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Purpose: We aimed to examine socioeconomic inequality (SI) in cause-specific outcomes among adults with impaired glucose 
tolerance (IGT) and/or Impaired fasting glucose (IFG) in New Zealand (NZ) over 25 years.
Patients and Methods: A population-based open cohort was derived from Diabetes Care Support Service in NZ with national 
databases linkage. Patients aged ≥18 years with IGT and/or IFG were enrolled between 01/01/1994 and 31/07/2018 and followed 
up until death or 31/12/2018. Incident outcomes (all-cause, premature, cardiovascular, and cancer death; cardiovascular, 
myocardial infarction, stroke, heart failure, and end-stage kidney disease hospitalization) by demographic, anthropometric, 
socioeconomic status, clinical measurements, enrol-time-periods, and IGT/IFG were evaluated. Adjusted incidence rate ratios, 
absolute risk difference, and SI measurements (slope and relative index of inequality) were estimated using Age-Period-Cohort 
models.
Results: 29,894 patients (58.5 (SD 14.3) years mean age; 52.2% female) were enrolled with 5.6 (IQR: 4.4–7.4) years of median 
follow-up. Mortality rates decreased, whereas hospitalization (except myocardial infarction) rates increased. SI was significant for each 
outcome. Higher mortality and hospitalization rates and worsened SI were common in men, older, the most deprived, and Māori 
patients, as well as patients with obesity, current smoking, with both IFG and IGT, and greater metabolic derangement (higher systolic 
blood pressure, lipids, and HbA1c, and lower level of mean arterial pressure).
Conclusion: Enhanced management strategies are necessary for people with IGT and/or IFG to address persisting SI, especially for 
men, older people, current smokers, NZ European and Māori patients, patients with obesity, or with any abnormal metabolic 
measurements.
Keywords: impaired glucose tolerance, impaired fasting glucose, New Zealand, Māori, ethnic disparity, socioeconomic inequality, 
mortality, cardiovascular diseases, heart failure, cancer, end-stage renal disease
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Introduction
Impaired glucose tolerance (IGT) and/or impaired fasting glucose (IFG) are recognized as high-risk states for developing 
type 2 diabetes (T2D), characterized by elevated glucose levels that fall below the diagnostic threshold for T2D and are 
higher than normal.1–3 The prevalence of IGT worldwide in 2021 reached 9.1% (around 464 million) and is projected to 
be 10.0% (nearly 638 million) by 2045. The prevalence of IFG globally in 2021 was estimated to be 5.8% (about 
298 million) and is predicted to be 6.5% (nearly 414 million) by 2045 (4–5). In New Zealand (NZ), during 2008–2009, 
25.5% of people aged 15 years and over were found to have prediabetes based on HbA1c criteria.4 Notably, prediabetes, 
regardless of the specific definition used, has been significantly related with a higher risk of death,5 as well as an elevated 
risk of cardiovascular diseases and all-cause mortality in comparison with the general population.5

Despite the significant role impact of glucose regulation abnormalities and the established relationship between IFG/ 
IGT and clinical outcomes broadly recognized in the overall population (7), the examination of enduring trends in 
specific health complications among those with IGT and/or IFG has not been widely pursued. While socioeconomic 
disparities in health outcomes, such as life expectancy, mortality, and hospitalization, are well documented in the overall 
population,6 it remains to be determined if similar patterns exist among individuals with IGT and/or IFG and whether 
these patterns have undergone changes over time. Current data reflecting contemporary trends in health outcomes for 
varied groups with IGT and/or IFG is essential for a deeper comprehension of the persistent socioeconomic gaps in health 
outcomes, aiding in the strategic development of community-tailored interventions (eg, anti-smoking initiatives) and 
healthcare strategies (such as diabetes screening programs), with particular attention to community deprivation levels. 
Furthermore, understanding cause-specific hospitalization rates for individuals with IGT and/or IFG is essential to 
address the projected rise in healthcare demands. In this study, we utilized linked data based on the Diabetes Care 
Support Service (DCSS) in Auckland, NZ, to investigate differences in cause-specific outcomes, explore the associations 
with long-term socioeconomic disparities, and identify trends among groups with incident IGT and/or IFG based on 
various demographic and clinical characteristics.

Material and Methods
Study Design and Data Sources
Our study employed a longitudinal open cohort design, utilizing data from the DCSS. It serves as an audit system 
initiated in 1991, tasked with overseeing the management of conditions like diabetes and elevated blood glucose levels, 
including type 1 and 2 diabetes, IGT, and IFG, across the southern, eastern, and western regions of Auckland. It aims 
primarily to amplify the caliber of healthcare services provided to people affected by these health issues.7 Data for our 
cohort were sourced from a variety of national databases, encompassing records of mortality, oncology registries, 
medication claims, and socio-economic information.

Our dataset, which spans several years, encapsulates extensive details on demographics, body measurements, life
style-related risk factors, clinical metrics, and therapeutic interventions. To ensure the reliability of our data, we instituted 
an extensive validation regime, including checks such as enumeration verification, internal quality assurance protocols, 
auditor verification, periodic and random testing, as well as rigorous evaluations for data anomalies, sorting incon
sistencies, and redundancy elimination.8–10

In 1996, the DCSS received its ethical endorsement from the North Health Ethics Committee under the protocol 
number 92/006. This followed the foundation's approval for its research aims in 1992. The New Zealand Health 
Disability Ethics Committee granted approval for our study, including a waiver of individual informed consent, on 
March 25, 2019. All data analyzed in this study were anonymized, and we conducted the research in accordance with 
relevant guidelines and regulations. This research was performed in alignment with the ethical principles set forth in the 
Declaration of Helsinki.

Study Population
The cohort for the current study was comprised of individuals with IGT and/or IFG aged 18 years and older, enrolled 
between 1st January 1994 and 31st July 2018.
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Exposure
The study pinpointed instances of IFG and/or IGT based on primary care records, which underwent validation by trained 
diabetes auditors. Patients without diabetes but with a fasting plasma glucose level ranging from 6.1 to less than 7.0 
mmol/L, alongside a 2-hour plasma glucose level of less than 7.8 mmol/L were classified as having IFG alone. Those 
without diabetes and with 2-hour plasma glucose level from 7.8 up to less than 11.1 mmol/L and with fasting plasma 
glucose level less than 7.0 mmol/L11 were categorized as having either IGT alone or IGT/IFG if IFG was present. All 
eligible patients incorporated in this study had an HbA1c level below 48 mmol/mol (equivalent to 6.5%).

Baseline characteristics encompassed demographic factors (such as age and gender), body metrics (body mass index 
(BMI), waist circumstance, blood pressure), lifestyle risk factor (smoking status), clinical measurements (glycated 
haemoglobin [HbA1c], total cholesterol [TC], low-density lipoprotein cholesterol [LDL-C], triglyceride, high-density 
lipoprotein cholesterol [HDL-C]), and clinical treatments (antihypertensive, statin, and antiplatelet or anticoagulant 
therapies).

The stratification of patients was based on sex, age group (above/below median: ≤55 years and >55 years); ethnicity 
(NZ European [NZE], Māori, Pasifika, Other ethnic group [due to small numbers in each group], socioeconomic status, 
enrolment year (1994–2008 and 2009–2018) based on 2008 being the median enrolment year), obesity status (categor
ized as either below or above a BMI of 30 kg/m2), smoking habits, systolic blood pressure (SBP) (classified as either 
below or above 130 mmHg), total cholesterol (TC) (classified as either below or above 5.0 mmol/L), triglyceride (TG) 
(less than 1.8 mmol/L and 1.8 mmol/L or higher), HbA1c (values less than 43 mmol/mol (6.1%) and values of 43 mmol/ 
mol (6.1%) or above), hyperglycaemic type (only having IFG, only having IGT, and having IFG + IGT). Moreover, the 
study defined mean arterial pressure (MAP) as one-third of systolic blood pressure plus two times diastolic blood 
pressure, with a median split at less than 96 mmHg and 96 mmHg or greater.

Due to limited outcomes recorded in patients aged <30 years and the sample size of patients aged more than 85, these 
two age strata were excluded from the analysis.

Individual socioeconomic levels were gauged using the NZDep2013 Index, a measure that quantifies deprivation for 
each small area or meshblock in NZ typically including about 81 people.12 To ensure the power for statistical analysis, 
we regrouped the Index of Multiple Deprivation (IMD) deciles into five categories: the least deprived (deciles 1–2), 
moderately deprived (deciles 3–4 and 5–6), and the most deprived (deciles 7–8 and 9–10 according to NZDep2013 
scores).7

Outcomes
The study collected and assessed mortality rates, both overall and premature mortality (PM) rates (deaths occurring 
before the age of 65) along with specific mortality due to cancer and cardiovascular causes. Additionally, we examined 
hospital admission frequencies, particularly those resulting from cardiovascular complications, stroke, myocardial 
infarctions, heart failure, cancer, and end-stage kidney disease (ESRD). Patient death data were obtained from the 
national death registry encompassing all recorded fatalities in NZ. This database provided both the date and the medical 
cause of death for each study participant, facilitating mortality analyses. Hospital admissions post-enrollment were 
documented, and this information was obtained from the comprehensive National Hospital Database, which includes 
details of all inpatient stays. The main cause of hospitalization was recorded for each patient, and the total number of 
hospital admissions per patient was tallied, with follow-up until death or December 31, 2018 (the last outcome collection 
date).

Statistical Analysis
In our statistical analysis, we employed descriptive statistics, using numbers and percentages to represent binary 
variables, and measures such as standard deviation (SD) or interquartile range (IQR) for the continuous variables. We 
analyzed the death and hospitalization incidence, presenting these rates along with their 95% confidence intervals (Cis) 
for the entire study population, delineated first by the enrollment period—prior to and post-2008—and then by various 
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demographic strata including age, gender, socioeconomic status, ethnicity, tobacco use, SBP, BMI, cholesterol levels, 
triglycerides, and HbA1c levels.

To assess the influence of age, time period, and birth cohort on health events throughout the study duration (1994– 
2018), we applied the Age-Period-Cohort framework. Recognizing that the birth cohort is calculated as the duration of 
the study minus the patient’s age, and conventional regression methods fall short in isolating the unique effects due to the 
overlap between age, period, and cohort influences, we adopted a dual-pronged approach to bolster the robustness of our 
findings.13 First, this included the implementation of a drift component to account for the linear trend observed in health 
event rates, thereby sidestepping dependencies not distinctly assignable to either the period or cohort. Subsequently, we 
analyzed deviations from this linear trend (described as curvature), attributable exclusively to period or cohort influences 
without being confined by model limitations. Health event occurrences were estimated with parametric smooth functions 
using natural splines with designated knots for age, enrollment period, and cohort factors to identify any nonlinear 
relationships.

