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ABSTRACT

Introduction Type 2 diabetes mellitus (T2DM) has
traditionally been considered a coronary heart disease
‘risk equivalent’ for future mortality, but significant
heterogeneity exists across people with T2DM. This study
aims to determine the risk of all-cause mortality of patients
with cardiovascular disease (CVD) and T2DM in UK and
Hong Kong, with stratifications for hemoglobin A1 (HbA1c)
concentrations, compared with those without CVD and
diabetes mellitus.

Research design and methods This is a retrospective
cohort study of 3839391 adults from Hong Kong and

a prospective cohort study of 497 779 adults from the

UK Biobank. Individuals were divided into seven disease
groups: (1) no T2DM and CVD, (2) T2DM only with HbA1c
<7%, (3) T2DM only with HbA1c 7%—7.9%, (4) T2DM only
with HbA1c 8%—8.9%, (5) T2DM only with HbA1c >9%,
(6) CVD only, and (7) T2DM and CVD. Differences in all-
cause mortality between groups were examined using Cox
regression.

Results After around 10years of median follow-up,
423818 and 19844 deaths were identified in the Hong
Kong cohort and UK Biobank, respectively. Compared
with individuals without T2DM and CVD, the adjusted HR
for all-cause mortality in the other six disease groups for
the Hong Kong cohort was 1.25 (95% ClI 1.23 to 1.27) for
T2DM only with HbA1c <7%, 1.21 (95% Cl 1.19 t0 1.23)
for T2DM only with HbA1¢ 7%~7.9%, 1.36 (95% CI 1.33
to 1.39) for T2DM only with HbA1c 8%—8.9%, 1.82 (95%
Cl 1.78 to 1.85) for T2DM only with HbA1c >9%, 1.37
(95% CI 1.36 to 1.38) for CVD only, and 1.83 (95% Cl 1.81
to 1.85) for T2DM and CVD, and for the UK Biobank the
HR was 1.45 (95% Cl 1.33 to 1.58), 1.50 (95% Cl 1.32 to
1.70), 1.72 (95% Cl 1.43 0 2.08), 2.51 (95% Cl 2.05 to
3.08), 1.67 (95% Cl 1.59 to 1.75) and 2.62 (95% Cl 2.42 to
2.83), respectively. This indicates that patients with T2DM
had an increased risk of mortality compared with those
without T2DM and CVD, and in those with HbA1¢ >9% an
even higher risk than people with CVD.

Conclusions Patients with T2DM with poor HbA1c
control (8%—8.9% and >9%) were associated with
similar and higher risk of mortality compared with
patients with CVD, respectively. Optimal HbA1c,
controlled for risk reduction and prevention of
mortality and complications in diabetes management,
remains important.

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Type 2 diabetes mellitus (T2DM) is often regarded as
a mortality risk equivalent to cardiovascular disease
(CVD); however, large heterogeneity among those
with T2DM complicates the comparison.

WHAT THIS STUDY ADDS

= This study compared all-cause mortality risk be-
tween patients with T2DM at different glycemic lev-
els and those with and without CVD.

= The findings identified T2DM with poor glycated
hemoglobin (HbA1c) control (8%—8.9%) to be asso-
ciated with a similar risk of mortality as CVD, while
HbA1c >9% was associated with an even higher risk
of mortality.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICGE OR POLICY
= This study suggests that optimizing glycemic control

in people with T2DM may be beneficial in reducing
the risk of mortality.

