
 

Original Article

Glycemic Control and Diabetes Duration in Relation
to Subsequent Myocardial Infarction among Patients
with Coronary Heart Disease and Type 2 Diabetes

Furong Li1,2,&, Yan Dou3,&, Chunbao Mo1,2, Shuang Wang4, Jing Zheng4,#,

Dongfeng Gu1,2,3, and Fengchao Liang1,2,#

1. School of Public Health and Emergency Management, Southern University of Science and Technology, School of
Medicine,  Shenzhen  518055,  Guangdong,  China; 2. Shenzhen  Key  Laboratory  of  Cardiovascular  Health  and
Precision  Medicine,  Southern  University  of  Science  and  Technology,  Shenzhen  518055,  Guangdong,  China;
3. Department of Epidemiology, National Center for Cardiovascular Diseases, Fuwai Hospital, Chinese Academy of
Medical  Sciences & Peking Union Medical  College/National  Center  for  Cardiovascular  Diseases,  Beijing 100037,
China; 4. Shenzhen  Health  Development  Research  and  Data  Management  Center,  Shenzhen  518106,  Guangdong,
China

Abstract

Objective　This  study  aimed  to  investigate  the  impact  of  glycemic  control  and  diabetes  duration  on
subsequent  myocardial  infarction  (MI)  in  patients  with  both  coronary  heart  disease  (CHD)  and  type  2
diabetes (T2D).

Methods　We  conducted  a  retrospective  cohort  study  of  33,238  patients  with  both  CHD  and  T2D  in
Shenzhen,  China.  Patients  were  categorized  into  6  groups  based  on  baseline  fasting  plasma  glucose
(FPG) levels and diabetes duration (from the date of diabetes diagnosis to the baseline date) to examine
their combined effects on subsequent MI. Cox proportional hazards regression models were used, with
further stratification by age, sex, and comorbidities to assess potential interactions.

Results　Over a median follow-up of 2.4 years, 2,110 patients experienced MI. Compared to those with
optimal  glycemic  control  (FPG  <  6.1  mmol/L)  and  shorter  diabetes  duration  (<  10  years),  the  fully-
adjusted  hazard  ratio  (HR)  (95% Confidence  Interval  [95% CI])  for  those  with  a  diabetes  duration  of ≥
10 years and FPG > 8.0 mmol/L was 1.93 (95% CI: 1.59, 2.36). The combined effects of FPG and diabetes
duration  on  MI  were  largely  similar  across  different  age,  sex,  and  comorbidity  groups,  although  the
excess  risk  of  MI  associated  with  long-term  diabetes  appeared  to  be  more  pronounced  among  those
with atrial fibrillation.

Conclusion　Our study indicates  that  glycemic  control  and diabetes  duration significant  influence the
subsequent  occurrence  of  MI  in  patients  with  both  CHD  and  T2D.  Tailored  management  strategies
emphasizing  strict  glycemic  control  may  be  particularly  beneficial  for  patients  with  longer  diabetes
duration and atrial fibrillation.
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INTRODUCTION

C oronary  heart  disease  (CHD)  and  type  2
diabetes  (T2D)  are  two  major  chronic
cardiometabolic  disorders  that  frequently

coexist  as  comorbid  conditions[1].  Estimates  suggest
that  approximately  one-third  of  patients  with  CHD
also have diabetes[2].

Among patients with T2D, poor glycemic control
leads  to  the  development  of  cardiovascular  disease
(CVD).  However,  current  epidemiologic  evidence  on
the effects of glycemic control largely focuses on the
general  population  with  diabetes[3],  while  relatively
scant  data  exists  regarding  patients  with  T2D
complicated  by  CHD.  Moreover,  contemporary
guidelines  for  the  management  of  T2D  generally
advocate  for  personalized  glycemic  control,  tailored
to  individual  patient  characteristics  including  age,
sex,  diabetes  duration,  and  the  extent  of
comorbidity  burden.  However,  a  significant  portion
of  these  guidelines  is  based  on  expert  consensus
rather  than  robust  evidence-based  medicine[4],
which may limit  their  direct  applicability  to  patients
with T2D and concomitant CHD. On the other hand,
in  CHD  patients  with  long-standing  diabetes,  the
benefits  of  glycemic  targets  are  still  unclear,
particularly  for  subsequent  myocardial  infarction
(MI)  event[5].  Also,  while  patients  with  concurrent
CHD  and  T2D  frequently  present  with  additional
comorbidities[6],  it  is  also  unclear  whether  different
comorbidities  could  amplify  the  excess  risk  of  MI
associated  with  poor  glycemic  control  and  longer
diabetes duration among this patient population[7].

