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Abstract: Chronic kidney disease (CKD) has become a major public health problem in

the USA and worldwide. A large majority of patients with CKD have mild to moderate

disease and microalbuminuria. It has increasingly been noted that patients with CKD

have a significantly higher risk of cardiovascular outcomes compared to patients with

normal kidney function. Many studies have shown increased risk beginning at stage 3

CKD but risk has been elevated in patients with milder degrees of kidney dysfunction

in some studies. This risk may be better predicted by the degree of albuminuria in the

earlier stages of CKD. Data addressing interventions to improve outcomes in patients

with mild to moderate CKD are scarce. In this paper, we examined data and post hoc

analyses from the ORIGIN and ACCORD trials. Data indicate that intensive treatment

of diabetes in patients with CKD actually may result in adverse outcomes. The

mechanism by which CKD results in increased cardiovascular risk is not clear.

Patients with CKD frequently have the traditional risk factors that cause cardiovascular

disease and there are mechanisms that are unique to CKD that promote the develop-

ment of cardiovascular disease. In this article, we describe in some detail traditional,

newer and novel risk factors that play a role in the development of CKD and heart

disease.
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Introduction
Over 20 million people in the USA have been diagnosed with diabetes mellitus

(DM).1 DM is a recognized risk factor for cardiovascular disease and is the leading

cause of chronic kidney disease (CKD) in the USA. United States Renal Data

System (USRDS) data have shown an overall prevalence of CKD (Stages 1–5) in

the US adult general population of 14.8% over the period 2013–2016 whereas the

prevalence of CKD among patients with DM was more than double this figure at

36% in this same time period.2 Patients with DM usually have other risk factors for

cardiovascular disease, such as hypertension and hyperlipidemia. However, the

higher rates of cardiovascular morbidity and mortality that are seen in patients

with diabetic nephropathy cannot be explained by the presence of these traditional

risk factors, and CKD has been shown to be an independent risk factor for

cardiovascular disease.3 The impact of CKD on increased cardiovascular risk has

been demonstrated and it is felt that CKD should be regarded as a coronary disease

equivalent.4
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United States Renal Data System
The 2018 USRDS data also reported that a prevalence of

cardiovascular disease among patients 66 and older with

CKD is approximately twice that of patients without CKD

(64.5% vs 32.4%).2 In addition, a large burden of mortality

in CKD patients is as a result of cardiovascular disease. In

fact, patients with CKD die of cardiovascular disease more

often than they progress to end-stage renal disease

(ESRD).5 Although there are plenty of data documenting

increased cardiovascular risk in patients with CKD, data in

patients with type 2 diabetes mellitus (T2DM) and CKD

are scarce.

Furthermore, the effect of treatment in patients with

early diabetes or prediabetes is not known. In this article,

therefore, we addressed primarily this patient population,

examined data from the ORIGIN study and we reviewed

the relevant literature.

The ORIGIN trial was a randomized control trial

(RCT) of 12,537 patients with pre-DM or early T2DM

which was designed to evaluate the effect of basal insulin

on outcomes.6 In a post hoc analysis, cardiovascular out-

comes in patients with normal kidney function were com-

pared to patients with stage 1–3 CKD. Persons with mild

to moderate CKD were found to have an 87% higher risk

of the composite end point of nonfatal myocardial infarc-

tion (MI), nonfatal stroke or death from cardiovascular

causes.

These patients had significantly higher risks of nonfatal

MI and stroke and a greater than twofold higher risk for

both cardiovascular and all-cause mortality. Results of this

trial showed no difference in cardiovascular outcomes

between patients treated with insulin or those in the pla-

cebo arm. There was no difference in outcomes after

treatment with insulin in either patients with CKD or

patients with normal kidney function. In the post hoc

analysis, CKD stages 1, 2 and 3 remained an independent

predictor when proteinuria was excluded. When protei-

nuria was included, CKD was not a significant contributor.

