Yen et al. Cardiovascular Diabetology ~ (2023) 22:109 Cardiovascular Dia beto|ogy
https://doi.org/10.1186/512933-023-01821-8

Impact of individual microvascular disease @
on the risks of macrovascular complications

in type 2 diabetes: a nationwide population-

based cohort study

Fu-Shun Yen', James Cheng-Chung Wei??, Ying-Hsiu Shih*, Chih-Cheng Hsu®"" and Chii-Min Hwu'%™"

Abstract

Background This study compared the risks of cardiovascular morbidity and mortality between patients with type 2
diabetes (T2D) with and without microvascular diseases, and between matched patients with microvascular diseases.

Methods \We identified newly diagnosed type 2 diabetes patients from National Health Insurance Research Database
in Taiwan from January 1, 2008, to December 31, 2019. Propensity score matching was applied to construct matched
pairs of patients with diabetic kidney disease, retinopathy, or neuropathy. Multivariable Cox proportional-hazard
models were adopted to compare the risks of cardiovascular morbidity and mortality.

Results Patients with microvascular disease had a significantly higher risk of cardiovascular morbidities and mortality
than those without microvascular disease. Among the matched cohorts, patients with diabetic retinopathy had a
significantly higher risk of stroke development than those with diabetic kidney disease (aHR 1.11, 95%Cl 1.03-1.2).
Diabetic neuropathy showed a significantly higher risk of stroke development than diabetic kidney disease (aHR 1.17,
95%Cl 1.1-1.25) and diabetic retinopathy (aHR 1.12, 95%Cl 1.03-1.21). Diabetic retinopathy had a significantly higher
risk of incident heart failure than diabetic kidney disease (@aHR 1.43, 95%Cl 1.3-1.57), and diabetic neuropathy had a
significantly lower risk of incident heart failure than diabetic retinopathy (@HR 0.79, 95%Cl 0.71-0.87).

Conclusions T2D patients with microvascular disease have a significantly higher risk of cardiovascular morbidities
and mortality than those without microvascular disease. In the matched cohorts, diabetic neuropathy was
significantly associated with stroke development, and diabetic retinopathy had a significant association with heart
failure compared to other microvascular diseases.
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Background

According to the International Diabetes Federation (IDF)
Diabetes Atlas 2021, there are 537 million adults (20-79
years) with diabetes mellitus (DM) worldwide; this preva-
lence rate is about 3.56 times that of 2000 (151 million),
and the estimated prevalence will jump to a startling
783 million in 2045 [1]. Stroke, myocardial infarction,
and heart failure are the main macrovascular complica-
tions of diabetes mellitus, which can lead to devastat-
ing premature death [2]. Diabetic kidney disease (DKD),
retinopathy, and neuropathy are major microvascular
complications of diabetes mellitus, which can lead to
dialysis, blindness, and amputation [3, 4]. These major
microvascular complications can affect the daily life of
patients and impose a significant burden on the family
and society [3, 4]. In recent years, aggressive glucose con-
trol has reduced macrovascular and microvascular dis-
eases in many countries. However, the global burden of
macrovascular and microvascular diseases is still alarm-
ing owing to improved life expectancy and the increased
prevalence of diabetes mellitus [5].

Although there are some cardiovascular prediction
models available for patients with type 2 diabetes (T2D),
their predictive accuracy is moderate (most<0.8) [6].
Some patients with diabetes mellitus who do not have
a high-risk score still develop macrovascular disease,
which suggests that there may be important risk factors
not considered in the prediction models [6, 7]. Stud-
ies have shown that patients with diabetes mellitus and
proteinuria or renal function impairment are prone to
cardiovascular morbidity and mortality [3, 8], patients
with diabetic retinopathy (DR) are likely to have cardio-
vascular diseases and heart failure [9], and patients with
diabetic neuropathy (DN) are at risk of stroke and limb
amputation [8, 10]. A cohort study also showed that
patients with type 2 diabetes with more microvascular
diseases have a higher associated risk of macrovascular
diseases and mortality [7]. Diabetic microvascular dis-
eases may have common pathogenic pathways with the
development of macrovascular diseases, but it remains
unclear whether the individual microvascular disease has
a different association with the development of macro-
vascular diseases. Therefore, we conducted this nation-
wide cohort study to compare the risks of macrovascular
disease development (1) between patients with type 2
diabetes with and without microvascular disease, (2)
between matched patients of diabetic kidney disease ver-
sus retinopathy, diabetic kidney disease versus neuropa-
thy, diabetic retinopathy versus neuropathy.

