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Abstract

Diabetic nephropathy is the most common cause of chronic kidney disease and represents a large

and ominous public health problem. Patients with diabetic kidney disease have exceptionally high

rates of cardiovascular morbidity and mortality. In fact, the excess mortality among patients with

diabetes appears to be largely limited to the subgroup with kidney disease and explained by their

high burden of cardiovascular disease. The mechanisms underlying the strong association between

diabetic kidney disease and various forms of cardiovascular disease are poorly understood.

Traditional risk factors for cardiovascular disease, although prevalent among those with diabetes,

do not fully account for the heightened risk observed. Despite their susceptibility to cardiovascular

disease, patients with chronic kidney disease are less likely to receive appropriate risk factor

modification than the general population. Moreover, as patients with chronic kidney disease have

commonly been excluded from major cardiovascular trials, the evidence for potential treatments

remains limited. Currently, mainstays of treatment for diabetic kidney disease include blockade of

the renin-angiotensin-aldosterone system, and control of hypertension, hyperglycemia and

dyslipidemia. Increased awareness of the vulnerability of this patient population and more timely

interventions are likely to improve outcomes, while large evidence gaps are filled with newer

studies.
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The prevalence of diabetes mellitus in the United States has grown steeply over the past few

decades. Diabetes was recently estimated to affect 11.3% of the adult population.1 Globally,
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the number of people with diabetes is increasing as well and is expected to exceed 430

million by 2030.2 Diabetes has long been known to be associated with a high risk of

cardiovascular (CV) morbidity and mortality.3 Patients with diabetes are more than twice as

likely to die from vascular causes as those without diabetes, and cardiovascular disease

(CVD) accounts for approximately 60% of the life years lost from diabetes.4 This excess in

cardiovascular mortality among patients with diabetes has also been demonstrated in

multiple prospective trials.5,6 It appears to be caused not only by a higher incidence of

cardiovascular events, but also by worse CVD outcomes among those with diabetes.7

Patients with diabetes but no prior history of myocardial infarction (MI) appear as likely to

die from coronary heart disease as patients without diabetes who have established coronary

artery disease.8 Accordingly, diabetes has been considered to be a “coronary artery disease

equivalent” by many. As a result, clinical guidelines have placed strong emphasis on

primary and secondary prevention of CVD among patients with diabetes.

More recently, the significant impact of chronic kidney disease (CKD) on cardiovascular

risk has been increasingly recognized. Patients with CKD are far more likely to die,

predominantly from CVD, than to progress to end-stage renal disease (ESRD).9 Diabetes is

the leading cause of CKD in the United States, and may be considered thereby to contribute

to a significant proportion of the CVD associated with CKD. Patients with diabetic

nephropathy have a disproportionally higher risk for CVD when compared to patients with

diabetes who do not have kidney disease. This review focuses on the inter-relationships

between diabetes, chronic kidney disease and cardiovascular disease.

Epidemiology of chronic kidney disease and diabetic nephropathy

CKD is defined by the Kidney Disease Improving Global Outcomes (KDIGO) Work Group

as functional or structural abnormalities of the kidneys persisting for ≥ 3 months as

manifested by decreased estimated glomerular filtration rate (eGFR) (≤ 60 mL/min/1.73m2)

or by evidence of kidney damage (e.g., albuminuria or proteinuria).10 Similarly to diabetes,

CKD represents a formidable and rapidly growing public health problem.11 Between 1988–

1994 and 1999–2004, CKD increased in prevalence from 10% to 13% in the United States,

however, this increase did not persist after accounting for the increase in prevalence of

diabetes during the same time period.12 Based on the National Health and Nutrition

Examination Surveys (NHANES), the prevalence of diabetic nephropathy rose from 2.2% to

3.3% between 1988–1994 and 2005–2008, in direct proportion to the concomitant increase

in diabetes.13 From 1991 to 2010, the number of patients with ESRD more than doubled

from 209,000 to 580,000, with diabetic nephropathy accounting for approximately 38% of

those cases. In socioeconomic terms, the burden of CKD is enormous with Medicare

expenditure on the US ESRD program alone reaching 33 billion dollars in 2010.