To investigate relative and absolute differences in total and cause-specific hospitalization rates among groups, we 
used Poisson regression models to calculate adjusted incidence rate ratios (IRR) and adjusted absolute risk difference 
(ARD) with 95% CIs. These statistics were presented in two forms: without adjustment and adjusted for all covariates 
(ie, age-group, sex, socioeconomic status, ethnicity, enrollment year, smoking status, BMI, SBP, MAP, TC, TG, and 
HbA1c). For overall differences between groups, each older age group was compared with the youngest age group (<55 
years; reference), women with men (reference), most deprived socioeconomic status (IMD=5) with the least deprived 
socioeconomic status (IMD=1; reference), Māori, Pasifika, and other ethnic group with NZE (reference), ex-smoking and 
current smoking with non-smoking (reference), higher SBP (SBP≥130 mmHg) with lower SBP (SBP<130 mmHg), 
higher MAP (MAP≥96 mmHg) with lower MAP (MAP<96 mmHg), higher TC (TC≥5.0 mmol/L) with lower TC 
(TC<5.0 mmol/L), higher TG (TG≥1.8 mmol/L) with lower TG (TG<1.8 mmol/L), higher HbA1c (HbA1c≥43 mmol/ 
mol / 6.1%) with lower HbA1c (HbA1c<43 mmol/mol/6.1%), IGT and IFG+IGT with the IFG group, and enrol cohort 
2009–2018 with 1994–2008. The proportion of missing covariate data varied from 0.8% to a worst-case scenario of 8% 
of cohort members. To address this, 8 imputed datasets were generated using multiple imputation with chained equations, 
from which the final adjusted estimations were derived.

To measure socioeconomic inequality in mortality and hospitalization rates for each IMD (1–5), we used rates 
adjusted for covariates to estimate both the slope index of inequality (SII) and relative index of inequality (RII) (as 
detailed in Supplemental Method Note).14 These measures summarized inequality in a population-weighted, regression- 
based model,15,16 both overall and stratified by age group, sex, ethnic group, IGT and/or IFG, enrol-time-period, smoking 
status, BMI, SBP, MAP, TC, TG, and HbA1c levels. An SII value of zero indicates no inequality, while positive values 
point to a higher concentration of outcomes in more deprived areas, and negative values indicate the opposite. Similarly, 
an RII value of one suggests no inequality, with values greater than one pointing to a higher concentration of outcomes in 
more deprived areas, and values less than one indicating a higher concentration in less deprived areas.

We also conducted age-period-cohort analyses by age group, sex, socioeconomic status, smoking status, ethnicity, 
smoking status, BMI, SBP, MAP, TC, TG, HbA1c, IGT, and/or IFG, and enrol-time-period as a sensitivity analysis to 
measure the impact of confounders at the population level. We used bootstrapping methods with 10,000 resamples to 
calculate confidence intervals for IRR, ARD, and RII. Statistical significance was assessed with a two-tailed P-value 
threshold of 0.05, using Stata MP 18.0 for all statistical computations.

Results
We identified 29,894 patients with IGT and/or IFG enrolled in the DCSS over the 25-year study period, of whom 15,617 
(52.2%) were female, with an average age of 58.4 years, and a median follow-up time of 5.6 years. Of the study 
population, 15,258 (51.0%), 4123 (13.8%), 5781 (19.3%), 4732 (15.8%) were NZE, Māori, Pasifika, and other 
ethnicities, respectively. Table 1 shows the individuals characteristics by gender, socioeconomic status (least and most 
deprived group), and enrolment period; Supplemental Table 1 presents the characteristics by ethnic group. The likelihood 
of belonging to the most deprived socioeconomic group was found to be higher among female participants and those 
enrolled more recently. Smoking prevalence was predominantly higher among male participants, the most deprived 
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Table 1 Characteristics of Patients with Impaired Glucose Tolerance and/or Impaired Fasting Glucose at Enrolment to the Diabetes Care Support Service, by Overall, Sex, 
Socioeconomic Status, and Year of Enrolment

All Sex Socioeconomic Status Year of Enrolment Prediabetes Type

Men Women Least 
Deprivation

Most 
Deprivation

≤1999 2000–2008 2009–2018 IFG IGT IFG+IGT

N 29,894 14,277 15,617 5579 10,355 347 3637 25,910 993 28,265 636

Age at enrolment, years (SD) 58.4 (14.3) 57.8 (13.8) 58.9 (14.8) 61.5 (13.2) 55.1 (14.6) 59.8 (15.4) 59.4 (13.5) 58.2 (14.4) 59.5 (11.5) 58.3 (14.4) 59.5 (14.0)

Female gender, n (%) 15,617 (52.2) – – 2716 (49.5) 5696 (55.0) 191 (55.0) 1816 (49.9) 13,610 (52.5) 423 (42.6) 14,884 (52.7) 310 (48.7)

Ethnicity –

New Zealand European, n (%) 15,258 (51.0) 7423 (52.0) 7835 (50.2) 4019 (72.0) 2887 (27.9) 194 (55.9) 2331 (64.1) 12,733 (49.1) 690 (69.5) 14,169 (50.1) 399 (62.7)

Māori, n (%) 4123 (13.8) 1817 (12.7) 2306 (14.8) 251 (4.5) 2303 (22.2) 29 (8.4) 396 (10.9) 3698 (14.2) 76 (7.7) 3964 (14.0) 83 (13.1)

Pasifika, n (%) 5781 (19.3) 2786 (19.5) 2995 (19.2) 242 (4.3) 3943 (38.1) 59 (17.0) 471 (13.0) 5251 (20.3) 111 (11.2) 5577 (19.7) 93 (14.6)

Other, n (%) 4732 (15.8) 2251 (15.8) 2481 (15.9) 1067 (19.1) 1222 (11.8) 65 (18.7) 439 (12.1) 4228 (16.3) 116 (11.7) 4555 (16.1) 61 (9.6)

Index of multiple deprivation

Least deprivation, n (%) 5579 (18.7) 2818 (19.7) 2761 (17.7) – – 38 (11.0) 688 (18.9) 4853 (18.7) 210 (21.2) 5253 (18.6) 116 (18.2)

Most deprivation, n (%) 10,355 (34.6) 4659 (32.6) 5696 (36.5) – – 84 (24.2) 781 (21.5) 9490 (36.6) 181 (18.2) 10,026 (35.5) 148 (23.2)

Current Smoker, n (%) 4195 (14.0) 2232 (15.6) 1963 (12.6) 411 (7.4) 2060 (19.9) 16 (4.6) 419 (11.5) 3760 (14.5) 124 (12.5) 3996 (14.1) 75 (11.8)

Body mass index, kg/m2 (SD) 31.6 (7.0) 31.1 (6.2) 32.0 (7.6) 29.6 (5.5) 33.6 (7.9) 30.5 (5.6) 31.5 (6.4) 31.6 (7.1) 31.2 (5.8) 31.6 (7.0) 32.1 (6.3)

Obesity, n (%) 15,414 (51.6) 7196 (50.4) 8218 (52.6) 2181 (39.1) 6631 (64.0) 143 (41.2) 1866 (51,3) 13405 (51.7) 505 (50.9) 14,551 (51.5) 358 (56.3)

Waist circumference, cm 104.6 (49.9) 107.5 (13.2) 102.0 (17.8) 101.5 (11.2) 106.4 (14.4) 107.9 (10.8) 105.7 (11.4) 104.4 (13.4) 105.6 (11.4) 104.5 (11.3) 106.9 (12.2)

Systolic blood pressure, mmHg (SD) 131 (16) 131 (16) 131 (17) 132 (16) 130 (17) 140 (19) 135 (17) 130 (16) 134.6 (16.1) 133.8 (13.6) 133.5 (15.0)

Diastolic blood pressure, mmHg (SD) 79 (12) 80 (12) 79 (12) 79 (9) 80 (15) 82 (10) 80 (10) 79 (12) 79.7 (9.9) 79.1 (8.1) 79.4 (9.5)

Mean arterial pressure, mmHg (SD) 96 (10) 97 (10) 96 (10) 96 (10) 96 (11) 101 (10) 98 (10) 96 (10) 98 (10) 96 (10) 97 (9)

HbA1c, mmol/mol (SD) / % (SD) 42.6 (7.0) / 
6.0 (2.8)

42.6 (6.7)/ 
6.0 (2.8)

42.6 (7.3)/ 
6.0 (2.8)

42.0 (5.9)/6.0 
(2.7)

43.0 (7.9)/6.1 
(2.9)

43.1 (7.5)/ 
6.1 (2.8)

43.1 (8.1)/ 
6.1 (2.9)

42.5 (6.8)/6.0 
(2.8)

42.8 (7.4) 42.6 (7.1) 43.9 (7.9)

(Continued)
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Table 1 (Continued). 

All Sex Socioeconomic Status Year of Enrolment Prediabetes Type

Men Women Least 
Deprivation

Most 
Deprivation

≤1999 2000–2008 2009–2018 IFG IGT IFG+IGT

Total cholesterol, mmol/L (SD) 5.0 (0.9) 4.9 (1.0) 5.2 (0.9) 5.1 (1.0) 5.0 (0.9) 5.3 (0.9) 5.1 (1.0) 5.0 (0.9) 5.1 (1.0) 5.0 (0.7) 5.0 (1.0)

Triglyceride, mmol/L (SD) 1.8 (1.0) 1.9 (1.2) 1.7 (0.9) 1.7 (1.0) 1.8 (1.1) 1.9 (1.3) 1.8 (1.2) 1.8 (1.0) 1.8 (1.2) 1.8 (1.0) 1.8 (1.1)

Low density lipoprotein, mmol/L (SD) 2.9 (0.9) 2.9 (0.9) 3.0 (0.8) 2.9 (0.8) 3.0 (0.9) 2.8 (0.6) 2.8 (0.8) 2.9 (0.9) 2.9 (0.9) 2.9 (0.8) 2.8 (0.9)

High density lipoprotein, mmol/L (SD) 1.3 (0.4) 1.2 (0.3) 1.4 (0.3) 1.3 (0.4) 1.2 (0.3) 1.3 (0.4) 1.3 (0.4) 1.3 (0.4) 1.3 (0.5) 1.3 (0.3) 1.3 (0.3)

Antihypertensive treatment on entry, n (%) 4094 (13.7) 2180 (15.3) 1914 (12.3) 809 (14.5) 1086 (10.5) 108 (31.2) 2211 (60.8) 1775 (6.9) 518 (52.2) 3228 (11.4) 348 (54.7)

Statin treatment on entry, n (%) 3447 (11.53) 1962 (13.7) 1485 (9.5) 704 (12.6) 886 (8.6) 66 (19.0) 1758 (48.3) 1623 (6.3) 463 (46.6) 2681 (9.5) 303 (47.6)

Antiplatelet or anticoagulant, n (%) 200 (0.7) 132 (0.9) 68 (0.4) 35 (0.6) 53 (0.5) 3 (0.9) 114 (3.1) 83 (0.3) 21 (2.1) 155 (0.6) 24 (3.8)

Notes: IFG indicated impaired fasting glucose; IGT indicates impaired glucose tolerance. Obesity was defined as body mass index ≥ 30 kg/m2.
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population, the recent enrolment period, and Māori. Higher prevalence of obesity was found in women, deprived group, 
recent enrolment year, Māori, and Pasifika groups. SBP was higher in the least deprived population, earlier enrolment 
period (<2008), and NZE group. TC, low-density lipoprotein cholesterol, and TG were higher in the most deprived 
population and in earlier enrolment period (<2008). MAP was similar between men and women, as well as between the 
least and most deprived groups. It was higher in the earlier enrollment period (≤1999) and remained consistent across the 
different categories of IGT and/or IFG. HbA1c was higher in the most deprived group, Māori, and Pasifika groups. 
Antihypertensive treatments and statin treatments were more likely to be taken in males, the least deprived group, group 
enrolled in recent enrolment period, Māori, and Pasifika groups.

