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Abstract
Aims/hypothesis T-wave abnormalities (TWA) are often found on ECG and signify abnormal ventricular repolarisation. While
TWA have been shown to be associated with subclinical atherosclerosis, the relationship between TWA and hard cardiovascular
endpoints is less clear and may differ in the presence of diabetes, so we sought to explore these associations in participants from
the Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial.
Methods TWA were operationally defined as the presence of any Minnesota Codes 5-1 through 5-4 in any lead distribution.
Multivariable Cox proportional hazards models were constructed to examine relationships between TWA and clinical cardiovas-
cular events. Secondary analyses explored the risks conferred by major vs minor TWA, differential effects of TWA by anatomic
localisation (anterolateral, inferior or anterior lead distributions), and differing associations in those with or without prevalent CVD.
Results Among 8176 eligible participants (mean 62.1 ± 6.3 SD years, 61.4% male), there were 3759 cardiovascular events,
including 1430 deaths (473 of a cardiovascular aetiology), 474 heart failure events, 1452 major CHD events and 403 strokes.
Participants with TWA had increased risks of all-cause mortality (HR 1.45 [95% CI 1.30, 1.62], p < 0.0001), cardiovascular
mortality (HR 1.93 [1.59, 2.34], p = 0.0001), congestive heart failure (HR 2.04 [1.69, 2.48], p < 0.0001) and major CHD (HR
1.40 [1.26, 1.57], p < 0.0001), but no increased risk of stroke (HR 0.99 [0.80, 1.23], p = 0.95). Major TWA conferred a higher
risk than minor TWA. When TWA were added to the UK Prospective Diabetes Study risk engine, there was improved discrim-
ination for incident CHD events, but only for those with prevalent CVD (area under the receiver operating characteristic curve
0.5744 and 0.6030 with p = 0.0067). Adding TWA to the risk engine yielded improvements in reclassification that were of
greater magnitude in those with prevalent CVD (net reclassification improvement [NRI] 0.24 [95% CI 0.16, 0.32] in those with
prevalent CVD, NRI 0.14 [95% CI 0.07, 0.22] in those without prevalent CVD).
Conclusions/interpretation The presence and magnitude of TWA are associated with increased risk of clinical cardiovascular
events and mortality in individuals with diabetes and may have value in refining risk, particularly in those with prevalent CVD.
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Introduction

T-wave abnormalities (TWA) are a common ECG abnormal-
ity encountered during routine clinical practice with an esti-
mated prevalence of 1.3% of the general population [1, 2]. In
the USA, the prevalence is 1.7% among black people and
1.1% among white people [3, 4]. The majority of these
patients lack a cardiac history or discernible cause for these
abnormalities [5, 6]. In the absence of known clinical cardio-
vascular disease, these TWA are often non-specific and of an
uncertain significance to clinicians. While major ECG abnor-
malities such as ST segment elevations and Q-waves have
been shown to be associated with subsequent clinical cardio-
vascular events [7], the prognostic importance of TWA has
not been fully established. This importance of TWA is partic-
ularly uncertain in individuals with no history of clinical CVD
who are found to have incidental TWA on routine ECG.Much
of the previously published research on TWAhas been limited
to select populations with prior cardiac pathologies. In these
studies, TWA was found to be associated with increased risk
of all-cause mortality and cardiac mortality in the setting of ST
elevation myocardial infarction, arrhythmia or heart failure.
Among patients with diabetes, there is limited data about the
prognostic significance of TWA. Therefore, our aim was to
explore the relationship between TWA and cardiovascular
events in individuals with diabetes, as this may represent a
cost-effective and non-invasive way of screening for cardiac
disease. To this end, we used patient-level data from the
Action to Control Cardiovascular Risk in Diabetes

(ACCORD) trial and the ACCORDION follow-up study to
investigate this relationship between TWA and subsequent
clinical cardiovascular events.

