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Abstract

Purpose of Review Diabetes mellitus (DM) has become a rising epidemic in the last century, more pressing in the last few
decades with the exponential rise of obesity, and has become one of the leading causes of death worldwide.

Recent Findings Genetic variants have also been a new field of epidemiology research to determine the underlying genetic
component of those risk factors and the association of DM with CVD.

Summary In light of its significant prevalence, patients remain unaware of their disease progression that arises from genetic and
metabolic risk factors. As compared to non-diabetics, those with type 2 DM carry a higher mortality risk from cardiovascular
disease (CVD) across different ethnicity groups and sex. The most common cardiovascular manifestations in those with DM
include heart failure, peripheral arterial disease, and coronary heart disease. Although DM does predispose patients to CVD, it in
fact is not a risk equivalent, but carries significant heterogeneity in risk for CVD.
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Introduction

Diabetes mellitus has become one the most pressing and prev-
alent issue in the last few decades, hand-in-hand with the
rising obesity crisis, and is now the seventh leading cause of
death in the USA as well as worldwide, with 5.2 million
deaths globally attributed to diabetes, a mortality rate of 82.4
per 100,000 [1], with 252,806 deaths in the USA alone in
2015 [2]. In addition, DM poses as a major risk factor for
the development of cardiovascular disease (CVD), which ul-
timately results as the most common cause of death in those
with DM [3]. In addition to microvascular complications of
DM, including nephropathy, retinopathy, and neuropathy;
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macrovascular complications also become more prevalent in
the form of coronary artery disease, peripheral vascular dis-
ease, and carotid artery disease with the increasing duration of
diabetes [4].

Prevalence of Diabetes Mellitus

DM is caused by issues with insulin production by the
pancreas or resistance by end-organ tissues and presents
as a high blood glucose or elevated glycosylated hemoglo-
bin A1C. There are three types of DM in the form of type
1, type 2, and gestational diabetes. Type 1 DM usually
presents in early childhood and adolescents, and accounts
for 5-10% of DM diagnosis in the USA, as the most com-
mon chronic autoimmune disorders [5, 6]. Gestational DM
occurs during the second or third trimester of pregnancy
which complicates one in six live births, increases the
future risk of those patients to type 2 DM with the inci-
dence of 35-60% in the two decades after delivery or a
7.4-fold increased risk [7-12] (Fig. 1). In addition, gesta-
tional DM also puts the patient’s offspring at risk for DM
and obesity development both genetically and environ-
mentally with the intrauterine diabetic environment. Type
2 DM, the most common form accounts for 90-95% of diag-
nosed DM and continues to be rapidly growing worldwide
and in the USA [6, 13]. A total of 1.7 million new cases of
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diabetes worldwide and per
region in 2017 and 2045. (with
permission from International
Diabetes Federation. IDF
Diabetes Atlas, 8th edn. Brussels,
Belgium: International Diabetes
Federation, 2017. http://www.
diabetesatlas.org) [12]

DM (types 1 and 2) were diagnosed in US adults over 20 years
old in 2012 [13]. The exponential growth can be attributed to
the increased proportion of an aging population, socioeco-
nomic development, urbanization, highly processed diets,
and decreased physical activity, to name a few. Due to the
few symptoms or signs in the early years of type 2 DM, about
half of people with DM do not know they have the disease,
and symptoms go unnoticed and result in diabetic complica-
tions well before the diagnosis is made [12] (Fig. 1). These
complications can result in cardiovascular disease in the forms
of angina pectoris, myocardial infarction, stroke, peripheral
artery disease, and congestive heart failure.

As described by the World Health Organization, DM of all
types has exponentially grown in the past decades across the
globe. The prevalence of DM increased from 108 million
(4.7%) in 1980 to 425 million (8.5%) in 2017, and it is esti-
mated to be 629 million by 2045 [12, 14] (Fig. 1). Paralleling
the worldwide epidemic, according to NHANES 2011 to 2014,
in the USA alone, there are about 23.4 million adults with
diagnosed DM and an additional 7.6 million who are undiag-
nosed [3]. Despite this alarming prevalence of DM, there is still
a lack of diagnosis affecting about 193 million people globally
with the largest proportion, over 120 million in Southeast
Asian and Western Pacific are unaware of their disease due
to factors such as access to healthcare and silent development
with minimal symptoms and signs [12] (Fig. 1). With China,
India, and the USA topping the charts with 110, 69, and 23
million persons with DM in 2015, respectively, there were 16
million with DM in Africa, 58 million in Europe, 39 million
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(10.8%) in the Middle East and North Africa, 46 million (11%)
in North America and Caribbean, 26 million (9.6%) in South
and Central America, 82 million (19.3% of the total in the
world) Southeast Asia, and 159 million (37.4% of total in the
world) in the Western Pacific [12] (Fig. 1).

