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ABSTRACT

Introduction. Type 2 diabetes mellitus (T2DM) is a highly prevalent and potentially preventable
condition associated with significant health, social, and economic costs. The detection and
management of pre-diabetes is an important opportunity to prevent or delay the onset of
T2DM and associated morbidities; however, its importance is controversial as the health risks
associated with pre-diabetes are poorly understood. Aim. To understand the cardio-metabolic
health profile of a sample of adults with pre-diabetes in Aotearoa New Zealand. Methods.
Secondary analyses of baseline data from all 153 adults recruited to an intervention trial for adults
with pre-diabetes were carried out. A profile of cardio-metabolic risk was measured by
describing the proportion with metabolic syndrome (MetS) calculated using Adult Treatment
Panel Il criteria, which includes blood pressure, lipids, and obesity in addition to glycaemic
measures. The severity of MetS was calculated as MetS Z-scores. Subgroup analyses for sex,
ethnicity and glycated haemoglobin (HbA.) were performed. Results. Overall, 74% of this study
population had MetS, and the proportion varied according to ethnicity and HbA,. level. The
severity of MetS was highly variable, with MetS-Z-scores ranging from —1.0 to 2.8. Although mean
MetS Z-scores differed according to ethnicity and HbA, level, all subgroups included individuals
with widely differing severity of MetS, suggesting likely quite different risks for progression to
diabetes or cardiovascular disease across the range of pre-diabetes defined by HbA,..
Discussion. Single biochemical markers of glycaemia are insufficient to ascertain overall
cardio-metabolic risk when prioritising clinical efforts for those with pre-diabetes, particularly
in primary care, where the potential for preventing or delaying the onset of type 2 diabetes
mellitus (T2DM) is significant. Findings indicate the importance of attending to all cardio-
metabolic risk factors when caring for people with pre-diabetes. The development of tools
using multiple relevant variables and predicting a comprehensive range of outcomes would
improve timely risk stratification and treatment effect monitoring of pre-diabetes populations.

Keywords: cardiometabolic risk factors, cardiovascular disease, glycated haemoglobin,
metabolic syndrome, prediabetic state, primary health care, progression, renal disease, risk

assessment, type 2 diabetes mellitus.

Introduction

Type 2 diabetes mellitus (T2DM) is a largely preventable, highly prevalent chronic
condition associated with comorbidities, premature mortality, and significant personal,
social, and economic costs. The care of people with T2DM and pre-diabetes in Aotearoa
New Zealand (NZ) rests largely in primary care, with GPs and primary care nurses
(primary care clinicians) responsible for detection and follow up. In NZ, high rates of
T2DM and disparities among Maori, Pacific Peoples, Asians, and socioeconomically
disadvantaged populations persist." A concerning trend is the increasingly earlier onset
of T2DM.*> The long-term health burden for people with established T2DM is significant,
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WHAT GAP THIS FILLS

What is already known: Pre-diabetes detected by elevated
glycated haemoglobin (HbA,.) is common and indicates an
increased risk of progression to Type 2 diabetes mellitus
(T2DM) and related comorbidities. Not everyone with pre-
diabetes will progress to T2DM or develop related comorbid-
ities; however, considerable uncertainty exists around which
individuals with pre-diabetes face the greatest health risks.
What this study adds: Single biochemical markers of gly-
caemia are insufficient to ascertain overall cardio-metabolic
risk for those with pre-diabetes. Evaluating pre-diabetes-
related health risks by relying on HbA . alone does not identify
those who most need interventions to prevent (or at least
delay the onset of) future T2DM and/or cardiovascular disease
— additional robust, clinically applicable measurement tools are
required to inform comprehensive care.

and clinical care is expensive and resource intensive.
Optimisation of diabetes prevention is critical to improving
outcomes for individuals, whanau and the health system.