Using  a  large-scale  health  information  database
in  Shenzhen,  China,  this  study  aimed  to  investigate
the  independent  and  joint  associations  of  fasting
plasma  glucose  (FPG),  an  indicator  of  glycemic
control,  and  diabetes  duration  with  the  risk  of
subsequent MI among individuals with T2D and CHD.
Furthermore,  we  explored  whether  these
associations varied by age, sex, and comorbidities. 

METHODS
 

Data Source

Data for this study were sourced from the Health
Information  Database  of  Shenzhen[8].  This  Database
collected  medical  and  health-related  information  in
Shenzhen,  China,  encompassing  a  wide  range  of
healthcare  facilities  including  hospitals,  community
health service centers, and public health institutions
at  all  levels.  In  the  present  study,  comprehensive

medical  records  comprising  inpatient  information,
disease  diagnoses  with  corresponding  International
Classification  of  Diseases  10  (ICD-10)  codes,
prescription  details,  records  of  death  registrations,
and  resident  registration  and  health  records  were
analyzed. 

Study Population

This  study  identified  residents  with  CHD  from
hospital  admission  records  and  matched  them  with
the  latest  records  in  the  Diabetes  Chronic  Disease
Management System, resulting in a cohort of 39,690
patients  with  CHD  and  concurrent  diabetes.
Subsequently,  the  target  population  was  defined
based  on  the  following  exclusion  criteria:  (1)
excluding  those  under  45  years  old  (n =  1,599);
(2) excluding patients labeled as "type 1 diabetes" in
the  Chronic  Disease  Management  System  (n =  60);
(3)  excluding  individuals  with  missing  FPG  and
diabetes  duration  information  (n =  4,078);  and  (4)
excluding  individuals  with  abnormal  values  in
continuous  covariates,  i.e.,  body  mass  index  (BMI)
<  18.5  or ≥ 40  kg/m2 (n =  670).  After  applying  the
exclusion  criteria,  the  study  identified  an  analytic
sample  of  33,283  individuals,  who  were  patients
with  both  CHD  and  T2D  (Supplementary  Figure  S1,
available  in  www.besjournal.com).  This  study
adhered to the principles of the Helsinki Declaration
and  received  approval  from  the  ethical  review
committee of the Southern University of Science and
Technology (Approval No. 20210067). 

Exposure Assessment

The  Diabetes  Chronic  Disease  Management
System  in  Shenzhen  comprehensively  records
diabetes-related  traits  such  as  FPG  for  each  patient
undergoing  diabetes  management  at  community
health  service  centers,  along  with  demographic  and
lifestyle information. This study utilized the FPG data
recorded  in  the  database.  Diabetes  duration  was
calculated  as  the  difference  between  the  patient’s
baseline  age  and  the  self-reported  date  of  diabetes
diagnosis. 

Covariates

Covariates  included  demographic  information,
anthropometric measurements, lifestyle factors, and
other  clinical  characteristics.  Specifically,
demographic  and  anthropometric  measurements
included age,  sex,  marital  status  (married,  divorced,
widowed,  and  single),  education  level  (junior  high
school  and  below,  high  school  or  vocational  school,
and college and above), and BMI. Lifestyles included
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alcohol  consumption  (non-drinker,  >  0  but ≤
100  g/day,  101–250  g/day,  and  >  250  g/day),
physical activity in leisure time (no physical activity, 1–
2  times/week,  3–4  times/week,  and  5–7
times/week),  and  smoking  (non-smoker,  1–10
cigarettes/day,  11–20  cigarettes/day,  and  >  20
cigarettes/day).  Additionally,  other  clinical
characteristics  included  diabetes  medication
adherence  (complete  adherence,  irregular
adherence,  and  no  use  of  hypoglycemic  drugs)  and
comorbidities  identified  using  ICD-10  codes  during
hospitalization  (atrial  fibrillation,  chronic  kidney
disease,  chronic  respiratory  disease,  hypertension,
and inflammatory arthropathies). With the exception
of comorbidities, which were identified using ICD-10
codes  during  hospitalization,  most  of  the  variables
were  derived  from  self-reported  data  collected
during  patient  visits  to  community  health  centers.
Community  doctors,  who  were  professionally
trained,  conducted  the  assessments  following
standardized  protocols  to  ensure  the  reliability  and
validity  of  the  data.  Patients  were  provided  with
clear  instructions  and support  on how to accurately
report  their  lifestyles.  Periodic  audits  were
conducted  to  check  for  consistency  and  accuracy  in
the recorded data. 