Methods

Data source

The Taiwanese government implemented the National
Health Insurance (NHI) in 1995 to provide a mandatory
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comprehensive medical care plan. About 99% of 23 mil-
lion citizens were enrolled in the NHI program by 2000
[11]. Patient information obtained during medical visits,
including age, gender, residential area, diagnosis, proce-
dures, and hospitalizations, is recorded in the National
Health Insurance Research Database (NHIRD). Disease
diagnosis of the NHIRD is according to the International
Classification of Diseases, Ninth/Tenth Revision, Clini-
cal Modification (ICD-9/10-CM). NHIRD has a link with
the National Death Registry to substantiate the cause of
death. This study identified patients from the NHIRD.
All information from patients and care providers was de-
identified and encrypted before release to protect indi-
vidual privacy. This study was approved by the Research
Ethics Committee of China Medical University and Hos-
pital (CMUH104-REC2-115-CR4), and the Research Eth-
ics Committee approved a request to waive informed
consent.

Study population and procedures

We identified patients with newly diagnosed type 2 dia-
betes from January 1, 2009, to December 31, 2018, and
followed them up to December 31, 2019. The diagnosis
of T2D was based on the ICD codings (Additional file 1:
Table S1), with at least 3 outpatient visits within 1 year
or one hospitalization [12]. Exclusion criteria were as
follows: (1) missing information on age or sex; (2) age
below 18 or above 80 years; (3) previous diagnosis of type
2 diabetes before January 1, 2009; (4) diagnosis of type 1
diabetes; (5) diagnosis of chronic kidney disease, dialysis,
diabetic retinopathy, or diabetic neuropathy before the
diagnosis of T2D; (6) diagnosis of coronary artery disease
(CAD), stroke, atrial fibrillation, or heart failure before
the index date; (7) death or follow-up for less than 180
days after the index date.

Patients with T2D diagnosis within one year were iden-
tified and categorized as (1) without microvascular dis-
ease, (2) diabetic kidney disease, including proteinuria,
diabetic and hypertensive nephropathy, chronic kidney
disease, renal failure, dialysis and renal replacement [13,
14], (3) diabetic retinopathy, including background and
proliferative diabetic retinopathy, macular degeneration,
retinal edema and detachment, vitreous hemorrhage,
and vision loss [15], (4) diabetic neuropathy, including
mononeuropathy and polyneuropathy, cranial nerve and
peripheral nerve palsy, autonomic neuropathy, neural-
gia, and Charcot’s arthropathy [16, 17], (5) diabetic kid-
ney disease and retinopathy, (6) diabetic kidney disease
and neuropathy, (7) diabetic retinopathy and neuropathy,
(8) diabetic kidney disease, retinopathy, and neuropathy
(Additional file 1: Table S2). We defined the 366th day
after the diagnosis of type 2 diabetes as the index date of
this study and assessed the outcomes during the follow-
up period.
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Demographics, comorbidities, and medications

The study included the following variables: age, gender,
obesity, smoking, alcohol-related disorders, hyperten-
sion, dyslipidemia, peripheral arterial disease (PAD),
chronic obstructive pulmonary disease (COPD), liver
cirrhosis, connective tissue diseases, cancers, psycho-
sis, depression, dementia, Charlson Comorbidity Index
(CCI) score [18], antidiabetic agents, antihypertensive
drugs, statin, and aspirin.

The outcomes of interest

The outcomes of interest were the development of CAD,
stroke, heart failure, and cardiovascular death. Stroke,
CAD, and heart failure were diagnosed by at least two
outpatient visits within 1 year or one hospitalization
during the study period [19, 20]. The adjudication of
cardiovascular death was via the link with the National
Death Registry. Each patient was tracked to the occur-
rence of outcomes, discontinuation of the NHI program,
or the study observation end date of December 31, 2019,
depending on which occurred first.

