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General Introduction

Diabetes mellitus (DM) is characterized by the body’s inability to maintain adequate 

glucose levels, and the hallmark of its diagnosis are therefore increased levels of plasma 

glucose. Depending on the underlying pathophysiology, diabetes can be classified 

into different general categories. Type 1 diabetes mellitus (T1DM) is an autoimmune 

disease in which pancreatic β-cells are destroyed over time and endogenous insulin 

production is lost. Type 2 (T2DM) diabetes is characterized by progressive loss of 

β cell insulin secretion, frequently accompanied by insulin resistance. Type 1 and 2 

diabetes represent two broad categories, in which clinical presentation and disease 

progression may vary considerably and the distinction between the two types in 

clinical practice is not always clear-cut. Besides type 1 and type 2 DM, other etiologic 

subtypes such as monogenic diabetes (such as neonatal diabetes and maturity onset 

diabetes of the young (MODY)) have been discovered over the last decades.     

The global prevalence of diabetes mellitus has increased dramatically over the past 

few decades. The total number of adults (20-79 years) with DM increased from 151 

million in 2000 to 451 million in 2017[1]. This increase is mainly due to a in T2DM, 

which is, at least partially, thought to be secondary to the rise in metabolic syndrome 

and obesity. Between 1980 and 2013, the global prevalence of overweight and obesity 

combined rose by 27.5% for adults and 47.1% for children[2].

Patients with DM have an increased  risk to develop microvascular and/or macrovascular 

complications due to hyperglycemia and common co-existing conditions such 

as  hypertension and dyslipidemia. Complications, affecting the eyes (retinopathy), 

kidneys (nephropathy), and peripheral nervous system (neuropathy), are collectively 

called microvascular complications.  Atherosclerotic cardiovascular disease such as 

coronary heart disease, cerebrovascular disease, or peripheral arterial disease are 

called macrovascular complications. The risk to develop complications depends on 

glycemic control, duration and type of DM[3, 4]. About 20-40 % of patients with DM 

develop chronic kidney disease (CKD)[5-7]. A substantial proportion of patients with 

DM will develop chronic kidney disease owing to their disease, but also associated 

conditions, such as hypertension and obesity will contribute. Patients with diabetes 

and CKD have an even further increased risk of adverse health care outcomes, higher 

risk of complications, comorbidities and use of polypharmacy and this imposes a 

huge economic burden on health care systems[8]. As major long-term consequences 
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of diabetes are the increased risk for cardiovascular, and renovascular disease,  the 

overall management aims to reduce this cardiovascular risk. Furthermore, patients 

with DM have a reduced quality of life and life expectancy[9, 10]. 

Excess mortality in type 1 and type 2 DM is largely related to the presence of CKD. 

Among patients with T2DM younger than 55 years of age, and a normal or only slightly 

reduced estimated glomerular filtration rate (eGFR of ≥ 90 ml/min/ 1.73 m2, or 60-90 

ml/min/ 1.73 m2) the excess risk of death from any cause is twice the risks among 

persons without diabetes. This risk further increases with decreasing kidney function; 

in DM patients  with a  clearly compromised renal function (eGFR of ≥ 15 -30 ml ml/

min/ 1.73 m2), mortality risk  is approximately 20 times higher[9]. In line, similar results 

are shown in patients with type 1 DM[10]. Consequently, preventing and management 

of CKD in patients with DM is a key aim of their overall management. 

Pathophysiology of diabetic nephropathy

Kidney disease due to diabetes was first described in 1936 by Kimmelstiel and 

Wilson, who demonstrated characteristic nodular lesions in patients with diabetes, 

later termed nodular glomerulosclerosis[11]. Decades further, in the 1980’s, it was 

demonstrated that diabetic kidney disease on average develops more than a decade 

after diabetes onset in patients with type 1 diabetes[12, 13]. In patients with newly 

diagnosed T2DM, about 7 % already have diabetic nephropathy at time of diagnosis, 

which is likely related to a long subclinical period of hyperglycemia; also comorbidities 

such as obesity and hypertension may play a role[14].

Diabetes related nephropathy is a progressive disease, the earliest sign being 

microalbuminuria (defined as urine albumin/creatinine ratio >30 mg/g), which can 

progress to macroalbuminuria (>300 mg/g) and a gradually decline in glomerular 

filtration rate, eventually leading to end stage renal disease (ESRD). Almost half of 

patients with established micro-albuminuria will progress to macro-albuminuria, 

which is associated with a ten foldhigher risk of progression to ESRD than patients 

with normoalbuminuria[15, 16]. Approximately 50 % of T2DM patients and 30 % 

of T1DM will develop CKD after 20 years of DM. CKD is defined by the presence of 

impaired renal function or elevated urinary albumin excretion or both (Table 1)[17-

19].
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Table 1. Clinical Criteria for the diagnosis of CKD[20]

Clinical Criteria for the diagnosis of CKD*

Estimated glomerular filtration rate of < 60 ml/min/ 1.73 m2

Urinary albumin/creatinine ratio of ≥ 30 mg/g (3 mg/mmol)

Urinary albumin excretion of ≥ 300 mg/g (30 mg/mmol) per 24 hours

*One or more of the following criteria must be present for more than 3 months and validated 
by repeated testing before a clinical diagnosis of chronic kidney disease can be made.