This suggested that proteinuria is a stronger predictor of

risk for these outcomes than the presence of mild to

moderate CKD.7

CKD, proteinuria and risk of
cardiovascular disease
It has been demonstrated that reduction in estimated glo-

merular filtration rate (eGFR) is associated with increased

risk of cardiovascular events. In a study of over 1 million

patients in an integrated health-care system, with a median

follow up of 2.84 years, the rate of cardiovascular events,

death and hospitalization increased steeply as eGFR

declined. The HR of any cardiovascular events doubled

when eGFR fell to 30–44 mL/min/1.73 m2 compared with

the reference group with eGFR ≥60 mL/min/1.73 m2. The

HR further increased to 3.4 when eGFR fell below 15 mL/

min/1.73 m2. The risk of death from any cause also

increased by almost 600% when eGFR fell below 15

mL/min/1.73 m2.8

The risk of MI due to CKD seems to be even higher

than the risk conferred by DM. This was demonstrated in a

population-based study of over 1 million patients in

Canada. They found that in people without established

CAD, the rate of MI was lower in patients with DM

without CKD compared to patients with CKD at 5.4 per

1,000 person-years vs 6.9 per 1,000 person-years. This risk

also increased with decreasing eGFR and increasing albu-

minuria. The rate of incident myocardial infarction in

people with diabetes was about half that of people with

eGFR <45 mL/min per 1.73 m2 and severely increased

proteinuria.9

Increased urinary albumin excretion has also been

shown to be a strong predictor of cardiovascular disease

in patients with DM that is independent of both GFR and

the presence of diabetes.10 The progression of microalbu-

minuria in subjects with T2DM is independently asso-

ciated with a further increased risk for cardiovascular

disease.11,12,13

The increased risk has been shown to be proportional

to the level of albuminuria, and in some studies the cardi-

ovascular risk is increased even at levels that are not

considered to be abnormal.

A study of over 200,000 patients in Ontario 66 years

and older from 2002 to 2015 showed that increased urin-

ary albumin excretion was associated with a higher risk of

both non-ST-elevation myocardial infarction (NSTEMI)

and ST-elevation myocardial infarction (STEMI) at any

level of kidney function. ACR >30 mg/mmol was asso-

ciated with a twofold higher adjusted risk of both STEMI

and NSTEMI among patients with eGFR ≥60 mL/min/

1.73 m2 compared to ACR <3 mg/mmol.14

In a post hoc analysis of the Heart Outcomes

Prevention Evaluation (HOPE) study in patients with and

without diabetes, microalbuminuria increased the risk of

major cardiovascular events (RR 1.83), all-cause death

(2.09) and hospitalization for congestive heart failure

(3.23). The risk of events increased proportionally with
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increasing ACR, and the risk of cardiovascular events was

elevated at levels that are even below the cutoff for

microalbuminuria.15

This finding of increased cardiovascular risk at levels

of albuminuria <30 mg/g was also noted in a meta-analysis

of over 1 million participants across 14 countries in gen-

eral population cohorts. With respect to eGFR, the

increase in mortality risk became statistically significant

at eGFR 60 mL/min/1.73 m2 and increased twofold at

eGFR 30–45 mL/min/1.73 m2 independently of albumi-

nuria. Across all eGFR categories but <30 mL/min/1.73

m2, higher ACR was associated with greater than twofold

higher mortality risk. Compared to the ACR level 5 mg/g,

an ACR within the microalbuminuria range increased the

risk twofold. The increased risk became statistically sig-

nificant at an ACR of 10 mg/g compared to 5 mg/g.16

Similar results were noted in a meta-analysis of cardiovas-

cular mortality in patients with high risk for CKD.17

It is also important for treating physicians to be aware

of the significant risk conferred by decreased eGFR, and

that in the presence of mild CKD, any degree of protei-

nuria is also associated with adverse outcomes. The

Losartan Intervention For Endpoint reduction in hyperten-

sion (LIFE) study suggested that during treatment, any

reduction in the risk for the primary outcome (myocardial

infarction, stroke, and cardiovascular mortality) was linked

to a proportional reduction of urinary albumin excretion.18

Pathophysiological mechanisms
The pathophysiological mechanisms that define the link

between renal and cardiovascular disease are not fully

understood. Patients with CKD often have traditional risk

factors for cardiovascular disease, namely older age,

hypertension, DM, dyslipidemia, tobacco use, family his-

tory, and male gender. However, the presence of these risk

factors cannot account for the increased cardiovascular

morbidity and mortality that has been demonstrated in

CKD. The discovery of novel risk factors and biomarkers

that are unique to CKD help to better understand the

complex relationship between the kidney and the heart

and how CKD promotes cardiovascular disease.