Statistical analyses

Multivariable-adjusted Cox proportional-hazard mod-
els were used to measure the risk of outcomes between
patients with and without microvascular disease. Propen-
sity score matching was used to construct matched pairs
of patients with diabetic kidney disease and retinopathy,
diabetic kidney disease and neuropathy, and diabetic
retinopathy and neuropathy. We adopted the non-par-
simonious multivariable logistic regression to appraise
the propensity score for every patient, and 42 clinically
relevant variables (Additional file 1: Tables S4-S6) were
determined as independent variables. We adopted the
nearest-neighbor algorithm to identify matched pairs and
considered a standardized mean difference (SMD)<0.1
to be a negligible difference between the matched pair
of patients. We have performed subgroup analyses to see
the influence of one, two or three microvascular diseases
on composite major adverse cardiovascular events (CAD,
stroke, heart failure and cardiovascular death) in the sub-
groups of patients with and without PAD, with and with-
out insulin, aspirin and statin use.

The analyzed results were shown as hazard ratios (HRs)
and 95% confidence intervals (Cls) for the compared
groups. The two-tailed P value of less than 0.05 was con-
sidered statistically significant. SAS v9.4 (SAS Institute,
Inc., Cary, NC, USA) was used for analysis.

Results

We investigated the occurrence of microvascular disease
within one year after the diagnosis of type 2 diabetes.
There were 718,059 people without microvascular dis-
ease, 45,634 people had diabetic kidney disease, 15,778

Page 3 of 9

had diabetic retinopathy, 51,887 had diabetic neuropa-
thy, 11,763 had diabetic kidney disease and retinopa-
thy, 36,850 had diabetic kidney disease and neuropathy,
10,917 had diabetic retinopathy and neuropathy, 8934
had diabetic kidney disease, retinopathy, and neuropa-
thy (Additional file 1: Table S2). The mean follow-up time
was 5.55 years.

Patients with diabetic kidney disease, retinopathy, or
neuropathy had a significantly higher risk of coronary
artery disease, stroke, heart failure, and cardiovascular
death than those without microvascular disease (Fig. 1).
Patients with two or three microvascular diseases had
a further higher risk of coronary artery disease, stroke,
and heart failure than those without microvascular dis-
ease (Fig. 1). The subgroup analyses showed that patients
with one or two microvascular disease had a significantly
higher risk of composite cardiovascular events than
those without microvascular disease, which was particu-
larly pronounced in those without PAD compared with
those with PAD; people with two or three microvascu-
lar diseases had a significantly higher risk of composite
cardiovascular events than those with no microvascu-
lar disease, which was particularly pronounced in those
without aspirin compared with those with aspirin; people
with one, two or three microvascular diseases had a sig-
nificantly higher risk of composite cardiovascular events
than those with no microvascular disease, which was fur-
ther pronounced in those on insulin therapy compared
with those not on insulin therapy (P for interaction<O.
05; Additional file 1: Table S3).

We used propensity-score matching to identify 14,651
pairs of patients with diabetic kidney disease and reti-
nopathy (Fig. 2 and Additional file 1: Table S4), 24,996
pairs of patients with diabetic kidney disease and neu-
ropathy (Additional file 1: Table S5), and 13,250 pairs
of patients with diabetic retinopathy and neuropathy
(Additional file 1: Table S6). Among the matched cohorts
(Table 1), patients with diabetic neuropathy had a signifi-
cantly higher risk of incident coronary artery disease than
those with diabetic kidney disease (aHR 1.07). Patients
with diabetic retinopathy had a significantly higher risk
of stroke development than those with diabetic kidney
disease (aHR 1.11). Diabetic neuropathy showed a sig-
nificantly higher risk of stroke development than diabetic
kidney disease (aHR 1.17). Diabetic neuropathy exhibited
a significantly higher risk of stroke development than dia-
betic retinopathy (aHR 1.12). Diabetic retinopathy had a
significantly higher risk of new-onset heart failure than
diabetic kidney disease (aHR 1.43). Diabetic neuropathy
showed a significantly lower risk of new-onset heart fail-
ure than diabetic retinopathy (aHR 0.79).