Supplemental Table 2 shows the rates for outcomes overall. Temporal trends of mortality rates and hospital admission 
rates revealed by the age-period-cohort models with adjustment for age and birth-cohort effects (Figure 1) were similar. 
Mortality rates (either all-cause, premature, or cause-specific mortality) decreased over the study period; cardiovascular, 
stroke, heart failure, cancer, and ESRD hospital admission rates increased in 1994–2018, whereas myocardial infarction 
increased between 1994 and 2008 and decreased in 2009–2018. These shifts over time were consistent across variables 
such as age-group, gender, ethnicity, socioeconomic-status, obesity status, SBP, TC, TG, HbA1c levels, IGT and/or IFG, 
and MAP (Supplemental Figures 1–10).

In each enrol time period (1994–2008 and 2009–2018), patients with male gender, older age, obesity, current smoking 
status, higher level of SBP, MAP, TC, TG, and were typically more susceptible to elevated mortality and hospital 
admissions. Mortality and hospital admission rates exhibited variations among ethnic groups; Māori patients experienced 
the highest rates of all-cause, premature, and cancer-related mortality, while the NZE population showed the greatest 
cardiovascular mortality rates. For hospital admissions, Māori patients had more frequent admissions for cancer and 
ESRD, and NZE patients had more admissions for myocardial infarction and stroke. Notably, the rate of heart failure- 
related hospital admissions was predominant in Pasifika patients between 1994 and 2018, then shifted to Māori patients 
in the period from 2009 to 2018 (Supplemental Table 2).

Figure 2 displays the age-adjusted mortality and hospital admission rates for the entire cohort as well as for the groups 
at both ends of the socioeconomic spectrum – the least and the most deprived. Adjusted all-cause mortality rates and 
hospital admission rates all increased with age. Adjusted rates were higher in the most deprived groups (Figure 2), men 
(Supplemental Figure 11), the obesity group (Supplemental Figure 12), current smokers (Supplemental Figure 13), 
patients with higher level of SBP (Supplemental Figure 14), patients with higher level of total cholesterol (Supplemental 
Figure 15), patients with higher level of TG (Supplemental Figure 16), and patients with higher level of HbA1c 
(Supplemental Figure 17). There were some variations in the age-specific adjusted rates by ethnic group 

Figure 1 Adjusted rates ratio for rates trends of clinical outcomes in a New Zealand population with impaired glucose tolerance and or impaired fasting glucose enrolled to 
the Diabetes Care Support Service between 1994 and 2018, by overall, least, and most deprived socioeconomic status. Rates in 1994 in each population (overall, least and 
most deprived population) was used a reference for rates ratio in each category. Age and birth cohort effects were adjusted by use of age-period-cohort models. Solid lines 
indicate point estimations and shaded areas indicate the 95% CIs. Black, red and blue line indicates overall, most, and least deprived population, respectively.

Clinical Epidemiology 2023:15                                                                                                      https://doi.org/10.2147/CLEP.S433714                                                                                                                                                                                                                       

DovePress                                                                                                                       
1129

Dovepress                                                                                                                                                            Wang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=433714.docx
https://www.dovepress.com/get_supplementary_file.php?f=433714.docx
https://www.dovepress.com/get_supplementary_file.php?f=433714.docx
https://www.dovepress.com/get_supplementary_file.php?f=433714.docx
https://www.dovepress.com/get_supplementary_file.php?f=433714.docx
https://www.dovepress.com/get_supplementary_file.php?f=433714.docx
https://www.dovepress.com/get_supplementary_file.php?f=433714.docx
https://www.dovepress.com/get_supplementary_file.php?f=433714.docx
https://www.dovepress.com/get_supplementary_file.php?f=433714.docx
https://www.dovepress.com/get_supplementary_file.php?f=433714.docx
https://www.dovepress.com/get_supplementary_file.php?f=433714.docx
https://www.dovepress.com
https://www.dovepress.com


(Supplemental Figure 18): for adjusted all-cause mortality rates, Māori patients tended to have the highest estimates 
especially in those older than 50 years; For adjusted premature mortality, Māori patients tended to have the highest 
estimates especially among those older than 40 years; for adjusted cardiovascular death, younger than 45 years or older 
than 65 years, highest estimation was found in Māori patients, in 45–65 years, in Pasifika patients; for cancer death, 
younger than 40 years, Pasifika patients tended to have higher rates, and older than 40 years, Māori patients tended to 
have higher estimates; for each hospital admission rates, the highest adjusted rate was found in Māori patients at each 
age. Following the adjustment for cohort and period effects, individuals with elevated MAP demonstrated higher rates of 
all-cause mortality and premature mortality, as well as heart failure hospitalization. Those with lower MAP levels 
exhibited increased rates of cardiovascular, myocardial infarction, and cancer hospitalization. Adjusted rates for 
cardiovascular and cancer mortality, stroke, and ESRD hospitalization showed no significant differences, particularly 
after 40 years of age (Supplemental Figure 19).

When comparing with the IFG group to the IGT group, the latter exhibited a lower adjusted risk of all-cause, 
premature, and cancer mortality, and IFG+IGT group showed a reduced risk of premature mortality. Relative to the IFG 
group, both IGT and IFG+IGT groups had greater risk of hospitalization due to cardiovascular diseases, myocardial 
infarction, heart failure, and cancer (Table 2; Figure 3).

Consistent socioeconomic inequalities in clinical outcomes were observed. Patients from the most deprived group 
were more likely to experience higher adjusted risks for each clinical outcome when contrasted with those from the least 
deprived group. Gender-based differences were apparent as well; women had a lower adjusted risk for most outcomes, 
with the exception of cancer mortality. Age disparities were also evident; patients over 55 years of age, in comparison to 
those 55 years and younger, were generally at a higher risk for most outcomes except for premature mortality. Compared 
with NZE patients, Māori patients had a greater risk of each outcome, while Pasifika patients had a reduced risk of all- 
cause, premature, cancer mortality, as well as for hospital admissions for cardiovascular diseases, heart failure, and 
cancer, yet they faced a higher risk of stroke and ESRD hospital admission. Patients from other ethnic groups had a lower 
risk of each outcome besides premature mortality (Table 2).

Each high-risk (vs low risk) group had a greater risk for each outcome, including those with obesity, currently 
smoking patients, patients with higher SBP, TC, TG, and HbA1c, and patients with lower MAP. Compared with the enrol 
time period 1994–2008, the adjusted risks for enrol time period 2009–2018 were lower for mortality but higher for 
hospitalizations (Table 3). Estimations between complete case analysis and imputed analysis are shown in Supplemental 
Table 3.

Figure 2 Adjusted incidence rate (per 1000 person-years) of clinical outcomes in a New Zealand population with impaired glucose tolerance and or impaired fasting glucose 
enrolled to the Diabetes Care Support Service between 1994 and 2018, by overall, least, and most deprived socioeconomic status. Patients were aged 30–85 years (30–65 
for premature mortality). Period and birth cohort effects were adjusted by use of age-period-cohort models. Solid lines indicate point estimations and shaded areas indicate 
the 95% CIs. Black, red and blue line indicates overall, most, and least deprived population, respectively.
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Table 2 Adjusted Incidence Rates Ratio and Absolute Risk Differences for Clinical Outcomes in Patients with Impaired Glucose Tolerance and/or Impaired Fasting Glucose in New 
Zealand Between 1994–2018

All-Cause 
Mortality

Premature 
Mortality

Cardiovascular 
Mortality

Cancer 
Mortality

Cardiovascular 
Hospital 

Admission

Myocardial 
Infarction 
Hospital 

Admission

Stroke 
Hospital 

Admission

Heart Failure 
Hospital 

Admission

Cancer 
Hospital 

Admission

End-Stage 
Kidney Disease 

Hospital 
Admission

Adjusted incidence rates ratio (95% CI)

Women£ 0.94  
(0.90 to 0.97)

0.68  
(0.50 to 0.94)

0.82  
(0.66 to 1.00)

0.95  
(0.77 to 1.18)

0.79  
(0.78 to 0.81)

0.58  
(0.54 to 0.63)

0.90  
(0.83 to 0.98)

0.79  
(0.75 to 0.83)

1.07  
(1.05 to 1.10)

0.72  
(0.68 to 0.76)

Age > 55 years¶ 5.74  
(4.57 to 7.19)

0.71  
(0.50 to 1.00)

5.31  
(3.68 to 7.64)

5.73  
(3.87 to 8.48)

2.51  
(2.43 to 2.59)

2.56  
(1.08 to 1.26)

4.93  
(4.33 to 5.62)

4.27  
(3.96 to 4.61)

2.26  
(2.19 to 2.33)

3.31  
(3.08 to 3.57)

Māori† 1.38  
(1.12 to 1.79)

2.00  
(1.32 to 3.03)

1.60  
(1.14 to 2.26)

1.03  
(1.00 to 1.07)

1.26  
(1.22 to 1.30)

1.04  
(1.00 to 1.03)

1.63  
(1.44 to 1.85)

1.72  
(1.60 to 1.85)

1.08  
(1.04 to 1.12)

1.42  
(1.31 to 1.54)

Pasifika† 0.67  
(0.52 to 0.85)

0.56  
(0.33 to 0.96)

0.82  
(0.56 to 1.22)

0.42  
(0.25 to 0.71)

0.92  
(0.89 to 0.95)

0.97  
(0.86 to 1.09)

1.23  
(1.08 to 1.41)

0.87  
(0.79 to 0.94)

0.70  
(0.67 to 0.74)

1.14  
(1.06 to 1.24)

Other ethnic† 0.35  
(0.27 to 0.46)

0.55  
(0.29 to 1.07)

0.33  
(0.21 to 0.52)

0.30  
(0.16 to 0.54)

0.60  
(0.57 to 0.63)

0.59  
(0.51 to 0.67)

0.63  
(0.54 to 0.73)

0.46  
(0.41 to 0.51)

0.70  
(0.66 to 0.74)

0.46  
(0.41 to 0.52)

Most Deprived‡ 1.94  
(1.57 to 2.39)

3.63  
(1.76 to 7.48)

1.81  
(1.28 to 2.56)

1.69  
(1.20 to 2.26)

1.18  
(1.14 to 1.23)

1.26  
(1.12 to 1.41)

1.32  
(1.16 to 1.50)

1.33  
(1.23 to 1.44)

1.26  
(1.22 to 1.31)

1.36  
(1.25 to 1.48)

Obesity* 1.79  
(1.55 to 2.07)

1.45  
(1.00 to 2.12)

2.04  
(1.60 to 2.59)

1.23  
(1.02 to 1.45)

1.10  
(1.08 to 1.13)

1.16  
(1.08 to 1.26)

1.40  
(1.28 to 1.53)

1.04  
(1.00 to 1.10)

1.02  
(1.00 to 1.05)

1.05  
(1.00 to 1.11)

Ex-smoker$ 1.29  
(1.11 to 1.50)

1.18  
(0.80 to 1.74)

1.09  
(0.76 to 1.58)

1.18  
(0.92 to 1.52)

1.14  
(1.10 to 1.18)