Outcome Assessment

The  outcomes  of  this  study  are  MI  requiring
hospitalization  and  revascularization  procedures  as
well  as  death  due  to  MI.  Specifically,  MI
hospitalization  and  death  events  are  identified
through  subsequent  hospitalization  and  death
records  based  on  ICD-10  codes  (I21,  I22,  I23,  I24.1,
and  I25.2)  and  procedure  codes  (36.06,  36.07,  and
36.1). Person-years were calculated from the date of
baseline  to  the  date  of  first  subsequent  MI  event,
death,  or  the  end  of  follow-up  (1  Oct  2023),
whichever came first. 

Statistical Analysis

Glycemic  control  was  defined  by  the  FPG  levels.
We  categorized  FPG  into  three  groups  mainly
based  on  clinical  guidelines  and  relevance[9,10]:  <
6.1  mmol/L  (well  controlled),  6.1–8.0  mmol/L  (under
controlled), and > 8.0 mmol/L (poorly controlled). The
grouping  strategy  was  to  ensure  that  each  group
retained a  sufficient  sample  size  for  robust  statistical
analysis.  Moreover,  the  study  population  was
stratified  into  two  groups  based  on  the  diabetes
duration:  <  10  y  and ≥ 10  y.  Additionally,  we  also
classified  the  study  population  into  6  groups
according to FPG (< 6.1 mmol/L, 6.1–8.0 mmol/L, and

>  8.0  mmol/L)  and  diabetes  duration  (<  10  y  and ≥
10  y).  The  baseline  characteristics  are  presented  as
medians  (interquartile  ranges)  for  continuous
variables,  and  categorical  variables  are  described  as
percentages.  Between-group  comparisons  were
performed  using  Mann-Whitney  U  test  or  Kruskal-
Wallis  test  for  comparing  continuous  variables,  and
the  chi-square  test  for  categorical  variables,  where
appropriate.  There  were  no  missing  data  for  the
continuous variables,  while  missing values accounted
for ≤ 1.5% of all the categorical covariates. For missing
values for categorical variables, an additional category
for missing values was created for imputation.

We  employed  Cox  proportional  hazards
regression models, adjusting for multiple covariates,
to  estimate  hazard  ratios  (HRs)  and  their
corresponding  95% confidence  intervals  (CIs)  for  MI
risk among individuals stratified by FPG level and/or
diabetes  duration.  We  conducted  a  test  for  the
proportional  hazards  assumption  and  found  no
evidence  of  violation  of  this  assumption.  Three
adjusted  models  were  employed.  Model  1  was
adjusted  for  socioeconomic  and  demographic
factors,  including  age,  sex,  marital  status,  and
education  level.  Model  2  was  further  adjusted  for
BMI and a range of lifestyle factors, including alcohol
consumption,  physical  activity,  and  smoking.  Model
3  was  additionally  adjusted  for  relevant  clinical
factors,  including  diabetes  medication  compliance,
atrial fibrillation, chronic respiratory disease, chronic
kidney  disease,  hypertension,  and  inflammatory
arthropathy,  based  on  adjustments  in  model  2.  The
incidence  rates  were  calculated  by  dividing  the
number of events by 100 person-years. To elucidate
the  dose-response  relationship  between  FPG,
diabetes duration, and MI, we employed Cox models
with penalized cubic splines (PCS) with 3 degrees of
freedom[11].

We also explored the associations of FPG and/or
diabetes  duration  with  risk  of  MI,  stratifying  by  age
(<  65  y  or ≥ 65  y),  sex,  and  comorbidities.  Unlike
other  comorbidities,  hypertension  lacks  specific
organ pathology.  Hence,  this  study does not stratify
hypertension to explore interaction effects. Potential
interactions  were  tested  by  adding  a  multiplicative
term  to  the  Cox  models.  To  test  the  robustness  of
the  joint  association,  we  also  conducted  additional
analyses  by  excluding  patients  who  experienced  MI
during the first  year of  follow-up or excluding those
with  missing  data  on  covariates.  To  further
understand potential  additional risk factors,  we also
explored the associations between all covariates and
the risk of subsequent MI. 
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RESULTS
 

Baseline Characteristics

Among  33,283  patients  with  CHD  and
concurrent  T2D,  33.8% had  been  diagnosed  with
T2D  for  more  than  10  years,  with  higher  FPG
levels,  older  age,  and heavier  comorbidity  burden
(except  for  inflammatory  arthropathies).  On  the
other  hand,  14.3% of  the  study  patients  had  a
baseline  FPG  level  of  >  8.0  mmol/L,  and  these
individuals  were  more  likely  to  be  women,
smokers,  less  educated,  less  physically  active,
poorer  diabetes  medication  adherence,  had
chronic  kidney  disease,  and  longer  diabetes
durations  (Supptementary  Table  S1,  available  in
www.besjournal.com).  Compared  with  patients
with best glycemic control (FPG < 6.1 mmol/L) and
shorter  diabetes  duration  (<  10  y),  those  with
worst  glycemic  control  (FPG  > �8.0  mmol/L)  and
longer  diabetes  duration  (≥ 10  y)  tended  to  be
older,  women,  less  educated,  had  chronic  kidney
disease,  but  showed  better  compliance  with
diabetes medications (Table 1). 

