (NZ) 
and is associated with a range of diabetes 
complications including diabetic kidney 
disease (DKD), a primary cause of end-stage 
renal disease (ESRD).1 In NZ, marked ethnic 
variation in the risk of ESRD exists among 

those with and without T2DM.2 Among 
those with T2DM, Māori and Pasifika expe-
rience more renal disease than New Zealand 
Europeans (NZEs), which is associated with 
more hospitalization, premature mortality,3 
and renal replacement therapy.4 5 Māori are 
13-fold of risks to die from nephropathy than 
NZE.6

The natural history of diabetes-related 
kidney disease in Māori and Pasifika would 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ An increased risk of chronic kidney diseases (CKDs) 
is associated with type 2 diabetes mellitus (T2DM).

	⇒ Few studies have reported risks of each stage of 
CKD over long follow-up in the last two decades 
among Māori, Pasifika, and New Zealand Europeans 
(NZEs) with T2DM.

	⇒ Few studies have formed ‘quasi-trial’ comparative 
cohorts to test the aforementioned differences using 
a novel tapered matching method.

WHAT THIS STUDY ADDS
	⇒ Via a novel quasi-trial matching method to reduce 
model dependence, tapered matching method that 
transparently balanced potential confounders, we 
formed comparable cohorts for NZE versus Māori 
and NZE versus Pasifika with T2DM.

	⇒ Over a 25-year period, significantly higher risks 
of each stage of CKD II–V among Māori and 
Pasifika with T2DM, despite matching for possible 
confounders.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ These data emphasize the need to consider tailored 
CKD preventative and screening activities among 
people with T2DM of Māori/Pasifika ethnicity (who 
will have already received lifestyle advice).

	⇒ Mechanism studies underlying these differences, as 
well as the need for identification of biomarkers to 
predict the early onset renal lesion, are needed.
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appear to differ from NZE.7 Microalbuminuria is often 
present prior to the diagnosis of T2DM, in those with 
normoglycemia as well as in those with impaired glucose 
tolerance.8 Microalbuminuria or macroalbuminuria are 
also more prevalent in Māori and Pasifika than in NZEs 
with T2DM. In one study of 65 171 patients with T2DM, 
50% of Māori and 49% of Pasifika but only 28% of NZE 
had incipient or greater albuminuria.1 9 The cause for 
these ethnic differences remains unclear. The increased 
rates of renal-related hospitalization are present even 
after adjusting for diabetes duration, age, gender, socio-
economic status (SES), smoking and obesity.3 Higher 
blood pressure (BP) is unlikely to explain the higher rates 
either as NZEs have a higher BP than Māori and Pasifika 
among those with T2DM.10 Greater hyperglycemia10 is 
unlikely to be the sole explanation for this higher risk in 
view of the presence of ethnic differences before T2DM 
is present.

Curiously, although the incidence of chronic kidney 
disease (CKD) in the population with T2DM varies 
between countries (eg, the 5-year cumulative inci-
dence of developing CKD stage II and over was 22.6% 
in Australia11 but 10.6% in Ethiopia12), it is currently 
unknown whether there are ethnic differences in the 
nature and/or incidence rate of developing each stage 
of CKD, a pivotal issue in designing intervention studies 
to prevent progression of diabetes-related renal disease.

To address this question, we have investigated ethnic 
differences (Māori vs NZE and Pasifika vs NZE) in the 
risk of progressing to each stage of CKD among people 
with T2DM and initial estimated glomerular filtration 
rate (eGFR) of ≥90 mL/min/1.73 m2 in NZ between 
1994 and 2018, via a novel tampered matching method 
to establish ‘quasi-trial’ comparative cohorts.

METHODS
Data source and study population
To audit diabetes management among all patients from 
volunteer general practices in East, West, and South 
Auckland in order to improve standards of care, the 
Diabetes Care Support Service (DCSS) was established as 
a pilot in 1991.13 From 1994, the DCSS was fully funded 
with the close of enrollment in 2018 (last enrollment 
July 31, 2018). The DCSS database was linked with data-
bases from the Ministry of Health covering primary care, 
national death registration database, national hospital 
admission database, national pharmaceutical claim 
database, and national SES database. Patients’ linked, 
deidentified DCSS data covering demographics, diabetes 
clinical measurements (including smoking status, dura-
tion of having diabetes, body mass index (BMI), BP, 
glycated haemoglobin, and lipid profiles) and diabetes 
treatments (antidiabetes, antihypertensive, lipid-
lowering treatment, antiplatelet and/or anticoagulant 
treatment) were extracted. These collected data have 
been validated through enumeration assessment and 
internal quality control policies with auditors regularly 

cross checking, routine and random sampling/checking 
of data entry, and active data management (eg, checking 
unusual numbers, queries, ranking of columns, and 
duplicates).13–15

The cohort incorporated patients aged 18 years and 
over with T2DM. T2DM in the DCSS database was defined 
by coding of primary care electronic medical records, 
with validation undertaken by trained diabetes auditors. 
Those with an initial eGFR of <90 mL/min/1.73 m2 were 
excluded. Urinary albumin:creatinine ratio (UACR) data 
were not used to define CKD. The enrollment date was 
the date of entry into the DCSS database. Patients were 
categorized into exposure groups by patients’ ethnicity 
(NZE, Māori, and Pasifika). Māori (indigenous Polyne-
sian) were defined as patients that self-identified as having 
Māori ancestry. Pasifika (93% Polynesian) were defined 
as patients who self-identified as Samoan, Tongan, Fijian, 
Niuean, or other Pacific ethnicities. The focal cohort in 
the current study was Māori and Pasifika patients; the 
matched control cohort was drawn from NZE as the 
study aim is to understand disparities in renal outcomes 
between focal and matched control cohorts.

The area deprivation measurement, NZDep2013, 
was used to define patients’ SES. NZDep2013 derives a 
score of Index of Multiple Deprivation (IMD) for each 
NZ meshblock (local geographical unit incorporating a 
median of 81 people).16 The NZDep2013 scale of depri-
vation ranges from 1 to 10, divides NZ into 10ths of the 
distribution of the first principal component scores,16 
and is consistent with prior deprivation measures. To 
maintain the statistical power, the IMD was redefined by 
recategorizing NZDep2013 into five groups: IMD-1 (least 
deprived: NZDep2013 1–2), IMD-2–IMD-4 (NZDep2013 
3–4, 5–6, 7–8, respectively) and IMD-5 (most deprived 
NZDep2013 9–10).