Methods

Study design and population The ACCORD trial
(NCT00000620) is a multicentre randomised clinical trial of
diabetes and CVD across the USA and Canada. Individuals
recruited for ACCORD had type 2 diabetes mellitus with an
HbA1c level of at least 9.4 mmol/mol (7.5%) and either age
≥40 years with CVD or age ≥55 years with atherosclerosis,
albuminuria, left ventricular hypertrophy, or two or more
additional risk factors from the following set: dyslipidaemia,
hypertension, smoking or obesity. Patients were excluded if
BMI was greater than 45 kg/m2, serum creatinine level was
greater than 132.63 μmol/l, or if other serious illnesses were
present.

The trial enrolled 10,251 participants who were randomly
assigned into groups to assess strategies of glycaemic control,
BP control and lipid control using a factorial design. Patients
were provided with diabetes education as well as diabetes
medications and glucose testing supplies. Participants
randomised to the intensive therapy group attended monthly
visits for 4 months and then every other month thereafter.
Patients in the standard therapy groups were seen every
4 months. The study was approved by institutional review
boards at each centre as well as the National Heart, Lung,
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and Blood Institute. All participants provided written
informed consent.

Additionally, 5518 ACCORD participants were also
enrolled in the lipid arm of the trial and further randomised
to receive either simvastatin plus fenofibrate or simvastatin
plus placebo. The remaining 4733 ACCORD participants
were randomised to the BP control arm of the study. These
individuals were randomised to either intensive BP control
(systolic BP <120 mmHg) or standard BP control (systolic
BP <140 mmHg). At the end of the original ACCORD trial,
the remaining participants were invited to enrol in the long-
term surveillance study ACCORDION. In this follow-up
study, the original participants continued to be followed for
up to 14 years from the start of ACCORD.

Of the 10,251 ACCORD participants, 46 participants were
excluded for absent baseline ECG. An additional 974 partic-
ipants were excluded for baseline ECG that was of inadequate
quality for analysis of the T-wave. Among those with baseline
ECG of adequate quality for T-wave analysis, a total of 1055
participants were excluded for a concomitant overriding ECG
abnormality that precludes T-wave analysis, including
complete heart block, Wolff–Parkinson–White pre-excitation
pattern, the presence of an artificial pacemaker, non-specific
intraventricular conduction delay, complete left bundle branch
block or complete right bundle branch block, leaving 8176
eligible participants. Demographic characteristics of those
ACCORD participants who were included vs excluded are
provided in electronic supplementary material (ESM) Table 1.

Exposure variables At the start of the ACCORD study, each
participant self-reported their medical history. According to
the study protocol, participants had a baseline ECG at the
start of the trial. ECG was performed by trained
electrocardiographers following a standardised protocol on a
GEMarquette (Milwaukee, WI, USA) MAC 1200 electrocar-
diograph at a sampling rate of 500 Hz. Once obtained, ECGs
were digitally transmitted to the Epidemiological Cardiology
Research Center (EPICARE) at Wake Forest School of
Medicine, Winston-Salem, NC, USA. The ECGs were then
manually checked for quality and automatically processed
using the GE Marquette 12-SL program version 2001. We
operationally defined TWA as the presence of any Minnesota
Codes (MC) 5-1 through 5-4 in any lead distribution (ESM
Table 2). For our sensitivity analysis exploring major vs
minor TWA, major TWA were defined as any MC 5.1 or
5.2 in any lead distribution, while minor TWA were defined
as any MC 5.3 or 5.4 in any lead distribution in the absence
of any major TWA. For our analysis of the relationship
between the anatomic localisation of TWA and the risk of
adverse events, three binary variables were added to the
model that corresponded to the presence or absence of
TWA in the anterolateral leads (I, aVL, V6), inferior leads
(II, III, aVF) and anterior leads (V2–V5).