1.37  
(1.27 to 1.49)

0.93  
(0.82 to 1.07)

1.20  
(1.11 to 1.30)

1.14  
(1.10 to 1.18)

1.08  
(0.99 to 1.17)

Current smoker$ 1.34  
(1.09 to 1.64)

1.64  
(1.09 to 2.47)

1.12  
(1.00 to 1.25)

1.65  
(1.20 to 2.26)

1.26  
(1.23 to 1.30)

1.54  
(1.39 to 1.71)

1.08  
(1.04 to 1.12)

1.34  
(1.27 to 1.42)

1.21  
(1.18 to 1.24)

1.38  
(1.30 to 1.46)

SBP≥130mmHg£ 1.16  
(1.02 to 1.33)

1.08  
(1.02 to 1.14)

1.26  
(1.01 to 1.58)

1.16  
(1.02 to 1.29)

1.02  
(1.00 to 1.05)

1.05  
(1.01 to 1.09)

1.47  
(1.35 to 1.61)

1.05  
(1.00 to 1.11)

1.04  
(1.02 to 1.07)

1.20  
(1.13 to 1.27)

MAP≥ 96mmHg£ 0.89  
(0.79 to 1.01)

0.93  
(0.68 to 1.28)

0.93  
(0.76 to 1.14)

0.91  
(0.73 to 1.13)

0.86  
(0.84 to 0.88)

0.95  
(0.89 to 1.02)

1.11  
(1.02 to 1.20)

0.82  
(0.78 to 0.86)

0.89  
(0.87 to 0.90)

0.95  
(0.90 to 1.00)

TC≥5.0mmHg 1.42  
(1.25 to 1.61)

1.14  
(1.01 to 1.26)

1.54  
(1.25 to 1.90)

1.30  
(1.04 to 1.62)

1.37  
(1.34 to 1.41)

1.35  
(1.25 to 1.44)

1.52  
(1.40 to 1.65)

1.57  
(1.49 to 1.65)

1.24  
(1.21 to 1.27)

1.57  
(1.49 to 1.65)

TG≥1.8mmol/L┌ 1.70  
(1.46 to 1.97)

1.18  
(1.01 to 1.35)

1.71  
(1.34 to 2.19)

1.74  
(1.34 to 2.26)

1.13  
(1.10 to 1.16)

1.03  
(1.01 to 1.05)

1.39  
(1.26 to 1.52)

1.31  
(1.24 to 1.39)

1.12  
(1.09 to 1.15)

1.06  
(1.01 to 1.13)
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Table 2 (Continued). 

All-Cause 
Mortality

Premature 
Mortality

Cardiovascular 
Mortality

Cancer 
Mortality

Cardiovascular 
Hospital 

Admission

Myocardial 
Infarction 
Hospital 

Admission

Stroke 
Hospital 

Admission

Heart Failure 
Hospital 

Admission

Cancer 
Hospital 

Admission

End-Stage 
Kidney Disease 

Hospital 
Admission

HbA1c≥43mmol/ 
mol!

1.09  
(1.03 to 1.16)

1.10  
(1.00 to 1.20)

1.16  
(1.04 to 1.29)

1.12  
(1.01 to 1.23)

1.14  
(1.11 to 1.16)

1.29  
(1.20 to 1.39)

1.37  
(1.26 to 1.48)

1.34  
(1.27 to 1.41)

1.07  
(1.04 to 1.09)

1.18  
(1.12 to 1.24)

IGT& 0.69  
(0.56 to 0.84)

0.43  
(0.27 to 0.70)

0.78  
(0.55 to 1.10)

0.64  
(0.46 to 0.90)

1.09  
(1.04 to 1.13)

1.36  
(1.18 to 1.57)

0.99  
(0.85 to 1.16)

1.12  
(1.02 to 1.24)

1.14  
(1.09 to 1.18)

0.91  
(0.83 to 1.00)

IFG+IGT& 1.01  
(0.75 to 1.37)

0.25  
(0.09 to 0.74)

1.05  
(0.63 to 1.75)

0.91  
(0.54 to 1.54)

1.10  
(1.04 to 1.17)

1.69  
(1.41 to 2.01)

1.03  
(0.82 to 1.30)

1.16  
(1.02 to 1.33)

1.11  
(1.05 to 1.18)

0.97  
(0.84 to 1.12)

Period:  
2009–2018

0.48  
(0.41 to 0.56)

0.33  
(0.22 to 0.48)

0.47  
(0.36 to 0.61)

0.44  
(0.33 to 0.58)

1.78  
(1.73 to 1.84)

1.16  
(1.03 to 1.31)

1.20  
(1.04 to 1.38)

1.64  
(1.50 to 1.79)

3.20  
(3.08 to 3.33)

2.61  
(2.32 to 2.93)

Adjusted absolute risk difference per 1000 person-years (95% CI)

Women£ −0.44  
(−0.68 to −0.19)

−0.38  
(−0.71 to −0.06)

−0.51  
(−1.01 to 0.001)

−0.11  
(−0.59 to 0.37)

−53.68  
(−58.98 to −48.38)

−11.37  
(−12.88 to −9.85)

−1.65  
(−2.93 to −0.37)

−10.28  
(−12.43 to 

−8.13)

18.56  
(12.75 to 24.37)

−12.95  
(−14.97 to 

−10.92)

Age > 55 years¶ 7.78  
(7.03 to 8.53)

−0.35  
(−0.71 to 0.01)

2.80  
(2.34 to 3.26)

2.58  
(2.15 to 3.01)

174.98  
(169.82 to 180.14)

17.01  
(15.52 to 18.51)

18.29  
(17.10 to 19.49)

47.56  
(45.52 to 49.59)

176.81  
(171.11 to 

182.51)

37.50  
(35.56 to 39.46)

Māori† 2.82  
(0.79 to 4.85)

1.01  
(0.34 to 1.68)

1.61  
(0.21 to 3.00)

0.09  
(0.01 to 0.17)

62.01  
(52.07 to 71.95)

0.32  
(0.05 to 0.59)

9.65  
(6.75 to 12.56)

31.17  
(26.37 to 35.96)

21.14  
(11.09 to 31.20)

16.35  
(12.31 to 20.40)

Pasifika† −2.47  
(−3.77 to −1.17)

−0.44  
(−0.82 to −0.07)

−0.47  
(−1.36 to 0.42)

−1.50  
(−2.41 to −0.58)

−19.24  
(−27.77 to −10.72)

−0.70  
(−3.28 to 1.88)

3.60  
(1.16 to 6.04)

−5.82  
(−9.11 to −2.53)

−79.14  
(−90.10 to 

−68.18)

5.63  
(2.17 to 9.09)

Other ethnic† −4.77  
(−5.65 to −3.90)

−0.45  
(−0.87 to −0.02)

−1.78  
(−2.29 to −1.27)

−1.81  
(−2.73 to −0.89)

−96.22  
(−103.29 to 

−89.14)

−9.43  
(−11.37 to −7.50)

−5.75  
(−7.30 to −4.20)

−23.38  
(−25.91 to 

−20.86)

−80.64  
(−92.21 to 

−69.08)

−20.86  
(−23.20 to 

−18.52)

Most Deprived‡ 4.44  
(3.06 to 5.83)

0.98  
(0.55 to 1.42)

1.48  
(0.63 to 2.32)

0.99  
(0.31 to 1.68)

38.51  
(30.32 to 46.69)

4.82  
(2.47 to 7.17)

4.35  
(2.39 to 6.32)

12.34  
(9.00 to 15.68)

60.25  
(51.38 to 69.13)

12.04  
(8.91 to 15.16)

Obesity* 3.73  
(2.84 to 4.63)

0.36  
(0.002 to 0.72)

1.67  
(1.11 to 2.22)

0.46  
(0.15 to 0.76)

23.33  
(17.59 to 29.02)

3.23  
(1.59 to 4.87)

5.27  
(3.87 to 6.67)

1.98  
(1.61 to 2.35)

6.35  
(0.13 to 12.57)

2.03  
(−0.18 to 4.24)

Ex-smoker$ 1.78  
(0.68 to 2.88)

0.16  
(−0.23 to 0.54)

0.20  
(−0.62 to 1.03)

0.36  
(−0.19 to 0.91)

29.82  
(21.00 to 38.65)

6.89  
(5.03 to 8.75)

−1.02  
(−3.03 to 0.99)

7.63  
(4.04 to 11.21)

34.62  
(25.27 to 43.97)

2.70  
(−0.45 to 5.86)
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Current smoker$ 2.07  
(0.49 to 3.65)

0.56  
(0.04 to 1.09)

0.30  
(0.04 to 0.57)

1.27  
(0.32 to 2.22)

56.62  
(50.20 to 63.03)

9.91  
(7.14 to 12.67)

1.29  
(0.71 to 1.86)

13.25  
(10.61 to 15.90)

50.92  
(44.02 to 57.82)

13.16  
(10.68 to 15.64)

SBP≥130mmHg£ 0.98  
(0.13 to 1.83)

0.08  
(0.01 to 0.15)

0.55  
(0.04 to 1.06)

0.31  
(0.02 to 0.61)

4.83  
(1.92 to 7.74)

1.11  
(0.31 to 1.90)

5.77  
(4.51 to 7.02)

2.08  
(1.03 to 3.14)

10.59  
(4.55 to 16.63)

6.88  
(4.84 to 8.92)

MAP≥96mmHg£ −0.8  
(−1.6 to 0.05)

−0.07  
(−0.4 to 0.3)

−0.18  
(−0.70 to 0.33)

−0.21  
(−0.69 to 0.28)

−36.14  
(−41.55 to −30.72)

−1.02  
(−2.55 to 0.51)

1.63  
(0.36 to 2.90)

−9.03  
(−11.24 to 

−6.83)

−32.24  
(−38.07 to 

−26.41)

−2.01  
(−4.04 to 0.02)

TC≥5.0mmHg 2.35  
(1.49 to 3.20)

0.13  
(0.01 to 0.25)

1.07  
(0.54 to 1.59)

0.58  
(0.09 to 1.08)

73.90  
(68.52 to 79.28)

6.43  
(4.88 to 7.99)

6.72  
(5.39 to 8.04)

19.49  
(17.29 to 21.68)

55.84  
(49.98 to 61.71)

17.47  
(15.41 to 19.53)

TG≥1.8mmol/L┌ 3.17  
(2.36 to 3.98)

0.17  
(0.05 to 0.29)

1.20  
(0.71 to 1.69)

1.10  
(0.63 to 1.56)

28.23  
(22.71 to 33.74)

0.08  
(0.03 to 0.13)

4.89  
(3.59 to 6.19)

11.27  
(9.08 to 13.46)

29.25  
(23.24 to 35.25)

2.43  
(0.29 to 4.57)

HbA1c≥43mmol/ 
mol!