 
Association of FPG and Diabetes Duration with Risk
of MI

During a median follow-up of 2.4 y (interquartile
range,  1.2–3.7  y),  2,110  patients  experienced  MI,
and the incidence rates (IRs) of the patients with FPG
<  6.1  mmol/L,  6.1–8.0  mmol/L,  and  >  8.0  mmol/L
were  2.29,  2.46,  2.85  per  100  person-years,
respectively.  Additionally,  the  IRs  of  patients  with
diabetes  duration <  10  y  and ≥ 10  y  were  2.22,  and
2.96  per  100  person-years,  respectively.  After
adjusting for all predefined covariates (model 3), we
found that each 1 mmol/L increase in FPG levels was
associated  with  a  5% (fully-adjusted HR:  1.05,  95%
CI:  1.03,  1.07)  higher risk  of  MI.  Compared with the
patients  with  FPG  <  6.1  mmol/L,  patients  with  FPG
between  6.1  to  8.0  mmol/L,  and  FPG  >  8.0  mmol/L
were  significant  associated  with  higher  risks  of
subsequent  MI,  with  fully-adjusted HRs  (95% CI)  of
1.25 (1.12, 1.38), and 1.46 (1.26, 1.69), respectively.
Longer duration of diabetes was also associated with
MI  risk,  with  a  fully-adjusted HR (95% CI)  of  1.11
(1.08,  1.15)  per �5-year  extension  of  diabetes
duration.  Compared  with  patients  with  diabetes

 

Table 1. Baseline characteristics among diabetic individuals with coronary heart disease (CHD) according to
joint group of fasting plasma glucose (FPG) and diabetes duration in Shenzhen, China

Characteristics
Diabetes duration < 10 y, mmol/L Diabetes duration ≥ 10 y, mmol/L

P value
< 6.1 6.1−8.0 > 8.0 < 6.1 6.1−8.0 > 8.0

FPG, mmol/L 5.7 (0.6) 6.7 (0.5) 9.2 (2.3) 5.7 (0.6) 6.7 (0.5) 9.5 (2.4) < 0.001

Diabetes duration, y 3.0 (4.7) 3.2 (4.9) 3.5 (5.1) 14.6 (8.4) 14.5 (8.4) 14.9 (8.4) < 0.001

Age, y 63 (15) 65 (14) 65 (15) 69 (13) 69 (13) 69 (13) < 0.001

Women 34.1% 37.6% 38.5% 41.8% 42.1% 48.5% < 0.001

Married 96.8% 96.6% 96.1% 95.8% 95.6% 95.8% < 0.001

Junior high school and below 46.3% 50.3% 60.3% 43.9% 46.2% 59.0% < 0.001

BMI, kg/m2
24.4 (3.9) 24.7 (4.1) 24.8 (4.2) 23.7 (3.5) 24.0 (3.7) 24.3 (4.2) < 0.001

No alcohol drinking 92.2% 91.3% 89.1% 93.3% 91.6% 90.5% < 0.001

No exercise 21.1% 24.1% 31.3% 19.9% 21.8% 28.7% < 0.001

No smoking 86.3% 84.9% 80.7% 91.0% 88.6% 87.2% < 0.001

Good diabetes drug compliance 90.3% 89.8% 84.5% 93.9% 96.0% 92.2% < 0.001

Atrial fibrillation 6.0% 5.7% 6.0% 7.6% 6.8% 6.0% 0.002

Chronic kidney disease 9.1% 8.6% 10.1% 18.3% 17.7% 20.3% < 0.001

Chronic respiratory disease 9.9% 10.3% 10.5% 12.4% 11.5% 10.4% 0.003

Hypertension 78.4% 79.8% 78.6% 80.5% 80.7% 80.7% 0.011

Inflammatory arthropathies 6.0% 5.4% 5.2% 5.2% 5.6% 4.7% 0.275

　　Note. Continuous variables are described as medians (interquartile ranges), and categorical variables are
described as percentages. BMI, body mass index; FPG, fasting plasma glucose.
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duration < 10 y, those with diabetes duration of ≥ 10 y
had  a  32% (fully-adjusted HR:  1.32,  95% CI:  1.21,
1.45) higher risk of MI (Table 2).