Outcome variables Outcomes of interest were all-cause
mortality, cardiovascular mortality, congestive heart failure
(CHF), major CHD (a composite of death from CHD, non-
fatal myocardial infarction and unstable angina) and stroke.

Statistical methodsBaseline characteristics of our study popu-
lation with and without TWA were compared using mean ±
SD for continuous variables and frequency (percentage) for
categorical variables. Kaplan–Meier plots were used to
compare the proportion of participants in each group who
had an event during follow-up. The logrank test was used to
compare groups on the Kaplan–Meier analysis. After ensuring
that there was no evidence of substantial departures from the
assumption of proportionality of hazards using the Martingale
residual plots, we utilised Cox proportional hazards models to
examine the relationships between the presence of TWA and
subsequent clinical cardiovascular events. Our initial analysis
(Model 1) was adjusted for age, sex, race and treatment
assignment. Model 2 was adjusted for the covariates in
Model 1, with the addition of history of CVD, smoking, years

Table 1 Baseline characteristics of eligible ACCORD study partici-
pants (n = 8176)

Characteristic TWA p valuea

Absent
n=5728 (70.1%)

Present
n=2448 (29.9%)

Age (years) 62.1 ± 6.3 63.4 ± 6.9 <0.0001

Sex (% male) 61.4 57.4 0.0008

Race (% white) 63.1 59.3 0.001

Years with diabetes 10.3 ± 7.3 11.4 ± 7.9 <0.0001

Smoking, current (%) 14.2 14.5 0.74

History of CVD (%) 27.4 47.7 <0.0001

Weight (kg) 93.6 ± 18.5 92.8 ± 18.2 0.08

Height (cm) 170.3 ± 9.8 169.1 ± 9.9 <0.0001

Waist circumference (cm) 106.5 ± 13.7 106.9 ± 13.6 0.21

BMI (kg/m2) 32.2 ± 5.4 32.4 ± 5.4 0.08

Systolic BP (mmHg) 135.0 ± 16.3 139.6 ± 18.4 <0.0001

Diastolic BP (mmHg) 75.1 ± 10.2 74.9 ± 11.3 0.52

Heart rate 73.0 ± 11.5 71.9 ± 12.0 0.0001

Total cholesterol (mmol/l) 4.76 ± 1.06 4.79 ± 1.10 0.22

HDL (mmol/l) 1.09 ± 0.30 1.07 ± 0.28 0.007

LDL (mmol/l) 2.72 ± 0.87 2.75 ± 0.89 0.20

VLDL (mmol/l) 0.94 ± 0.62 0.97 ± 0.62 0.10

Triacylglycerols (mmol/l) 2.14 ± 1.64 2.19 ± 1.60 0.27

HbA1c (mmol/mol) 67 ± 11.4 68 ± 11.9 <0.0001
HbA1c (%) 8.25 ± 1.04 8.40 ± 1.09

Creatinine (μmol/l) 78.68 ± 19.45 81.33 ± 21.22 <0.0001

Continuous variables described as mean ± SD, categorical variables
described as frequency (%)
a p value as calculated by ANOVA for continuous and χ2 for categorical
variables
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with diabetes, BMI, and time-averaged systolic BP, total
cholesterol, HDL-cholesterol and HbA1c. Model 3 was adjust-
ed for the covariates in Model 2, with the addition of ST
segment abnormalities (which were operationalised as a
three-level ordinal variable with possible values being no ST
abnormalities [MC 4.0], minor ST abnormalities [any MC 4.3
or 4.4 in the absence of any MC 4.1 or 4.2], or major ST
abnormalities [any MC 4.1 or 4.2]) and major Q-wave (any
MC 1.1 or 1.2). Our fully adjusted model was used for our
analysis of the risk conferred by minor vs major TWA and our
supplemental analyses of the differential effects of TWA by
anatomic lead group and the interaction between prevalent
CVD at baseline and TWA. The incremental value of TWA
in prediction of major CHD events was assessed by compar-
ing the area under the receiver operating characteristic (ROC)
curves for the UK Prospective Diabetes Study (UKPDS) [8]
risk engine with and without the addition of TWA, according
to the method of DeLong [9]. Two-sided p values below 0.05
were considered to be statistically significant. Improvement in
classification was assessed using the net reclassification
improvement (NRI) index. Of the 8176 participants in the
analysis, 90 were excluded in the NRI analysis due to missing
data required for the UKPDS risk engine, leaving 8086 partic-
ipants. All statistical analyses were conducted at Wake Forest
School of Medicine using SAS version 9.4 (Cary, NC, USA).