Associations between chronic kidney disease and cardiovascular disease

In recent years, a growing number of studies have demonstrated the exceptionally high risk

of CVD in patients with CKD. In fact, death related to cardiovascular causes is the main

competing outcome to development of ESRD in patients with CKD. For patients with CKD

stage 3 (eGFR ≤ 60 mL/min/1.73m2), the risk of death is over ten times higher than the risk
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of progression to ESRD.14 In part, the high risk for death accounts for the large difference in

numbers of patients with earlier stages of CKD when compared to those with ESRD. For

those relatively few patients who do eventually reach ESRD, prognosis is grim with a five-

year survival averaging less than 40% largely due to CVD-associated morbidity and

mortality.

Both decreased eGFR and increased albuminuria have been identified as independent risk

factors for all-cause and cardiovascular mortality in the general population.15–18 A meta-

analysis of general population cohort studies demonstrated that hazard ratios (HR) for

cardiovascular mortality, defined as death from MI, heart failure, stroke or sudden death,

increased progressively with declining eGFR. Once below 60 mL/min/1.73m2, in the

absence of albuminuria, the HR for CV death increased from 1.52 for patients with an eGFR

of 45–59 mL/min/1.73m2 to 13.51 for patients with an eGFR of 15–29 mL/min/1.73m2.

Albuminuria above 10 mg/g, in the absence of decreased eGFR, was similarly found to be

associated with progressively increased risk of CV mortality. When both were present

together, decreased eGFR and albuminuria were multiplicatively associated with CV

mortality.19 With the establishment of CKD as a powerful predictor of CVD, clinical

guidelines, including those of the American Heart Association, have begun to endorse the

inclusion of patients with CKD in the highest risk group in their recommendations for

prevention, detection and treatment of CVD.20

Diabetes, diabetic nephropathy and mortality

Diabetes is a strong risk factor not only for CVD, but also for the development of CKD.21

The risk of ESRD is increased 12-fold in patients with diabetes.22 Roughly 40% of patients

with diabetes have evidence of CKD upon screening for decreased eGFR and albuminuria.23

The development of albuminuria has long been recognized as a poor prognostic indicator in

patients with diabetes.24 Numerous studies examining the association of decreased eGFR

and/or increased albuminuria with CV endpoints in patients with diabetes have made similar

observations as those in general population cohorts; both eGFR and albuminuria

independently predict increased CV morbidity and mortality.25–29

Given the heightened CV risk with both diabetes and CKD, three studies were recently

performed to more specifically elucidate the impact of diabetic nephropathy on premature

mortality in patients with diabetes. The first of these was the FinnDiane study, a national

prospective study on 4,201 Finnish patients with type 1 diabetes. During a median follow-up

of 7 years, study participants had 3.6-fold higher mortality compared to the age- and sex-

matched members of the general population. Remarkably however, excess mortality was

only observed in the subgroup of patients with diabetes who had CKD.30 The validity of

these findings were strengthened when another group made similar observations in a

separate study population consisting of 658 American patients with type 1 diabetes who had

been followed for a median of 20 years.31 The third study examined 10-year cumulative

mortality by diabetes and kidney disease status among 15,046 subjects with type 2 diabetes

from the third NHANES. Patients with diabetes and kidney disease were found to have a

standardized mortality of 31.1%, representing an absolute difference of 23.4% when
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compared to the reference group who did not have diabetes or CKD, after adjustment for

age, sex, race, smoking, blood pressure and cholesterol. In fact, mortality was similar for

patients with diabetes but without nephropathy when compared to the reference group.32

Taken together, these notable studies demonstrate that in the absence of nephropathy, the

mortality of patients with diabetes does not significantly differ from the general population.

How kidney disease is causally related to the excess mortality risk observed in these studies

remains to be determined.

