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ABSTRACT 

Aims
To compare variations in metabolic target achievement by ethnicity (Europeans, Māori and Pasifika) among patients with type 2 diabetes (T2DM) in Auckland, New Zealand (NZ) between 1994-2013.

Methods
32,237 patients were enrolled. Adjusted marginal difference (European as reference) of systolic blood pressure (SBP), body mass index (BMI), HbA1c and total cholesterol, alongside the proportion achieving metabolic targets were estimated using multivariable mixed effect models at baseline, 1-, 2-, 3-, 4-, and 5-years, adjusted for covariates.  

Results
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Compared with Europeans, Māori and Pasifika had continuously, significantly higher HbA1c (by 0.3% (+3.5mmol/mol) and 0.6% (+6.8 mmol/mol) respectively and BMI (+1.5 and +0.3 kg/m2 respectively) but lower SBP (-1.8 and -3.4 mmHg respectively) and TG (-0.03 and -0.34 mmol/L respectively), and insignificantly TC (+0.004 and +0.01 respectively), by 5-year of follow-up. While 49% Europeans were within target HbA1c, this was achieved by only 30% Māori and 27% Pasifika. Conversely, 41% Europeans, 46% Māori and 59% Pasifika achieved the SBP target (all P<0.0001).  
 
Conclusions
Managing hyperglycemia appears to be more challenging than treating hypertension and dyslipidemia in these ethnic groups. New anti-hyperglycemia treatments, addressing health literacy, socioeconomic and any cultural barriers to management and self-management are urgently needed to reduce these disparities.
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INTRODUCTION
Type 2 diabetes (T2DM) is pandemic, affecting approximately 422 million people worldwide including 340,000 people in New Zealand. Despite improvements in diabetes therapies over the past two decades, mortality remains high[1], with disparities reported between population groups according to factors such as ethnicity and socioeconomic status (SES)[2]. With the recent reduced access to clinical care, and the disproportionate impact of COVID-19 upon those with diabetes and people from different ethnic groups[3], there is an urgent need to understand the pre-existing reasons for the ethnic disparities in T2DM outcomes. 
Māori (Indigenous Polynesian) and Pacific people (Pasifika) in New Zealand have had worse T2DM outcomes than New Zealand Europeans (NZE) for >20 years[4]. These differences exist after adjusting for SES, smoking, obesity, diabetes duration and demographics and despite more frequent primary care attendance and medication prescription[5].  Previous shorter studies have shown varying ethnic differences in blood pressure and dyslipidaemia [5] and it is unclear whether the long-standing ethnic differences in diabetes complications are associated with the non-achievement of both cardiovascular and glycaemic targets despite the provision of more clinical care.
This study tested whether there was discordance in these ethnic differences in the metabolic profile by comparing five key clinical measurements routinely measured in primary care (systolic blood pressure (SBP), body mass index (BMI), HbA1c, total cholesterol (TC), and triglyceride (TG)) over time among patients with T2DM between these three main ethnic groups (Māori, Pasifika and NZE). 

SUBJECTS, MATERIALS AND METHODS
Data setting
The Diabetes Care Support Service (DCSS), established in 1991, audited general practice diabetes management in South, East and West Auckland in order to improve standards of care as previously described[6].  We linked the DCSS database[7] with national death registration, hospitalisation, pharmaceutical claims, and social-economic databases to identify a cohort of patients with T2DM. The resulting longitudinal, linked, anonymised DCSS database includes demographics, risk factors, clinical measurements, diagnosed diabetes complications and diabetes medications and has been validated by previous studies[8][9]. Pharmaceutical claims data includes all prescriptions issued for patients and was used to cross-validate the prescription data in DCSS. Only pharmaceutical claims data after 2006 were available for linkage. Historical claims before 2006 were not linked because National Health Index (NHI) numbers were not universal until 2006.  Data were included for all patients by their first enrolment date into the DCSS (last enrolment 31/7/2018). T2DM was defined by primary care record coding, with validation by trained diabetes auditors. New Zealand follows the WHO diagnostic criteria for diabetes. From2011, HbA1c was added as a diagnostic test using a threshold of 50 mmol/mol (6.7%)

The North Health Ethics Committee approved the DCSS for research purposes in 1992, and then as an ongoing audit in 1996 (92/006). Ethics review was waived by the New Zealand Health and Disability Ethics Committees on March 25, 2019. Signed consent to participate was provided by an authorised signatory for each general practice.