Risk Factors for Diabetes Mellitus
and Cardiovascular Disease

Type 2 DM risk factors include a combination of both genetic
and metabolic factors contributing to its prevalence. Non-
modifiable factors include ethnicity, family history, previous
gestational diabetes, and older age; in addition to modifiable
factors including obesity, unhealthy diet, physical activity lev-
el, and smoking, all can contribute to the development of type
2 DM.

The pathophysiology of obesity is attributed to the end-
organ tissue adipose cells being insulin-resistant to the in-
creased influx of glucose [15, 16]. In addition, excessive ad-
ipose accumulation can increase circulating blood volume, in
turn increase systemic resistance and cardiac output, causing
right and left ventricular hypertrophy and ultimately right and
left heart failure. Furthermore, obesity causes an increase in
leptin and inflammatory markers such as CRP, which can
further lead to worsening vascular and myocardial injury
[17]. Compared to adults of normal weight, those with BMI
of greater than 40 have increased odds of 7.37 (95% CI 6.39—
8.5) for diagnosed diabetes, in addition to 6.39 OR (95% CI
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5.67-7.16) for hypertension, and 1.88 (95% CI 1.67-2.13) for
hypercholesterolemia [18]. Some prospective studies from
Asia also show type 2 DM to be common in lower BMI
groups; thus, Asians with lower BMI compared to
European descent counterparts have higher prevalence of
type 2 DM [19-22]. For example, although India has the
lowest rate of obesity in the world [23], the prevalence of
type 2 DM increased 10-fold over the past 40 years, with
67 million in 2014 which projected to double by 2030
[24, 25]. Thoughts on why this is the case revolve around
the centrally located obesity around the abdomen, genet-
ics, and dietary causes.

The modern sedentary lifestyle is another crucial modifi-
able risk factor for type 2 DM and CVD; in the Women’s
Health Study, a 6.9-year follow-up of 38,000 US female
health professionals from age 45 and older, participants with
reported walking 2—-3 h a week were 34% less likely to devel-
op DM than those not walking, and those who walked 1 h a
week was associated with 50% reduction in CHD risk over
those 7 years [26, 27]. In the Kuipio Ischemic Heart Disease
Risk Factor Study, which followed 897 Finnish men from 42
to 60 years old for 4.2 years, those who performed at least
40 min a week of physical activity with 5.5 metabolic equiv-
alents were 56% less likely to develop DM than those who did
not, after adjusting for effects of BMI and other covariates
[28]. In the 8-year follow-up of 2449 with DM in the
National Health Interview Survey, walking 2 h/week was as-
sociated with 41% reduction in CVD mortality compared to
non-walkers [29].

Dyslipidemia and hypertension also compound risk for fur-
ther development of CVD [30, 31] due to their effects on
endothelial dysfunction that can further accelerate atheroscle-
rosis [8]. The prevalence of concurrent DM, hypertension, and
hypercholesterolemia in US adults has also increased from 3%
in 1999-2000 to 6.3% in 2011-2012 [32]. One study among
371,221 veterans demonstrated two thirds of diabetic patients
co-exist with dyslipidemia and hypertension, at a rate of dou-
ble than non-diabetic vets [33]. A prospective cohort study of
12,550 adults that type 2 DM development occurred 2.5 times
more in those with hypertension [34]. In the United Kingdom
Prospective Diabetes Study, with more intensive blood pres-
sure reduction, there was a far more powerful benefit to CVD
risk reduction, as well as diabetic microvascular and
macrovascular complications in those with a mean BP of
144/82 mmHg compared to those with a mean of 154/
87 mmHg [35-37].

Other major cardiovascular risk factors including cig-
arette smoking, hypertension, and high serum cholester-
ol also act as independent contributors to CVD in pa-
tients with DM, across multiple racial and ethnic
groups, as well in such prospective studies as
Framingham, Honolulu, and San Antonio Heart
Studies [38].