0.61  
(0.13 to 1.08)

0.10  
(0.04 to 0.16)

0.37  
(0.12 to 0.26)

0.25  
(0.05 50 0.46)

30.50  
(25.08 to 35.92)

5.59  
(4.01 to 7.17)

5.04  
(3.70 to 6.37)

12.79  
(10.56 to 15.01)

17.11  
(11.22 to 23.00)

6.46  
(4.39 to 8.54)

IGT& −2.85  
(−4.65 to −1.06)

−1.27  
(−2.27 to −0.28)

−0.68  
(−1.71 to 0.35)

−1.16  
(−2.23 to −0.09)

18.84  
(9.62 to 28.06)

5.74  
(3.39 to 8.09)

−0.15  
(−2.63 to 2.32)

4.73  
(0.85 to 8.62)

31.50  
(21.54 to 41.46)

−3.94  
(−7.96 to 0.08)

IFG+IGT& 0.12  
(−2.66 to 2.89)

−1.68  
(−2.80 to −0.55)

0.15  
(−1.45 to 1.76)

−0.28  
(−1.89 to 1.33)

21.88  
(8.27 to 35.48)

10.91  
(7.03 to 14.80)

0.54  
(−3.23 to 4.31)

6.45  
(0.71 to 12.19)

25.52  
(10.87 to 40.17)

−1.44  
(−7.49 to 4.60)

Period:  
2009–2018

−6.57  
(−8.46 to −4.69)

−1.83  
(−2.76 to −0.90)

−2.57  
(−3.73 to −1.40)

−2.50  
(−3.63 to 1.37)

11.46  
(10.92 to 12.00)

3.04  
(0.75 to 5.34)

2.69  
(0.77 to 4.62)

18.32  
(15.53 to 21.12)

210.55  
(205.49 to 

215.61)

26.18  
(24.05 to 28.32)

Notes: £indicates male gender as reference and IGT and or IFG, age, ethnicity, socioeconomic status, obesity status, smoking status, systolic blood pressure, total cholesterol, triglyceride, HbA1c, enrol time period, and clinical treatment 
were adjusted. ¶Indicates age ≤ 55 years as reference and IGT and or IFG, sex, ethnicity, socioeconomic status, obesity status, smoking status, systolic blood pressure, total cholesterol, triglyceride, HbA1c, enrol time period, and clinical 
treatment were adjusted. †Indicates New Zealand European ethnicity as reference and IGT and or IFG, age, sex, socioeconomic status, obesity status, smoking status, systolic blood pressure, total cholesterol, triglyceride, HbA1c,enrol 
time period, and clinical treatment were adjusted. ‡Indicates the least deprived group as reference and IGT and or IFG, age, sex, ethnicity, obesity status, smoking status, systolic blood pressure, total cholesterol, triglyceride, HbA1c, 
enrol time period, and clinical treatment were adjusted. *Indicates body mass index less than 30 kg/m2 as reference and IGT and or IFG, age, sex, ethnicity, socioeconomic status, smoking status, systolic blood pressure, total cholesterol, 
triglyceride, HbA1c, enrol time period, and clinical treatment were adjusted. $indicates non-smoker as reference and IGT and or IFG, age, sex, ethnicity, socioeconomic status, obesity status, systolic blood pressure, total cholesterol, 
triglyceride, HbA1c, enrol time period, and clinical treatment were adjusted. £indicates systolic blood pressure < 130mmHg as reference, and IGT and or IFG, age, sex, ethnicity, socioeconomic status, obesity status, smoking status, total 
cholesterol, triglyceride HbA1c, enrol time period, and clinical treatment were adjusted. indicates total cholesterol<5.0mmol/L as reference and IGT and or IFG, age, sex, ethnicity, socioeconomic status, obesity status, smoking status, 
systolic blood pressure, triglyceride HbA1c, enrol time period, and clinical treatment were adjusted. ┌Indicates triglyceride<1.8mmol/L as reference, and IGT and or IFG, age, sex, ethnicity, socioeconomic status, obesity status, smoking 
status, systolic blood pressure, total cholesterol, HbA1c, enrol time period, and clinical treatment were adjusted. !Indicates HbA1c<43mmol/mol as reference and IGT and or IFG, age, sex, ethnicity, socioeconomic status, obesity status, 
smoking status, systolic blood pressure, total cholesterol, triglyceride, enrol time period, and clinical treatments were adjusted. &indicates IFG as reference and IGT and or IFG, age, sex, ethnicity, socioeconomic status, obesity status, 
smoking status, systolic blood pressure, total cholesterol, HbA1c, triglyceride, enrol time period, and clinical treatments were adjusted. 
Abbreviations: IFG, indicated impaired fasting glucose; IGT, indicates impaired glucose tolerance.
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Upon controlling for factors such as age, gender, ethnicity, obesity status, smoking habits, SBP, MAP, TC, TG, HbA1c, 
clinical treatments, enrol time period, and IGT and/or IFG, the persistent socioeconomic inequalities measured by SII and RII in 
each outcome were identified (Table 3). SII and RII in each outcome were widened in men, patients ≥55 years, NZE patients, 
patients with obesity, current smoking patients, patients with higher clinical measurements, and patients in the IFG+IGT group. 
Both SII and RII narrowed for mortality rates and widened for hospitalization rate in the enrol time period 2009–2018 compared 
with those in the enrol time period 1994–2008 except for myocardial infarction hospitalization, which narrowed in the enrol time 
period 2009–2018 (Table 3).

Discussion
Main Findings
Our study provides the first assessment for outcomes in patients with IGT and/or IFG in NZ between 1994 and 2018. 
Hospital admission for CVD, cancer, and ESRD in NZ population with IGT and/or IFG increased. In contrast, there was 
a decline in mortality rates, both overall and for specific causes, over the last 25 years. Greater mortality and 
hospitalization rates persisted over the 25 years among the older age groups, men, Māori patients, current smoking 
patients, patients with both IFG and IGT, and patients with greater metabolic disturbances on entry. Socioeconomic 
disparities persisted for each outcome over the 25 years and widened among those who were older patients, of NZE 
descent, currently smoking on entry and those with greater metabolic disturbances on entry. Although the case cohort was 
derived from New Zealand, particularly the steady findings related to the slope index of inequality, offer insights that 
could be used to project the health burden in this population and emphasize the importance of implementing population- 
level prevention strategies for individuals with IGT and/or IFG worldwide.

Strength and Limitation
The research boasts considerable strengths, being the most extensive cohort study on individuals with impaired fasting 
glucose and/or impaired glucose tolerance in New Zealand, encompassing a broad analysis of ten critical health outcomes 
over a quarter-century. The inclusion of all patients from the participating clinics ensures a comprehensive dataset. The 
tracking of all incident outcomes through national databases lends robustness and validity to the findings, including 
hospital admissions and mortality specific to certain causes. The clinical recording and diagnostic precision for these 
outcomes have been previously established for various health conditions, utilizing primary ICD codes known for their 
accuracy.7 The study encounters certain challenges due to the heterogeneity in the Māori, Pacific, European, Asian, and 

Figure 3 Adjusted incidence rate (per 1000 person-years) of clinical outcomes in patients having impaired glucose tolerance, impaired fasting glucose or both between 1994 
and 2018. Patients were aged 30–85 years. Period and birth cohort effects were adjusted by use of age-period-cohort models. Solid lines indicate point estimations and 
shaded areas indicate the 95% CIs. Green, blue, and red line indicates IFG, IGT and IFG+IGT, respectively. IFG indicated impaired fasting glucose. IGT indicates impaired 
glucose tolerance.
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Table 3 Adjusted Slope and Relative Index of Inequality in Clinical Outcomes Among Patients with Impaired Glucose Tolerance and/or Impaired Fasting Glucose in New Zealand 
Between 1994 and 2018

All-cause 
mortality

Premature 
mortality

Cardiovascular 
mortality

Cancer 
mortality

Cardiovascular 
hospital 

admission

Myocardial 
infarction  
hospital 

admission

Stroke 
hospital 

admission

Heart failure 
hospital 

admission

Cancer 
hospital 

admission

End-stage kidney 
disease hospital 

admission

Adjusted slope index of inequality (95% CI), per 1000 person-years

All‡ 5.71  

(4.77 to 6.65)

1.10  

(0.75 to 1.46)

1.83  

(1.26 to 2.40)

1.00  

(0.46 to 1.53)

25.23  

(22.17 to 28.29)

5.23  

(3.69 to 6.78)

5.90  

(4.55 to 7.25)

13.32  

(11.33 to 15.30)

38.19  

(34.75 to 41.63)

15.67  

(13.73 to 17.60)

Men£ 6.05  
(4.95 to 7.15)

1.32  
(0.87 to 1.77)

2.04  
(1.34 to 2.74)

1.08  
(0.47 to 1.68)

28.48  
(24.82 to 32.13)

6.85  
(4.73 to 8.98)

6.21  
(4.67 to 7.74)

14.87  
(12.47 to 17.27)

36.63  
(33.03 to 40.23)

18.30  
(15.87 to 20.73)

Women£ 5.37  

(4.42 to 6.32)

0.90  

(0.58 to 1.23)

1.62  

(1.07 to 2.17)

0.92  

(0.36 to 1.49)

22.27  

(19.24 to 25.31)

3.78  

(2.50 to 5.06)

5.61  

(4.20 to 7.02)

11.83  

(9.89 to 13.76)

39.35  

(35.46 to 43.23)

13.17  

(11.37 to 14.98)

Age≤55 years¶ 1.18  
(0.86 to 1.51)

1.39  
(0.90 to 1.88)

0.40  
(0.20 to 0.61)

0.18  
(−0.01 to 0.37)

12.84  
(10.61 to 15.08)

2.48  
(1.48 to 3.48)

1.65  
(1.05 to 2.26)

4.69  
(3.66 to 5.71)

21.30  
(18.74 to 23.86)

6.62  
(5.49 to 7.75)

Age>55 years¶ 8.44  
(6.97 to 9.90)

0.89  
(0.57 to 1.20)

2.69  
(1.80 to 3.58)

1.66  
(0.83 to 2.50)

34.59  
(30.36 to 38.83)

7.08  
(4.94 to 9.22)

8.78  
(6.75 to 10.80)

18.95  
(16.02 to 21.88)

49.70  
(45.02 to 54.39)

21.45  
(18.70 to 24.19)

NZE† 6.85  
(5.44 to 8.25)

1.01  
(0.64 to 1.38)

2.18  
(1.33 to 3.02)

1.75  
(0.95 to 2.56)

30.12  
(26.33 to 33.91)

6.13  
(4.11 to 8.15)

7.10  
(5.40 to 8.79)

14.51  
(12.00 to 17.02)

45.19  
(40.76 to 49.62)

16.88  
(14.47 to 19.28)

Māori† 4.89  
(3.68 to 6.09)

2.12  
(1.11 to 3.13)

1.58  
(0.83 to 2.32)

0.40  
(−0.36 to 1.15)

23.16  
(18.23 to 28.09)

4.00  
(1.80 to 6.19)

4.86  
(2.70 to 7.03)

17.60  
(13.81 to 21.38)

32.64  
(27.42 to 37.87)

17.00  
(13.76 to 20.23)

Pasifika† 2.07  
(1.44 to 2.71)

0.55  
(0.20 to 0.89)

0.78  
(0.35 to 1.22)

0.08  
(−0.26 to 0.43)

12.71  
(9.06 to 16.36)

2.50  
(0.78 to 4.22)

3.32  
(1.81 to 4.84)

7.42  
(5.39 to 9.45)

18.87  
(15.16 to 22.59)

11.13  
(8.74 to 13.52)

Other ethnicity† 1.91  
(1.22 to 2.60)