INTRODUCTION

Type 2 diabetes mellitus (T2DM) is associated
with all-cause mortality, particularly in relation
to a wide range of cardiovascular conditions,
collectively comprising the leading cause
of death in people with T2DM." * Indeed,
mortality risk due to cardiovascular disease
(CVD) in people with T2DM is two to four
times higher than in those without diabetes.”
Previous studies have demonstrated that
people with diabetes without prior cardio-
vascular conditions are at a similar absolute
risk of CGVD as people without diabetes but
with established CVD.* While these studies
shed light on people with T2DM being at
the highest risk category for cardiovascular
events, there is little information on whether
diabetes alone has a similar baseline risk
of all-cause mortality as CVD.” People with
T2DM exhibit significant heterogeneity in
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disease progression and incidence of disease complica-
tions, which are related in part to the intensity of disease
management strategies, concomitant risk factors and
sociodemographic factors. This heterogeneity further
indicates a differentiated excess risk of mortality from
all causes, among people with T2DM, based on modi-
fiable risk factor levels. Among the various risk factors,
hemoglobin Al (HbAlc) is routinely used for assessing
glycemic control in subjects with T2DM, and its level
is a strong predictive indicator of diabetes complica-
tions.”” Early observations in people with T2DM in the
UK Prospective Diabetes Study (UKPDS) showed a linear
relationship between mean HbAlc and T2DM-related
endpoints, where for every 1% reduction in HbAlc
there was a 21% lower risk of all-cause mortality.” Hence,
HbAlc is one of the key indicators for measuring T2DM
control. However, limited evidence to date has compared
all-cause mortality from CVD with all-cause mortality
from T2DM in subjects at different levels of glycemic
control, reflected by their HbAlc concentrations. This
study sought to evaluate the risk of all-cause mortality in
people with T2DM by stratified HbAlc concentrations, in
comparison with those without diabetes with CVD at base-
line, using well-defined data from the UK Biobank and a
population-based cohort in Hong Kong. We hypothesize
that the risk of all-cause mortality in people with T2DM
with high HbAlc concentrations would increase similarly
or higher than those with CVD alone.

METHODS

Study design

In this study, we used a retrospective cohort recruited
from the electronic health records of the Hong Kong
Hospital Authority in Hong Kong and a prospective
cohort from UK Biobank.

The Hong Kong Hospital Authority is a regulatory body
for public healthcare service providers in Hong Kong,
including 42 hospitals, 47 specialist outpatient clinics and
73 primary care clinics. Clinicians and related healthcare
professionals have received training on using the elec-
tronic health records to record clinical information and
patient demographics. The validity and coding accuracy
of the electronic health records were well established
and evaluated in previous high-quality, population-based
epidemiological studies.*'" The majority of the popu-
lation in Hong Kong is Chinese, accounting for 95%,
93.6% and 92% of the population in 2006, 2011 and 2016,
respectively.'' The Hong Kong cohort includes patients
with at least one attendance of public clinical services,
including general/specialist outpatient clinic and hospi-
talization, dated between January 2008 and December
2017. The earliest appointment dates available were used
as the baseline and all patients were followed until the
occurrence of an outcome event, death or December 31,
2018.

The UK Biobank was a prospective study on over
500000 participants (over 90% were Caucasian), aged

40-69 at the time of recruitment, between 2006 and
2010. The data set consisted of various baseline measure-
ments, disease status, health-related behaviors, partici-
pants’ socioeconomic status and health-related outcomes
from more than 10 years of follow-up. Details of the study
protocol have been described elsewhere.'*™*

In both cohorts, people who were less than 18 years
old at baseline or patients with T2DM without HbAlc
records at baseline were excluded from the study.

Patient groups

Patients were classified into one of the following groups
according to their T2DM and CVD status at baseline: (1)
no T2DM and CVD, (2) T2DM only with HbAlc <7%, (3)
T2DM only with HbAlc 7%-7.9%, (4) T2DM only with
HbAlc 8%-8.9%, (5) T2DM only with HbAlc 29%, (6)
CVD only, and (7) T2DM and CVD. The group without
either T2DM or CVD was used as the reference group
to estimate HR and life expectancy. CVD was defined
as having coronary heart disease (CHD), heart failure
or stroke. Both T2DM and diabetes mellitus (DM) were
defined as diagnosis of T2DM using the International
Classification of Primary Care-2 (ICPC-2) codes or the
International Classification of Diseases, Ninth Edition,
Clinical Modification (ICD-9-CM), International Classifi-
cation of Diseases 10th Revision, use of antidiabetic drugs
or self-reported outcomes (for the UK Biobank only) on
or before baseline. The details of the ICPC-2 and ICD-
9-CM diagnosis codes for each individual event are shown
in online supplemental tables 1 and 2. In the Hong Kong
cohort, a previous study showed high coding accuracy in
the diagnoses of myocardial infarction (MI) and stroke,
with positive predictive values of 85.4% (95% CI 78.8%
t0 90.6%) and 91.1% (95% CI 83.2% to 96.1%), respec-
tively.” In the UK Biobank, the coding accuracy in the
diagnosis of stroke was found to be at a positive predictive
value of 79% (95% CI 73% to 94%)."