Mechanisms and manifestations of cardiovascular disease in chronic

kidney disease

Definitive reasons for the associations between diabetes, CKD and CVD are not well known

(Figure 1). A detailed discussion of the many underlying mechanisms that have been

proposed is beyond the scope of this review. Although patients with CKD, particularly those

with diabetic kidney disease, commonly have coexisting traditional risk factors for CVD,

these do not fully explain the increased incidence of CV events and mortality.33 Moreover,

some traditional risk factors such as hypertension, hyperlipidemia and obesity have actually

been observed to have an inverse association with CVD in patients with advanced CKD.34

Other non-traditional factors thought to contribute to CVD in patients with CKD include

derangements in calcium-phosphate homeostasis, arterial stiffening, anemia,

hyperaldosteronism, chronic inflammation, abnormal nitric oxide metabolism and

endothelial dysfunction.35–40 In addition, both diabetes and CKD have been shown to be

hypercoagulable conditions, associated with platelet dysfunction and alterations in plasma

levels of clotting factors and mediators of fibrinolysis.41–42 This becomes more pronounced

when both conditions are present together, resulting heightened risk of thrombotic events.43

Paradoxically, bleeding risk is also increased in those with advanced CKD.

Cardiovascular complications observed in patients with CKD vary widely. Whether the

manifestations of CVD vary by the underlying etiology of CKD is unclear, as studies have

generally not made such comparisons directly. CKD is associated with CAD and with

increased risk of death and nonfatal cardiovascular outcomes after MI.44–45 Left ventricular

hypertrophy and congestive heart failure, which predominantly result from diastolic

dysfunction, are highly prevalent among patients with CKD and those initiating therapy for

ESRD (estimated to affect 74% and 31%, respectively).46–47 Along with heart failure,

sudden cardiac death is the leading cause of mortality in patients with ESRD, accounting for

approximately one quarter of all deaths in this population.48 Milder degrees of CKD have

also been shown to independently increase the risk of sudden cardiac death among patients

with concomitant CAD.49 Moreover, according to a recent meta-analysis, the relative risk of

both ischemic and hemorrhagic stroke is increased to approximately 1.4 in patients with

CKD stages 3–4 (eGFR 15–59 mL/min/1.73m2).50 For patients with ESRD, the relative risk

of stroke compared to the age-matched general population is increased even further, up to

five- to ten-fold, resulting in an overall stroke rate of approximately 4% per year.51 The high

rate of stroke in patients with ESRD is likely in part due to the high prevalence of atrial

fibrillation in this population.52 Notably, in the setting of decreased eGFR or albuminuria,

the stroke risk associated with atrial fibrillation is progressively increased.53 In the dialysis

Pálsson and Patel Page 4

Adv Chronic Kidney Dis. Author manuscript; available in PMC 2015 May 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



population, diabetes also functions as an additional independent predictor of risk.54 Finally,

peripheral artery disease is prevalent among patients with CKD, affecting about 1 in 4 adults

over 40 years of age with CKD. Taken together, these various cardiovascular disease

manifestations in patients with CKD contribute to their excess CVD mortality.

Prevention and management of diabetic nephropathy and reduction of

cardiovascular risk

In light of the high mortality of patients with diabetic nephropathy, primary prevention of its

development and efforts to hinder its progression once it is established are of utmost

importance. Unfortunately, CKD frequently goes unrecognized by both patients and

providers.55 Furthermore, patients with diagnosed CKD have been found to be less likely

than the general population to receive appropriate CVD risk-factor modification.45,56 A

large opportunity to improve outcomes in this vulnerable patient population lies in simply

raising awareness of these issues, and intervening as early as possible.