Many patients with type 1 and type 2 diabetes do not strictly  follow this classic course 

of first developing micro-albuminuria, thereafter progression to macro-albuminuria 

and only thereafter a decline in eGFR. In the United Kingdom Prospective Diabetes 

Study (UKPDS) study, 28 % of patients with type 2 DM developed an estimated 

glomerular infiltration rate (eGFR) < 60 ml/min/ 1.73 m2 after a median of 15 years 

of follow-up;  half of these patients did not show preceding albuminuria[21]. Also, in 

the Diabetes Control and Complications Trial (DCCT) study, 11 % of patients with type 

1 DM developed an eGFR < 60 ml/min/ 1.73 m2 of which 40 % never had preceding 

albuminuria[22]. 

Different pathophysiologic pathways seem involved in the development of diabetic 

nephropathy. Hyperglycemia is essential in the development of diabetic nephropathy 

as kidney cells are unable to downregulate their glucose transporters in the setting 

of extracellular hyperglycemia and this subsequently results in an increase in their 

intracellular glucose concentration[23]. High intracellular glucose levels trigger 

pathogenic mediators such as reactive oxygen species and protein kinases which 

lead to cellular dysfunction, inflammation, apoptosis and fibrosis[24]. Although 

hyperglycemia is essential of the development of diabetic nephropathy, it is rarely 

the only contributor. Genetic factors influence onset and progression of kidney 

disease, as genome-wide association studies (GWAS) highlighted genetic variants 

associated with risk of CKD in large populations independent of actual glucose 

regulation[25]. Also environmental factors (e.g infections, heavy metals)[26], higher 

blood pressure[27-29], lipid abnormalities, (especially elevated triglycerides)[30, 31] 

and adiposity[32] contribute to diabetic nephropathy in type 1 DM as well as type 2 

DM.
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The “gold standard” for the diagnosis of diabetic nephropathy is a histopathology 

diagnosis. This invasive diagnostic procedure is however not routinely performed 

in clinical care settings because of a small risk related to this procedure (bleeding, 

haematuria) and often the lack of therapeutic consequences. Histopathologically, 

diabetic nephropathy can be categorized in four stages[33]. The first stage is 

characterized by isolated glomerular basement membrane thickening, the second 

phase by mesangial expansion in > 25 % of the total mesangium, the third phase is 

defined as nodular sclerosis, defined by at least one Kimmelstiel-Wilson lesion and 

less than 50 % diffuse global glomerulosclerosis and the fourth phase is defined 

as more than 50 % diffuse global glomerulosclerosis. The clinical relevance of 

knowing the exact stage in a patient is often limited; staging does not add predictive 

information regarding the progression of kidney failure, which is the case for other 

histopathological classifications for other renal diseases such as lupus nephritis[34].

Glycemic control and development of diabetic 
nephropathy

The importance of treatment of glycemic control in the development of CKD is 

illustrated by the DDCT/EDIC trial (1375 participants) in which improving glycemic 

control, reducing the HbA1c level of 9.1 % to 7.3 % in T1DM, lead to a reduction of 

progression to ESRD in 50 % of patients (16 compared to 8 events) and a slower 

decline in renal function (eGFR < 60 ml/min/ 1.73 m2 in 46 compared to 24 events) 

[35]. Moreover, pancreas transplantation in patients with type 1 DM is able to 

ameliorate the renal histopathological changes associated with diabetes, although 

this improvement is shown after at least 10 years of normoglycemia[36].

The ADVANCE trial (11,140 participants) showed that intensive glucose control (HbA1c 

target 6.5% or less) reduced the risk of ESRD in T2DM by 65% (20 compared to 7 events), 

microalbuminuria by 9% (1298 compared to 1410 patients), and macroalbuminuria 

by 30% (162 compared to 231 patients)[37]. Also the VDAT trial showed beneficial 

long term renal outcomes with intensive glycemic control[38]. Nevertheless, a 

substantial proportion of patients with DM still developed CKD. Furthermore “newer” 

glucose lowering agents have shown beneficial outcomes on cardiovascular and 

renal endpoints. Sodium glucose cotransporter-2 (SGLT2) inhibitors, working through 

inhibition of glucose reabsorption in the proximal kidney tubule and thereby lower 

plasma glucose levels,  prevented the decline in GFR by about 40 % in patients with 
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type 2DM[39, 40]. Doubling of the serum creatinine level occurred after 2.6 years in 

70 of 4645 patients (1.5%) in the empagliflozin (a SGLT2-inhibitor) group and in 60 

of 2323 (2.6%) in the placebo group[41]. Mind however that the number needed to 

treat (that is, the number of patients to be treated to prevent one renal event such as 

creatinine doubling is substantial: around 100 patients need to be treated 2.9 years 

to prevent one diabetes related renal event. Several other effects than improvement 

in glucose control may contribute to renal and cardiovascular protection; lowering 

of blood pressure, decrease in intraglomerular pressure, reduction in albuminuria, 

and amelioration of volume overload are all plausible protective mechanisms[42-45]. 