0.51  
(0.21 to 0.81)

0.60  
(0.18 to 1.01)

0.32  
(−0.02 to 0.67)

14.44  
(11.30 to 17.59)

2.72  
(1.29 to 4.15)

3.27  
(2.00 to 4.54)

4.80  
(3.27 to 6.32)

25.44  
(21.59 to 29.30)

6.02  
(4.49 to 7.55)

BMI < 30 kg/m2* 3.61  

(2.93 to 4.28)

0.76  

(0.48 to 1.05)

1.09  

(0.70 to 1.48)

0.62  

(0.17 to 1.07)

21.86  

(18.83 to 24.89)

4.34  

(2.89 to 5.80)

4.37  

(3.20 to 5.55)

12.72  

(10.67 to 14.76)

33.75  

(30.35 to 37.16)

14.57  

(12.61 to 16.54)

BMI ≥ 30 kg/m2* 7.51  
(6.11 to 8.91)

1.38  
(0.90 to 1.86)

2.48  
(1.60 to 3.35)

1.46  
(0.73 to 2.19)

28.47  
(24.81 to 32.13)

5.99  
(4.07 to 7.90)

7.46  
(5.68 to 9.25)

13.51  
(11.22 to 15.79)

41.31  
(37.19 to 45.43)

16.29  
(14.03 to 18.55)

Non-smoker$ 5.52  

(4.53 to 6.51)

0.90  

(0.59 to 1.22)

1.26  

(0.62 to 1.90)

0.77  

(−0.12 to 1.65)

22.16  

(19.29 to 25.03)

4.43  

(3.03 to 5.84)

4.22  

(2.47 to 5.98)

11.18  

(9.36 to 13.00)

33.43  

(28.53 to 38.34)

13.06  

(11.30 to 14.83)

Ex-smoker$ 6.25  
(5.01 to 7.49)

1.17  
(0.71 to 1.63)

1.89  
(1.17 to 2.62)

0.95  
(0.44 to 1.46)

23.16  
(18.59 to 27.73)

5.67  
(3.15 to 8.18)

5.68  
(4.31 to 7.05)

12.72  
(9.80 to 15.63)

34.49  
(31.16 to 37.81)

13.83  
(11.14 to 16.51)

(Continued)
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Table 3 (Continued). 

All-cause 
mortality

Premature 
mortality

Cardiovascular 
mortality

Cancer 
mortality

Cardiovascular 
hospital 

admission

Myocardial 
infarction  
hospital 

admission

Stroke 
hospital 

admission

Heart failure 
hospital 

admission

Cancer 
hospital 

admission

End-stage kidney 
disease hospital 

admission

Current smoker$ 5.15  
(3.90 to 6.40)

1.73  
(0.95 to 2.52)

1.89  
(1.25 to 2.53)

1.15  
(0.39 to 1.92)

33.93  
(29.17 to 38.68)

6.86  
(4.47 to 9.25)

7.15  
(5.20 to 9.10)

18.65  
(15.47 to 21.83)

49.50  
(44.35 to 54.66)

22.72  
(19.53 to 25.91)

SBP<130 mmHg£ 4.10  
(3.18 to 5.02)

1.05  
(0.68 to 1.42)

1.18  
(0.64 to 1.71)

0.83  
(0.31 to 1.36)

24.27  
(25.08 to 32.47)

4.59  
(2.89 to 6.29)

3.98  
(2.70 to 5.25)

12.58  
(10.32 to 14.84)

37.85  
(33.91 to 41.80)

14.27  
(12.20 to 16.35)

SBP≥130mmHg£ 5.74  

(4.69 to 6.79)

1.17  

(0.76 to 1.58)

1.93  

(1.28 to 2.58)

1.21  

(0.60 to 1.82)

29.66  

(26.37 to 32.95)

5.61  

(3.90 to 7.32)

6.07  

(4.47 to 7.67)

13.81  

(11.62 to 16.01)

41.37  

(37.74 to 44.99)

16.99  

(14.80 to 19.18)

MAP<96 mmHg£ 5.29  
(4.23 to 6.36)

1.14  
(0.75 to 1.53)

1.59  
(0.95 to 2.23)

1.10  
(0.50 to 1.71)

35.34  
(31.48 to 39.20)

6.04  
(4.26 to 7.81)

5.40  
(3.94 to 6.87)

16.49  
(13.97 to 19.01)

44.92  
(40.72 to 49.12)

17.95  
(15.66 to 20.24)

MAP≥96 mmHg£ 5.05  

(4.09 to 6.01)

1.17  

(0.79 to 1.55)

1.60  

(1.00 to 2.20)

1.10  

(0.54 to 1.67)

30.89  

(27.67 to 34.12)

6.17  

(4.50 to 7.83)

6.05  

(4.53 to 7.57)

13.90  

(11.84 to 15.96)

39.78  

(36.30 to 43.25)

17.17  

(15.09 to 19.25)

TC<5.0mmol/L 4.16  
(3.32 to 5.00)

1.07  
(0.72 to 1.42)

1.20  
(0.71 to 1.69)

0.95  
(0.44 to 1.46)

25.08  
(22.12 to 28.05)

4.42  
(2.98 to 5.86)

4.30  
(3.09 to 5.51)

10.31  
(8.55 to 12.07)

37.62  
(34.23 to 41.02)

12.42  
(10.70 to 14.14)

TC≥5.0mmHg 6.03  
(4.83 to 7.23)

1.26  
(0.83 to 1.69)

1.90  
(1.14 to 2.67)

1.20  
(0.53 to 1.87)

35.36  
(31.31 to 39.40)

6.26  
(4.21 to 8.31)

6.46  
(4.63 to 8.29)

17.07  
(14.29 to 19.86)

44.64  
(40.49 to 48.79)

20.36  
(17.68 to 23.04)

TG<1.8mmol/L┌ 3.35  
(2.54 to 4.15)

1.09  
(0.68 to 1.50)

1.00  
(0.52 to 1.49)

0.69  
(0.23 to 1.16)

24.59  
(21.16 to 28.01)

5.22  
(3.59 to 6.84)

4.14  
(2.80 to 5.48)

10.91  
(8.83 to 12.98)

36.68  
(32.94 to 40.43)

15.14  
(12.92 to 17.36)

TG≥1.8mmol/L┌ 5.86  
(4.77 to 6.96)

1.18  
(0.81 to 1.56)

1.89  
(1.22 to 2.45)

1.26  
(0.63 to 1.90)

31.01  
(27.60 to 34.42)

5.26  
(3.39 to 7.14)

5.92  
(4.37 to 7.48)

14.61  
(12.33 to 16.89)

41.74  
(38.03 to 45.45)

16.47  
(14.36 to 18.58)

HbA1c<43mmol/ 
mo l!

4.28  
(3.35 to 5.20)

1.08  
(0.70 to 1.46)

1.33  
(0.74 to 1.91)

0.83  
(0.29 to 1.37)

24.17  
(20.80 to 27.53)

4.87  
(3.06 to 6.68)

5.06  
(3.70 to 6.41)

12.45  
(10.40 to 14.51)

37.31  
(33.62 to 41.00)

15.18  
(13.12 to 17.24)

HbA1c≥43mmol/ 
mo l!

5.81  
(4.73 to 6.89)

1.16  
(0.77 to 1.55)

1.89  
(1.25 to 2.53)

1.28  
(0.66 to 1.91)

29.05  
(25.54 to 32.55)

5.30  
(3.68 to 6.93)

5.98  
(4.33 to 7.62)

14.00  
(11.59 to 16.42)

41.08  
(37.30 to 44.86)

16.57  
(14.32 to 18.83)

IFG& 8.15  

(5.55 to 
10.74)

2.32  

(1.15 to 3.49)

2.36  

(0.87 to 3.84)

2.02  

(0.52 to 3.52)

22.63  

(17.53 to 27.74)

5.22  

(2.11 to 8.33)

6.31  

(3.56 to 9.05)

12.67  

(8.84 to 16.51)

34.82  

(29.14 to 40.50)

16.71  

(12.83 to 20.59)

IGT& 5.29  
(4.42 to 6.17)

1.06  
(0.73 to 1.40)

1.72  
(1.17 to 2.26)

0.96  
(0.46 to 1.47)

24.90  
(21.77 to 28.03)

4.77  
(3.27 to 6.27)

5.82  
(4.47 to 7.17)

13.09  
(11.10 to 15.07)

43.97  
(40.47 to 47.47)

15.54  
(13.61 to 17.48)
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IFG+IGT& 8.66  
(5.73 to 

11.60)

0.67  
(0.05 to 1.28)

2.61  
(0.88 to 4.35)

1.71  
(0.11 to 3.31)

26.11  
(20.39 to 31.83)

8.89  
(4.09 to 13.70)

6.19  
(2.96 to 9.42)

15.01  
(10.16 to 19.86)

40.25  
(33.70 to 46.80)

16.52  
(12.00 to 21.03)

Enrol cohort: 
1994–2008

10.51  
(7.86 to 
13.17)

2.51  
(1.36 to 3.66)

3.53  
(1.93 to 5.13)

2.21  
(0.65 to 3.78)

14.58  
(12.11 to 17.06)

6.41  
(3.66 to 9.17)

4.67  
(2.74 to 6.61)

11.19  
(8.54 to 13.84)

14.75  
(12.52 to 16.98)

6.16  
(4.53 to 7.80)

Enrol cohort: 

2008–2018

5.15  

(4.29 to 6.01)

0.98  

(0.67 to 1.29)

1.62  

(1.10 to 2.13)

0.94  

(0.45 to 1.42)

28.46  

(25.29 to 31.63)

4.99  

(3.44 to 6.54)

6.35  

(4.97 to 7.73)

13.84  

(11.79 to 15.89)

48.12  

(44.55 to 51.68)

17.56  

(15.48 to 19.63)

Adjusted relative index of inequality

All‡ 1.86  
(1.72 to 2.00)

2.16  
(1.79 to 2.54)

1.75  
(1.51 to 1.98)

1.45  
(1.21 to 1.69)

1.22  
(1.19 to 1.24)

1.27  
(1.19 to 1.36)

1.40  
(1.31 to 1.50)

1.38  
(1.33 to 1.44)

1.28  
(1.26 to 1.31)

1.49  
(1.43 to 1.55)

Men£ 1.85  
(1.69 to 2.00)

2.17  
(1.77 to 2.57)

1.73  
(1.48 to 1.99)

1.47  
(1.20 to 1.73)

1.22  
(1.19 to 1.25)

1.27  
(1.19 to 1.36)

1.41  
(1.31 to 1.51)

1.38  
(1.32 to 1.44)

1.28  
(1.25 to 1.31)

1.48  
(1.42 to 1.55)

Women£ 1.87  
(1.72 to 2.03)

2.15  
(1.74 to 2.57)

1.75  
(1.50 to 2.01)

1.43  
(1.17 to 1.70)

1.22  
(1.19 to 1.25)

1.27  
(1.18 to 1.37)

1.40  
(1.30 to 1.50)

1.39  
(1.32 to 1.45)

1.28  
(1.25 to 1.31)

1.49  
(1.42 to 1.56)

Age≤55 years¶ 1.90  

(1.65 to 2.14)

2.14  

(1.74 to 2.55)

1.77  

(1.38 to 2.17)