Management of hypertension and albuminuria

Observational studies in the general population have demonstrated a strong and linear

relationship between blood pressure and CV risk, with the risk of CV events doubling for

every increase in systolic/diastolic blood pressure of 20/10 mmHg above 115/75 mmHg.57

In addition to its direct effect on CV risk, hypertension contributes to both deterioration of

kidney function in diabetes and albuminuria, and is thus an important target for

management. Early studies such as the UKPDS demonstrated that tight blood pressure

control (<150/85 mm Hg) improved renal outcomes.58–59 Based on such trials, clinical

guidelines have long recommended a goal blood pressure of less than 130/80 mmHg for

patients with diabetes. However, due to lack of evidence from prospective trials, this

universal treatment goal was challenged in the most recent KDOQI Clinical Practice

Guidelines for Management of Blood Pressure in CKD, and a less stringent goal of less than

140/90 mmHg was recommended for those patients with diabetes who do not have

significant albuminuria (<30 mg/24 hours). More intensive therapy leading to a blood

pressure less than 140/90 mmHg was also not supported for hypertensive adults with

diabetes or CKD, with or without proteinuria, in the recent 2014 Evidence-Based Guideline

for the Management of High Blood Pressure in Adults.60

By antagonizing the renin angiotensin aldosterone system (RAAS), angiotensin converting

enzyme inhibitors (ACE-I) and angiotensin receptor blockers (ARBs) lower blood pressure

and decrease albuminuria. The Reduction of End Points in Non-Insulin-Dependent Diabetes

With the Angiotensin II Antagonist Losartan (RENAAL) and Irbesartan Diabetic

Nephropathy Trial (IDNT) studies demonstrated that losartan and irbesartan, respectively,

are protective against progression of nephropathy in patients with type 2 diabetes,

independent of blood pressure reduction.61–62 Renoprotective effects of ACEI-I had been

reported prior to this study in patients with type 1 diabetes.63 The Ongoing Telmisartan

Alone and in Combination with Ramipril Global Endpoint Trial (ONTARGET) trial, which

included patients both with and without diabetes, demonstrated that although a combination

of ramipril and telmisartan decreased proteinuria compared to monotherapy with either
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agent, time to dialysis initiation was not delayed. Although neither agent was found to be

superior to the other in the monotherapy arms, the study was not powered to detect such a

difference. Adequately powered head-to-head trials comparing the effectiveness of ACE-I

and ARBs in this setting are limited. The Veterans Affairs Nephropathy in Diabetes (VA

NEPHRON-D) trial, which compared therapy with losartan and lisinopril to losartan alone

in patients with type 2 diabetes and macroalbuminuria (>300 mg/day) also failed to

demonstrate benefit from combination therapy, and was in fact stopped early due to safety

concerns.64 A recent meta-analysis demonstrated that RAAS inhibitors reduce progression

to microalbuminuria (30–300 mg/day) in normoalbuminuric patients with type 2 diabetes,

but not in type 1 diabetes. Already a cornerstone in the management of diabetic

nephropathy, these results might be used to support the routine use of RAAS inhibitors in

the management of patients with type 2 diabetes, regardless of baseline albuminuria.65

Management of hyperglycemia

Hyperglycemia, the hallmark of diabetes, is a fundamental therapeutic target in all patients

with diabetes. As demonstrated in landmark trials such as Diabetes Control and

Complications Trial/Epidemiology of Diabetes Interventions and Complications (DCCT/

EDIC) and UKPDS, tight glycemic control decreases the risk of microvascular

complications, including nephropathy, in patients with both type 1 and type 2 diabetes.66–67

In UKPDS, patients with newly-diagnosed type 2 diabetes were randomized to receive either

intensive glycemic control or conventional therapy achieving hemoglobin A1c (HbA1c)

levels of 7.0% and 7.9%, respectively. The relative risk for development of

microalbuminuria in the intensive group was 0.76 (99% confidence interval 0.62–0.91, p <

0.01). Although no significant difference was initially observed in macrovascular endpoints,

a subsequent 10 year follow-up study during which time patients in both groups had reached

similar HbA1c levels after approximately 1 year showed a 15% relative risk reduction in MI