Outcomes
Outcomes were defined as developing any stage of CKD 
including II, III, IV, and V (incorporating those accepting 
renal replacement therapy, ie, dialysis) and any incident 
CKD (stages II–V). Incident outcomes were defined as 
the first coded outcome in any of the linked databases. 
Risks of any CKD and each stage of CKD (II–V) were 
modeled separately.

Participants were excluded if they had their incident 
outcome within 1 year since their enrollment time to 
avoid the potential information bias. Participants were 
followed up from their enrollment time until they expe-
rienced an incident outcome of interest or death or by 
December 31, 2019 without experiencing any outcome 
of interest. All incident clinical events were the earliest 
records defined either by (1) clinical routine records 
in primary care settings defined by eGFR based on 
ADA guidelines17 or (2) clinical events recorded in the 
NZ nationally linked databases and defined both by 
International Statistical Classification of Diseases and 
Related Health Problems, 10th Revision and the primary 
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International Classification of Diseases (ICD), 9th Revi-
sion codes.

Statistical analysis
Entropy balancing, the most popular tapered matching 
method,18 19 was used to incrementally match the control 
cohort (NZE) to the focal cohorts (Māori and Pasifika) 
with additional covariates. This allowed direct observation 

of how each matched cohort changed in terms of HR and 
in terms of unmatched covariates.

To reduce model dependence20 and the potential 
for irresolvable imbalances between comparative 
cohorts before tapered matching, coarsened exact 
matching (CEM) was used to restrict the compar-
ison of patients in comparative cohorts to common 
support areas, that is, sufficient overlap between 

Table 1  Characteristics in the unmatched comparison cohorts

NZE Māori

P value

NZE Pasifika

P valuen=5458 n=3402 n=5458 n=5376

Age (years) 54.5 (12.4) 46.6 (12.1) <0.001 54.5 (12.4) 47.8 (12.5) <0.001

Male gender, n (%) 3351 (61.4) 1832 (53.9) <0.001 3351 (61.4) 2519 (46.9) <0.001

Enrol cohort, n (%)

 � 1994–1998 1069 (19.6) 571 (16.8) <0.001 1069 (19.6) 816 (15.2) <0.001

 � 1999–2003 1464 (26.8) 823 (24.2) 1464 (26.8) 1429 (26.6)

 � 2004–2008 1097 (20.1) 671 (19.7) 1097 (20.1) 750 (14.0)

 � 2009–2013 1320 (24.2) 984 (28.9) 1320 (24.2) 1648 (30.7)

 � 2014–2018 508 (9.3) 353 (10.4) 508 (9.3) 733 (13.6)

Duration of having diabetes (years) 4.6 (1.9) 4.7 (2.0) <0.001 4.6 (1.9) 4.9 (2.1) 0.328

IMD group (NZDep13 scale)

 � IMD-1 (1 or 2) 938 (19.3) 124 (3.9) <0.001 1052 (19.3) 150 (2.8) <0.001

 � IMD-2 (3 or 4) 856 (17.6) 231 (7.2) 960 (17.6) 274 (5.1)

 � IMD-3 (5 or 6) 751 (15.4) 308 (9.6) 841 (15.4) 300 (5.6)

 � IMD-4 (7 or 8) 1197 (24.6) 734 (22.8) 1340 (24.6) 1126 (21.0)

 � IMD-5 (9 or 10) 1129 (23.2) 1816 (56.5) 1265 (23.2) 3526 (65.6)

Smoking status, n (%)

 � Never smoking 3451 (63.2) 1470 (43.2) <0.001 3451 (63.2) 3719 (69.2) <0.001

 � Ex-smoker 1185 (21.7) 746 (21.9) 1185 (21.7) 777 (14.5)

 � Current smoker 822 (15.1) 1186 (34.9) 822 (15.1) 880 (16.4)

Body mass index (kg/m2) 32.4 (6.9) 36.6 (7.7) <0.001 32.4 (6.9) 35.5 (7.7)

Systolic blood pressure (mm Hg) 135.2 (16.9) 133.7 (18.5) <0.001 135.2 (16.9) 130.2 (17.0) <0.001

Diastolic blood pressure (mm Hg) 80.5 (9.8) 83.5 (11.5) <0.001 80.4 (9.6) 81.2 (10.2) <0.001

glycated haemoglobin (mmol/mol) 55.6 (20.0) 66.6 (23.0) <0.001 54.7 (15.6) 67.3 (20.1) <0.001

Total cholesterol (mmol/L) 5.0 (1.2) 5.1 (1.2) <0.001 5.0 (1.1) 4.9 (1.1) <0.001

Triglyceride (mmol/L) 2.2 (1.5) 2.7 (1.9) <0.001 2.0 (1.1) 1.9 (1.1) <0.001

Low-density lipoprotein cholesterol (mmol/L) 2.6 (0.9) 2.7 (1.0) <0.001 2.5 (0.9) 2.6 (0.9) <0.001

High-density lipoprotein cholesterol (mmol/L) 1.2 (0.4) 1.1 (0.3) <0.001 1.2 (0.3) 1.9 (1.1) <0.001

Estimated glomerular filtration rate (mL/
min/1.73 m2)

104.1 (12.4) 107.0 (13.4) <0.001 103.8 (11.8) 105.7 (12.5) <0.001

Albumin:creatinine ratio (mg/mmol) 1.4 (0.9) 2.3 (1.0) <0.001 1.3 (0.9) 2.3 (1.0) <0.001

Antidiabetes treatment, n (%)

 � Oral antidiabetes drug and insulin 776 (14.2) 641 (18.8) <0.001 776 (14.2) 836 (15.6) <0.001

 � Oral antidiabetes drug only 3016 (55.3) 1975 (58.1) 3016 (55.3) 3169 (59.0)

 � Insulin only 141 (2.6) 83 (2.4) 141 (2.6) 124 (2.3)

Antihypertensive treatment, n (%) 3266 (59.8) 2180 (64.1) 0.003 3266 (59.8) 2990 (55.6) <0.001

Statin treatment, n (%) 2924 (53.6) 1874 (55.1) <0.001 2924 (53.6) 2490 (46.3) <0.001

Antiplatelet or anticoagulant treatment, n (%) 112 (2.1) 51 (1.5) 0.037 112 (2.1) 58 (1.1) 0.032

IMD, Index of Multiple Deprivation; NZE, New Zealand European.
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comparative cohorts, on key confounders (matching 
variables) over 11 matching steps (online supple-
mental figures S1 and S2). The CEM algorithm that is 
a monotonic imbalance reducing matching method, 
which indicates the balance between comparison 
groups is chosen by ex-ante user choice, rather than 
identified through the common laborious process of 
‘checking after the fact, tweaking the method, and 
repeatedly re-estimating’.21 Patients in comparison 
groups matched on the 11th step remained (online 
supplemental figures S1 and S2).