Results

The characteristics of the study population are provided in
Table 1. Baseline TWA were absent in 5728 participants

and present in 2448 participants. Those with TWA were
older, more likely to have a history of CVD, had a longer
history of diabetes, higher mean systolic BP, and tended to
have higher HbA1c.

In these 8176 eligible participants over a combined 75,145
person-years (median 9.4 [IQR 8.3–10.6]) of follow-up, there
were 3759 cardiovascular events. Figure 1 illustrates the
Kaplan–Meier survival curves of those with no TWA, minor
TWA and major TWA. Table 2 depicts the association of
baseline TWA with subsequent adverse events. Participants
with TWA had increased risks of all-cause mortality (HR

Table 2 TWA at baseline and risk of adverse events

Outcome variable Participants with
endpoints

Absolute risk – events per 1000 person-
years

Model 1
HR (95% CI)
p value

Model 2
HR (95% CI)
p value

Model 3
HR (95% CI)
p value

No TWA
n=5728

TWA
n=2448

No TWA TWA

All-cause mortality 814 616 14.7 28.3 1.78 (1.60, 1.98)
p < 0.0001

1.46 (1.31, 1.64)
p < 0.0001

1.45 (1.30, 1.62)
p < 0.0001

Cardiovascular mortality 230 243 4.2 11.2 2.58 (2.15, 3.09)
p < 0.0001

1.93 (1.60, 2.34)
p < 0.0001

1.93 (1.59, 2.34)
p < 0.0001

CHF 217 257 3.9 11.8 2.99 (2.49, 3.58)
p < 0.0001

2.10 (1.73, 2.53)
p < 0.0001

2.04 (1.69, 2.48)
p < 0.0001

Major CHD 847 605 15.3 27.8 1.85 (1.67, 2.06)
p < 0.0001

1.42 (1.27, 1.58)
p < 0.0001

1.40 (1.26, 1.57)
p < 0.0001

Stroke 260 143 4.7 6.6 1.32 (1.08, 1.62)
p = 0.008

1.01 (0.81, 1.25)
p = 0.94

0.99 (0.80, 1.23)
p = 0.95

Model 1 adjusts for age, sex, race and treatment assignment

Model 2 adjusts for the covariates in Model 1, plus history of CVD, smoking, years with diabetes, BMI, creatinine, and time-averaged systolic BP, total
cholesterol, HDL and HbA1c

Model 3 adjusts for the covariates in Model 2, plus ST segment abnormalities and major Q-wave

Fig. 1 All-cause mortality of ACCORD participants, stratified by TWA.
Compared with those with no TWA, participants with minor TWA had a
higher risk of death (logrank p values for comparisons p < 0.001).
Similarly, those with major TWA had an even higher risk of death (p <
0.001)
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1.45 [95% CI 1.30, 1.62], p < 0.0001), cardiovascular mortal-
ity (HR 1.93 [1.59, 2.34], p < 0.0001), CHF (HR 2.04 [1.69,
2.48], p < 0.0001) and major CHD (HR 1.40 [1.26, 1.57],
p < 0.0001), but no increased risk of stroke (HR 0.99 [0.80,
1.23], p = 0.95).