Outcomes

All-cause mortality was the primary outcome of the study.
Information on deaths in the Hong Kong cohort was
obtained from the Hong Kong Deaths Registry, which is
a governmental body for recording deaths of Hong Kong
residents. In the UK Biobank, death records of the partic-
ipants were collected from the National Health System
(NHS) Digital in England and Wales or from the NHS
Central Register in Scotland. The secondary outcome
studied is life expectancy.

Baseline covariates

Covariates included sex, age, smoking status (non-
smoker/smoker), obesity, hypertension, hyperlipidemia
and other comorbidities (including atrial fibrillation,
peripheral vascular disease, amputation, dementia,
chronic lung disease, connective tissue disease, peptic
ulcer disease, liver disease, chronic kidney disease, hemi-
plegia and cancer) at baseline for the Hong Kong cohort
as well as for the UK Biobank. The details of the ICPC-2
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and ICD-9-CM diagnosis codes for obesity, hypertension,
hyperlipidemia and each comorbidity are shown in online
supplemental tables 1 and 2. The Townsend Depriva-
tion Index, which reflects material deprivation, was also
included as a covariate in the UK Biobank analysis.

Data analysis

Baseline covariates in each patient group in both cohorts
were summarized using descriptive statistics. The inci-
dence rate of all-cause mortality was reported. Multi-
variable Cox proportional hazard regression adjusted
for baseline covariates was conducted to evaluate the
effect of T2DM/CVD and the risk of all-cause mortality.
Proportional hazard assumptions were verified using
scaled Schoenfeld residuals plot, and multicollinearity
was examined with variance inflation factor. Several sensi-
tivity analyses were conducted. First, complete case anal-
ysis with additional baseline covariates, including systolic
and diastolic blood pressure, body mass index (BMI), low-
density lipoprotein cholesterol and estimated glomerular
filtration rate, was performed. Second, multiple impu-
tation was used to replace missing data in additional
baseline covariates in the sensitivity analysis. Third, we
conducted a Cox regression to evaluate the association
between T2DM/CVD and CVD-related mortality. Fourth,
due to the mechanistic differences in the occurrence of
heart failure from events of stroke and CHD, we further
identified only CHD and stroke events and included
them as atherosclerotic cardiovascular diseases (ASCVD)
to estimate the association between T2DM/ASCVD
and all-cause mortality. Five sets of imputations were
produced using chained equation method. The 95% CI
of the pooled estimates was generated based on Rubin’s
rule. Fifth, smoking status in the UK Biobank was further
categorized into (1) never smoker, (2) current smoker
with pack years <24.5 (median of pack years), (3) current
smoker with pack years 224, (4) previous smoker with quit
years <19 (median of quit years) and (5) previous smoker
with quit years >19. Subgroup stratifications by sex, age,
smoking status, Charlson index, Townsend Deprivation
Index (UK Biobank only), duration of T2DM, oral anti-
diabetic drugs (metformin, sulfonylurea and other oral
antidiabetic drugs for the Hong Kong cohort; DM drugs
or non-DM drugs for the UK Biobank due to unavail-
ability of drug-specific records for patients in the data-
base) and insulin (bolus and basal bolus; Hong Kong
cohort only) were employed to examine differences
in HR among each subgroup relative to the reference
group. Two-tailed tests with a p value significance level
of 0.05 were adopted by the study. All statistical analyses
were executed using Stata V.15.1.