Pre-diabetes identifies individuals who are likely to be at risk
for developing T2DM; however, its importance is controver-
sial,"® as not all with pre-diabetes will develop T2DM.” The
primary care health professionals interviewed as part of a
qualitative component of an intervention trial® repeatedly
expressed uncertainty about who with pre-diabetes would
best benefit from active intervention and at what stage. NZ
uses a glycated haemoglobin (HbA;.) of 41-49 mmol/mol to
classify pre-diabetes. Past estimates suggest that >25% of the
NZ adult population has pre-diabetes;’ therefore, a critical issue
for primary care clinicians tasked with diabetes prevention
work is determining which individuals with pre-diabetes will
most benefit from active intervention and how the effect of this
care can be monitored. Similarly, ensuring healthcare resour-
cing is appropriately directed to providing effective prevent-
ative care for high-risk groups is essential to reduce health
disparities and ensure the sustainability of healthcare services.

Those with pre-diabetes may also have non-glycaemic
abnormalities such as dyslipidaemia, hypertension and renal
impairment. Recent data relating to HbA;.-defined pre-
diabetes indicate risks for cardiovascular disease (CVD) and
chronic kidney disease increase even when HbA;. levels are
below the diagnostic threshold for diabetes, and highlight the
need for a broad characterisation of pre-diabetes risk.'%!!

In NZ, cardiovascular risk screening in the general popula-
tion is commonly completed for adults using multivariable-
derived risk equations (known as PREDICT equations), based
on a nationally representative sample of the NZ population.'?
A strength of models like PREDICT is their use of multiple
relevant variables to predict risk for CVD; however, although
closely related, PREDICT does not assess the independent risk
of developing T2DM.
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In contrast to PREDICT, the metabolic syndrome (MetS)
tool defines a cluster of abnormalities demonstrated to
increase the risk of developing T2DM and, to a lesser
extent, CVD."> Commonly used MetS criteria from the US
National Cholesterol Education Programme Adult Treatment
Programme III include waist circumference (WC), elevated
blood pressure (BP), fasting plasma glucose (FPG), blood
triglycerides and reduced high-density lipoprotein choles-
terol (HDL-C). The prevalence of MetS varies by age, gender
and ethnicity, and criteria for central adiposity can be
adjusted to account for ethnic differences.''*

MetS Z-scores are a further refinement, which are calcu-
lated from MetS components and can include body mass index
(BMI) in place of WC.'® There is no ideal or threshold MetS
Z-score. A zero score represents the mean score of the popula-
tion from which the score was derived. Scores may range from
negative to positive values, and each unit represents one
standard deviation (SD) away from the mean. Higher values
identify more severe MetS, and changes over time have
correlated with changing cardio-metabolic health risks and
provide early prediction of treatment responses in those with
pre-diabetes.'*'® Therefore, the further development of tools
like PREDICT or MetS Z-scores for those with pre-diabetes,
which would ideally give an absolute risk of disease, may be a
promising way to identify those with considerably higher
health risks than their HbA;. alone would indicate, and may
be helpful for the assessment of treatment response.

The analysis reported here is part of a larger randomised
controlled trial of the effects of probiotic and cereal inter-
ventions in NZ adults with pre-diabetes (defined by HbA;.
41-49 mmol/mol).'”*® In this paper, we explore and profile
the cardio-metabolic characteristics of this study popula-
tion. We also sought to quantify the proportions and severity
of cardio-metabolic abnormality in this study population
with pre-diabetes, using the tools of MetS and MetS Z-scores.

Methods

Design, participants and setting

This study is an exploratory secondary analysis of baseline
data from all participants recruited to an intervention trial for
adults with pre-diabetes. The original study was registered at
www.anzctr.org.au ACTRN12617000990325, Universal Trial
Number U1111-1195-7561.