We then conducted an exploratory analysis to examine the
magnitude of TWA and risk of adverse events. Compared
with the reference group of participants with no TWA (n =
5728), participants with minor TWA (n = 1674) had increased
risk of all-cause mortality, cardiovascular mortality, CHF and
major CHD. Similarly, participants with major TWA (n =
774) had even higher risk of all-cause mortality, cardiovascu-
lar mortality, CHF and major CHD when compared with no
TWA as well as minor TWA (Table 3).

Next, we sought to explore the differential effects of TWA
based on anatomic localisation. At study enrolment, TWA
were present in 1191 participants (14.6%) in the anterior leads,
2150 participants (26.3%) in the anterolateral leads and 607
participants (7.4%) in the inferior leads (ESM Table 3). TWA
in the anterolateral leads (I, aVL, V6) as well as inferior leads
(II, III, aVF) were associated with higher risk of all-cause-
mortality, cardiovascular mortality, CHF and major coronary
artery heart disease, while TWA in the anterior leads (V2-V5)
did not have statistically significant associations with cardio-
vascular events. None of the anatomic localisations had a
significant impact on risk of stroke.

Then, we performed a secondary analysis to explore the
possibility of a differential association of TWA with clinical
cardiovascular events by the presence or absence of baseline
CVD. The p values for interaction did not meet criteria for
statistical significance (p > 0.05), though the hazard associated

with TWA was of numerically greater magnitude in those
with prevalent CVD at baseline (ESM Table 4).

Finally, we found that TWA offered incremental value in
discrimination of risk for major CHD when added to the
UKPDS risk engine (Fig. 2). The area under the ROC curve
was similar in those without CVD (0.6163 vs 0.6168, p value
0.96), but differed in participants with prevalent CVD (0.5744
vs 0.6030, p value 0.007). This relationship was further clar-
ified and the group without CVD had 649 individuals with
events and 4729 without events (RI [reclassification index]
[case] -0.41, RI [control] 0.55); NRI 0.14 (95% CI 0.07,
0.22, p = 0.0002) (ESM Table 5). Those with previous CVD
had 788 individuals with events and 1920 without events (RI
[case] 0.03, RI [control] 0.22; NRI 0.24 (95% CI 0.16, 0.32,
p < 0.0001) (ESM Table 6).

Discussion

In this analysis of the ACCORD participants, we show that the
risk of all-cause mortality, cardiovascular mortality, CHF and
major CHD is increased in individuals with diabetes and
TWA. Furthermore, we found that major TWA were associ-
ated with a higher risk than minor TWA.

In reviewing the body of literature, the presence of TWA is
generally thought to convey a worse prognosis; however,
many of these studies are limited to patients with previously
known cardiac disease. In patients with a known left bundle
branch block, the presence of TWA conferred a higher risk of
developing heart failure within 30 days [10]. The prognostic
role of TWA in ST elevation myocardial infarction patients

Table 3 Major vs minor TWA at baseline and risk of adverse events

Outcome variable No TWA
(n=5728)

Minor TWA
(n=1674)

Major TWA
(n=774)

Events HR (95% CI)
p value

Events HR (95% CI)
p value

Events HR (95% CI)
p value

All-cause mortality 814 Reference 387 1.37 (1.20, 1.55)
p < 0.0001

229 1.65 (1.41, 1.92)
p < 0.0001

Cardiovascular mortality 230 Reference 132 1.62 (1.30, 2.02)
p < 0.0001

111 2.59 (2.03, 3.30)
p < 0.0001

CHF 217 Reference 143 1.72 (1.38, 2.15)
p < 0.0001

114 2.76 (2.16, 3.52)
p < 0.0001

Major CHD 847 Reference 373 1.34 (1.18, 1.52)
p < 0.0001

232 1.53 (1.31, 1.79)
p < 0.0001

Stroke 260 Reference 98 0.83 (0.58, 1.19)
p = 0.68

45 0.88 (0.63, 1.22)
p = 0.44

Model is fully adjusted, including age, sex, race, treatment assignment, history of CVD, smoking, years with diabetes, BMI, creatinine, time-averaged
systolic BP, total cholesterol, HDL and HbA1c, ST segment abnormalities and major Q-wave