RESULTS

A total of 3839391 and 497779 people with T2DM were
included in the Hong Kong and UK Biobank cohorts,
respectively. In the Hong Kong cohort, 44.6% were male,
with a mean age of 50.5 years. There were 3396417

people without DM and CVD, 59105 people with HbAlc
less than 7% (1.53%), 55648 with HbAlc of 7%-7.9%
(1.45%), 33413 with HbAlc of 8%-89% (0.87%),
40860 with HbAlc >9% (1.06%), 179974 with CVD only
(4.68%) and 73974 with both T2DM and CVD (1.93%).
In the UK Biobank, 45.5% were male and the average age
was b6.5years. The number of patients for each of the
above patient groups was 449 936, 8207 (1.65%), 3556
(0.71%), 1429 (0.29%), 999 (0.20%), 29138 (5.85%) and
4514 (0.91%). Descriptive statistics of the baseline char-
acteristics of each patient group from the two cohorts are
summarized in tables 1 and 2, respectively. The baseline
characteristics of complete cases analysis and multiple
imputation analysis are summarized in online supple-
mental tables 3-6.

The number and incidence rate of deaths for each
patient group are listed in table 3. The median follow-up
was 9.1 years (a total of 30million person-years) and
11.4 years (a total of 5.6million person-years) in the
Hong Kong cohort and UK Biobank, respectively. The
incidence rate of death for people without DM and
CVD was 9.82 cases per 1000 person-years for the Hong
Kong cohort and 2.97 cases per 1000 person-years for
the UK Biobank during the follow-up period. Further,
for the Hong Kong cohort, the incidence rates of death
were similar among the four DM-only groups (25.9-30.5
cases/1000 person-years). Having CVD only or both DM
and CVD resulted in larger incidence rates, which were
56.7 cases per 1000 person-years and 75.6 cases per 1000
person-years, respectively. The incidence rate of death for
subjects with diabetes was comparable when HbAlc was
<9% in the UK Biobank (6.56-7.10 cases/1000 person-
years) and significantly higher when HbAlc was 29%
(8.80 cases/1000 person-years). The incidence rate for
CVD-only patients was similar to subjects with diabetes
with high HbAlc (9.20 cases/1000 person-years). Having
both T2DM and CVD approximately doubled the inci-
dence rate (17.0 cases/1000 person-years). The HRs for
patients with DM and/or CVD compared with patients
with neither the condition are illustrated in figure 1. The
HR increased with HbAlc values among subjects with
DM. When HbAlc is equal to or higher than 9%, the HR
was 1.82 (95% CI 1.78 to 1.85) in the Hong Kong cohort
and 2.51 (95% CI 2.05 to 3.08) in the UK Biobank. For
CVD-only patients, the HR was 1.37 (95% CI 1.36 to 1.38)
in the Hong Kong cohort and 1.67 (95% CI 1.59 to 1.75)
in the UK Biobank. Having both DM and CVD resulted
in higher HR at 1.83 (95% CI 1.81 to 1.85) in the Hong
Kong cohort and 2.62 (95% CI 2.42 to 2.83) in the UK
Biobank. Online supplemental figure 1A, B demonstrates
that sensitivity analysis results from adding clinical indi-
cators and further dividing smoking into different levels
showed a similar trend compared with the main analysis.

The HRs for patients divided into subgroups are illus-
trated in figure 2A,B. In general, similar to figure 1, the
HRs in both data sets increased with HbAlc level among
people with DM, and the HRs for the CVD-only group
were approximately between those of DM with HbAlc
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a Cardiovascular and metabolic risk

A Hong Kong cohort
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HR of patients with DM and/or CVD compared with patients without DM and CVD. Cox regressions were adjusted

with sex, age, smoking status, disease status of atrial fibrillation, peripheral vascular disease, amputation, dementia, chronic
lung disease, connective tissue disease, peptic ulcer disease, liver disease, chronic kidney disease, hemiplegia, cancer,
obesity, hyperlipidemia and hypertension at baseline in the Hong Kong cohort (A). In the case of UK Biobank (B), HR was
adjusted with the above variables, as well as ethnicity and Townsend Deprivation Index. CVD includes coronary heart disease,
heart failure and stroke. CVD, cardiovascular disease; DM, diabetes mellitus; HbA1c, hemoglobin A1c.