The design and methods of the original study are reported
elsewhere.'® Briefly, English-speaking adults aged 18-80 years
classified as having pre-diabetes by HbA;. 41-49 mmol/mol
who were not receiving glucose-lowering medications were
recruited from the Wellington urban region to a randomised
controlled trial. Participants were predominantly recruited
from primary care practices after being sent a study invita-
tion letter if they were coded on practice management
systems as having pre-diabetes. Additionally, some were
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recruited following responses to study advertising in news
media and through organisational email lists. Enrolment
occurred between February 2018 and March 2019.
Ethnicity was coded based on the individual’s self-defined
ethnicity, and where multiple ethnicities were selected, the
order of priority was Maori, Pacific, Asian (including East
and South Asian), and then European. Blood sample analyses
were performed in research laboratories using standardised
procedures. HbA;., FPG, and lipids were analysed on a
Roche Hitachi Cobas ¢331 analyser using Roche reagents,
and insulin was analysed by Human/Canine/Porcine Insulin
DuoSet R&D systems Inc. Insulin resistance was assessed
using the homeostatic model assessment for insulin resistance
(HOMA-IR) and calculated using the formula proposed by
Matthews et al.'® The assessment of such a comprehensive
range of biomarkers in a population with pre-diabetes pro-
vides a valuable data set, particularly in NZ, where Maori and
Pacific peoples constitute one-quarter of the population®’ and
have disproportionately high rates of diabetes and pre-
diabetes.™ Although this study population is not necessarily
representative of all people with pre-diabetes in NZ, data
generated proved valuable for initial exploration of the utility
(or otherwise) of a multivariable tool — providing an assess-
ment of the presence and severity of MetS.

Definitions and measurements

The proportions of those with MetS according to the National
Cholesterol Education Programme Adult Treatment Panel III
2009 definition'* were calculated using the criteria and
ethnic-specific WC thresholds provided in Supplementary
Table S1. The relationship between WC, BMI and body fat
mass differs between Maori and Pacific peoples and
Europeans; however, the relationship between these mea-
sures and cardiovascular and metabolic risk also differs by
ethnicity. As there are no universally accepted specific WC or
BMI thresholds for Maori and Pacific peoples,?' ™ recognis-
ing this limitation, for this analysis, we applied the same
thresholds to these groups as Europeans.

MetS Z-scores based on WC (MetS-Z-WC)?® and BMI
(MetS-Z-BMI)'® were calculated using published gender-
specific formulae detailed in Supplementary Table S1.

Statistical analysis

Data descriptions use counts and proportions, as percent-
ages, for categorical variables, and mean, standard deviation
(s.d.), median, interquartile range (IQR), and minimum and
maximum for continuous variables. Our primary interest
was to describe the cardio-metabolic health of people with
pre-diabetes in this sample, using the MetS-Z-score and to
explore the association between MetS-Z-scores and sex;
ethnicity (described as Maori/Pacific, Asian, or European);
and HbA;.. Although HbA;. is a continuous variable, for
illustrative purposes, a cut-off point of HbA;. =45 versus
<45 mmol/mol was also used based on clinical observations

that those in the upper range are more at risk of progression
to T2DM.?’ Linear regression and ANOVA were used to
explore these associations. An overall P-value is shown for
the difference in mean values in the ANOVA with ethnicity,
and the two pre-specified comparisons were made with
European as a reference ethnicity. Although the data set is
small and includes limited numbers of Maori and Pacific, we
felt that some statistical evaluation of differences was rele-
vant to achieve the exploratory purposes of this work.
Summary descriptive data are presented for these variables
by sex, ethnicity, and HbA; . cut-off points. Analyses used SAS
9.4 (SAS Institute Inc.).

Ethics approval

Ethical approval was granted by the Central Health and
Disability Ethics Committee, New Zealand (17/CEN/88).
All participants gave informed written consent.