Patients were categorised into exposure groups by ethnicity (Māori, NZE, and Pasifika); age (<35 years, 35–44 years, 45–54 years, 55–64 years, 65–74 years, 75–84 years and ≥85 years); sex; and socioeconomic status. Māori patients were defined as those with any Māori ancestry, and Pasifika patients (93% Polynesian) were defined as those with any Pacific ancestry except Māori. NZDep2013 was used to define socioeconomic status. NZDep2013 provides an Index of Multiple Deprivation (IMD) score for each New Zealand meshblock (Statistics New Zealand-defined geographical units, each of which included a median of approximately 81 people in 2013) [10]. The area deprivation indicator from the Department of Public Health, University of Otago (Otago, New Zealand). NZDep2001, NZDep2006, and NZDep2013 scores were compared at a patient level to observe shifts in socioeconomic status over time [4]. As consistent stability in socio- economic status was observed using NZDep2013, this index was chosen for analyses. The NZDep2013 scale of deprivation ranges from 1 to 10 and divides New Zealand into tenths of the distribution. To maintain statistical power, the IMD was redefined by re-ranking NZDep2013 into five groups: IMD-1 (least deprived; NZDep2013 score 1–2) to IMD-5 (most deprived; NZDep2013 score 9–10). 
Outcomes
Difference in SBP, BMI, HbA1c, TC and TG were examined as outcomes between Māori, Pasifika and NZE patients at baseline, 1-, 2-, 3-, 4-, and 5-year of follow-up, with NZE as reference group. The proportion achieving metabolic targets (defined as HbA1c<7.0% (53 mmol/mol), SBP<130 mmHg, TC<4.0 mmol/L, and TG<1.7 mmol/L[11]) were also compared, with NZE group as reference.  The most recent relevant measurements for the audi period were recorded. While practice nurses at many large and busy general practice clinics use automated machines with a variety of cuff sizes to record BP, pulse and O2 saturations simultaneously, if the BP is elevated, the majority of GPs would use a traditional sphygmomanometer to re-check the BP reading in their consultation room.
Statistical analysis
[bookmark: _Hlk96889377]Descriptive statistics include numbers and proportions for discrete variables and median (Interquartile range (IQR)) for continuous variables. We used mixed-effects models to compare repeatedly measured outcomes over baseline, 1-, 2-, 3-, 4- and 5-years of follow-up between ethnic groups. The models included covariates (baseline characteristics (age, sex, smoking, SES) and baseline outcomes (for example, baseline BMI, HbA1c, TC and TG for comparing SBP over time), baseline anti-hypertensive, anti-diabetes and lipid-lowering treatments, anticoagulant therapy) and the enrolment-period as fixed effects. Four subgroups were created from the cohort by enrolment period (cohort 1: 1994-1998; cohort 2:1999-2003; cohort 3: 2004-2008; cohort 4: 2009-2013). Marginal difference of measurements at each time-point for each ethnic group derived from the model is presented by overall and within each subgroup. Missing data on the covariates were fewer than 2% of eligible participants, but outcomes during the follow-up were missing 3-11%. Based on the worst-case scenario of 11% of participants with one or more missing covariates or outcomes, we created 11 imputed datasets using multiple imputation with chained equations. Imputation models included values for outcome variables at baseline, 1-,2-,3-,4- and 5-year of follow-up, with all covariates used in the pre-processing. Subsequent analyses applied all pre-processing and estimations within each imputed dataset before combining estimates using Rubin’s rules[12]. To observe ‘age’ effect, the adjusted measurement difference was models in population aged ≤ 60 and > 60 years separately.  To address the effect of a “period-effect” on control target, a sensitivity analysis was undertaken with analyses re-compared between ethnic groups by enrolment-period cohort for proportion of achieving control target. To observe any specific treatment effects (antihypertensive, antidiabetes, and statin treatment) on SBP, HbA1c, TC and TG, the marginal difference in each parameter was separately modelled for patients with and without each specific treatment. All statistical analyses were performed using Stata MP 16.1. 