7%—7.9% and DM with 8%-8.9% in all subgroups. In the
Hong Kong cohort, being female, less than 65 years old,
non-smoker, Charlson index less than 2, a DM duration
of byears or less, and drug prescription of sulfonylurea
or basal bolus insulin generally led to a larger increase in
HR relative to the reference group than in their respec-
tive counterparts. In the UK Biobank, significant differ-
ence in deprivation between the subgroups was only
found among subjects with DM with HbAlc 7%-7.9%,
or among age groups in CVD-only patients, or those
with both DM and CVD. The association between CVD/
T2DM and CVD-related mortality is shown in online

supplemental table 7. There is a rising trend in risk as
HbAlc increases, and people with T2DM and CVD were
associated with the highest risk of CVD-related mortality
compared with the other groups. Online supplemental
table 8 shows the sensitivity analysis of the association
between ASCVD/T2DM and all-cause mortality, with the
results mainly consistent with the main analysis.

DISCUSSION
This analysis of two large population-based cohorts
from the UK Biobank and Hong Kong demonstrated
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all-cause mortality of patients with DM and/or CVD in the Hong Kong cohort.

HR was adjusted by age, sex, smoking status, disease status of atrial fibrillation, peripheral vascular disease, amputation,
dementia, chronic lung disease, connective tissue disease, peptic ulcer disease, liver disease, chronic kidney disease,

hemiplegia, cancer, obesity, hyperlipidemia and hypertension at baseline. (B) Subgroup analysis on HR of all-cause mortality

of patients with DM and/or CVD in the UK Biobank (UKB). HR was adjusted by age, sex, smoking status, disease status of

atrial fibrillation, peripheral vascular disease, amputation, dementia, chronic lung disease, connective tissue disease, peptic
ulcer disease, liver disease, chronic kidney disease, hemiplegia, cancer, obesity, hyperlipidemia and hypertension, as well as
ethnicity and TDI at baseline. CVD includes coronary heart disease, heart failure and stroke. CVD, cardiovascular disease; DM,

diabetes mellitus; HbA1c, hemoglobin A1c; NA, not applicable; TDI, Townsend Deprivation Index.

that the presence of CVD was associated with similar or
lower risk of all-cause mortality compared with T2DM
alone, only when HbAlc was below 9%. The risk of

mortality in T2DM with HbAlc 29% was higher relative
to CVD, indicating that poorly controlled HbAlc is asso-
ciated with an excess risk of mortality, to a similar or

8
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8 Cardiovascular and metabolic risk

greater extent as CVD. T2DM with concomitant CVD
was associated with approximately double the mortality
risk compared with individuals with neither of the two
conditions. Our findings suggest that implementation
of glycemic control may potentially be beneficial for
diabetic management by reducing the likelihood of
premature mortality.

The excess mortality associated with T2DM alone
was 25%-45% higher among patients with controlled
glycemia (HbAlc <7%), but increased substantially to
approximately 82%-151% with HbAlc values equal to
or beyond 9%. Mortality risks in people with CVD were
37%—-67% greater than in those without CVD and DM,
and similar to those with HbAlc between 8% and 8.9%.
It has been well established that diabetes is associated
with increased risk of CVD and a greater likelihood of
death following that. Many studies have focused on CVD
risk in subjects with diabetes being comparable with
those without diabetes with established CVD. A large
study in a Danish cohort of over 3.3million individuals
first reported that patients with T2DM but without prior
MI had similar risk of death from CHD (HR 2.42-2.45)
as those with prior MI (HR 2.44-2.62)."® A study using
pooled data from four USA-based cohort studies with
27730 subjects demonstrated that people with diabetes
but without prior CVD and with either a longer dura-
tion of diabetes (=10years) or with high HbAlc (29%)
showed an increase in risk of CVD incidence by 20%
and 35%, respectively, compared with those with prior
CVD but without DM.'7 18 However, fewer studies have
explored whether diabetes alone confers a risk of all-
cause mortality at a magnitude equivalent to the risk
associated with CVD alone. In a prospective cohort study
of 12866 men, all-cause mortality was lower in those with
only diabetes (HR 1.49) than in those with only non-
fatal CVD (HR 1.92), relative to neither diabetes nor
CVD." The British Regional Heart Study of older men
aged 60-79 stratified subjects with diabetes by duration
of diabetes and reported that those with early onset of
diabetes alone showed a higher risk of all-cause mortality
(OR 1.68, 95% CI 1.19 to 2.38) than those with prior MI
but without diabetes (OR 1.48, 95% CI 1.22 to 1.78),
indicating the heterogeneity in risk by diabetes severity
and/or other risk factors.”’ The present study further
expanded these observations, showing that a subgroup
comprising people with T2DM and poorly controlled
HbAlc has a risk of mortality approximating that of
people with CVD. The findings suggest that T2DM is asso-
ciated with a lower risk of mortality than CVD; however,
the mortality risk becomes equivalent or higher if DM is
poorly controlled (indicated by higher HbAlc concen-
trations, 28%). Further, this finding of diabetes demon-
strating CVD ‘risk equivalent’ features may be relevant
to physicians for consideration of the use of newer (and
older) treatment approaches for diabetes management,
associated with the added benefits of improving cardio-
vascular outcomes and/or providing cardiovascular
protection to users.”'