There  were  no  significant  interactions  between
FPG  and  diabetes  duration  (P for  interaction  =
0.968).  When  the  influence  of  FPG  and  diabetes
duration  on  MI  was  jointly  considered,  we  found
that  those  with  worst  glycemic  control  (FGP  >
8.0  mmol/L)  and  longer  diabetes  duration  (≥ 10  y)
had the highest risk of experiencing MI event during

follow-up (Figure 1). As compared with best glycemic
control  (FGP  <  6.1  mmol/L)  and  shorter  diabetes
duration  (<  10  y),  the  fully-adjusted HRs  (95% CIs)
were  1.31  (1.09,  1.56),  1.64  (1.42,  1.89),  and  1.97
(1.62,  2.41),  respectively,  for  combination  of
diabetes  duration  of ≥ 10  y  and  FPG  levels  of  <  6.1
mmol/L  (IR:  2.82),  6.1–8.0  mmol/L  (IR:  2.92),  and  >
8.0 mmol/L (IR: 3.33), respectively. The spline graphs
showed  that  the  associations  of  FPG  and  diabetes
duration  with  subsequent  MI  were  nearly  linear

 

Table 2. HRs and CIs for the association of FPG and diabetes duration with risk of MI among diabetic
individuals with CHD in Shenzhen, China

Variables
FPG (mmol/L) Diabetes duration

< 6.1 6.1−8.0 > 8.0 per 1 < 10 y ≥ 10 y per 5 y

Events/person−years 517/22,563 1,280/52,100 313/10,965 − 1,270/57,233 840/28,395 −

Incidence rate 2.29 2.46 2.85 − 2.22 2.96 −

Model 1 Ref. 1.27 (1.14, 1.41) 1.55 (1.35, 1.79) 1.06 (1.04, 1.08) Ref. 1.36 (1.24, 1.49) 1.12 (1.09, 1.16)

Model 2 Ref. 1.24 (1.12, 1.38) 1.47 (1.28, 1.70) 1.05 (1.03, 1.08) Ref. 1.37 (1.25, 1.50) 1.13 (1.09, 1.16)

Model 3 Ref. 1.25 (1.12, 1.38) 1.46 (1.26, 1.69) 1.05 (1.03, 1.07) Ref. 1.32 (1.21, 1.45) 1.11 (1.08, 1.15)

　　Note. Model  1 was adjusted for age,  sex,  marital  status,  and education level;  Model  2 was adjusted for
variables in the model 1 plus BMI and lifestyle factors, including, drinking status, physical activity, and smoking
status; Model 3 was adjusted for variables in the model 2 plus clinical conditions, including diabetes medication
compliance,  atrial  fibrillation,  chronic  respiratory  disease,  chronic  kidney  disease,  hypertension,  and
inflammatory  arthropathy.  FPG  and  diabetes  duration  was  mutually  adjusted  for  each  other.  The  unit  for
measuring the incidence rate is  100 person−years.  FPG, fasting plasma glucose; CHD, coronary heart disease.
HRs, hazard ratios; CIs, confidence intervals; MI, myocardial infarction.
 

Model 3Model 2 Model 1 IR Events/p-y  

Diabetes durat ion < 10 y

FPG < 6.1 mmol/L

FPG ≥ 6.1 mmol/L to ≤ 8.0 mmol/L

FPG > 8.0 mmol/L

Diabetes durat ion ≥ 10 y

FPG < 6.1 mmol/L

FPG ≥ 6.1 mmol/L to ≤ 8.0 mmol/L

FPG > 8.0 mmol/L

329/15,892

775/34,789

166/6,551

  188/6,671

505/17,311

  147/4,414

2.07

2.23

2.53

2.82

2.92

3.33

Ref.

1.27 (1.11, 1.44)

1.51 (1.25, 1.82)

1.35 (1.12, 1.61)

1.71 (1.48, 1.97)

2.17 (1.78, 2.64)

Ref.

1.24 (1.09, 1.41)

1.42 (1.18, 1.72)

1.35 (1.12, 1.61)

1.68 (1.46, 1.94)

2.08 (1.71, 2.53)

1.0 1.5 2.5

Ref.