During the CEM, comparison was restricted 
between ethnic groups to common support areas, 
that is, sufficient overlap between the two groups. 
After excluding participants (online supplemental 
figures S1 and S2) who were off common support, we 
then applied entropy balancing18 to efficiently mini-
mize differences in the distribution of matching vari-
ables between comparison groups. Entropy balancing 
involves maximum entropy reweighting of the control 
group (NZE cohort) by directly incorporating covari-
ables balance into the weight function where the 
matched sample is reweighted in each matching step 
to key target moments (mean, variance, and skew-
ness). For continuous variables, all three moments 
should be met; for binary variables, the only moment 
to meet is the mean, as it is only sufficient to match 
higher moments (skewness and variance).

Weighted Cox regression model, including 
matching weights estimated from each matching step 
by entropy matching, was used in each matching step, 
accounting for competing risk of all-cause death. 
This provided an estimated HR of outcomes between 
comparison groups, with NZE as reference. The risks 

of incident outcomes between comparable groups 
were also estimated based on the same model. Stata 
MP V.17.0 was used for data manipulation and anal-
ysis. The significance level was set as a two-tailed p 
value of <0.05.

RESULTS
The original cohort incorporated 16 755 NZEs, 7093 
Māori, and 12 044 Pasifika with T2DM between 1994 
and 2018, among whom 11 297 NZEs, 3691 Māori, and 
6668 Pasifika had eGFR of <90 mL/min/1.73 m2 or docu-
mented CKD prior to enrollment or within 12 months 
after the enrollment date (online supplemental figures 
S1 and S2). Table  1 shows the demographic and clin-
ical characteristics of the unmatched cohort including 
5458 NZEs, 3402 Māori, and 5376 Pasifika without CKD 
at baseline. Compared with NZE, after a mean duration 
of 4.5–5.0 years of T2DM, Māori and Pasifika were 7–8 
years younger, more likely to be female and have lower 
SES, and have higher BMI, diastolic BP, and CVD-prone 
lipid profile but lower systolic BP. Māori were more likely 
to smoke than NZE, who were more likely to have ever 
smoked compared with Pasifika. Both eGFR and UACR 
were highest among Māori and Pasifika at baseline. Māori 
were more likely than NZE to be receiving antihypergly-
cemic, antihypertensive and statin treatment. Although 
Pasifika were more likely than NZEs to be receiving anti-
hyperglycemic treatment, they were less likely to receive 
antihypertensive or statin therapies.

The unmatched cohort of went through the 11 
matching steps to create NZE–Māori and NZE–Pasifika 
matched cohorts as shown in online supplemental figures 
S1 and S2. Online supplemental table S1 and figure S3 

Figure 1  Adjusted HR for any CKDs in Māori and Pasifika with type 2 diabetes compared with NZEs with type 2 diabetes. 
Model i weighted for age and sex; model ii weighted for all adjusted variables in model i plus IMD group; model iii weighted 
for all adjusted variables in model ii plus smoking status; model iv weighted for all adjusted variables in model iii plus body 
measurements (body mass index and systolic and diastolic blood pressures); model v weighted for all adjusted variables in 
model iv plus baseline glycated haemoglobin; model vi weighted for all adjusted variables in model v plus baseline lipid profile 
(total cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol and triglyceride); model vii weighted 
for all adjusted variables in model vi plus baseline estimated glomerular filtration rate and albumin creatinine ratio; model viii 
weighted for all adjusted variables in model vii plus antidiabetes treatments; model ix weighted for all adjusted variables in 
model viii plus antihypertensive, lowering lipid and anticoagulant treatment; model x weighted for all adjusted variables in 
model ix plus entry cohorts; model xi weighted for all adjusted variables in model x plus duration of having diabetes at entry 
time. Log scale of HR is presented in the Y-axis. CKD, chronic kidney disease; IMD, Index of Multiple Deprivation; NZE, New 
Zealand European.
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show that the matched variables were highly similar after 
the cohorts were weighted by entropy balancing in terms 
mean, variance, and skewness. Figures  1–3 and online 
supplemental table S2 show the impact of each matching 
step on the HR for developing any CKD and each stage 
of CKD among Māori and Pasifika, respectively, with NZE 
as the reference. Among Māori (figures 1–2 and online 
supplemental table S2), final adjusted HRs for CKD stage 
II were not significantly increased (1.10, 95% CI 0.91 to 
1.32), but were 1.70 (95% CI 1.19 to 2.43) for CKD stage 
III, 3.93 (95% CI 2.16 to 7.14) for CKD stage IV, and 3.74 
(95% CI 1.74 to 8.05) for CKD stage V. Among Pasifika 
(figure  3 and online supplemental table S2), final 
adjusted HRs were 1.26 (95% CI 1.05 to 1.52) for CKD 
stage II, 1.71 (95% CI 1.14 to 2.57) for CKD stage III, 
3.75 (95% CI 1.40 to 10.05) for CKD stage IV, and 4.96 
(95% CI 1.56 to 15.75) for CKD stage V. The adjusted HR 
for any incident CKD was increased among Pasifika (1.31, 
95% CI 1.09 to 1.57) but not Māori (1.18, 95% CI 0.99 to 
1.41) (figure 1 and online supplemental table S2).

Figure  4 and online supplemental figures S4 and S5 
show the Cox regression models with the risk of CKD 
stages II and III tending to differ between NZE and 
Māori by 6 years after enrollment and of stages IV and V 
by 13 years after enrollment (all p<0.001) (online supple-
mental figure S4). The risk of incident CKD stages II–V 
tended to differ between NZE and Pasifika at 3, 7, 11, and 
12 years (all p<0.001) (figure 4 and online supplemental 
figure S5).