In the analysis stratified by HbAlc concentrations, we
confirmed that glucose control may strongly modify the
magnitude of risk of mortality. The UKPDS reported a
linear association between HbAlc concentrations and
mortality, where the risk of all-cause mortality increased
by 21% for each 1% greater HbAlc concentration.® Simi-
larly, a retrospective study of 71092 people with T2DM
(=60 years) reported the risk of any diabetes-related
complications or death to be significantly higher (28%-—
43%) only when HbAlc exceeded 8%.% Data from the
Third National Health and Nutrition and Examination
Survey additionally suggested that the mortality rate could
be lowered by 15.3% if HbAlc is reduced from >8% to
<6%, compared with 5.7%-5.9%, if the initial values of
HbAlc are between 6% and 7.9%.* A meta-analysis of
seven studies with a total of 147424 participants reported
that both low and high HbAlc levels are associated with
increased risk of mortality, illustrating a J-shaped curve;
we observed a similar trend in the Hong Kong cohort.
From the curve, the risk of all-cause mortality increases
with a higher rate of HbAlc, at >9.5%, than at any other
lower HbAlc values.** These observations, along with the
present study, indicate that any improvement in HbAlc
concentration is likely to reduce the risk of mortality,
emphasizing the importance of controlling HbAlc in
people with T2DM, especially among those with very
high levels (29%).

The current results showed that the magnitude of
mortality risk across the groups in the UK Biobank was
higher than that in the Hong Kong cohort. A previous
study using a population-based cohort study in Canada
reported 50% and 42% lower risks of CVD and mortality
in Chinese people with diabetes than in European
people with diabetes.” Another study using Clinical
Practice Research Datalink data in the UK also demon-
strated that South Asian people with diabetes were at
30% lower risk of mortality compared with their Cauca-
sian counterparts.”® A systematic review of two random-
ized controlled trials including 19439 people with T2DM
showed higher risks for both all-cause and CVD mortality
in those from Western than Asian countries.”” The obser-
vation may be attributable to different genetic, biological
or lifestyle factors, such as smoking and BMI, in Hong
Kong compared with the UK. Additionally, diabetes
management approaches differ, which may result in
different impacts of diabetes on mortality. Moreover,
the individuals in the Hong Kong cohort were extracted
from the electronic health records from hospitals and
clinics, whereas the participants in the UK Biobank were
recruited from the general population. The difference
in setting may affect the risk between the Hong Kong
cohort and the UK Biobank, and thus a direct compar-
ison may be inappropriate and out of the scope of this
study. Nevertheless, the findings from the UK Biobank
and Hong Kong cohorts are comparable, illustrating the
same overall trend in risks.