1.24 (1.09, 1.42)

1.42 (1.17, 1.72)

1.31 (1.09, 1.56)

1.64 (1.42, 1.89)

1.97 (1.62, 2.41)

1.0 1.5 2.5 1.0 1.5 2.5

Figure 1. HRs  and CIs  for  the  joint  association  of  FPG  and  diabetes  duration  with  risk  of  MI  among
diabetic  patients  with  CHD  in  Shenzhen,  China.  Model  1  was  adjusted  for  age,  sex,  marital  status,  and
education  level;  Model  2  was  adjusted  for  variables  in  the  model  1  plus  BMI  and  lifestyle  factors,
including drinking status, physical activity, and smoking status; Model 3 was adjusted for variables in the
model  2  plus  clinical  conditions,  including  diabetes  medication  compliance,  atrial  fibrillation,  chronic
respiratory  disease,  chronic  kidney  disease,  hypertension,  and  inflammatory  arthropathy. P for
interaction = 0.968.  The unit  for  measuring the incidence rate is  100 person-years.  FPG,  fasting plasma
glucose;  CHD,  coronary  heart  disease. HRs, hazard  ratios; CIs, confidence  intervals;  MI,  myocardial
infarction; IR, incidence rate; P-y, person-year.

Diabetes management and MI among patients with CHD and diabetes 31



(Figure 2) (both P for linear < 0.001). 

Subgroup Analyses

Subgroup  analyses  stratified  by  age,  sex  and
comorbidities  were  performed  to  explore  potential
interactions. Overall, age and sex did not modify the
associations of FPG or diabetes duration with MI risk.
As  for  the  comorbidities,  we  found  that  the
existence  of  atrial  fibrillation  exacerbated  the
adverse  effects  of  diabetes  duration  (P for
interaction  =  0.008)  on  subsequent  MI
(Supplementary  Tables  S2–S5,  available  in  www.
besjournal.com).  We  also  analyzed  the  interactions
of  age,  sex,  and  comorbidities  on  the  joint
associations between FPG and diabetes duration and
MI  risk,  and  no  interactions  were  found  (all P for

interactions  >  0.120, Figure  3 and Supplemental
Tables S6–S7, available in www.besjournal.com). 

Additional Analyses

To  test  the  robustness  of  the  joint  association,
sensitivity  analyses  were  conducted  by  excluding
patients who experienced MI during the first year of
follow-up  or  excluding  those  with  missing  data  on
covariates  (Supplementary  Table  S8,  available  in
www.besjournal.com).  Overall,  the  joint  association
remained  largely  unchanged.  We  also  explored  the
associations between various covariates and the risk
of  MI  (Supplementary  Table  S9,  available  in
www.besjournal.com).  The  results  indicate  that
older  age,  men,  lower  levels  of  physical  activity,
heavier  smoking,  chronic  kidney  disease,  and
inflammatory  arthropathies  were  significantly
associated with elevated risks� of MI. 

DISCUSSION

In  our  study  of  over  33,000  patients  with  both
CHD  and  T2D  in  Shenzhen,  China,  we  found  that
higher FPG levels and longer diabetes duration were
independently  associated  with  an  increased  risk  of
subsequent  MI.  Patients  with  extreme  values  for
both  FPG  levels  and  diabetes  duration  had  the
highest  MI  risk.  Although  the  excess  risk  of
subsequent  MI  associated  with  longer  diabetes
duration appeared to be stronger among those with
atrial fibrillation, the combined influence of FPG and
diabetes  duration  on  MI  was  largely  similar  across
different age, sex and comorbidity groups.