Results

Participant characteristics

Of the 427 individuals screened for entry into the main
study, 245 (57.4%) were ineligible, and 29 (6.8%) declined
to participate. The characteristics of all 153 participants
enrolled in the study (48% female, 20% Maori/Pacific) are
shown in Table 1 and additional baseline data is supplied in
Supplementary Table S2. Over 50% of this study population
had a family history of T2DM, relatively high proportions
were receiving antihypertensive and lipid-lowering medica-
tions, and a few had a history of angina, myocardial infarc-
tion, congestive heart failure, or stroke.

Metabolic syndrome

As shown in Table 2, MetS was present in 74% of this sample.
Eighty-seven per cent of Maori/Pacific peoples had MetS,
which was larger than that for Europeans or Asians, both at
about 70%. The proportion of this study sample with MetS
varied by HbA;. =45 versus <45 mmol/mol, 82% vs 60%.

As expected, and shown in Table 2, the most common
MetS component present was an elevated FPG. Central
adiposity measured by WC was the second most common
MetS component, followed by hypertension, HDL-C, and TG.
Of the whole study population, 78% (119/153) met the
criteria for hypertension.'* Notably, among Maori and
Pacific Peoples, elevated FPG, WC and hypertension were
present in 90% of those with MetS, and the numbers reaching
thresholds for MetS HDL-C levels were at least 12% higher
than that in other ethnic groups.

The distribution of MetS Z-scores was similar when
calculated by WC or BMI (Supplementary Figs S1, S2). The
more clinically relevant MetS-Z-BMI results are shown in
Table 3, and full descriptive statistics are available in
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Table I. Baseline characteristics of the study population.
All Female Male
Ethnicity n/153* (%) nl73% (%) /80" (%)
European 80 (52.3) 39 (53.4) 41 (51.3)
Maori 24 (15.7) 9 (123) 15 (18.8)
Asian 42 (27.4) 21 (28.8) 21 (26.3)
Pacific 7 (4.6) 4 (5.5) 3(3.8)
Other 0 (0) 0 (0) 0 (0)
Sex 73 (47.7) 80 (52.3)
Mean (s.d.) Mean (s.d.) Mean (s.d.)
Age (years) 59.6 (8.8) 60 (8.3) 59.4 (9.4)
Income (annual, NZ$) n/152 (%) nl72 (%) n/80 (%)
<$50000 25 (16.3) 13 (17.8) 12 (15)
$50-$99 000 63 (41.2) 31 (42.5) 32 (40)
$100-$149 000 39 (25.5) 20 (27.4) 19 (23.6)
> $150000 25 (16.3) 8 (Il) 17 (21.3)
Education n/153 (%) nl73 (%) nl79 (%)
None 9 (5.9) 6 (8.2) 338
NCEA levels -3 32 (20.9) 13 (17.8) 19 (23.8)
NCEA 4/Certificates/ 39 (25.5) 18 (24.7) 21 (26,3)
Diploma level 4-6
Bachelor’s degree/level 35 (22.9) 16 (21.9) 19 (23.8)
7 Certificate/Diploma
Post-graduate 37 (24.2) 20 (27.4) 17 (21.3)
Smoking n/153 (%) nl73 (%) n/80 (%)
Current 15 (9.8) 6 (8.2) 9 (11.3)
Ex-smoker 46 (30.1) 18 (24.7) 28 (35.0)
Never 92 (60.1) 49 (67.1) 43 (53.8)
Alcohol use
None 30 (19.6) 18 (24.7) 12 (15.0)
Safe use 110 (71.9) 50 (68.5) 60 (75)
Hazardous use 13 (8.5) 5 (6.7) 8 (10.0)
Dietary intake Mean (s.d.) Mean (s.d.) Mean (s.d.)
Total fibre (g) 25.6 (8.7) 24.4 (8.1) 26.7 (9)
Total energy (kJ) 8624 (2323) 7780 (1866) 9396 (2439)
Physical activity — current n/153 (%) nl73 (%) n/80 (%)
guidelines
Below recommended 111 (72.5) 56 (76.7) 55 (68.8)
level
Meets or exceeds 42 (27.5) 17 (23.3) 25 (31.3)
recommended level
Self-reported medical history
Angina, or CHF or Ml 15 (9.8) 7 (9.6) 8 (10)
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(Continued on next column)