DISCUSSION
Previous studies have identified a high risk of prevalent 
CKD in the general Māori and Pasifika populations; 
however, no studies have investigated ethnic differences 
in incident CKD in T2DM within or beyond NZ. Through 
this large nationally linked NZ dataset, we have compared 
the risk of any, and each, stage of incident CKD II–V over 
a 25-year period between Māori and NZE with T2DM, and 
between Pasifika and NZE with T2DM. After matching 

Figure 2  Adjusted HR for risk of each of II–V stages of 
CKD in Māori with type 2 diabetes compared with NZEs with 
type 2 diabetes. Model i weighted for age and sex; model 
ii weighted for all adjusted variables in model i plus IMD 
group; model iii weighted for all adjusted variables in model 
ii plus smoking status; model iv weighted for all adjusted 
variables in model iii plus body measurements (body mass 
index and systolic and diastolic blood pressures); model 
v weighted for all adjusted variables in model iv plus 
baseline glycated haemoglobin; model vi weighted for all 
adjusted variables in model v plus baseline lipid profile (total 
cholesterol, low-density lipoprotein cholesterol, high-density 
lipoprotein cholesterol and triglyceride); model vii weighted 
for all adjusted variables in model vi plus baseline estimated 
glomerular filtration rate and albumin creatinine ratio; model 
viii weighted for all adjusted variables in model vii plus 
antidiabetes treatments; model ix weighted for all adjusted 
variables in model viii plus antihypertensive, lowering lipid 
and anticoagulant treatment; model x weighted for all 
adjusted variables in model ix plus entry cohorts; model xi 
weighted for all adjusted variables in model x plus duration of 
having diabetes at entry time. Log scale of HR is presented 
in the Y-axis. CKD, chronic kidney disease; IMD, Index of 
Multiple Deprivation; NZE, New Zealand European.

Figure 3  Adjusted HR for risk of each of II–V stages of CKD 
in Pasifika with type 2 diabetes compared with NZE with 
type 2 diabetes. Model i weighted for age and sex; model 
ii weighted for all adjusted variables in model i plus IMD 
group; model iii weighted for all adjusted variables in model 
ii plus smoking status; model iv weighted for all adjusted 
variables in model iii plus body measurements (body mass 
index and systolic and diastolic blood pressures); model 
v weighted for all adjusted variables in model iv plus 
baseline glycated haemoglobin; model vi weighted for all 
adjusted variables in model v plus baseline lipid profile (total 
cholesterol, low-density lipoprotein cholesterol, high-density 
lipoprotein cholesterol and triglyceride); model vii weighted 
for all adjusted variables in model vi plus baseline estimated 
glomerular filtration rate and albumin creatinine ratio; model 
viii weighted for all adjusted variables in model vii plus 
antidiabetes treatments; model ix weighted for all adjusted 
variables in model viii plus antihypertensive, lowering lipid 
and anticoagulant treatment; model x weighted for all 
adjusted variables in model ix plus entry cohorts; model xi 
weighted for all adjusted variables in model x plus duration of 
having diabetes at entry time. Log scale of HR is presented 
in the Y-axis. CKD, chronic kidney disease; IMD, Index of 
Multiple Deprivation; NZE, New Zealand European.
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for demographic factors, SES, lifestyle risk factors, BMI, 
and routinely recorded clinical measurements including 
HbA1c, treatments, duration of T2DM, and period effects, 
there was an increased overall risk of each incident CKD 
stages III–V in Māori and Pasifika compared with NZE. 
Incident stage II CKD was more common among Pasifika 
(but not Māori) than NZE. Essentially, once CKD starts to 
develop, Māori and Pasifika are more likely to progress to 
more advanced stages of kidney disease, reflecting their 
higher incident need for renal replacement therapy.22

Previous studies in the general population have found 
that CKD disproportionately affects Māori as well as 
Pasifika, particular from Samoa, Tonga, and Fiji.23 As 
home to the largest Pasifika population, NZ (possibly 
more accurately Auckland, which is relevant to this 
dataset) fulfills the definition of a CKD hotspot.24 While 
diabetes is the most common CKD risk factor in the 
Māori and Pasifika populations,25 familial risk of any 
renal disease also has a significant role in the devel-
opment of DKD.26 Our study now adds to these data, 
suggesting that while progression to CKD stages III–IV 
appears low in NZE, it is the progression through these 
stages which appears much higher among Māori and 
Pasifika leading to higher rates of development of CKD 
stage V. It is important to note that the T2DM among 
Māori and Pasifika commences at an average of 7–8 years 
younger than NZE,27 and that these analyses censor those 
individuals who died before progressing to CKD stage V. 
The observation that the progression to CKD stage II, 
and to any CKD overall, is roughly comparable between 
Māori and NZE, but greater among Pasifika, might 
reflect the censoring of those with existing CKD. While 
beyond NZ, black, Hispanics, other Indigenous peoples, 
South Asians and other ethnic groups are at increased 
risk of DKD,28 29 this is the first study to investigate ethnic 
differences in progression of CKD in those with no CKD 
on entry. Future analyses will investigate the characteris-
tics and CKD natural history among those with CKD at 
enrollment.

Māori and Pasifika with T2DM but without CKD are 
much more likely to progress to more advanced stages 
of CKD after matching for SES, obesity, glycemia, BP, 
lipids, treatment, cohort and diabetes duration. The 

clinical implications of this finding are profound and 
build on our earlier findings, suggesting that the risk 
of nephropathy in T2DM is potentially built on inde-
pendent factors existing even before T2DM has devel-
oped.30 The finding is also consistent with the greater 
risk of CKD in both the Māori and Pasifika populations 
without T2DM.30

The heterogeneity of nephropathy on renal biopsy 
among those with T2DM in Auckland has been well 
described26 with worse outcomes among those with 
DKD and mixed diabetic and non-diabetic nephropathy 
compared with those with non-diabetic nephropathy. The 
high rates of proteinuric kidney disease (independent 
of diabetes) among Māori and Pasifika have previously 
been thought to reflect obesity-related glomerulopathy 
and associated focal segmental glomerulosclerosis.31 Our 
study adjusted for BMI, and yet the HRs remained higher, 
suggesting that in those with T2DM, the increased CKD 
risk goes beyond those associated with obesity. Clearly, 
intensive research is urgently needed to investigate the 
pathoetiologic processes behind this excess CKD risk, 
which seems specific to Māori and Pasifika compared 
with NZE. This finding supports the recent funding for 
SGLT 2 inhibitors among Māori and Pasifika with T2DM 
independent of glycemia.32

Beyond a blanket SGLT 2 inhibitor prescription and 
tight glycemia and BP control, research among Māori 
and Pasifika needs to investigate how best to identify 
those who benefit from treatment (eg, are there new 
biomarkers), when treatment should commence (eg, 
before T2DM commences), and whether other treatment 
such as early ACE inhibitor use and other medications or 
diets might delay or prevent CKD and its progression.33 
A key finding comes from the Delay Future End Stage 
Nephropathy due to Diabetes study. This unique random-
ized controlled trial (with 4-year follow-up) investigated 
the benefits of supported diabetes management among 
Māori and Pasifika with T2D, CKD stages III–IV with albu-
minuria. The intervention improved glycemia, BP and 
albuminuria, but the loss of renal function continued. 
This suggests that intensive intervention once CKD stages 
III–IV had developed was too late to prevent progression 
to ESRD.34 35