Furthermore, inflammatory markers such as C-reactive
protein (CRP) in diabetic patients can also signify further risk
of CVD and peripheral artery disease (PAD). CVD and PAD
have been shown to be more common in those with metabolic
syndrome or DM who have elevated CRP, thus enhancing
more prognostic information in DM patients, in addition to
other traditional risk factors [39, 40]. In a large multiethnic
cohort study, the addition of coronary artery calcium score to
global risk assessment was also associated with significantly
improved long-term risk re-classification in those with meta-
bolic syndrome and diabetes [41].

Morbidity and Mortality of Cardiovascular
Disease in Diabetes Mellitus

Cardiovascular deaths account for 44% of death in those with
type 1| DM and 52% of deaths in type 2 DM [42]. Type 2 DM
carries a two to six times risk of death from cardiovascular
etiologies, such that age-adjusted prevalence of white
Americans for coronary heart disease is double in those with
type 2 DM than those without [43—46]. Initial presentations of
CVD in DM most commonly manifest as peripheral arterial
disease (16.2% or three times greater) and heart failure
(14.7%) followed by angina and non-fatal MI. This suggests
the need for earlier screening of subclinical PAD and HF [47]
(Fig. 2). In the San Antonio Heart Study, 4875 patients follow-
ed over 7-8 years demonstrated that DM was significantly
associated with increased all-cause mortality (RR 2.1, 95%
CI 1.3-3.5 in men; RR 8.5 95% CI, 2.8-25.2 in women)
[48]. Heart failure risk rose to 40% in DM patients compared
to non-diabetics with age-adjusted odd ratio of 2.8 (95% CI,
2.2-3.6), and had a two to three times greater risk of develop-
ment [49]. In the National Health and Nutrition Examination
Survey cohort (NHANES), 26.3% of strokes were associated
with diabetes, with a 2-fold greater risk in those with diabetes
for ischemic strokes and 50% increase for hemorrhagic
strokes [50, 51]. Mortality rates post-MI are also higher in
diabetics than non-diabetic patients, and the cardiovascular
death rate is 4.4-fold increased in diabetes alone without other
traditional cardiovascular risk factors in comparison to non-
diabetics in the same age groups [52-55].

Ethnic differences in CVD and DM prevalence have also
been evident. From the Heart Disease and Stroke Statistics
2018 update, the prevalence of heart disease across differing
ethnic groups were 11.1% in non-Hispanic White, 10.3%
Black or African Americans, 7.8% Hispanic or Latinos,
6.0% Asians, 13.7% American Indians or Alaska Natives,
and 19.1% native Hawaiians or other Pacific Islanders [3].
In comparison, the prevalence of DM is significantly higher
in South Asians (from India, Pakistan, Sri Lanka, Bangladesh,
Nepal, Bhutan, Maldives) compared to other US ethnic pop-
ulations, with India alone accounting for 1/5 CHD deaths
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Fig. 2 Distribution of initial 0
presentations of cardiovascular
disease in participants with and

—— Peripheral arterial disease

without type 2 diabetes and no
history of cardiovascular disease.
(with permission from Shah et al.
Lancet Diabetes Endocrinol.
2015;3:105-13) [47]
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worldwide [56]. In a recent population-based study of South
Asians in the USA, type 2 DM prevalence was 17.4%, com-
pared to non-Hispanic White (7.8%), non-Hispanic Black
(13%), and Hispanic Latinos (10.2%) [57]. South Asian pop-
ulations also had the largest proportion of cardiovascular
deaths of 1.7 million in 2013, with an increase of 97.4% since
1990 [58].

Gender Differences in DM and CVD Risk

Several studies have also shown different CVD risks across
gender among those with DM. The Early Rancho Bernando
Study demonstrated that men with DM had a 2.4-fold in-
creased risk of ischemic heart disease compared to men with-
out, while diabetic women had a 3.5 increased risk [59, 60].
Additionally, there was a 3-fold excess fatal CHD risk in type
2 DM females, with a hazard ratio of 14.74 (95% CI 6.16—
35.27) compared to men (HR 3.77; 95% CI, 2.52-5.65) [61].
Not only was there a higher mortality for MI in diabetic wom-
en compared to men, myocardial infarction also occurred ear-
lier in women [62, 63]. For stroke analysis, a comprehensive
systematic review and meta-analysis from 64 cohorts with
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12,000 strokes, the adjusted RR for stroke and DM was 2.28
(95% CI, 1.93-2.69) for women vs. 1.83 (95% CI, 1.60-2.08)
in men [64]. In addition, in the Framingham Study with
36 years of follow-up data, diabetic women were also noted
to have greater age-adjusted risks of PAD (risk ratio 6.4 vs. 2.9
in men), heart failure (7.8 vs. 4.4), as well as overall CVD
events (3.7 vs. 2.2) when compared to diabetic men [65].