RESULTS
Overall, 32,237 patients with T2DM were enrolled between Jan 1, 1994, and Dec 31, 2013 (8857, 9250, 6326, and 7804 for cohorts 1-4 respectively), had baseline measurements (49.4% female, median age 57.1 (IQR 47.7-67.0) years; 47.9% NZE, 19.9% Māori, 31.8% Pasifika) and were followed up over the following 5 years.  The characteristics of patients both overall, by cohort and by ethnicity are presented in Table-1. Median diabetes duration was similar between the three ethnic groups (4.8 (2.8-6.6) years) and declined over time. At baseline, 70.0%, 55.1% and 2.8% patients took antihypertensives, statins and anticoagulants with 10.0% used insulin alone, 58.0% oral anti-diabetes agents alone and 17.6% both oral anti-diabetes agents and insulin. Compared with Māori and Pasifika patients, NZE patients were older, had the lowest deprivation scores, included fewer women and fewer current smokers. Antihypertensive and statin therapy use was lowest among Pasifika patients. Use of anti-diabetes agents and insulin was lowest among NZE patients. 

Differences in clinical measurements between ethnic groups
Figure 1 shows that between baseline and 5 years follow up, NZE had a higher marginal estimated SBP than Māori between -1.78 (-2.35 to -1.21) and -1.48 (-2.24 to -0.72) mmHg respectively and Pasifika patients between -3.40 (-3.92 to -2.88) and -2.37 (-3.13 to -1.61) mmHg respectively.  After adjusting for covariates over the time period, NZE had a lower marginal estimated HbA1c than Māori by 3.5 (3.0 to 4.1), to 3.2 (2.4 to 3.9) mmol/mol respectively (ie no change in difference); and Pasifika patients by 6.8 (6.3 to 7.3) to 5.5 (4.7 to 6.2) mmol/mol respectively. Pasifika patients also had a higher HbA1c over the time period compared with Māori patients.  NZE commenced with a higher adjusted marginal estimated TC than Māori and Pasifika patients by -0.07 (-0.10 to -0.03) and -0.08 (-0.11 to -0.05) mmol/l respectively, but these both became similar after 4 years. Māori commenced with a 0.17 (0.11 to 0.23) mmol/l higher adjusted marginal estimated TG than NZE patients, but these became similar after 4 years.  Conversely, Pasifika patients commenced with -0.27 (-0.32 to -0.21) mmol/l lower TG than NZE which remained similar over the 5 years. NZE had a lower marginal estimated BMI than Māori patients by 1.5 (1.3 to 1.8) to 1.2 (0.9 to 1.5) kg/m2 respectively, and vs Pasifika patients by between 0.3 (0.1 to 0.6) to 0.2 (-0.1 to 0.4) kg/m2 respectively.  Supplemental Figure 1 shows similar marginal ethnic differences in SBP, TC and TG with and without their respective treatments.  However, the marginal ethnic difference in HbA1c was less among those taking anti-diabetes treatment. Supplemental Figure 2 shows similar marginal ethnic difference in SBP, BMI, TC and TG in population aged ≤60 and >60 years.


Proportion of patients achieving metabolic target by ethnic group
Figure 2 shows the estimated proportions achieving metabolic targets. Achievement of the SBP target dropped across all three ethnic groups from baseline to year 5: greatest among Māori dropping from 50.2 (49.0 to 51.4) % to 45.8 (43.9 to 47.8) %, and Pasifika patients dropping from 56.4 (55.4 to 57.3) % to 48.8 (46.9 to 50.6) %, and least among NZE patients dropping from 43.3 (42.5 to 44.1) % to 40.7 (39.1 to 42.3) %. Achievement of the HbA1c target dropped across all three ethnic groups from baseline to year 5 and was greatest among NZE from 56.3 (55.4 to 57.2) % to 48.9 (47.2 to 50.5) %; then Māori patients 35.7 (34.4 to 37.0) % to 30.4 (28.4 to 32.3) % and least among Pasifika patients from 31.5 (30.6 to 32.4) % to 26.9 (25.2 to 28.6) %. Achievement of the TC target increased across all three ethnic groups from baseline to year 5 and was similar between the ethnic groups. Achievement of the TG target was similar or increased across the ethnic groups from baseline to year 5, and highest among NZE and Pasifika patients and least achieved among Māori patients. Similar patterns within the four cohorts (Supplemental Figure 3-6).