Table I. (Continued)
All Female Male
Stroke 3(20) 2(27) I (1.3)
Gestational diabetes 6 (9.0)
n=67
Hypertension 79 (51.6) 39 (534) 40 (50.0)
Family history T2DM 81 (53.0) 37 (50.7) 44 (55)
Current medication use
Antihypertensive 70 (45.8) 36.(49.3) 34 (42.5)
Statin 50 (32.7) 17 (23.3) 33 (41.3)
Anthropometric Mean (s.d.) Mean (s.d.) Mean (s.d.)
Weight (kg) 85.9 (20.8) 782 (19.2) 93 (19.8)
Waist (cm) 102.7 (14.8) 97.4 (15.1) 107.5 (12.7)
n=152 n=79
BMI (kg/m?) 304 (6) 30.1 (6.5) 30.7 (5.5)
Blood pressure
Systolic BP (mm Hg) 136.2 (16) 136.4 (17.7) 136 (14.4)
n=152 n=79
Diastolic BP (mm Hg) 8l1.1 (11.3) 78.2 (10.6) 83.9 (11.3)
n=152 n=179
Blood
Total Cholesterol 5.0 (1.3) 5.5 (1.4) 4.6 (1)
(mmol/L)
LDL-C (mmol/L) 3.2 (1) 3.6 (1.2) 2.9 (0.9)
HDL-C (mmol/L) 1.2 (0.3) 1.4 (0.3) 1.1 (0.2)
Triglycerides (mmol/L) 1.4 (0.6) 1.3 (0.5) 1.4 (0.6)
Total cholesterol/ 4.2 (1.2) 4.2 (1.2) 4.4 (1)
HDL-C ratio
Glucose (mmol/L) 6.7 (1.3) 6.5 (0.9) 7 (1.5)
n=15I n=78
Insulin (pmol/L) 104.1 (88.6) 98.8 (101.3) 109 (75.5)
HOMA-IR 4.5 (4.2) 4.3 (4.9) 48 3.4)
n=15I n=78
HbA, . (mmol/mol) 45.9 (4.0) 454 (4.3) 46.4 (3.6)
n=144 n=67 n=77

ADenominator applies unless otherwise specified.
NCEA, National certificate of educational achievement; CHF, congestive heart
failure; Ml, myocardial infarction; T2DM, Type 2 diabetes mellitus; BMI, body
mass index; BP, blood pressure; HDL-C, high-density lipoprotein cholesterol;
HbA,,, glycated haemoglobin; LDL-C, low-density lipoprotein cholesterol;

HOMA-IR, homeostatic model assessment for insulin resistance.

Supplementary Table S3. Notably, there appear to be
some differences in mean MetS-Z-BMI according to ethni-
city (P =0.051) and HbA,;. (P < 0.0001) subgroups;
however, the range of scores in each group was relatively
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Table 2. The proportions with MetS and MetS components for the study population.
Total Components of MetS
with MetS FPG wc BP HDL-C TG
N n (%) n (%)
Total 153 112/152 (74) 135/151 (89) 123/152 (81) 119 (78) 66 (43) 37 (24)
Sex
Female 73 53 (73) 64 (88) 59 (81) 57 (78) 35 (48) 13 (18)
Male 80 59/79 (75) 71/78 (91) 64179 (81) 62 (78) 31 (39) 24 (30)
Ethnic subgroups
Asian Zy) 30 (71) 36 (86) 37 (88) 28 (67) 15 (36) 10 (24)
European 80 55/79 (70) 71178 (91) 58/79 (73) 63 (79) 34 (43) 19 (24)
Maori/Pacific 31 27 (87) 28 (90) 28 (90) 28 (90) 17 (55) 8 (26)
HbA, . Subgroups™
HbA, . < 45 (mmol/mol) 55 33 (60) 45 (82) 41/54 (76) 39 (71) 18 (33) 7 (12)
HbA . > 45 (mmol/mol) 89 72 (82) 81/87 (93) 76 (85) 75 (83) 44 (49) 27 (62)