The bi-directional relationship between the heart and

kidney is called the cardiorenal syndrome. Type IV

describes CKD that contributes to decreased cardiac func-

tion, cardiac hypertrophy and/or increased risk of adverse

cardiovascular events and is called chronic renocardiac

syndrome.19 CKD causes pressure overload secondary to

hypertension and vascular stiffness and volume overload

that increases left ventricular wall stress. These factors can

result in the development of cardiomyopathy and left

ventricular failure.20

Novel risk factors and biomarkers
Bufadienolides are compounds that belong to the cardiac

glycoside class (like digoxin) and have been proposed to

have a causative role in the development of cardiac disease

in CKD. These compounds inhibit the adenosine tripho-

sphatase sodium-potassium pump (Na-K-ATPase), thus

inducing natriuresis, vasoconstriction and subsequently

increasing blood pressure, as well as cardiac inotropy.21,22

They are synthesized in the adrenal cortex and placenta

and levels are elevated as a result in chronic volume over-

load, as can occur in CKD. Marinobufagenin is the most

studied member of this class. It has been implicated in the

development of fibrosis in uremic cardiomyopathy by

showing that in animal models, immunization against mar-

inobufagenin improved cardiac hypertrophy, fibrosis, and

oxidative stress. It has also been shown to play a role in

promoting fibrosis of the kidney.23

It has been postulated that common processes may

underlie the association between renal and cardiovascular

disease.24 Published in 1989, the Steno hypothesis pro-

posed that albuminuria was a result of global dysfunction

of the vascular endothelium.25 However, the causal rela-

tionship still needs to be clarified, as it remains unclear

whether microalbuminuria causes endothelial dysfunction

or vice versa. Recent findings suggest that vascular

endothelium has a crucial role in determining the perme-

ability of albumin, through a molecule called glycocalix.

Glycocalix fills the endothelial fenestrae and plays a role

in permeability, specifically glomerular size and charge

selectivity.25–27 Defects in endothelial glycocalyx have

been implicated not only in microalbuminuria but also to

the pathogenesis of atherosclerosis. It is speculated that the

penetrance of albumin through the glomerulus reflects a

generalized transvascular leakage of albumin and possibly

other lipoprotein particles into the arterial wall, thus con-

tributing to atherosclerosis.25,28

More recent studies have demonstrated the role of

decreased bioavailability of nitric oxide in the develop-

ment of endothelial dysfunction.29 Nitric oxide has potent

vasodilation, antiplatelet, antiproliferative, anti-adhesive,

permeability-decreasing, and anti-inflammatory properties

and decreased bioavailability of NO has been implicated in

the development both proteinuria and cardiovascular

disease.
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Other biochemical molecules, known as dimethylargi-

nines, are implicated in the pathogenesis of cardiovascular

disease in CKD.30 They are usually excreted into the urine

as products of protein degradation, and subsequently their

urinary levels are raised in clinical conditions associated

with increased protein breakdown such as tumor growth

and neurodegenerative diseases.31 Post-translational

methylation of arginine residues results in the formation

of two isomers; asymmetric and symmetric

dimethylarginines.32 Levels of dimethylarginine are sub-

stantially increased in subjects with CKD. Asymmetric

dimethylarginines act as an endogenous inhibitor of nitric

oxide synthesis, and thus counter-regulate their favorable

properties33 and may underlie many of the clinical symp-

toms related to renal diseases and their vascular

complications.34 CKD is a chronic inflammatory state.