Minor TWA – any MC 5.3 or 5.4 in the absence of MC 5.1 or 5.2, in any anatomic distribution

Major TWA – any MC 5.1 or 5.2 in any anatomic distribution
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has been evaluated as well. In a study investigating new
myocardial infarctions, it was found that patients with both
Q-wave and TWA had increased mortality at 30 days [11].
Those without Q-wave or TWA had decreased mortality and
those that had either Q-wave or TWA were at intermediate
risk of mortality. They also concluded that using TWA in
ECG analysis for ST elevation myocardial infarction patients
improves risk stratification [12]. This line of research further
establishes the role that TWA may play in prognostication of
long-term outcomes for patients.

There are a limited number of studies that have explored
TWA in the general population without a history of CHD, and
these studies are of smaller sample sizes. One such study (n =
1814) included men who did not have known heart disease
and were aged 42–60 and followed them for a mean of
21 years, finding that TWA was associated with increased
CHD-related death as well as all-cause mortality [13].
However, other research found that TWA was thought to be
associated with worse outcomes due to an increased associa-
tion with ventricular arrythmia [14–17]. There have also been
limited case reports describing TWA that developed in the
setting of cardiogenic pulmonary oedemawhich resolved with
the return to euvolaemia [18].

In our modelling of the TWA–outcomes relationship, our
first model adjusted only for demographics (age, sex and race)
and ACCORD treatment arm, while Model 2 added historical
factors (prevalent CVD, smoking and years with diabetes),

BMI and biochemical markers of disease, andModel 3 adjust-
ed for ST segment abnormalities and major Q-wave. Model 1
likely provides the most generalisable data that might be
useful in clinical practice, as it only adjusts for demographic
variables that are known at the bedside. Model 2 controls for
variables that can be ascertained from the medical record,
demonstrating how TWA may have value if added to a risk
prediction engine. Model 3 adjusts for other ECG abnormal-
ities and is probably the model that is most specific in describ-
ing the risk associated with TWA that cannot be explained by
any covariates, including concomitant ECG abnormalities.

In reviewing our analysis, we noted a dose–response type
relationship between major and minor TWA. This result was
consistent with our primary analysis, as the presence of TWA
was associated with increased rates of mortality; it then stood
to reason that major TWA would convey a significantly
higher risk than minor TWA. This dose–response relationship
is notable because the magnitude of TWA can then serve as a
prognostic indicator of the degree of underlying cardiac
pathology.

In general, when TWA are seen it is assumed to be caused
by ischaemic events, either clinical or subclinical. It is then
only reasonable that these TWA would be associated with
increased mortality. However, this assumption is challenged
by our data where anterior lead TWAwere not associated with
increased mortality. Given that this anterior distribution is
supplied by the left anterior descending coronary artery, we

Fig. 2 ROC curve comparison of TWA in predicting CHD. (a) ROC
curve of coronary artery disease prediction in patients without cardiovas-
cular history. (b) ROC curve of coronary artery disease prediction in
patients with cardiovascular history. In predicting CHD, area under
ROC curves were similar for those without baseline CVD (AUC

0.6163 vs 0.6168, DeLong p value for comparison of 0.96). In contrast,
in those with prevalent CVD, TWA offered incremental value in the
prediction of major CHD, with area under the ROC curves for the base
model and the model with TWA included of 0.5744 and 0.6030, respec-
tively, with DeLong p value for comparison of 0.0067