(p=0.01) and a 13% decrease in all-cause mortality (p=0.007).68 Despite these early

findings, evidence from more recent clinical trials suggesting beneficial effects from tight

glycemic control on macrovascular outcomes in patients with diabetes is minimal and this

has been a matter of controversy. Several large recent randomized controlled trials including

Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified Release

Controlled Evaluation (ADVANCE), Action to Control Cardiovascular Risk in Diabetes

(ACCORD) and Veterans Affairs Diabetes Trial (VADT) have failed to demonstrate a

reduction in major cardiovascular events by reducing HbA1c levels aggressively to less than

7%.69–71 Moreover, patients treated to a median HbA1c of 6.4% in the Action to Control

Cardiovascular Risk in Diabetes (ACCORD) trial had a higher rate of mortality (HR 1.22,

95% CI 1.01–1.46, p=0.04) than the control group which had a median HbA1c of 7.5%. This

excess mortality could not be explained by the frequency of hypoglycemia episodes.

Combined, current evidence supports treatment to a goal HbA1c level of 7.0% to delay

development of microvascular complications, including nephropathy. Notably, no

prospective randomized clinical trials have evaluated the effect of glycemic control on

health outcomes in patients with CKD stages 3–5. Because patients with CKD are more

vulnerable to hypoglycemia than those with preserved eGFR, it remains unclear whether the

same HbA1c goal is optimal for this population.
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Management of dyslipidemia

Dyslipidemia, a strong modifiable risk factor for CV events in the general population, is

common among patients with diabetes and CKD. Data demonstrating a reduction in CV

events from lowering LDL cholesterol in patients with CKD stages 1–3 initially came from

several post-hoc analyses of large randomized controlled trials that had included a sufficient

number of patients with CKD to permit such estimates.72–73 Subsequently, the Study of

Heart and Renal Protection (SHARP) trial evaluated the efficacy and safety of treating

patients with moderate-to-severe kidney disease with a combination of simvastatin and

ezetimibe.74 The study included 9270 patients of whom 3023 were on dialysis. The relative

risk of major atherosclerotic events, defined as non-fatal MI, non-hemorrhagic stroke and

any arterial revascularization procedure during the median follow-up of 4.9 years was 0.83

(95% CI 0.63–0.93, p=0.0036). However, as opposed to what has been demonstrated in

cohorts without advanced CKD, no mortality benefit was observed. Moreover, no

statistically significant reduction in CV events was observed in patients on dialysis therapy.

Subgroup analyses did not demonstrate any differences among patients with and without

diabetes, but such analyses were likely underpowered. Nonetheless, the lack of benefit from

lipid-lowering therapy in patients with ESRD in Study of Heart and Renal Protection

(SHARP) was consistent with findings from two smaller RCTs.48,75 Although some

conflicting data previously existed suggesting that lipid-lowering therapy might hamper

progression of CKD, this was not demonstrated in the much larger Study of Heart and Renal

Protection (SHARP) trial.

Previously, lipid-lowering therapy, with statins as first-line agents, was recommended for

patients with diabetes and CKD stages 1–4 to achieve serum LDL cholesterol levels of

below 100 mg/dL or optionally below 70 mg/dL. However, specific LDL cholesterol

treatment targets were removed from recent recommendations on managing lipids in patients

with CKD in the KDIGO 2013 Clinical Practice Guidelines.76 These recommendations align

with those in the recent prevention guidelines by the American Heart Association and

American College of Cardiology which advised that the decision to initiate cholesterol-

lowering treatment (specifically statin therapy) should be based on the absolute risk of

coronary events.77 Thus, statin therapy should be considered in nearly all patients with

diabetes and CKD given their high risk of CVD and the pleiotropic effects of statins.

Whether patients on statins should discontinue their use once dialysis commences remains

unclear.