Chronic inflammation has been described in the pathogen-

esis of atherosclerosis. Markers of inflammation have been

studied in patients with CKD and albuminuria. Plasma

levels of IL-1b, IL-1RA, IL-6, TNF-a, hs-CRP have been

found to be inversely proportional to the level of kidney

function and increased with higher levels of albuminuria.35

Plasma levels of fibrinogen, IL-6, and TNF-α have been

shown to have positive independent associations with a

composite of incident MI, PAD, stroke, and death.36

Moderate kidney disease has also been shown to inhibit

the regression of atherosclerosis in a mouse model as a result

of impaired chemokine receptor 7 signaling. This resulted in

macrophage accumulation in the atherosclerotic lesions that

may increase foam cell formation.37 A newly described hor-

mone, called adiponectin, is a biomarker for metabolic syn-

drome which is closely correlated to kidney disease.38

Adiponectin levels are inversely related to several metabolic

parameters, such as body mass index and glucose levels, thus

levels are suppressed in obesity and DM. It appears to have a

protective role via anti-atherosclerotic, insulin-sensitizing,

antioxidant and anti-inflammatory effects on the vascular

endothelium. It may reduce albuminuria by stabilizing podo-

cyte function as well.39 In mouse models, low adiponectin

levels are associated with renal fibrosis and albuminuria.40

Hashimoto et al demonstrated that adiponectin levels corre-

lated positively with HDL and negatively with triglyceride

levels in Japanese men undergoing coronary angiography.

Hypoadiponectinemia was also found to be associated with

early onset of coronary artery disease and a greater number of

atherosclerotic lesions in the coronary vessels.41 In addition to

the previously described mechanisms, adiponectin may have

direct beneficial effects on cardiomyocytes by inhibiting

apoptosis caused by ischemia-reperfusion injury.42 In a cohort

study of chronic hemodialysis patients, it has been postulated

that decreased plasma levels of adiponectin are associated

with increased risk of cardiovascular disease mortality.43

Thus, the role of adiponectin and its association to mild and

moderate kidney disease may also be of clinical importance.

Other contributing factors to increased cardiovascular

risk in patients with CKD include increased RAAS and

sympathetic activity, anemia, hyperphosphatemia, vascular

calcification as well as vitamin D deficiency.44

The discovery of novel compounds has helped us to better

understand some of the links between kidney disease and

cardiovascular disease. However, whether there is a direct

causative role of CKD and albuminuria on cardiovascular

disease or a common underlying pathogenesis is still unclear.

The risk factors and novel biomarkers that affect car-

diac and kidney function are depicted in Figure 1.

Treatment and cardiovascular
outcomes
The effect of intensive treatment of T2DM on cardiovas-

cular and renal outcomes was examined in a few other

studies with a similar design to ORIGIN, that are summar-

ized in Table 1.45–49 The most important of those studies

was the Action to Control Cardiovascular Risk in Diabetes

(ACCORD) trial. ACCORD was a randomized, controlled,

but not-blinded trial with a 2×3 factorial design, and it was

conducted in 10,251 high-risk patients with T2D and a

glycated hemoglobin level ≥7.5%.50 The study examined

the effect of intensive glycemic control, intensive BP and

lipid control of cardiovascular and renal outcomes. The

primary outcome of the main glycemia study suggested

that intensive glucose-lowering was associated with

increased risk for cardiovascular and all-cause mortality,

as compared to standard therapy.45 Our team performed

post hoc analyses to assess the impact of intensive thera-

pies on cardiovascular and renal events in patients with

and without CKD.51–54

In the first post hoc analysis of ACCORD, Papademetriou

et al assessed the influence of CKD IIII on cardiovascular

morbidity and mortality, as well as disparities of intensive

glucose management between participants with and without

CKD.51 Cardiovascular outcomes were available in all

ACCORD participants (10,251), whereas renal data were

available for 10,142 participants. Among ACCORD partici-

pants 36% were diagnosed with CKD stages 1–3. Patients

with CKD were older, had higher body mass index, HbA1c
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and fasting glucose, systolic BP, the prevalence of cardiovas-

cular disease and heart failure, and duration of diabetes. Of

note, CKD patients used more insulin and antihypertensive

agents, while oral hypoglycemic agents were used less fre-

quently as compared to patients with no CKD. Compared to

non-CKD, patients with CKD had a higher rate of

cardiovascular events and higher and higher cardiovascular

and all-cause mortality (HR of 2.19; 95% CI: 1.76–2.73, and

HR: 1.97; 95% CI: 1.70–2.29). The risk of the primary

composite outcome of nonfatal myocardial infarction, non-

fatal stroke, and cardiovascular death was increased by

approximately 87% (HR: 1.87; 95% CI: 1.65–2.11) in CKD

#TRADITIONAL FACTORS
Older age, Family history, Hypertension, Diabetes 

mellitus, Dyslipidemia, Tobacco use

NEWER FACTORS
Pressure Overload
Volume Overload
#RAAS activation

#Sympathetic activation
Anemia

Vascular calcification
Vitamin D deficiency

NOVEL FACTORS
#Endothelial Dysfunction

#Defects in Glycoalyx
#   Bioavailability of NO

#Bufadienolides
Asymmetric Dimethylargines

Impaired CCR7 signaling
Chronic Inflammation

Fibrinogen, IL-6, TNF-α ,hs-CRP
Adiponectin

Figure 1 Pathophysiological mechanisms involved in the development of cardiovascular disease in CKD. Factors that have bidirectional action and may affect both kidney and

cardiac function are labeled with #.