DISCUSSION


Māori and Pasifika patients were more likely to achieve the SBP and TC goals, and NZE the glycaemic and TG targets, despite roughly comparable levels of treatment.  This discordance between the ethnic groups in their achievement of SBP and TC targets and the HbA1c target continued over the 20-year period and after adjusting for confounders. Achievement of the metabolic targets dropped over each 5-year period across all ethnic groups. The analyses covered the enrolment-period cohort (to rule out a period effect e.g. guidance change) and revealed consistent findings. 
 
This is the first New Zealand study, and one of the few studies globally, following changes in management of patients with type 2 diabetes over 20 years. The landmark Framingham study, running since 1948[13] , Busselton Health Study since 1966[14] and Caerphilly Prospective Study since 1979[15] have been prospective studies describing the epidemiology of diabetes, but with smaller numbers of participants with diabetes and predominantly of NZE descent. The Pima Indian study is a prospective study of an Indigenous population over 40 years, clearly showing the relationship between hyperglycemia and type 2 diabetes complications[16] in an obese population and has some parallels but has no other co-located populations with which to compare outcomes. While the United Kingdom Prospective Diabetes Study (UKPDS) evaluated 4031 post-trial survival T2DM patients over 20 years, the study was neither community based nor “real world” restricting its representativeness[17]. 

In the USA, NHANES (National Health and Nutrition Examination Survey), has used regular cross-sectional studies to monitor T2DM prevalence, clinical management and complications over 30 years, but not as a longitudinal study [18]. In the 1999-2010 series[18] including 2403 US adults from different ethnic groups, the proportion with HbA1c <7% increased over time from 35.0% to 55.5%, BP <130/80 from 34.2% to 52.8% and LDL-C<100 mg/dl from 37.0% to 54.4%. The 2011 Veterans study was a similar size to our study (n=35,872), but was a 1-year cross-sectional, not prospective study[19].  The same HbA1c, BP and LDL-C targets as NHANES were met in 45.8%, 47.4% and 71.1%. A 2018 global meta-analysis[20] found pooled target achievement rates for HbA1c of 42.8%, 29.0% for blood pressure and 49.2% for LDL-C placing the findings here within the international experience.  A higher proportion achieved HbA1c targets in Europe and North America than the rest of the world.

As expected, in parallel with the higher HbA1c are substantially increased risks of cardiovascular and end stage renal disease (ESRD) hospitalization among Māori and Pasifika patients with T2DM compared with NZE patients[4].  Optimizing hyperglycemia in T2DM has clearly been shown to reduce ESRD substantially and cardiovascular disease to a lesser extent[17], although the impact of the newly well-proven drugs, SGLT-2 inhibitors and GLP1 Receptor Agonists on these outcomes are yet to feed through into long term population based prospective studies and were not available to this cohort.  

A previous cross-sectional study also found that Maori and Pasifika patients with T2DM were receiving similar anti-hypertensive and lipid-lowering therapy to NZE patients[5][21]. We clearly show that in this population, ethnic differences in SBP and lipids and its management were unlikely to be involved in the observed higher rates of adverse clinical outcomes among Māori and Pasifika patients.[4] [17] It is unknown whether or not SBP and TC lead to more complications at the same thresholds Māori and Pasifika than NZE which requires further research. The gap in HbA1c between Maori and Pasifika versus NZE was less in those who were receiving anti-diabetes treatments, suggesting that when used, medication is effective but insufficient.  However, the larger HbA1c gap in the unmedicated patients suggests that commencement of diabetes drugs may be delayed. Whether these differences are due to health provision and/or self-management (including affordability) barriers is unclear.