In the matched cohorts, diabetic neuropathy had a
significantly higher cumulative incidence of incident
coronary disease than diabetic kidney disease (Fig. 3).
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Fig. 1 Forest plots of risk for outcomes among patients with and without microvascular diseases. Abbreviations: DKD, diabetes kidney disease; DR, dia-

betic retinopathy; DN, diabetic neuropathy
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Fig. 2 Flowchart for the selection of matched patients

Diabetic neuropathy had a significantly higher cumula-
tive incidence of stroke development than diabetic kidney
disease and diabetic retinopathy. Diabetic retinopathy
had a significantly higher cumulative incidence of stroke

development than diabetic kidney disease. Diabetic reti-
nopathy had a significantly higher cumulative incidence
of new-onset heart failure than diabetic kidney disease
and diabetic neuropathy.
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Fig. 3 Comparison of the cumulative incidences of macrovascular diseases among the three matched microvascular diseases

Discussion

This nationwide cohort study showed that patients with
microvascular disease have a significantly higher risk of
cardiovascular disease and mortality than those without
microvascular disease, and those with more microvascu-
lar diseases have a further higher risk of cardiovascular
disease and mortality. In the matched cohorts, the three
microvascular diseases had a similar impact on the risk
of incident coronary artery disease and cardiovascular
mortality; diabetic neuropathy had a higher effect on
the risk of stroke than diabetic kidney disease and reti-
nopathy; retinopathy had a higher impact on the devel-
opment of heart failure than diabetic kidney disease and
neuropathy.

Coronary artery disease is the major macrovascu-
lar complication in patients with T2D, and about 1-2
in 3 persons with T2D die of cardiovascular disease [2,
21]. Systemic reviews of clinical studies showed that
diabetes mellitus with proteinuria increased composite
cardiovascular events by about 1.3-4.4 times and car-
diovascular death by about 1.2-2.0 times. Renal function
impairment increased cardiac events about 2.2 times [8].
Diabetic retinopathy led to a 1.6-4.4-fold increase in the
risk of cardiovascular events and a 1.5-5.6-fold increase
in the risk of cardiovascular death [8, 9, 22]. Studies on
the association between diabetic neuropathy and cardio-
vascular disease are relatively few. Several studies showed

that QT variables were associated with a 0.94-3.3-fold
increased risk of cardiovascular death [8]. Brownrigg et
al. demonstrated that diabetic nephropathy, retinopathy,
and peripheral neuropathy were associated with a con-
sistently higher risk of composite major cardiovascular
events and cardiovascular death than no microvascular
disease in patients with T2D [7]. Our study also showed
that patients with microvascular disease exhibited a sig-
nificantly higher risk of incident coronary artery disease
and cardiovascular death than those without microvas-
cular disease. Patients with more microvascular diseases
showed a further higher risk of cardiovascular morbidity
and mortality than those with no microvascular disease.
The cumulative microvascular diseases may represent a
greater generalized vascular abnormality and herald the
development of coronary artery disease and cardiovascu-
lar death. The impact of the three matched microvascular
diseases on coronary artery disease and cardiovascular
death seemed similar. Our results are consistent with the
results of Brownrigg’s cohort study. Microvascular dis-
eases may provide a more accurate estimation of cardio-
vascular risk score [7].