Abbreviations: CCR7, chemokine receptor 7; CKD, Chronic Kidney Disease.

Table 1 Summary of the most important clinical studies assessing cardiovascular risk and renal outcomes in patients with T2D and

CKD other than ORIGIN, ACCORD, and EMPA-REG

Study Number of participants Comparators Outcome

ABCD [45] 480 normotensive patients with diabetes

mellitus

Intensive decrease in DBP vs tar-

get for DBP of 80–89 mmHg

−15 vs 8 patients reverted from micro-

albuminuria to normoalbuminuria*

-lower risk for progressing in macroal-

buminuria and overt albuminuria*

-1.7% vs 5.4% Cerebrovascular events*

IDNT [46] 590 patients with hypertension, diabetes and

microalbuminuria

Irbesartan 150 or 300 mg vs

placebo

Time of onset of diabetic nephropathy:

HR: 0.3 (95%CI: 0.14–0.61)*

RENAAL [47] 1,513 patients with hypertension, diabetes

and nephropathy

Baseline SBP: 140–159 mmHg vs

<130 mmHg

Risk for ESRD of death HR: 0.62*

UKPDS [48] 5,097 patients with diabetes After 10 years of follow-up -Patients with nephropathy had an

annual death rate of 19.2%*

-Risk for cardiovascular death increased

with increasing nephropathy*

VA Nephron [49] 1,449 with diabetes mellitus, macroalbumi-

nuria and eGFR 30–89 mL/min/1.73 m2

Losartan with lisinopril vs losar-

tan with placebo

-Mortallity HR: 1.04 (95%CI: 0.73–1.49)

-No significant difference in cardiovas-

cular outcomes

Abbreviations: T2D, type 2 diabetes; CKD, chronic kidney disease; DBP, diastolic blood pressure; SBP, systolic blood pressure; ESRD, end-stage renal disease; eGFR,

estimated glomerular filtration rate.
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compared with non-CKD patients. Similarly, CKD partici-

pants experienced a higher risk for nonfatal myocardial

infarction, nonfatal and any type of stroke, major coronary

artery disease, and congestive heart failure by 62%, 149%,

141%, 56%, and 219%. Compared with standard therapy,

intensive glucose control in patients with CKD was asso-

ciated with a higher risk for cardiovascular (HR: 1.41; 95%

CI: 1.05–1.89) and all-cause mortality (HR: 1.30; 95% CI:

1.07–1.60); that remained statistically significant even after

multivariate adjustments. Of note, the test for interaction was

not significant, suggesting that these observations may need

validation. In contrast, no significant differences in cardio-

vascular and all-cause mortality were observed between

intensive and standard therapy in participants free of CKD.

Likewise, CKD participants had a significantly higher risk

for hypoglycemia compared with non-CKD participants. Of

note, insulin was used in approximately 25% of the study

participants, with higher doses by individuals randomized to

the intensive compared with the standard glucose-lowering

group, as the study design recommended a titration in pre-

vious insulin dose by 10% when the glycemic-target was not

achieved.