Lifestyle changes

All patients with diabetic nephropathy should receive recommendations on lifestyle changes

that may decrease their risk of progression and development of CVD. For patients who

smoke, cessation of tobacco use is imperative, as this may not only significantly decrease

the risk of CVD directly but also slow the progression of early diabetic nephropathy.78 In

addition to adhering to a diabetic diet, patients with nephropathy have traditionally been

advised to restrict both dietary salt and protein intake. The reduction of salt intake by 8.5

g/day has been shown to decrease blood pressure by 7/3 mmHg, an effect size similar to that

commonly seen from single drug therapy.79 Of note however, a recent prospective

observational study in patients with type 1 diabetes without ESRD demonstrated that the
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association between salt intake as estimated by urinary sodium excretion and mortality is

non-linear, with reduced survival seen both in those with the highest and lowest levels of

excretion, regardless of kidney disease.80 Clinical trials will be needed to assess the effect of

dietary salt restriction on mortality in this setting. Dietary protein restriction can improve

eGFR in patients with diabetic kidney disease, although the quality of evidence for this is

not high.81 Finally, combining lifestyle changes with intensive medical management may

significantly lower risk of CVD and impede progression of microvascular disease.82

Management of cardiovascular disease

As reviewed here, patients with CKD, especially those with diabetic nephropathy, have a

very high burden of CVD. When viewed from a cardiovascular focus, patients diagnosed

with heart failure and CAD are often likely to have coexisting CKD, with prevalence rates

reported up to approximately 60%.83–84 Thus, it is striking that despite their large numbers

and poor cardiovascular outcomes, patients with CKD have commonly been excluded from

major CVD trials.85 Accordingly, the evidence base for management of CVD in patients

with CKD remains limited. The pathophysiology and manifestations of CVD in patients

with CKD differ from the general population, and they often have a higher risk of adverse

events with interventions such as anticoagulation and administration of contrast. Although

optimal strategies for the prevention, diagnosis, and management of specific cardiovascular

disease complications have yet to be determined,86 general strategies that address shared

risk-factors including those reviewed above may provide a reasonable starting point from

which to improve outcomes while newer evidence is generated from ongoing and future

trials.

Conclusions

The prevalence of diabetes and chronic kidney disease, which has already reached epidemic

proportions in Western societies, continues to increase. Given the substantial morbidity and

mortality associated with these conditions, the rising prevalence represents a daunting

problem. In light of data demonstrating that cardiovascular disease disproportionally affects

patients with diabetic nephropathy, early and aggressive interventions are needed to lessen

their risk of adverse outcomes. Unfortunately, current treatment options provide only modest

benefits. Further understanding of the pathogenesis of diabetic nephropathy and the

mechanisms by which it is associated with cardiovascular disease are urgently needed.

Alarmingly, patients with chronic kidney disease, including diabetic nephropathy, are

underdiagnosed, undertreated and underrepresented in cardiovascular disease trials.

Increased awareness of the tremendously high risk for cardiovascular disease in the setting

of diabetic kidney disease, addressing known risk factors, as well as a focus on filling

evidence gaps is critical to improving outcomes.
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Clinical Summary

- The prevalence of diabetes mellitus has grown steeply over the past few

decades in the United States and is fueling an increase in prevalence of

diabetic kidney disease.

- Although patients with diabetic nephropathy have a disproportionally high

risk for cardiovascular disease when compared to patients with diabetes who

do not have kidney disease, the mortality of patients with diabetes does not

significantly differ from the general population in the absence of

nephropathy.

- Cardiovascular complications observed in patients with diabetic kidney

disease vary widely, ranging from heart failure to coronary artery disease to

peripheral arterial disease to sudden cardiac death.

- Although optimal strategies for the prevention, diagnosis, and management

of specific cardiovascular disease complications have yet to be determined,

addressing shared risk-factors including hypertension, elevated blood

glucose, and dyslipidemia may provide a reasonable starting point from

which to improve outcomes while newer evidence is generated from ongoing

and future trials.
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Figure 1.
Overview of major established and proposed mechanisms of CVD in patients with DM and

CKD.
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