In recent years, aggressive glucose control, coronary
artery disease, and stroke have gradually decreased,
but the incidence of heart failure has increased rather
than decreased in the United States [23]. Previous stud-
ies revealed that patients with proteinuria exhibited a
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1.34-2.45-fold increased risk of heart failure [8]. Patients
with diabetic retinopathy showed a 2.71-fold increased
risk of heart failure [8, 9]. A large cohort of patients with
type 1 diabetes demonstrated that persons with cardiac
autonomic neuropathy demonstrated a significantly
higher risk of left ventricular dysfunction than those
without cardiac autonomic neuropathy [24]. Brownrigg’s
cohort study showed that peripheral neuropathy, diabetic
nephropathy, and retinopathy were similarly associated
with a higher risk of hospitalization for heart failure than
those without microvascular disease [7]. The present
study showed that patients with the three microvascular
diseases exhibited a significantly higher risk of new-onset
heart failure than those without microvascular disease,
which was consistent with the results of Brownrigg’s
study. However, when our three microvascular diseases
were matched and compared, we found that diabetic
retinopathy had a significantly higher risk of heart fail-
ure than diabetic kidney disease and neuropathy, con-
trary to Brownrigg’s study. The reason could be that our
study identified microvascular diseases within one year
of T2D diagnosis, but Brownrigg detected microvascular
diseases long after T2D diagnosis. The potential explana-
tions for the association of diabetic retinopathy and heart
failure are as follows: first, the occurrence of retinopathy
may indicate that the dysfunction of coronary microvas-
culature providing blood circulation to the myocardium
causes structural and functional changes in the heart,
leading to diabetic cardiomyopathy and heart failure.
Studies have demonstrated that a diabetic myocardium
is often associated with microaneurysms and perfusion
defects [25]. Second, retinopathy may also represent a
broad systemic microvascular disease, with increased
impedance burden on the heart, compromised cardiac
performance, and increased predisposition to heart fail-
ure. Patients diagnosed with retinopathy should undergo
cardiac function tests to detect heart failure and receive
timely preventive treatment.

Patients with T2D have two times higher risk of stroke
than those without T2D [26]. Clinical studies showed
that patients with diabetes mellitus and nephropathy had
a 1.7-2.3 times higher risk of stroke [8]. Patients with ret-
inopathy had a 1.11-7.35 times higher risk of stroke [21].
Patients with cardiac autonomic neuropathy exhibited
a 1.7-2.7 folds higher risk of stroke than those without
cardiac autonomic neuropathy [8, 10, 27, 28]. Our study
showed that patients with microvascular disease demon-
strated a significantly higher risk of stroke development
than those without microvascular disease. After pro-
pensity score matching of the three microvascular dis-
eases, our study indicated that diabetic neuropathy had
a higher impact on stroke development than retinopathy
and nephropathy. Diabetic neuropathy is a syndrome
that includes somatic and autonomic neuropathy of the

Page 7 of 9

peripheral nervous system [4, 29]. The plausible mecha-
nisms to explain the intense association of neuropathy
and stroke development are as follows: first, diabetic
neuropathy may lead to the dysfunction of the parasym-
pathetic and sympathetic innervation of cerebral vascula-
tures, resulting in the defective autoregulation of cerebral
blood flow and render the brain vessels more vulnerable
to injury and occlusion [10, 27, 28]. Second, neuropathy
may cause unstable baroreflex and heart rhythms and
favor atrial fibrillation with subsequent stroke develop-
ment [28].

This study also has some limitations. First, this dataset
lacked information on renal function, proteinuria, blood
glucose, biochemical, neurological, fundus, imaging, and
pathology findings. Although previous studies validated
the algorithm for using ICD codes to define vascular dis-
eases, it may have been unable to detect minor and early
vascular lesions, leading to underestimation. Second, this
research lacked complete information on dietary habits,
exercise, family history, and alcohol consumption, which
may have affected the results of this study. However,
baseline demographics, obesity, smoking, alcohol-related
disorders, comorbidities, antidiabetic drugs, and cardio-
vascular drugs were well-matched to maximally balance
the variables of patients without and with various micro-
vascular diseases and increase comparability. We used
comorbidities, CCI scores, insulin, number of oral anti-
diabetic and antihypertensive drugs as surrogate markers
of diabetes severity. Third, a retrospective cohort study
cannot exclude unmeasured or unknown residual con-
founding, and rigorous prospective studies are warranted
to justify our results.

Conclusions

Our study shows that microvascular diseases early in the
diagnosis of type 2 diabetes are closely associated with
the development of coronary artery disease, stroke, heart
failure, and cardiovascular death. Furthermore, people
with one, two or three microvascular diseases signify an
even higher risk of cardiovascular morbidity and mor-
tality than those without microvascular disease. We also
found that these three microvascular diseases may be
similarly associated with coronary artery diseases and
cardiovascular death; but diabetic retinopathy was sig-
nificantly associated with new-onset heart failure, and
diabetic neuropathy had a significant association with
stroke development. Further research may be needed to
elucidate whether there are causal relationships and plau-
sible mechanisms between retinopathy and heart failure,
neuropathy and stroke.
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