Managing  blood  glucose  levels  in  patients  with
CHD  and  T2D  is  crucial.  However,  evidence  on  the
link between glycemic control  and prognosis among
these  patients  is  limited  and  inconsistent[7].  In  a
study  of  2,884  patients  following  coronary  artery
stenting, Kassaian et al. found poor glycemic control
(glycated  hemoglobin  [HbA1c]  >  7.0%)  to  be
associated  with  approximately  2-fold  risk  of
subsequent CVD, compared with non-diabetics[12]. In
contrast,  the  study  conducted  by  You  et  al.
suggested  that  stringent  glucose  control  (FPG  <
7.8 mmol/L) seemed to be linked to an increased risk
of  CVD,  as  observed  in  a  cohort  of  3,918  diabetic
patients  who  underwent  coronary  artery  bypass
grafting  (CABG)  with  the  use  of  cardiopulmonary
bypass  (On-Pump)[13].  Additionally,  the  Action  to
Control  Cardiovascular  Risk  in  Diabetes  (ACCORD)
study,  a  landmark  randomized  controlled  trial  (RCT)
in  diabetes  glycemic  intervention,  revealed  that  the
adverse  event  rate  even  increased  in  the  intensive-
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Figure 2. Associations  of  FPG  and  diabetes
duration  with  risk  of  subsequent  MI  from  the
Cox  regression  using  penalized  cubic  splines.
FPG  levels  and  Diabetes  duration  were  fitted
as  a  smooth  term  using  a  penalized  cubic
spline  with  3  degrees  of  freedom.  The  solid
lines  indicated  the HRs,  the  dashes  lines
indicated  95% CIs.  Multifactorial  adjustments
were  made  for  age,  sex,  marital  status,
education  level,  BMI,  drinking  status,  physical
activity,  smoking  status,  atrial  fibrillation,
chronic  respiratory  disease,  chronic  kidney
disease,  hypertension,  and  inflammatory
arthropathy.  FPG  and  diabetes  duration  were
mutually  adjusted for  each other.  FPG,  fasting
plasma  glucose;  CHD,  coronary  heart  disease;
HRs, hazard  ratios; CIs, confidence  intervals;
MI,  myocardial  infarction;  BMI,  body  mass
index.
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treatment  group  (HbA1c  <  6.0%)  than  in  the
standard-treatment  group,  leading  to  the
termination  of  intensive  treatment  for  safety
reasons[14]. Our study, based on real-world scenarios,
found  that  poorer  glycemic  control  was  associated
with  a  higher  risk  of  subsequent  MI,  adding  to  the
existing  evidence.  The  present  evidence,  along  with
ours  underscores  the  importance  of  achieving  a

balance  in  glycemic  control  for  patients  with  CHD
and  T2D,  suggesting  that  both  excessively  high  and
overly  strict  glucose  control  may  pose  risks.  The
complex  relationship  between  glycemic  control  and
cardiovascular  outcomes  warrants  further
investigation  to  inform  optimal  therapeutic
strategies or targets in this patient population.

The  inconsistency  in  findings  regarding  the
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Figure 3. HRs, CIs and  IR  for  the  joint  association  of  FPG  and  diabetes  duration  with  risk  of  MI  among
diabetic patients with CHD, by age, sex and comorbidities, in Shenzhen, China. Models were adjusted for
age,  sex,  marital  status,  education  level,  BMI,  drinking  status,  physical  activity,  smoking  status  and
diabetes  medication  compliance.  For  sex  stratification,  sex  itself  was  not  adjusted  for;  for  comorbidity
stratification, comorbidity itself  was not adjusted for.  FPG, fasting plasma glucose; CHD, coronary heart
disease; HRs, hazard ratios; CIs, confidence intervals; MI, myocardial infarction; BMI, body mass index; IR,
incidence rate.
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advantages of glycemic control across various studies
complicates  the  task  of  managing  patients  with  CHD
and T2D in clinical practice, highlighting the need for a
comprehensive  management  of  risk  factors  for
diabetes patients[15]. In fact, researchers have pointed
out  that  when  determining  the  most  suitable
approach  to  glycemic  management,  it  is  crucial  to
take  into  account  factors  including  the  duration  of
diabetes  as  well  as  the  presence  of  pre-existing
comorbidities[16].  Indeed,  previous  research  has
demonstrated  that  longer  duration  of  diabetes  may
amplify  the  poor  CVD  prognosis  associated  with
worse glycemic control[17,18].  In the present study,  we
found that the joint exposure to higher FPG levels and
longer  diabetes  duration  had  the  highest  risk  of
subsequent MI, compared with those with lowest FPG
levels  and  shorter  diabetes  duration.  Collectively,
these  results  may  suggest  that  in  patients  with  a
longer  duration  of  diabetes,  glycemic  control  should
be more stringent to prevent subsequent CVD events.

The  increasing  prevalence  of  obesity  among
young adults has led to a decline in the age at which
T2D  is  diagnosed[19,20];  and  as  interventions  for  the
traditional  complications  associated  with  diabetes
have  become  more  effective,  individuals  with  the
condition  are  experiencing  increased  longevity.
Consequently, they are more likely to have a greater
burden of comorbidities over their lifetime. As such,
tailored  management  should  also  depend  on  the
patient's  comorbidity  burden[21].  In  our  current
study,  we  observed  that  atrial  fibrillation  could
potentially  exacerbate  the  risk  of  subsequent  MI
associated  with  long-term  diabetes,  albeit  without
reaching statistical significance in the interaction for
the  combined  effect  of  FPG  levels  and  diabetes
duration.  These  findings  suggest  heightened
vigilance among clinicians regarding the elevated risk
of MI in diabetic patients with CHD who also present
with co-occurring atrial fibrillation and long-standing
diabetes.  Overall,  tightening  the  treatments  for
patients  with  long-standing  diabetes  and  elevated
FPG,  especially  those  who simultaneously  had  atrial
fibrillation,  may  be  most  beneficial  for  the
prevention  of  adverse  outcomes,  including  MI
among individuals with CHD and T2D.