The current results showed the effect of age and sex
on the association of DM/CVD with mortality risk in
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the Hong Kong cohort. Prior studies have similarly
reported on the influence of sex and age on modifying
CVD mortality associated with T2DM.*" ****" The risk of
mortality associated with T2DM or CVD appeared to be
higher among women, younger patients (<65 years),
non-smokers and those with a disease duration of 5years
or less, but the pattern of mortality across these disease
subgroups remained relatively similar to the overall
population. Mortality risks of women with T2DM and
HbAlc at 8%-8.9% were similar to those with CVD at
baseline (39% vs 38%) and were consistently higher
than those observed in men (31% vs 34%). A 10-year
follow-up of the Hoorn Study likewise reported similar
risks of CVD events between T2DM and prior CVD, only
in women and not in men.”" Age may also modify the
risk of CVD mortality; the relative risk of CVD is gener-
ally higher in younger than in older people with T2DM.*’
Moreover, the coexistence with other comorbidities in
most older patients could mask the effect of DM/CVD
on mortality. This may also explain the weakened associa-
tions observed in smokers and patients with more comor-
bidities. Further, adoption of healthier lifestyle practices,
such as initiation of regular physical activity, reduced
sedentary behavior, intake of nutritious diet and getting
adequate sleep, is also associated with lowering the risk
of all-cause mortality as well as cause-specific mortality
from cancer, CVD, respiratory and digestive diseases in
patients with T2DM.** This may explain why those with
a disease duration of more than byears are associated
with lower mortality risks in this study, as they may have
already adopted such changes and be benefitting from a
healthier lifestyle for a longer duration of time (acquiring
the benefits of lowered mortality risks) than those who
are relatively newly diagnosed (duration of diabetes <b
years), who may be at the initial stages of making this
change and/or benefitting from them. Meanwhile, no
significant difference in associations between subgroups
was observed in the UK Biobank. This may be possibly
attributed to the smaller sample size with insufficient
power for subgroup analyses. Moreover, the discrepancy
between the UK Biobank and the Hong Kong cohort
may be related to the different types of sampling. The
individuals in the UK Biobank and Hong Kong cohorts
were from the general population and electronic health
records, respectively. While the inconsistent findings
between the two cohorts were observed in the subgroup
analyses, the main analysis showed consistent results in
both cohorts to conclude that not all people with T2DM
can be treated as CVD ‘risk equivalent’. Further studies
are warranted to confirm these associations in popula-
tions with different characteristics.

This study combined large and comprehensive data
sets in Hong Kong and the UK Biobank, which included
over 4million adults and 36 million person-years in total.
The study population in Hong Kong recruited people
receiving public healthcare services, representative of the
general population due to the highly subsidized medical
system in Hong Kong. The UK Biobank data set is well

defined and reliable, highlighting the generalizability
of our results across a wide age range, both genders and
race/ethnicities. However, disease diagnoses in the Hong
Kong cohort were retrieved from the Clinical Manage-
ment System, in which the method for CVD ascertain-
ment cannot be validated. Nonetheless, the use of
ICD-9-CM codes has previously been shown to have high
coding accuracy in diagnosing cardiovascular conditions
such as MI and stroke, with positive predictive values
of 85.4% and 91.1% (95% CI 83.2% to 96.1%), respec-
tively.” In addition, we complemented the Hong Kong
data set with that from the UK Biobank and observed
similar results, proving the reliability of the Hong Kong
data set. A comprehensive set of confounders, including
disease history and use of medications for DM or overall
CVD risk management, were accounted for in this study.
However, other factors such as duration of diabetes, drug
adherence and other lifestyle factors (eg, physical activity
and diet), and time-varying factors were not available,
and particularly for the UK Biobank data set medications
prescribed to patients for DM treatment were unavailable.
In addition, information on the intensity of cardiovas-
cular risk factorreducing treatment available to patients
could not be found in both databases. Finally, the retro-
spective design of this study does not imply any causal
relationship between glycemic control and mortality in
patients with T2DM.

CONCLUSION

This large population-based study demonstrated a graded
association between higher HbAlc values and all-cause
mortality in patients with T2DM. Poorly controlled T2DM
(HbAlc 28%) conferred similar or higher mortality risks
than patients with CVD. The findings suggest that T2DM
with adequate control may not be CVD risk equivalent of
mortality. However, the mortality risk becomes equivalent
or higher if DM is poorly controlled. Optimal HbAlc,
controlled for risk reduction of preventing mortality
and complications in diabetes management, remains
important.
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