1.39  

(0.97 to 1.81)

1.21  

(1.18 to 1.25)

1.27  

(1.16 to 1.38)

1.40  

(1.25 to 1.55)

1.39  

(1.31 to 1.48)

1.29  

(1.26 to 1.33)

1.49  

(1.41 to 1.58)

Age>55 years¶ 1.82  
(1.68 to 1.96)

2.16  
(1.75 to 2.58)

1.71  
(1.48 to 1.95)

1.49  
(1.24 to 1.73)

1.22  
(1.19 to 1.25)

1.27  
(1.19 to 1.36)

1.40  
(1.31 to 1.50)

1.38  
(1.32 to 1.43)

1.27  
(1.25 to 1.30)

1.48  
(1.42 to 1.54)

NZE† 1.72  
(1.57 to 1.86)

2.15  
(1.73 to 2.57)

1.62  
(1.38 to 1.87)

1.54  
(1.29 to 1.79)

1.22  
(1.19 to 1.25)

1.26  
(1.17 to 1.34)

1.41  
(1.31 to 1.51)

1.35  
(1.29 to 1.41)

1.27  
(1.24 to 1.29)

1.49  
(1.42 to 1.55)

Māori† 1.88  
(1.66 to 2.10)

1.92  
(1.48 to 2.36)

1.76  
(1.40 to 2.12)

1.20  
(0.82 to 1.57)

1.17  
(1.14 to 1.21)

1.23  
(1.10 to 1.35)

1.30  
(1.16 to 1.43)

1.39  
(1.31 to 1.46)

1.24  
(1.21 to 1.28)

1.44  
(1.36 to 1.53)

Pasifika† 1.84  
(1.58 to 2.09)

1.91  
(1.34 to 2.48)

1.73  
(1.33 to 2.13)

1.12  
(0.62 to 1.61)

1.14  
(1.10 to 1.18)

1.18  
(1.06 to 1.30)

1.31  
(1.17 to 1.45)

1.33  
(1.24 to 1.42)

1.22  
(1.18 to 1.27)

1.40  
(1.31 to 1.49)

Other ethnicity† 1.80  
(1.51 to 2.08)

2.16  
(1.47 to 2.84)

1.69  
(1.21 to 2.17)

1.50  
(0.96 to 2.04)

1.22  
(1.17 to 1.27)

1.27  
(1.13 to 1.41)

1.41  
(1.25 to 1.57)

1.37  
(1.25 to 1.49)

1.28  
(1.24 to 1.32)

1.47  
(1.35 to 1.59)

BMI < 30 kg/m2* 1.80  
(1.65 to 1.95)

2.17  
(1.73 to 2.62)

1.69  
(1.45 to 1.94)

1.51  
(1.26 to 1.77)

1.22  
(1.19 to 1.25)

1.27  
(1.18 to 1.36)

1.39  
(1.29 to 1.50)

1.37  
(1.31 to 1.43)

1.27  
(1.25 to 1.30)

1.47  
(1.40 to 1.53)

BMI ≥ 30 kg/m2* 1.89  

(1.73 to 2.06)

2.12  

(1.73 to 2.52)

1.77  

(1.49 to 2.05)

1.39  

(1.11 to 1.66)

1.21  

(1.18 to 1.24)

1.27  

(1.18 to 1.36)

1.41  

(1.31 to 1.51)

1.39  

(1.33 to 1.45)

1.28  

(1.25 to 1.31)

1.49  

(1.42 to 1.56)

Non-smoker$ 1.84  
(1.69 to 1.99)

2.03  
(1.56 to 2.50)

1.73  
(1.48 to 1.97)

1.30  
(0.95 to 1.65)

1.20  
(1.16 to 1.24)

1.26  
(1.14 to 1.37)

1.35  
(1.21 to 1.50)

1.37  
(1.29 to 1.46)

1.26  
(1.22 to 1.29)

1.48  
(1.42 to 1.55)

(Continued)
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Table 3 (Continued). 

All-cause 
mortality

Premature 
mortality

Cardiovascular 
mortality

Cancer 
mortality

Cardiovascular 
hospital 

admission

Myocardial 
infarction  
hospital 

admission

Stroke 
hospital 

admission

Heart failure 
hospital 

admission

Cancer 
hospital 

admission

End-stage kidney 
disease hospital 

admission

Ex-smoker$ 1.87  
(1.70 to 2.04)

2.16  
(1.70 to 2.62)

1.75  
(1.47 to 2.04)

1.44  
(1.15 to 1.73)

1.22  
(1.19 to 1.25)

1.27  
(1.18 to 1.37)

1.40  
(1.29 to 1.52)

1.38  
(1.32 to 1.44)

1.28  
(1.25 to 1.31)

1.48  
(1.38 to 1.57)

Current smoker$ 1.90  

(1.68 to 2.11)

2.18  

(1.77 to 2.59)

1.77  

(1.38 to 2.16)

1.48  

(1.22 to 1.74)

1.22  

(1.19 to 1.25)

1.28  

(1.19 to 1.36)

1.41  

(1.31 to 1.51)

1.39  

(1.32 to 1.45)

1.28  

(1.26 to 1.31)

1.49  

(1.42 to 1.56)

SBP<130 mmHg£ 1.85  
(1.69 to 2.02)

2.11  
(1.72 to 2.51)

1.61  
(1.33 to 1.89)

1.43  
(1.14 to 1.72)

1.21  
(1.19 to 1.24)

1.26  
(1.16 to 1.35)

1.35  
(1.24 to 1.47)

1.37  
(1.31 to 1.44)

1.27  
(1.24 to 1.30)

1.48  
(1.42 to 1.54)

SBP≥130mmHg£ 1.87  
(1.72 to 2.01)

2.23  
(1.80 to 2.66)

1.83  
(1.59 to 2.07)

1.50  
(1.25 to 1.75)

1.24  
(1.21 to 1.27)

1.27  
(1.19 to 1.36)

1.42  
(1.32 to 1.51)

1.39  
(1.33 to 1.44)

1.30  
(1.27 to 1.32)

1.49  
(1.42 to 1.56)

MAP<96 mmHg£ 1.78  
(1.62 to 1.94)

2.22  
(1.80 to 2.64)

1.65  
(1.39 to 1.91)

1.49  
(1.22 to 1.77)

1.26  
(1.24 to 1.29)

1.31  
(1.22 to 1.40)

1.39  
(1.28 to 1.49)

1.41  
(1.35 to 1.47)

1.30  
(1.27 to 1.33)

1.52  
(1.46 to 1.59)

MAP≥96mmHg£ 1.78  
(1.63 to 1.93)

2.22  
(1.82 to 2.61)

1.65  
(1.41 to 1.90)

1.50  
(1.25 to 1.76)

1.27  
(1.24 to 1.29)

1.31  
(1.23 to 1.40)

1.39  
(1.29 to 1.48)

1.41  
(1.35 to 1.47)

1.30  
(1.28 to 1.33)

1.52  
(1.46 to 1.59)

TC<5.0mmol/L 1.85  
(1.70 to 2.00)

2.14  
(1.74 to 2.56)

1.71  
(1.47 to 1.96)

1.44  
(1.18 to 1.70)

1.21  
(1.18 to 1.24)

1.26  
(1.18 to 1.35)

1.35  
(1.25 to 1.45)

1.37  
(1.31 to 1.43)

1.27  
(1.24 to 1.30)

1.48  
(1.42 to 1.54)

TC≥5.0mmHg 1.87  
(1.72 to 2.03)

2.24  
(1.83 to 2.65)

1.84  
(1.58 to 2.09)

1.50  
(1.23 to 1.76)

1.25  
(1.22 to 1.28)

1.27  
(1.18 to 1.36)

1.41  
(1.31 to 1.52)

1.38  
(1.31 to 1.44)

1.30  
(1.28 to 1.33)

1.49  
(1.42 to 1.55)

TG<1.8mmol/L┌ 1.85  

(1.67 to 2.03)

2.15  

(1.71 to 2.59)

1.71  

(1.41 to 2.01)

1.44  

(1.12 to 1.75)

1.21  

(1.18 to 1.24)

1.26  

(1.17 to 1.36)

1.35  

(1.24 to 1.47)

1.37  

(1.30 to 1.44)

1.27  

(1.24 to 1.30)

1.48  

(1.41 to 1.55)

TG≥1.8mmol/L┌ 1.87  
(1.73 to 2.01)

2.24  
(1.85 to 2.63)

1.83  
(1.60 to 2.07)

1.49  
(1.24 to 1.74)

1.25  
(1.22 to 1.27)

1.27  
(1.19 to 1.35)

1.41  
(1.31 to 1.50)

1.38  
(1.32 to 1.44)

1.29  
(1.27 to 1.32)

1.49  
(1.42 to 1.55)

HbA1c<43mmol/ 

mo l!
1.82  

(1.66 to 1.98)

2.09  

(1.68 to 2.50)

1.68  

(1.42 to 1.93)

1.42  

(1.15 to 1.69)

1.21  

(1.18 to 1.23)

1.24  

(1.15 to 1.32)

1.38  

(1.27 to 1.48)

1.36  

(1.30 to 1.42)

1.27  

(1.24 to 1.30)

1.48  

(1.41 to 1.54)

HbA1c≥43mmol/ 
mo l!

1.88  
(1.73 to 2.03)

2.20  
(1.79 to 2.60)

1.85  
(1.61 to 2.10)

1.53  
(1.28 to 1.79)

1.25  
(1.22 to 1.27)

1.29  
(1.20 to 1.37)

1.43  
(1.33 to 1.53)

1.38  
(1.32 to 1.44)

1.30  
(1.27 to 1.32)

1.49  
(1.42 to 1.55)
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IFG& 1.72  
(1.49 to 1.94)

2.09  
(1.54 to 2.65)

1.61  
(1.23 to 2.00)

1.52  
(1.14 to 1.91)

1.21  
(1.16 to 1.25)

1.25  
(1.10 to 1.40)

1.39  
(1.22 to 1.56)

1.34  
(1.24 to 1.44)

1.32  
(1.26 to 1.37)

1.46  
(1.35 to 1.56)

IGT& 1.87  
(1.73 to 2.01)

2.21  
(1.83 to 2.59)

1.75  
(1.51 to 1.99)

1.48  
(1.23 to 1.72)

1.21  
(1.19 to 1.24)

1.26  
(1.18 to 1.34)

1.40  
(1.31 to 1.50)

1.38  
(1.33 to 1.44)

1.35  
(1.32 to 1.38)

1.49  
(1.43 to 1.55)

IFG+IGT& 1.79  
(1.52 to 2.05)

2.12  
(1.08 to 3.16)

1.67  
(1.23 to 2.12)

1.51  
(1.03 to 1.98)

1.21  
(1.16 to 1.26)

1.26  
(1.12 to 1.40)

1.37  
(1.18 to 1.57)

1.35  
(1.24 to 1.46)

1.33  
(1.28 to 1.38)

1.46  
(1.33 to 1.58)

Enrol cohort: 
1994–2008

1.76  
(1.57 to 1.96)

2.04  
(1.56 to 2.52)

1.69  
(1.38 to 2.00)

1.46  
(1.14 to 1.79)

1.22  
(1.19 to 1.26)

1.28  
(1.16 to 1.40)