Diabetes as a CVD Risk Equivalent

There still remains debate if diabetes can be considered as a
CVD risk equivalent with such a strong association and rela-
tion with diabetes and CVD development [66, 67]. It has pre-
viously been shown that a diabetic patient without a previous
MI compared to a non-diabetic patient with a prior MI have
similar risk for CHD death in both men and women [68]. As
compared to women without DM and CHD at baseline, age-
adjusted RR of overall mortality was 3.39 (95% CI, 3.08—
3.73) in those with diabetes and no CHD, 3.00 (95% ClI,
2.50-3.60) for a history of CHD and no DM [69]. However,
debate still remains since there has also been an opposing
view. One meta-analysis of 13 studies with a total of 45,108
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Fig. 3 Meta-analysis demonstrating diabetes is not a CHD equivalent. (with permission from Bulugahapitiya et al. Diabet Med 2009; 26:142-148) [70]

patients demonstrated that those with DM have actually a
lower CHD event rate compared to known CHD, while an-
other study showed that global CVD risk in US adults dem-
onstrated that half of women and one third of men with DM
are at low or intermediate CVD risk [70, 71] (Fig. 3).
NHANES studies also show that the average Framingham
and UKPDS 10-year risk for CHD are 12.6% in diabetic
women and 11.6% in men, and demonstrate that diabetes does
not reach the CHD risk equivalence cutpoint of 20% 10-year
risk [72]. In the Kaiser Permanente Northern California study,
DM alone was not a CHD risk equivalent since DM alone had
a HR 1.7 (1.66-1.74), a CHD alone 2.8 (2.7-2.85), and a
combined 3.9 (3.8-4.0) [73]. Based on the level of coronary
calcium, the Multiethnic Study of Atherosclerosis showed
there was in fact a 10-fold variation in CHD risk in those with
DM, ranging from 0.4 to 4% per year for annual CHD event
rates, further demonstrating that DM is not a risk equivalent,
and that perhaps the extent of subclinical atherosclerosis itself
rather than DM status is a stronger driver of risk [74].

Genetic Variants

Mendelian randomization analyses also support a causal role
for DM through its association of high glucose levels on CAD.
Using the information from 59 other genetic variants in one
study, DM was associated to CAD with an odds ratio of 1.63
(95% Cl1, 1.23-2.07; P<0.002). Of those variants, nine were
with an odds ratio of 1.53 for every 1% increase in HbA1C

(95%CI, 1.14-2.05; P<0.023) to the increased risk of CAD,
while this effect was non-significant among 30 genetic vari-
ants associated with fasting glucose per mmol/L (OR, 1.18;
95% CI, 0.97-1.42; P %, 0.102) [75], thus suggesting a causal
relationship between type 2 diabetes and CAD at a genetic
level [76]. Debate still remains if the association between
DM and CVD is related to diabetes status itself or the risk
factors diabetic patients are prone to. Meanwhile, other studies
focus on the relationship among risk factors to diabetes, with
one such link between lipid variants and diabetes status [77].
However, in other studies, genetic variants for elevated fasting
plasma glucose but not genetically elevated risk of type 2
diabetes were associated with arterial stiffness, thus suggest-
ing a causal associated between hyperglycemia and athero-
sclerosis, independently of type 2 diabetes [78¢¢]. Several
Mendelian randomization analyses have shown that diabetes
is associated with CAD, independent of other risk factors
(odds ratio [OR], 1.63; 95% confidence interval [CI], 1.23—
2.07; P=0.002) [79ee].

Conclusion

With the rapid and alarming growth of DM, the concern
lies in both the vast prevalence as well as the major com-
plications associated with DM, especially CVD. More at-
tention needs to be paid to its prevention and targeting
genetic variants for risk factors of diabetes and the genetic
predisposition of diabetes itself.
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