ANumbers reduced in HbA . subgroup analysis due to missing baseline HbA . results.
MetS, metabolic syndrome; HbA,., glycated haemoglobin; FPG, fasting plasma glucose; WC, waist circumference; BP, blood pressure; HDL-C, high-density
lipoprotein cholesterol; TG, triglycerides.

Table 3. Comparison of MetS-Z-BMI scores for the study population and according to subgroups.
Mean (s.d.) Difference (95% CI) P-value
All 0.71 (0.72) n=150
Sex subgroups Female Male
n=73 n=77
0.75 (0.74) 0.69 (0.70) -0.03 (-0.26 to 0.20) 0.8l
Ethnic subgroups P-value interaction
European Maori/Pacific Asian 0.051
n=77 n=3l n=42
Prespecified comparison P-value
0.71 (0.80) 0.94 (0.64) 0.53 (0.57) Maori/Pl-European 0.12
0.23 (-0.06 to 0.53)
Asian-European 0.19
-0.18 (—0.45 to 0.09)
HbA . subgroups <45 mmol/mol 245 mmol/mol
n=54 n=87
0.38 (0.66) 0.92 (0.70) 0.53 (0.31 to 0.77) <0.0001

MetS-Z-BMI, metabolic syndrome Z-scores based on body mass index (BMI); s.d., standard deviation; 95% Cl, 95% confidence interval; Pl, Pacific peoples; HbA,,
glycated haemoglobin.

wide (—1.0 to 2.8) and consistent across the sub-groups  Discussion

(Supplementary Table S3).

There was strong evidence of a linear relationship between
HbA;. and MetS-Z-BMIL;, however, HbA; . explained only 17%
of the variance in MetS-Z-BMI (Supplementary Fig. S3). For
every 5mmol/mol increase in HbA;. the Mets-Z-BMI score
increased by 0.37 [95% CI, 0.23 to 0.51], P < 0.0001.

In this group of people with pre-diabetes who were predom-
inantly recruited from primary care practices into a rando-
mised controlled trial based on HbA,.-defined pre-diabetes,
we found a high proportion (74%) had MetS. The proportion
of this study sample with MetS appears to differ according to
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ethnicity and HbA;. level. The severity of MetS was highly
variable, and although mean MetS Z-scores appear to differ
according to ethnicity and HbA;. level, all subgroups
included individuals with widely differing severity of MetS.

Among this study population, elevated blood glucose,
waist circumference and hypertension frequently occurred,
whereas abnormal HDL-C and triglycerides were less com-
mon. Although 33% of the study population were receiving
statins, this is unlikely to have impacted HDL-C and tri-
glyceride levels as statins predominantly act on LDL-C.?®
Importantly, a key clinical consideration is that lifestyle
interventions resulting in weight loss are the most effective
interventions that will simultaneously reduce all these
abnormalities.”*° In contrast, although medications also
help minimise cardio-metabolic risk, they individually act
on fewer risk factors (MetS components) and obviously have
potential side-effects and compliance issues. The proportions
of individuals with MetS were roughly 17% higher among
Maori/Pacific peoples than in other ethnic subgroups,
reflecting the different rates of T2DM and CVD found in
NZ populations.’ Although these initial findings need further
confirmation locally, they strongly suggest that emphasis on
weight loss initiatives (as well as optimal prescribing) are
critical interventions.®'° There is a central role for Maori
and Pacific primary health providers in leading culturally
appropriate lifestyle and other interventions.*®=>*

Assessment of the severity of MetS using MetS-Z-BMI
provided additional helpful insights into this group’s cardio-
metabolic health. Maori/Pacific peoples generally had more
severe MetS, with mean MetS-Z-BMI scores of approximately
0.9 compared with Europeans 0.7 and Asians 0.5. There
was some evidence of a difference in MetS-Z-BMI related to
ethnicity (P = 0.051); however, our pre-specified compari-
sons with Europeans were not individually statistically signif-
icant; and may reflect the small sample size.