The 2018 Consensus Report from the American

Diabetes Association and the European Association for

the Study of Diabetes now recommends the use of

sodium-glucose cotransporter-2 inhibitors (SGLT2i) in

patients with DM with established atherosclerotic cardio-

vascular disease (ASCVD), heart failure and CKD as recent

data suggest that they improve both cardiovascular out-

comes and slow progression of renal disease.55 The

EMPA-REG OUTCOME, CANVAS Program and

DECLARE-TIMI 58 were RCTs that evaluated the effect

of SGLT2i on cardiovascular and renal outcomes in patients

with T2DM.55–57 When stratified by eGFR, a recent meta-

analysis of these SGLT2i trials showed a 40% reduction in

hospitalization for heart failure and 18% reduction in major

cardiovascular events in patients with GFR <60 mL/min per

1.73 m2, and 31% reduction in hospitalization for heart

failure and major cardiovascular events in patients with

stage 2 CKD.58 Of note, SGLT2i are contraindicated in

severe CKD. Dapagliflozin is contraindicated when eGFR

<60 mL/min/1.73 m2 and canagliflozin and empagliflozin

when eGFR <45 mL/min/1.73 m2. As such, these agents are

of particular benefit in early CKD rather than advanced

stages to reduce cardiovascular events. Moreover, a post-

hoc analysis of pre-specified renal outcomes of the EMPA-

REG OUTCOME study showed that empagliflozin was

associated with nephroprotection.59 More than one out of

four participants had CKD stage 3 and more than one out of

10 had albuminuria ≥300mg/day. Empagliflozin was signif-

icantly associated with a lower hazard of incident or wor-

sening nephropathy, progression to macro-albuminuria,

doubling serum creatinine, as well as initiating renal repla-

cement therapy compared to placebo (relative risk 0.61;

0.62; 0.56; and 0.45, respectively).

The EMPA-Kidney trial is an ongoing Phase 3 trial to

investigate the effect of empagliflozin on kidney disease

progression or cardiovascular death vs placebo on top of

standard of care in patients with preexisting CKD.60 This

study will include patients with advanced kidney disease

with eGFR as low as 20 mL/min/1.73 m2 as well as

patients with milder degrees of kidney dysfunction with

albuminuria. The estimated completion date is in 2022

and, if shown to have benefit, has the potential to impact

the management of a large number of at-risk patients.

In the second post hoc ACCORD analysis,47 the impact

of intensive BP control was examined in patients with and

without CKD. Intensive antihypertensive treatment in parti-

cipants free of CKD showed a statistically significant reduc-

tion in any cerebrovascular event and non-fatal stroke by

55% and 50%, respectively. Similarly, in CKD participants,

intensive blood pressure therapy was associated with a sig-

nificant reduction of any cerebrovascular event and non-fatal

stroke by 38% and 65%, respectively. However, changes in

other cardiovascular disease outcomes were not significant.

The third sub-analysis of the ACCORD trial assessed the

impact of fenofibrate on cardiovascular and mortality out-

comes according to CKD status.48 It was found that in CKD

participants, the addition of fenofibrate had no effect on any

of the outcomes. In contrast, in patients without CKD, the

addition of fenofibrate resulted in a significant 36% reduction

of cardiovascular mortality (95% CI 0.42–0.97), and 44%

lower rate of congestive heart failure (95% CI 0.37–0.84).

Recently, Mottl and colleagues conducted a post-hoc analy-

sis of the long-term outcomes of the ACCORD study

(ACCORDION) to investigate the impact of intensive BP con-

trol, antidiabetic therapy, and fenofibrate on renal and mortality

outcomes.49 In 10 years of follow-up, incidence of macro-albu-

minuria, doubling of serum creatinine, need for dialysis, and

death were observed in 988, 954, 351, and 1,905 participants,

respectively. From the therapeutic trinity, only intensiveglucose-

lowering therapy was associated with a significant reduction in

the composite outcome by 8% (HR: 0.92; 95% CI: 0.86–0.98).

Nevertheless, multivariable analysis of secondary outcomes

unveiled that benefit was driven by a reduction in macro-albu-

minuria (HR: 0.68; 95% CI: 0.59–0.77), which was the only
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outcome that was reduced with intensive treatment. In contrast,

both intensiveBP therapy and fenofibratewere associatedwith a

significantly higher incidence of serumcreatinine doubling (HR:

1.64; 95% CI: 1.30–2.06, and HR: 2.00; 95% CI: 1.61–2.49,

respectively).

Conclusion
All in all, data show that intensive treatment of diabetes in

patients with mild to moderate CKD may lead to an improve-

ment in proteinuria, but may worsen cardiovascular outcomes

and even increase cardiovascular and all-causemortality. Newer

agents, like SGLT2 inhibitors, have been shown to improve

cardiovascular and renal outcomes. In recent years, a number

of novel factors have been identified in patients with CKD that

may independently contribute to the development of cardiovas-

cular disease. These novel factors can be potential therapeutic

targets in the future, but there is a need for ongoing research in

this arena.
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