1.38  
(1.22 to 1.53)

1.37  
(1.28 to 1.46)

1.33  
(1.28 to 1.37)

1.47  
(1.35 to 1.59)

Enrol cohort: 
2009–2018

1.87  
(1.72 to 2.01)

2.21  
(1.83 to 2.60)

1.74  
(1.50 to 1.97)

1.48  
(1.23 to 1.73)

1.24  
(1.21 to 1.26)

1.26  
(1.18 to 1.34)

1.43  
(1.33 to 1.52)

1.39  
(1.33 to 1.45)

1.37  
(1.34 to 1.40)

1.51  
(1.45 to 1.57)

Notes: ‡Indicates IGT and or IFG, age, sex, ethnicity, obesity status, smoking status, systolic blood pressure, total cholesterol, triglyceride, HbA1c, enrol time period, and clinical treatments were adjusted. £Indicates IGT and or IFG, age, 
ethnicity, obesity status, smoking status, systolic blood pressure, total cholesterol, triglyceride, HbA1c, enrol time period, and clinical treatments were adjusted. ¶Indicates IGT and or IFG, sex, ethnicity, obesity status, smoking status, 
systolic blood pressure, total cholesterol, triglyceride, HbA1c, enrol time period, and clinical treatments were adjusted. †Indicates IGT and or IFG, age, sex, obesity status, smoking status, systolic blood pressure, total cholesterol, 
triglyceride, HbA1c, enrol time period, and clinical treatments were adjusted. *Indicates IGT and or IFG, age, sex, ethnicity, smoking status, systolic blood pressure, total cholesterol, triglyceride, HbA1c, enrol time period, and clinical 
treatments were adjusted. $Indicates IGT and or IFG, age, sex, ethnicity, obesity status, systolic blood pressure, total cholesterol, triglyceride, HbA1c, enrol time period, and clinical treatments were adjusted. £Indicates IGT and or IFG, 
age, sex, ethnicity, obesity status, smoking status, total cholesterol, triglyceride, HbA1c, enrol time period, and clinical treatments were adjusted. Indicates IGT and or IFG, age, sex, ethnicity, obesity status, smoking status, systolic blood 
pressure, triglyceride, HbA1c, enrol time period, and clinical treatments were adjusted. ┌Indicates IGT and or IFG, age, sex, ethnicity, obesity status, smoking status, systolic blood pressure, total cholesterol, HbA1c, enrol time period, 
and clinical treatments were adjusted. !Indicates IGT and or IFG, age, sex, ethnicity, obesity status, smoking status, systolic blood pressure, total cholesterol, triglyceride, enrol time period, and clinical treatments were adjusted. &Indicates 
age, sex, ethnicity, obesity status, smoking status, systolic blood pressure, total cholesterol, triglyceride, HbA1c, enrol time period, and clinical treatments were adjusted. 
Abbreviations: IFG, indicated impaired fasting glucose; IGT, indicates impaired glucose tolerance.
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other ethnic groups within New Zealand, which introduces complexity in defining ethnicity when multiple ancestries are 
present and could lead to potential misclassification of self-reported factors like smoking habits. Additionally, the 
participating general practices, while capturing a substantial proportion of Pacific and Māori populations as well as 
European individuals potentially at higher risk of cardiovascular complications, may not fully mirror the socio-economic 
and ethnic diversity of the broader New Zealand population, particularly outside of the Auckland region.17

Metabolic measures were taken at the point of entry into the DCSS and may not capture lifetime exposure and varied 
degrees of exposure to risk factors like smoking. The Index of Multiple Deprivation (IMD), which is based on meshblocks of 
81 households to gauge socio-economic status, might not accurately reflect the individual ethnic groups or the socio-economic 
status of a person and their family, as it is based on documented residency that could differ from actual living arrangements, 
especially for those who spend significant time living elsewhere within extended family settings. However, our prior research 
indicates that socio-economic status among the majority of DCSS cohort members has remained relatively stable from 2001 to 
2016.11 The current study revealed elevated adjusted risks of outcomes in the population aged over 55 years, potentially 
influenced by estrogenic levels. However, estrogenic level data were unavailable in this study. Future research incorporating 
estrogenic data is warranted to thoroughly investigate the associations between age and outcomes.

The absence of family history or genetic factors related to CVD, cancer, and ESRD in the current study is a notable 
limitation. To comprehensively explore the associations identified, future studies incorporating data on family history or 
genetic variants related to the outcomes are warranted.

Interpretation and Implications
Previous studies have consistently demonstrated higher mortality rates among patients with prediabetes (IFG, or IGT, or 
defined by HbA1c), including elevated all-cause,5 cardiovascular,5,18 and cancer mortality.19 Notably, the Atherosclerosis 
Risk in Communities Study found individuals with prediabetes defined by HbA1c had notably higher all-cause and 
cardiovascular mortality rates,20 compared to our cohort. While our group, aged over 55 years in 2009–2018, experienced 
lower all-cause mortality (9.34/1000 person-years) and cardiovascular mortality (3.39/1000 person-years), disparities 
might be attributed to age, period effect and comorbidity difference between the two cohorts. Few researches have 
examined temporal trends in mortality of all-cause and cause-specific deaths in a specific population having IGT and/or 
IFG. Our study revealed a significant decrease in rates of all-cause, premature, cardiovascular, and cancer deaths over the 
past two decades, reflecting advancements in effective treatments for cardiovascular disease (eg, antihypertensive 
treatments and statin)21 and effective screening programs with early interventions for cancers.22

Previous extensive meta-analyses have delved into the distinct influences of IFG and IGT on CVD and all-cause death 
in comparison to people with normal glucose tolerance.23–25 Notably, the DECODA (Diabetes Epidemiology: 
Collaborative analysis of Diagnostic criteria in Asia) and DECODE (Diabetes Epidemiology: Collaborative analysis of 
Diagnostic criteria in Europe) studies have particularly pinpointed IGT, not IFG, as a significant indicator of CVD and 
all-cause mortality, independent of fasting blood glucose.23,24 The AusDiab study also found a correlation between IGT 
and all-cause mortality, whereas IFG was separately associated with all-cause and CVD mortality.26 Instead of extending 
this existing knowledge, our study focuses on a substantial, multi-ethnic population with IFG and/or IGT. It seeks to 
compare the risk of hospitalization between individuals with IFG and those with IGT, as well as those with IFG+IGT. 
Notably, our findings reveal that both individuals with IGT and those with combined IFG+IGT are at a heightened risk for 
cardiovascular hospitalization than those with IFG alone.

Few previous studies have addressed the trend in hospital admission rates in populations with IGT and/or IFG. Significant 
increases in each specific cause hospital admission rate were revealed by the present study. Likewise, only a handful of prior 
investigations have explored the variances in outcomes between male and female individuals within the distinct population 
groups exhibiting IGT and/or IFG across any duration. The current study revealed a 6% decrease in all-cause mortality risk and 
32% decreased in premature mortality risk for women compared with men, after adjustment for covariates. No significant 
statistical difference in cardiovascular and cancer mortality between men and women was found. Lower risks of hospital 
admissions due to CVD, MI, stroke, heart failure, and ESRD were found in women compared with men after adjusting for 
covariates. Women had a 7% of increased risk of hospital admission (19/1000 person-years absolute risk difference) due to 
cancer. The mechanism behind this well-known sex difference for outcomes in patients with IFG and/or IGT includes clinical, 
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behavioural, biological, endocrine, and socioeconomic factors that warrant further investigation.27 In a previous study on 
DCSS, higher rates of hospitalization and other complications were observed among the population with T2D, leading to 
a recommendation for integrated care and new anti-diabetes treatments.9 However, in this specific population with IGT and/or 
IFG, an increased incidence of adverse outcomes were also found. Use of metformin can reduce the progression from IGT to 
T2D, although lifestyle is generally more effective.28 However, health policymakers should also consider implementing 
strategies that support more intensive CVD reduction, including more attention to screening for incident T2D and CVD risk 
factors in people with IGT and/or IFG.

In the general NZ population, it has been estimated that about one in five deaths in NZ is directly attributable to smoking. 
Similarly, in the current study, increased risk of mortality and hospital admissions were found in current smoking patients 
compared with those non-smoking patients. However, only 14% of the cohort were current smokers on entry and while this 
proportion dropped over time, smoking cessation remains an important strategy for preventing CVD.29

A previous study has established that both Mean Arterial Pressure and Glycated Hemoglobin are significant indicators 
for cardiovascular hospitalizations in those with type 2 diabetes.30 In our analysis of individuals IGT and/or IFG, 
a reduced risk of clinical outcomes was noted in participants with a higher MAP within the type 2 diabetes subset. 
Associations were found between both high and low levels of HbA1c and an escalated risk of cardiovascular hospitaliza
tion. Particularly in the population with IGT and/or IFG, an increased risk was specifically tied to higher HbA1c levels, 
which aligns with previous observations in prediabetic individuals,31 underlining the critical role of glycemic manage
ment in this group.

Other studies in the general New Zealand population have uncovered a socioeconomic gradient in all-cause mortality, 
particularly between 2001 and 2004, for individuals aged 65 years and older, with the most deprived group experiencing 
higher rates of all-cause mortality when compared to their least deprived counterparts.32 Few studies have addressed this 
issue in the specific population with IGT and/or IFG over an extended period. In our study, with adjustment of covariates, 
1.94-fold of all-cause mortality risk among the most deprived group was revealed with reference to the least deprived 
group between 1994 and 2018. Significant socioeconomic disparity in mortality and hospital admission was also 
identified in the population with IGT and/or IFG by the current study.

Socioeconomic inequalities in health were measured by directly comparing the health outcomes between the least and 
the most deprived group without considering the population structure by socioeconomic levels. The SII and RII as the 
population-weighted and regression-based measurements used in the current study overcame this problem. Furthermore, 
instead of using the raw or standardized rates, SII and RII were estimated based on multi-covariates adjusted rates.

The adjusted SII revealed the persistent overall socioeconomic inequality in all clinical outcomes in the population 
with IGT and/or IFG, which was narrowed in recent years for mortality and significantly widened for hospital 
admissions. Across ethnic groups, the widened socioeconomic inequalities were very common in NZE for most outcomes 
except premature mortality. Socioeconomic inequality in outcomes also widened in men, elder group, obese patients, 
current smoking patients, and patients with higher levels of clinical measurements. Based on the current findings, health 
equality national policies might need to pay more attention to the population with IGT and/or IFG.

Conclusion
In conclusion, over the past two decades, mortality has decreased and hospital admission increased in the NZ population 
with IGT and/or IFG. The long-standing socioeconomic inequalities in mortality and hospital admissions within the NZ 
population with IGT and/or IFG are a significant and ongoing public health issue.

The gap in mortality and hospital admissions due to socioeconomic disparities has notably widened among older 
adults, male individuals, those who smoke, and those with both IFG and IGT, as well as those presenting with significant 
metabolic imbalances. The ongoing nature of these disparities in clinical outcomes indicates a need for foundational 
lifestyle interventions aimed at halting the progression to type 2 diabetes within this specific cohort, particularly among 
those from socio-economically disadvantaged groups. Additionally, there is a need for improved cardiovascular manage
ment for individuals with IGT and/or IFG who have already developed type 2 diabetes.
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