The intricate interplay between atrial fibrillation,
diabetes  duration,  and  subsequent  MI  risk  in
patients  with  CHD  and  T2D  may  involve  several
potential  mechanisms.  Firstly,  atrial  fibrillation,
characterized  by  atrial  remodeling  and  impaired
atrial  function,  may  contribute  to  hemodynamic
disturbances  and  thromboembolic  events,
exacerbating  MI  risk[22].  Secondly,  both  atrial

fibrillation  and  T2D share  common risk  factors  such
as  hypertension,  obesity,  and  insulin  resistance,
which  collectively  accelerate  atherosclerosis
progression  and  plaque  instability[23].  Lastly,  the
presence  of  atrial  fibrillation  in  patients  with
longstanding diabetes may reflect an advanced stage
of  cardiovascular  disease  characterized  by
heightened  systemic  inflammation  and  endothelial
dysfunction, further augmenting MI susceptibility[24].
Overall,  understanding  these  complex  interactions
informs  tailored  therapeutic  approaches  aimed  at
mitigating MI risk in this high-risk patient population,
emphasizing  the  importance  of  comprehensive
cardiovascular risk management strategies.

Our study also found that older age, men, lower
levels  of  physical  activity,  heavier  smoking,  chronic
kidney  disease,  and  inflammatory  arthropathies
were  significantly  associated  with  elevated  risks  of
MI.  These  findings  underscore  the  multifactorial
nature of MI risk in diabetic individuals with CHD and
highlight  the  importance  of  addressing  these  risk
factors  comprehensively.  The  improvement  of
medical  services  requires  not  only  the  expansion  of
health insurance coverage but also the improvement
of  the  quality  of  comprehensive  medical  services.
Indeed,  for  CHD  patients  who  also  have  T2D,
improving  glycemic  control  requires  a
comprehensive  approach.  This  includes  providing
multidisciplinary  outpatient  clinical  and  follow-up
services, especially for elderly male patients. It is also
important  to  expand  the  capacity  for  community-
based  screening  and  early  detection  programs.
Promoting physical activity (5-7 times per week) and
smoking  cessation,  as  well  as  encouraging  regular
blood  glucose  monitoring,  may  be  beneficial  in
managing this high-risk population effectively. 

Strengths and Limitations

Our  study  has  several  strengths.  Firstly,  it
included  a  relatively  large  sample  size,
encompassing  over  33,000  individuals  with  both
CHD and T2D, which enhances the statistical power
of our findings. Secondly, the longitudinal nature of
our  design,  with  a  median  follow-up  duration  of
2.40  years,  allows  for  insights  into  long-term
outcomes.  Thirdly,  the  richness  of  our  dataset,
which  includes  detailed  information  on
demographic  characteristics,  lifestyle  factors,  and
comorbidity  profiles,  enables  us  to  perform
thorough  adjustments  for  potential  confounders,
enhancing  the  robustness  of  our  results.  However,
our study also has several limitations that should be
considered.  Firstly,  the  diagnosis  of  T2D  in  our
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study  was  based  on  self-reported  and  medical
record  data,  which  may  introduce  potential  bias
between the reported diagnosis time and the actual
onset  of  the  disease.  To  address  this,  we
categorized  the  duration  of  T2D  into  two  broad
groups:  <  10  y  and ≥ 10  y,  and  this  wide  span
grouping helps to reduce the potential  bias of self-
reported diagnosis  time. Secondly,  the lack of  data
on HbA1c, lipid profiles and therapeutic drugs limits
our  ability  to  comprehensively  assess  long-term
glycemic  control,  lipid  metabolism  or  drug
interactions, which are critical factors in the context
of  our  study.  Thirdly,  our  study  population  was
confined  to  diabetic  individuals  with  CHD  in
Shenzhen,  China,  which  may  restrict  the
generalizability of our findings to other populations. 

CONCLUSION

In  conclusion,  our  study  highlights  the  critical
role  of  glycemic  control  and  diabetes  duration  in
influencing subsequent MI in patients with both CHD
and  T2D.  Tailored  management  strategies  focusing
on  stringent  glycemic  control  may  be  beneficial,
especially  for  those  with  longer  diabetes  duration
and atrial  fibrillation.  Future research should aim to
elucidate  the  underlying  mechanisms  and  develop
targeted  interventions  to  improve  outcomes  in  this
high-risk population.
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