This study raises the question how blood pressure control can be the same or better among Māori and Pasifika than NZE (especially when blood pressure may have commenced higher among Māori and Pasifika[22]), with such substantial disparities in glycaemia. Hyperglycemia, hypertension and dyslipidemia, were all managed largely by the same primary care providers. All require medication once efforts to address lifestyle issues have been shown insufficient. Previous studies have revealed that Māori and Pasifika receive more care, which is appropriate considering their initial metabolic status: although for eg HbA1c this still remains insufficient to address their excess risk [22]. 

Self-management particularly lifestyle aspects (e.g. carbohydrate management) may be more complex with diabetes.  People with diabetes face substantial barriers to self-management in New Zealand and these have been more common among Māori and Pasifika with diabetes [23].  Health literacy remains lower among Māori and Pasifika in New Zealand [24]. Evidence is growing that glycaemia may be able to be improved with culturally tailored interventions including community activation, peer support and community health worker interventions.  For example, the DElay Future End Stage Nephropathy due to Diabetes (DEFEND) study was a community based, randomised controlled trial of culturally appropriate health-care assistants to manage hypertension in Māori and Pacific patients with diabetes and chronic kidney disease (CKD) [25].  At 12 months, the intervention was associated with significantly lower SBP and 24-hour urinary protein and more prescribed antihypertensives.   Although at the end of the initial study there was no improvement in HbA1c, after four years, a follow up study showed significantly lower (but still high) HbA1c (81 vs 71 mmol/mol; 9.6% vs 8.7%) [26]  in the intervention group.  Blood pressure and albuminuria remained lower and there were less hospital days.  The Le Taeao Afua diabetes prevention program was a Pasifika “through the church” programme including community activation, community health workers and peer support in South Western Sydney, Australia [27].  The intervention was built upon earlier research in the New Zealand Māori and Pacifika communities [27], ran for 3-8 months and involved three complete Samoan church communities.  Among those with known diabetes, HbA1c dropped from 8.1±2.4% (65 mmol/mol) to 7.4±1.8% (57 mmol/mol).  There were accompanying church-wide changes in diabetes knowledge, diet and physical activity, important to facilitate a supportive environment for those with diabetes (as well as diabetes prevention).

Even with such culturally tailored interventions, Māori and Pacific patients with type 2 diabetes have remained hyperglycaemic. Whether this greater persisting hyperglycemia is a consequence of metabolic differences (eg more refractory to treatment through the higher BMI despite adjustment in the modelling) is unclear, although Māori and Pasifika may not be more intrinsically insulin resistant than NZE[28]. What is clear is that significant hyperglycemia often requires skills that go beyond standard primary care. Variation in primary care diabetes management is well described, with less hyperglycemia being present when the primary care practitioner has an interest in diabetes[29]. With the breadth of demands in primary care, this should not be surprising.  The need for primary care to be supported by diabetes specialist services has been recognized with the growth of different integrated care strategies[30], leading to improvements in HbA1c, while leaving ongoing management to primary care.  Of particular benefit appears to be case conferencing [30], where a diabetes specialist physician visits the practice and reviews the management of patients with the general practitioner (and team where possible).  This can be with or without the patient present.  The latter is a shorter discussion and allows more patients to be reviewed.  Case conferencing also provides healthcare professional education for general practice teams and allows lessons learnt to be applied to similar patients in the practice.

Our study has several strengths, including being the largest multi-ethnic cohort study of patients with T2DM followed for over 20 years reporting key diabetes-related clinical measurements.  The cohort included all patients from participating primary care practices. The study limitations include heterogeneity in the Pasifika, Māori, and NZE populations, and the national representativeness of the population and of the participating general practices. However, the population covered by the DCSS includes a substantial proportion of New Zealand Pasifika and Māori. Misdiagnosis of type 1 diabetes as T2DM is a well-known issue in primary care, which might probably attenuate the measurement difference between ethnic groups. Imprecision of the variables used to adjust for socio-demographic factors (eg SES) and smoking (eg duration) may not eliminate the influence of these factors.