Figure 4  Cumulative risk of any CKD stages II–V in Māori and Pasifika over 25 years in European and Māori patients with type 
2 diabetes. Red and blue lines indicate Māori and European patients with type 2 diabetes, respectively. Risks were estimated 
from the final model, model xi for each outcome. CKD, chronic kidney disease; NZE, New Zealand European.
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There are several potential areas for future research 
into the unexplained differences in the rate of renal func-
tion decline in Māori and Pasifika with T2D, which can 
broadly be divided into hereditary, molecular and social 
determinants, including inequities in treatment and 
racism. Over 150 genes have been associated with suscep-
tibility or resistance to DKD through genetic association 
studies, while epigenomic-wide association studies have 
identified several genes that appear to have epigenetic 
effects.33 There is also growing evidence for the role of 
abnormal DNA methylation as a risk factor for develop-
ment of DKD.34 Furthermore, there is increasing evidence 
for the role of biochemical markers to measure the 
multiple pathogenic mechanisms of DKD, which include 
tubulointerstitial injury due to hyper-reabsorption stress, 
chronic endothelial damage, disruption of the endothe-
lial glycocalyx, and hyperfiltration-induced podocytop-
athy.35–37 There is also an increasing need to explore the 
social determinants of the unexplained differences in 
DKD outcomes, which include issues such as healthcare 
access, differential treatment, adherence to treatments, 
food security, health literacy, systemic racism, and more 
specific socioeconomic factors.20 3839.

There are several strengths in the current study, incorpo-
rating the largest prospective study involving multiethnic 
matched cohorts of participants with T2DM in NZ to reveal 
risk of CKD stages II–V over 25 years. These cohorts included 
all patients with T2DM from participating general practices. 
By linking large, nationally representative databases, we 
were then able to prospectively follow-up patients to ascer-
tain all cases with incident CKD stages II–V. All diagnosed 
CKD cases identified in this study were based on the linkage 
of specific registration datasets, which have good outcome 
validation. The accuracy of clinical recording and diagnoses 
in our study has been validated for outcomes defined by ICD 
codes, which have high precision.36 Another key strength of 
our work was the use of a novel, tapered matching method 
to form quasi-trial comparative cohorts to compare the risk 
of each CKD stages II–V between patients with T2DM from 
different ethnic groups. Through the tapered matching,37 38 
we were able to transparently examine how the difference 
in specific sets of confounders contributed to the risk of 
each CKD stages II–V. By sequentially controlling for differ-
ences in demographic factors, SES, lifestyle risk factors, body 
measurements, key routinely recorded clinical measure-
ments to patients with T2DM, antidiabetes treatments, anti-
hypertensive treatments, anticoagulant treatments, duration 
of having diabetes, and period effects of enrollment, we 
observed how the risks of each stages II–V of CKD compared 
after each matching step between patients with T2DM from 
different ethnic backgrounds. Limitations of this study 
include heterogeneity in the NZE, Pasifika, and Māori 
cohorts, and the degree of national representativeness of 
the sample populations and of the participating general 
practices. Although the competing risk of all-cause death was 
adjusted in models, censoring by death and CKD at the time 
of enrollment may have biased the outcomes unpredictably, 
particularly against those with earlier development of CKD, 

itself possibly reflecting a different phenotype/genotype. 
Pasifika and Māori eGFRs may relate differently from true 
GFR due to their higher muscle mass; however, this study 
has compared rate of fall rather than absolute differences 
in eGFR. Finally, information on certain CKD risk factors 
examined in this study were either imprecise measures (eg, 
IMD for SES) or not available, including health literacy, 
medication adherence and private unsubsidised purchasing 
(relying on electronic pharmaceutical claim data, with the 
potential of introducing misclassification in terms of exact 
acquisition/intake information), cumulative long-term 
exposure of tobacco use, and dietary exposure information. 
Future studies taking into account these risk factors are 
warranted. Although it would help to have an understanding 
of the trajectory of the decline in renal function, the long-
term change in eGFR could not be modeled in the current 
study due to the high volume of missing eGFR values. Future 
replication studies with longitudinal eGFR measurement 
over a long follow-up period are warranted. Although the 
sensitivity of a CKD diagnosis by electronic health records 
might be low in the general population, previous studies 
have revealed good validity of CKD diagnoses based on clin-
ical codes for the population with diabetes. Moreover, we 
found that each incident diagnosed outcome based on labo-
ratory testing was associated with at least one clinical diag-
nosis code recorded in the linked database within a 6-month 
time window around the laboratory-diagnosed date. The 
subtype of antihypertensive treatment was not separately 
matched to maintain proper statistical power and to avoid 
any potential prescribing biases. However, based on the 
higher prevalence of antihypertensive treatment prescrip-
tion among the Māori and Pasifika groups, further subgroup 
matching would not change the current findings. In terms 
of new therapies such as SGLT2 inhibitors, these were not 
available in NZ by the end of study. It would not be possible 
to examine their impact on the research findings. Future 
studies of these treatments, perhaps by re-establishing audits 
such as the DCSS, are warranted.

In conclusion, we have shown significantly higher risks of 
each incidence of CKD stages II–V among Māori and Pasifika 
with T2DM with matching possible confounders. Our 
study suggests that studiesto identify predictive biomarkers 
for early detection of CKD risk, and studies of responsive-
ness to existing therapies and investigation into new ther-
apeutic approaches among Māori and Pasifika with T2DM 
are warranted. Research into the health service, social, and 
biological mechanisms underlying these differences is also 
needed.
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Supplemental Figure S1. Workflow charts for matching process (NZ European vs. Māori) 
 

Supplemental Figure S2. Workflow charts for matching process (NZ European vs. Pasifika) 
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Supplemental Figure S3. Distribution of difference of means, variance and skewness on matched variables in the unmatched and matched 
cohorts.  