509Diabetologia  (2021) 64:504–511



had expected T-wave inversions in this distribution to be asso-
ciated with significantly increased mortality. One possible
explanation for our data is that TWA in anterolateral leads
and inferior leads is representative of significant wall strain
which in turn provides an increased risk of cardiovascular
events. Another possible explanation for our result is that a
normal, healthy vector of repolarisation is strongly positive
inferiorly and laterally but is often mixed or transitioning in
the anterior leads. Because these anterior forces are mixed, it
would take lesser insults to change the repolarisation axis and
result in TWA. Similarly we can conjecture that to overcome
the significant positivity in inferior and lateral distributions
would require a significant insult to these areas, such that
participants with TWA in the anterolateral or inferior leads
may have had a greater burden of ischaemic myocardium than
those with TWA restricted to the anterior leads.

In regard to our secondary analysis, when we included an
interaction term for TWA × CVD in our models, there was no
statistically significant interaction for any outcomes, including
all-cause mortality (p = 0.06), cardiovascular mortality (p =
0.09), CHF (p = 0.81) or major CVD (p = 0.78). However,
there was a global tendency for the presence of TWA to
convey higher risk in those participants with prevalent CVD
at baseline. While the interaction term did not meet criteria for
statistical significance, we suspect that this relationship may
be explained by the fact that TWA are a non-specific finding
that may reflect underlying atherosclerotic CVD, or may
represent a benign electroanatomic variant, ventricular hyper-
trophy or dispersion of repolarisation. In those with a history
of CVD, it is more likely that the TWA are a ‘true positive’
and indicate underlying CVD.

The results of our final analysis are in agreement with this
explanation, as TWA offered incremental value in discrimina-
tion of risk above and beyond that accounted for by the
UKPDS risk engine. Furthermore, the results of the RI and
NRI indicate that TWA may be useful in reclassifying risk in
patients with and without prevalent CVD, although the magni-
tude of the NRI was greater in those with prevalent CVD.
Similarly, we suspect that the fraction of participants with
TWA that reflect true CVD is higher in the population with
prevalent CVD. Therefore, it is not surprising that TWA offer
more incremental value in discrimination of risk in partici-
pants with a history of CVD. It should be noted, however, that
there are substantial differences between the study population
of the UKPDS trial and the ACCORD trial, including an over-
all higher-risk population in the ACCORD trial, with a much
longer history of years with diabetes. Thus, further studies
assessing the incremental value of TWA should be conducted
in patient populations with a more heterogeneous risk profile
in the interest of maximising generalisability of the findings.

When reviewing the body of literature on TWA as predic-
tors of adverse cardiovascular events, prior studies have
utilised various definitions of TWA, including specific values

of the MC that have varied between studies, Novacode, and
manual measurements by investigators [19–22]. In addition,
some analyses have lumped abnormalities of the ST segment
together with TWA to create a construct of non-specific ST
and T-wave abnormalities [23]. For our investigation, we
wanted to focus on TWA while also allowing our research
to be comparable to previous work. To accomplish this, we
accounted for ST abnormalities in our multivariable model.

The principal strengths of our study are: (1) the large
sample size; (2) uniform collection of data across multiple
sites; (3) long follow-up through ACCORDION; and (4)
unified ECG reviewing database. Limitations include the fact
that there were significant differences in the baseline charac-
teristics of those who had or did not have TWA. While we
adjusted for clinically important covariates, the existence of
residual confounding remains a possibility. There could also
be a cohort effect whereby the prognostic impact of TWA
among those with diabetes may be somewhat attenuated with
the broadened therapeutic options used to treat diabetes in the
20 years since ACCORD began enrolment. Additionally,
ACCORD inclusion criteria required participants to be at high
cardiovascular risk, which limits the generalisability of our
findings to individuals with diabetes and high cardiovascular
risk, rather than all patients with diabetes.

Conclusions This study demonstrates that TWA are associated
with an increased risk of subsequent clinical cardiovascular
events and mortality in individuals with diabetes. This rela-
tionship was found to be the strongest in individuals with prior
CHD but also exists in those without it.
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