 
[bookmark: _Hlk96877176]In conclusion, ethnic disparities in glycemia, but not blood pressure or dyslipidemia among patients with T2DM has been a major and consistent health challenge in New Zealand over 20 years. These ethnic differences remain after adjusting for socio-demographic, period effect and other clinical factors. These findings suggest that the higher HbA1c is not due to either patients or healthcare professionals, but due to deficiencies in the way health services are organized to support the management of hyperglycaemia.  Any new models of care therefore need to improve glycaemic management, while maintaining or enhancing blood pressure and lipid management. While recent improvements in access to new diabetes medications are likely to be of benefit, greater integration between primary and secondary care and more culturally tailored interventions are needed to address the multiple barriers that exist in the day to day lives of people with type 2 diabetes. 
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TABLES AND FIGURE LEGENDS
TABLE-1. Characteristics of study participants with type 2 diabetes by cohort

Continuous variables were presented as median (interquartile range (IQR)); binary and categorical variables were presented as number (percentage). 
Neither GLP1 Receptor Agonists nor SGLT2 inhibitors are not available in New Zealand
Index of multiple deprivation (IMD) was defined by NZDep13. 
SD means Standard Deviation.
NZE indicates New Zealand European.

	
	All four cohorts
	Cohort-1: enrolled in 1994-1998
	Cohort-2: enrolled in 1999-2003
	Cohort-3: enrolled in 2004-2008
	Cohort-4: enrolled in 2009-2013

	
	All
	NZE
	Māori 
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	158 (1.5)
	149 (1.7)
	81 (1.7)
	38 (2.2)
	30 (1.3)
	257 (2.8)
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Figure-1. Adjusted marginal difference of measurements between Māori, Pasifika and New Zealand European over time 
 
The means in New Zealand European races were used reference to estimate the difference.
Blue and red line indicates estimation from Māori, and Pasifika, respectively.

SBP, systolic blood pressure; BMI, body mass index; TC, total cholesterol; TG, triglyceride; ACR, albumin creatinine ratio.

For adjusted marginal difference of SBP at each time-point, enrolment cohort, age, gender, index of multiple deprivation, smoking status, cardiovascular disease, duration of diabetes, antihypertensive treatment, statin, antidiabetes treatment, antiplatelet and anticoagulant treatment were adjusted as well as BMI, TC, TG, ACR, HbA1c at baseline.

For adjusted marginal difference of BMI at each time-point, enrolment cohort, age, gender, index of multiple deprivation, smoking status, cardiovascular disease, duration of diabetes, antihypertensive treatment, statin, antidiabetes treatment, antiplatelet and anticoagulant treatment were adjusted as well as SBP, TC, TG, ACR, HbA1c at baseline.

For adjusted marginal difference of HbA1c at each time-point, enrolment cohort, age, gender, index of multiple deprivation, smoking status, cardiovascular disease, duration of diabetes, antihypertensive treatment, statin, antidiabetes treatment, antiplatelet and anticoagulant treatment were adjusted as well as SBP, TC, TG, ACR, BMI at baseline.

For adjusted marginal difference of TC at each time-point, enrolment cohort, age, gender, index of multiple deprivation, smoking status, cardiovascular disease, duration of diabetes, antihypertensive treatment, statin, antidiabetes treatment, antiplatelet and anticoagulant treatment were adjusted as well as SBP, HbA1c, TG, ACR, BMI at baseline.

For adjusted marginal difference of TG at each time-point, enrolment cohort, age, gender, index of multiple deprivation, smoking status, cardiovascular disease, duration of diabetes, antihypertensive treatment, statin, antidiabetes treatment, antiplatelet and anticoagulant treatment were adjusted as well as SBP, HbA1c, TC, ACR, BMI at baseline.
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Figure-2. Proportion of achieved control goals of measurements in Māori, Pasifika and New Zealand European over time 
Green, blue and red line indicates estimation from New Zealand European, Māori, and Pasifika, respectively.
Achieved control goal for HbA1c, SBP, TC and TG is <53 mmol/mol, <130 mmHg, <4.0 mmol/L, and <1.7 mmol/L, respectively.
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