MetS-Z-BMI increased by 0.37 for every 5mmol/mol
increase in HbA;., indicating that as HbA;. levels rise,
clinical concerns should be directed to reducing hypergly-
caemia in conjunction with reducing the full range of
CVD risk factors. Our results suggest that those with a
HbA;. <45 mmol/mol have MetS less commonly than
those with a HbA;. =45 mmol/mol. However, notably, even
for those with a HbA;. <45 mmol/mol, there was a large
range in the severity of MetS (—1.0 to 2.8). This finding
illustrates the variability of cardio-metabolic risk found across
the spectrum of HbA;. values and underlines the clinical
importance of attending to all cardio-metabolic risks and the
importance of finding better ways to understand pre-diabetes-
associated health risks.

Several things stand out when these results are considered
overall. Rather than pre-diabetes being solely an indication
of potential future T2DM, our findings suggest that many
with this condition are at greater risk of cardio-metabolic
disease than is immediately apparent. Although the severity
of MetS generally worsened with increasing HbA;, this was
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not uniform. The differences in proportions with MetS and
variable severity of MetS found for Maori/Pacific peoples
emphasise the underlying heterogeneity of pre-diabetes
populations.

HbA, . alone appears to be a blunt tool for understanding
the cardio-metabolic health of individuals with pre-diabetes,
and this is critically important in primary care practice,
given the high incidence of pre-diabetes and persistent
health disparities. These findings suggest that assessment
and therapeutic decision-making need to consider multiple
aspects of cardio-metabolic health in those with pre-diabetes.
Robust and clinically applicable tools to synthesise this infor-
mation are required to inform comprehensive care. Any tool
proposed for clinical use needs to be easily undertaken and
applied — further work needs to be undertaken to create a fit-
for-purpose model that could be utilised at scale in primary
care. Tools incorporating HbA; . rather than FPG and predict-
ing risk for T2DM, CVD, and microvascular disease, including
chronic kidney disease, could be beneficial.

A limitation of this study is the small and potentially
unrepresentative sample. Notably, our study population did
not experience high levels of deprivation, and given that
populations with high deprivation are two and a half times
more likely to develop T2DM than non-deprived populations,’
our results likely underestimate the proportions with, and the
severity of, MetS in some groups. There are key limitations
related to MetS-Z-scores. Notably, these scores were derived
from US populations and use FPG rather than the more
commonly used HbA;.. Furthermore, development of such
tools requires analysis of comprehensive and longitudinal
datasets, which are fully representative of NZ populations.
Nevertheless, this analysis illustrates the importance of
greater emphasis on the overall health of people with pre-
diabetes, and explores the use of a possible multivariable,
easily applied tool.

Conclusion

Single biochemical markers of glycaemia are insufficient to
ascertain overall cardio-metabolic risk when prioritising
clinical efforts for pre-diabetes patients, particularly in pri-
mary care, where the potential to prevent or delay T2DM
and associated morbidities is significant. This exploratory
study demonstrated a more nuanced understanding of
pre-diabetes cardio-metabolic risks when assessed using
MetS-Z-BMI rather than HbA;. or MetS alone. Our findings
indicate the importance of attending to all cardio-metabolic
risks by primary care clinicians when addressing pre-
diabetes. More research is required to develop tools using
NZ data, multiple relevant variables and predicting a com-
prehensive range of outcomes including the development of
diabetes, CVD and renal disease for those with pre-diabetes.
This could improve timely risk stratification and enhance
monitoring of treatment effects in pre-diabetes populations.
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Supplementary material

Supplementary material is available online.
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