Triangles indicate measurements from unmatched cohorts; diamonds indicate measurements from coarsened exact matching; circles indicate measurements 
from entropy matching cohorts  
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Supplemental Figure S4. Cumulative risk of each stage of CKD (II-V) over 25 years in European, and Māori patients with type 2 diabetes 
Red and blue line is for Māori and European patients with type 2 diabetes, respectively. Risks were estimated from the final model, model (xi) for each 

outcome.   
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Supplemental Figure S5. Cumulative risk of each stage of CKD (II-V) over 25 years in European, and Pasifika patients with type 2 diabetes 

Red and blue line is for Māori and European patients with type 2 diabetes, respectively. Risks were estimated from the final model, 
model (xi) for each outcome.   
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Supplemental Table S1. Characteristics in the matched cohorts 

 Comparison 1: Māori vs. NZ European 

Cohorts after coarsened exact 
matching 

Cohorts after entropy matching 

NZ 
European 

Māori P-value NZ 
European 

Māori P-value 

N=2028 N=2215 N=2028 N=2215 

Age, years 52.4 (12.2) 46.5 (11.9) <0.001 46.3 46.3 1.000 

Male Gender, n (%) 1431 (64.6) 1184 (58.4) <0.001 55.9 (0.03) 55.9 (0.01) 1.000 

Enrol cohort, n (%)       

1994-1998 445 (20.1) 332 (16.4) <0.001 8.4 (0.01) 8.3 (0.01) 0.8560 

1999-2003 633 (28.6) 534 (26.3) 23.1 (0.02) 23.2 (0.01) 

2004-2008 438 (19.8) 370 (18.2) 21.8 (0.02) 21.8 (0.01) 

2009-2013 537 (24.2) 605 (29.8) 37.8 (0.02) 37.8 (0.01) 

2014-2018 162 (7.3) 187 (9.2) 8.9 (0.02) 8.9 (0.01) 

Duration of having diabetes, years 4.6 (1.9) 4.6 (1.9) 0.328 4.6  4.6  1.000 

IMD group (NZDep13 scale)       

IMD-1 (1 or 2) 272 (13.3) 76 (3.9) <0.001 3.8 (0.004) 3.9 (0.01) 0.4261 

IMD-2 (3 or 4) 289 (14.1) 137 (7.0) 7.8 (0.01) 7.2 (0.01) 

IMD-3 (5 or 6) 245 (11.9) 188 (9.7) 8.5 (0.01) 9.5 (0.01) 

IMD-4 (7 or 8) 651 (31.7) 452 (23.2) 24.1 (0.02) 23.5 (0.01) 

IMD-5 (9 or 10) 596 (29.0) 1096 (56.2) 55.7 (0.02) 55.9 (0.01) 

Smoking status, n (%)       

Never smoking 1326 (59.9) 929 (45.8) <0.001 36.2 (0.02) 36.2 (0.01) 0.9988 

Ex-smoker 507 (22.9) 436 (21.5) 27.2 (0.02) 27.2 (0.01) 

Current Smoker 382 (17.3) 663 (32.7) 36.6 (0.03) 36.6 (0.01) 

Body mass index, kg/m2 34.2 (6.9) 37.0 (7.8) <0.001 37.3 37.3 1.000 

Systolic blood pressure, mmHg 137.6 
(16.2) 

136.0 (18.2) <0.001 134.8 134.8 1.000 

Diastolic blood pressure, mmHg 83.4 (9.0) 85.4 (11.3) <0.001 84.9 84.9 1.000 

HbA1c, mmol/mol 59.9 (18.9) 67.6 (21.0) <0.001 66.9 66.9 1.000 

Total cholesterol, mmol/L 5.1 (1.2) 5.2 (1.2) 0.980 5.1 5.1 1.000 

Triglyceride, mmol/L 2.5 (1.6) 2.8 (1.9) <0.001 2.6 2.6 1.000 

Low-density lipoprotein cholesterol, mmol/L 2.6 (1.0) 2.7 (1.0) <0.001 2.7 2.7 1.000 

High-density lipoprotein cholesterol, mmol/L 1.1 (0.4) 1.1 (0.3) <0.001 1.1 1.1 1.000 

estimated Glomerular filtration rate (eGFR), 
ml/min/1.73 m

2
  

105.0 
(12.8) 

107.4 (13.7) <0.001 107.5 107.5 1.000 

Albumin creatinine ratio, mg/mmol 1.2 (0.8) 2.2 (1.0) <0.001 2.2 2.2 1.000 

Antidiabetes treatment, n (%)       

Oral antidiabetes drug and insulin 401 (18.1) 460 (22.7) <0.001 24.6 (0.02) 25.7 (0.01) 0.3859 

Oral antidiabetes drug only 1323 (59.7) 1231 (60.7) 69.6 (0.02) 68.5 (0.01) 

Insulin only 43 (1.9) 31 (1.5) 1.9 (0.01) 1.0 (0.002) 

Antihypertensive treatment, n (%) 1476 (66.6) 1470 (72.5) 0.225 84.3 (0.02) 84.3 (0.01) 0.9999 

Statin treatment, n (%) 1344 (60.7) 1293 (63.8) 0.183 79.6 (0.02) 79.6 (0.01) 1.0000 

Antiplatelet or anticoagulant treatment, n 
(%) 

42 (1.9) 34 (1.7) 0.036 2.6 (0.01) 2.6 (0.004) 0.9999 

 

Comparison 2: Pacific vs. European 

NZ 
European 

Pasifika P-value NZ 
European 

Pasifika P-value 

N=2474 N=3101 N=2474 N=3101 

Age, years 53.2 (12.6) 49.0 (12.4) <0.001 47.0 47.0 1.000 

Male Gender, n (%) 1476 (59.7) 1539 (49.6) <0.001 52.8 (0.03) 52.8 (0.01) 1.000 

Enrol cohort, n (%)       
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1994-1998 536 (21.7) 486 (15.7) <0.001 5.9 (0.01) 5.4 (0.01) 1.000 

1999-2003 732 (29.6) 863 (27.8) 15.7 (0.02) 17.8 (0.01) 

2004-2008 480 (19.4) 409 (13.2) 20.0 (0.02) 16.9 (0.01) 

2009-2013 545 (22.1) 963 (31.1) 42.6 (0.03) 44.7 (0.01) 

2013-2018 178 (7.2) 380 (12.3) 15.8 (0.03) 15.3 (0.01) 

Duration of having diabetes, years 4.7 (1.9) 4.9 (2.0) 4.8 4.8 1.000 

IMD group (NZDep13 scale)       

IMD-1 (1 or 2) 329 (13.3) 90 (2.9) <0.001 3.1 (0.004) 2.9 (0.004) 1.000 

IMD-2 (3 or 4) 291 (11.8) 165 (5.3) 4.8 (0.01) 5.5 (0.01) 

IMD-3 (5 or 6) 249 (10.1) 171 (5.5) 5.4 (0.01) 4.3 (0.01) 

IMD-4 (7 or 8) 820 (33.1) 670 (21.6) 21.4 (0.02) 22.1 (0.01) 

IMD-5 (9 or 10) 785 (31.8) 2005 (64.7) 65.3 (0.02) 65.1 (0.01) 

Smoking status, n (%)       

Never smoking 1763 (71.4) 2259 (72.9) <0.001 64.0 (0.03) 64.0 (0.01) 1.000 

Ex-smoker 417 (16.9) 384 (12.4) 17.7 (0.02) 17.7 (0.01) 

Current Smoker 291 (11.8) 458 (14.8) 18.3 (0.02) 18.3 (0.01) 

Body mass index, kg/m2 33.6 (6.9) 35.6 (7.8)  36.0 36.0 1.000 

Systolic blood pressure, mmHg 137.1 
(16.4) 

133.1 (16.7) <0.001 131.9 131.9 1.000 

Diastolic blood pressure, mmHg 82.8 (9.0) 82.9 (10.0) <0.001 82.5 82.5 1.000 

HbA1c, mmol/mol 57.7 (16.6) 67.0 (19.9) <0.001 66.9 66.9 1.000 

Total cholesterol, mmol/L 5.1 (1.1) 5.0 (1.1) 0.003 4.9 4.9 1.000 

Triglyceride, mmol/L 2.2 (1.1) 2.0 (1.1) 0.003 2.0 2.0 1.000 

Low-density lipoprotein cholesterol, mmol/L 2.6 (0.9) 2.7 (0.9) 0.002 2.7 2.7 1.000 

High-density lipoprotein cholesterol, mmol/L 1.1 (0.3) 1.1 (0.3) 0.003 1.1 1.1 1.000 

estimated glomerular filtration rate (eGFR), 
ml/min/1.73 m2  

103.9 
(12.0) 

105.1 (12.1) 0.004 105.3 105.3 1.000 

Albumin creatinine ratio, mg/mmol 1.2 (0.8) 2.2 (1.0) <0.001 2.2 (1.0) 2.2 (1.0) 1.000 

Antidiabetes treatment, n (%)       

Oral antidiabetes drug and insulin 419 (17.0) 502 (16.2) <0.001 20.6 (0.03) 21.5 (0.01) 1.000 

Oral antidiabetes drug only 1477 (59.8) 1838 (59.3) 75.2 (0.03) 74.4 (0.01) 

Insulin only 52 (2.1) 52 (1.7) 1.2 (0.01) 1.3 (0.01) 

Antihypertensive treatment, n (%) 1559 (63.1) 1875 (60.5) 0.001 80.8 (0.01) 80.8 (0.01) 1.000 

Statin treatment, n (%) 1417 (57.4) 1588 (51.2) 0.003 75.4 (0.01) 75.4 (0.01) 1.000 

Antiplatelet or anticoagulant treatment, n 
(%) 

48 (1.9) 35 (1.1) 0.001 1.4 (0.01) 1.4 (0.01) 1.000 
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Supplemental Table S2. Adjusted hazard ratios for risks of any and each of II-V stages of 
chronic kidney diseases 

Model (i) weighted for age and sex; model (ii) weighted for all adjusted variables in model (i) plus IMD 
group; model (iii) weighted for all adjusted variables in model (ii) plus smoking status; model (iv) 
weighted for all adjusted variables in model (iii) plus body measurements (body mass index, systolic and 
diastolic blood pressure); model (v) weighted for all adjusted variables in model (iv) plus baseline HbA1c; 
model (vi) weighted for all adjusted variables in model (v) plus baseline lipid profile (total cholesterol, 
low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, and triglyceride); model (vii) 
weighted for all adjusted variables in model (vi) plus baseline estimated glomerular filtration rate and 
albumin creatinine ratio; model (viii) weighted for all adjusted variables in model (vii) plus antidiabetes 
treatments; model (ix) weighted for all adjusted variables in model (viii) plus antihypertensive, lowering 
lipid and anticoagulant treatment; model (x) weighted for all adjusted variables in model (ix) plus entry 
cohorts; model (xi) weighted for all adjusted variables in model (x) plus duration of having diabetes at 
entry time. 

 

MODELS outcome Comparative group HR (95%CI) 

Model I AnyCKD               1.12 (0.99 to 1.27) 

Model II AnyCKD               1.07 (0.93 to 1.22) 

Model III AnyCKD               1.09 (0.94 to 1.25) 

Model IV AnyCKD               1.15 (0.98 to 1.35) 

Model V AnyCKD               1.18 (0.99 to 1.41) 

Model VI AnyCKD               1.18 (0.98 to 1.40) 

Model VII AnyCKD               1.20 (1.00 to 1.44) 

Model VIII AnyCKD               1.25 (1.05 to 1.49) 

Model IX AnyCKD               1.20 (1.00 to 1.43) 

Model X AnyCKD               1.19 (0.99 to 1.42) 

Model XI AnyCKD               1.18 (0.99 to 1.41) 

Model I CKD2               1.04 (0.92 to 1.18) 

Model II CKD2               0.99 (0.86 to 1.14) 

Model III CKD2               1.01 (0.87 to 1.17) 

Model IV CKD2               1.06 (0.90 to 1.25) 

Model V CKD2               1.10 (0.92 to 1.31) 

Model VI CKD2               1.09 (0.91 to 1.30) 

Model VII CKD2               1.11 (0.93 to 1.33) 

Model VIII CKD2               1.16 (0.97 to 1.39) 

Model IX CKD2               1.11 (0.92 to 1.33) 

Model X CKD2               1.10 (0.92 to 1.32) 

Model XI CKD2               1.10 (0.91 to 1.32) 

Model I CKD3               2.16 (1.65 to 2.83) 

Model II CKD3               2.01 (1.49 to 2.70) 

Model III CKD3               1.83 (1.34 to 2.51) 

Model IV CKD3               2.02 (1.45 to 2.81) 

Model V CKD3               1.75 (1.24 to 2.47) 

Model VI CKD3               1.75 (1.24 to 2.47) 

Model VII CKD3               1.82 (1.28 to 2.57) 

Model VIII CKD3               1.83 (1.29 to 2.60) 

Model IX CKD3               1.80 (1.26 to 2.57) 

Model X CKD3               1.72 (1.20 to 2.45) 
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Model XI CKD3               1.70 (1.19 to 2.43) 

Model I CKD4               2.80 (1.90 to 4.14) 

Model II CKD4               3.72 (2.04 to 6.79) 

Model III CKD4               3.27 (1.79 to 6.01) 

Model IV CKD4               4.05 (2.19 to 7.47) 

Model V CKD4               3.76 (2.07 to 6.84) 

Model VI CKD4               3.93 (2.15 to 7.19) 

Model VII CKD4               4.14 (2.26 to 7.61) 

Model VIII CKD4               4.02 (2.19 to 7.38) 

Model IX CKD4               3.87 (2.12 to 7.07) 

Model X CKD4               3.91 (2.15 to 7.14) 

Model XI CKD4               3.93 (2.16 to 7.14) 

Model I CKD5               4.12 (2.10 to 8.08) 

Model II CKD5               4.78 (2.24 to 10.21) 

Model III CKD5               4.19 (2.12 to 8.25) 

Model IV CKD5               4.42 (2.16 to 9.03) 

Model V CKD5               4.26 (2.07 to 8.76) 

Model VI CKD5               4.34 (2.12 to 8.89) 

Model VII CKD5               4.39 (2.15 to 8.98) 

Model VIII CKD5               4.14 (1.96 to 8.76) 

Model IX CKD5               3.88 (1.81 to 8.32) 

Model X CKD5               3.96 (1.87 to 8.41) 

Model XI CKD5               3.74 (1.74 to 8.05) 

Model I AnyCKD Pasifika vs. NZE 1.11 (0.99 to 1.25) 

Model II AnyCKD Pasifika vs. NZE 1.11 (0.97 to 1.26) 

Model III AnyCKD Pasifika vs. NZE 1.09 (0.96 to 1.25) 

Model IV AnyCKD Pasifika vs. NZE 1.16 (1.01 to 1.32) 

Model V AnyCKD Pasifika vs. NZE 1.13 (0.97 to 1.32) 

Model VI AnyCKD Pasifika vs. NZE 1.14 (0.97 to 1.33) 

Model VII AnyCKD Pasifika vs. NZE 1.18 (1.01 to 1.39) 

Model VIII AnyCKD Pasifika vs. NZE 1.19 (1.01 to 1.40) 

Model IX AnyCKD Pasifika vs. NZE 1.24 (1.04 to 1.47) 

Model X AnyCKD Pasifika vs. NZE 1.29 (1.07 to 1.54) 

Model XI AnyCKD Pasifika vs. NZE 1.31 (1.09 to 1.57) 

Model I CKD2 Pasifika vs. NZE 1.03 (0.92 to 1.16) 

Model II CKD2 Pasifika vs. NZE 1.04 (0.91 to 1.18) 

Model III CKD2 Pasifika vs. NZE 1.03 (0.90 to 1.17) 

Model IV CKD2 Pasifika vs. NZE 1.08 (0.94 to 1.24) 

Model V CKD2 Pasifika vs. NZE 1.07 (0.92 to 1.25) 

Model VI CKD2 Pasifika vs. NZE 1.07 (0.91 to 1.26) 

Model VII CKD2 Pasifika vs. NZE 1.11 (0.95 to 1.31) 

Model VIII CKD2 Pasifika vs. NZE 1.13 (0.96 to 1.33) 

Model IX CKD2 Pasifika vs. NZE 1.17 (0.99 to 1.40) 

Model X CKD2 Pasifika vs. NZE 1.24 (1.03 to 1.49) 

Model XI CKD2 Pasifika vs. NZE 1.26 (1.05 to 1.52) 
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Model I CKD3 Pasifika vs. NZE 1.78 (1.35 to 2.34) 

Model II CKD3 Pasifika vs. NZE 1.63 (1.19 to 2.22) 

Model III CKD3 Pasifika vs. NZE 1.61 (1.18 to 2.20) 

Model IV CKD3 Pasifika vs. NZE 1.76 (1.27 to 2.44) 

Model V CKD3 Pasifika vs. NZE 1.50 (1.05 to 2.14) 

Model VI CKD3 Pasifika vs. NZE 1.50 (1.03 to 2.18) 

Model VII CKD3 Pasifika vs. NZE 1.61 (1.11 to 2.32) 

Model VIII CKD3 Pasifika vs. NZE 1.63 (1.13 to 2.36) 

Model IX CKD3 Pasifika vs. NZE 1.61 (1.18 to 2.20) 

Model X CKD3 Pasifika vs. NZE 1.70 (1.13 to 2.57) 

Model XI CKD3 Pasifika vs. NZE 1.71 (1.14 to 2.57) 

Model I CKD4 Pasifika vs. NZE 3.68 (2.03 to 6.70) 

Model II CKD4 Pasifika vs. NZE 3.01 (1.46 to 6.21) 

Model III CKD4 Pasifika vs. NZE 2.87 (1.38 to 5.96) 

Model IV CKD4 Pasifika vs. NZE 3.66 (1.73 to 7.74) 

Model V CKD4 Pasifika vs. NZE 4.37 (2.12 to 9.02) 

Model VI CKD4 Pasifika vs. NZE 4.35 (2.05 to 9.22) 

Model VII CKD4 Pasifika vs. NZE 4.40 (2.00 to 9.68) 

Model VIII CKD4 Pasifika vs. NZE 4.26 (1.89 to 9.59) 

Model IX CKD4 Pasifika vs. NZE 4.83 (1.85 to 12.59) 

Model X CKD4 Pasifika vs. NZE 3.52 (1.23 to 10.10) 

Model XI CKD4 Pasifika vs. NZE 3.75 (1.40 to 10.05) 

Model I CKD5 Pasifika vs. NZE 5.54 (2.71 to 11.33) 

Model II CKD5 Pasifika vs. NZE 4.15 (1.69 to 10.19) 

Model III CKD5 Pasifika vs. NZE 3.98 (1.61 to 9.83) 

Model IV CKD5 Pasifika vs. NZE 4.40 (1.84 to 10.48) 

Model V CKD5 Pasifika vs. NZE 5.29 (1.95 to 14.33) 

Model VI CKD5 Pasifika vs. NZE 5.43 (2.09 to 14.12) 

Model VII CKD5 Pasifika vs. NZE 5.95 (2.40 to 14.76) 

Model VIII CKD5 Pasifika vs. NZE 5.75 (2.27 to 14.60) 

Model IX CKD5 Pasifika vs. NZE 6.03 (2.05 to 17.76) 

Model X CKD5 Pasifika vs. NZE 5.43 (1.71 to 17.25) 

Model XI CKD5 Pasifika vs. NZE 4.96 (1.56 to 15.75) 
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