Also glucagon like peptide receptor agonist (GLP-1ra), lowers plasma glucose levels. 

GLP-1ra enhances glucose-dependent insulin secretion, delay gastric emptying, and 

reduce postprandial glucagon secretion and food intake.  GLP-1 ra, were associated 

with a lower risk of developing macro-albuminuria[46, 47]. Similar to the actions of 

SGLT2 inhibitors on the reno-cardiovascular system, it is likely that the beneficial 

effects of GLP-1 receptor agonists are also multifactorial, mediated by actions on 

body weight and blood pressure[48]. 

While the prevalence of DM (especially T2DM) is dramatically increasing, the incidence 

rates of ESRD due to diabetes declined from 2006 through 2012, and these rates 

remained stable in recent years[49]. This suggests improvement in care for patients 

with diabetes mellitus, which included not only improvement in glucose control, but 

also improvement in blood pressure treatment and lipid control, with an accompanying 

reduction in cardiovascular risk and associated mortality[50, 51]. 

End stage renal disease and diabetes mellitus

Diabetic nephropathy is the leading cause of end-stage-renal disease worldwide, 

although the majority of patients die from a cardiovascular event before reaching 

ESRD[52]. Diabetes as the primary cause of renal disease is responsible for 23% of 

the patients starting renal replacement therapy (RRT) in Europe and almost 50% in 

the USA[53, 54]. In patients with DM and ESRD the overall mortality risk is twofold 

higher than in non-diabetic patients with ESRD [55, 56]. In line, survival among dialysis 

patients with diabetes mellitus is inferior to survival of non-diabetic dialysis[57-59].  

Patients with diabetic nephropathy have the largest number of co-morbid conditions 

within the ESRD population when compared with non-diabetic dialysis patients, 
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including retinopathy, foot disease including amputation, neuropathy, cognitive 

decline, mood disorders and cardiovascular disease[60]. The severity of co-morbid 

conditions and severity of CKD is strongly associated with adverse health related 

quality of life[61, 62].

Patients with DM have the highest mortality risk within the dialysis population. But 

this mortality risk might be different within the diabetes population with ESRD and 

be related to the severity of diabetic complications. It could be that mortality risk 

differs between patients with diabetes as a primary cause of ESRD and patients with 

diabetes as a co-morbid condition and a non-diabetic cause of ESRD. In that case a 

higher prevalence of diabetes related co-morbid conditions, could translate into an 

increased mortality risk.  

Outline of this thesis

The overall aim of this thesis is to contribute to the understanding of the association 

between diabetes and several clinical aspects of chronic kidney disease. 

In the first part of this thesis we describe the association between chronic kidney 

disease (CKD) and glucose metabolism. In chapter 2 we estimate the prevalence 

of chronic kidney disease (CKD) among a Dutch sample of middle-aged adults and 

examine the association between glucose metabolism, obesity and chronic kidney 

disease (CKD). Furthermore, we examined the association between measures of 

glucose metabolism and measures of kidney function.

In the second part of this thesis we studied survival in patients with diabetes mellitus 

and ESRD. In chapters 3 and 4 we compared survival in a dialysis population between 

patients with diabetes as primary renal disease and patients with diabetes as a co-

morbid condition. Previous studies assessing survival made no distinction between 

patients with diabetes as primary renal disease and as a co-morbid condition. In 

patients with diabetic nephropathy, organ damage is likely not limited to the kidney 

but may also involve other organs resulting in retinopathy, neuropathy, diabetic 

foot disease and cardiovascular complications. In contrast, patients on dialysis with 

diabetes only as a co-morbid condition may have less pronounced organ damage. 

Therefore, we hypothesized that survival in patients on dialysis with diabetes as co-

morbid condition may be better compared to patients with ESRD due to diabetic 
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nephropathy. In chapter 3 we assessed and compared survival in a relatively small 

cohort of Dutch dialysis patients and in chapter 4 we assessed and compared survival 

in a large sample of dialysis patients from 7 different European countries. In chapter 
5 we made a prediction model in order to predict 1-year mortality for diabetic incident 

dialysis patients. Survival among dialysis patients with diabetes mellitus is inferior 

to survival of non-diabetic dialysis patients and this might be related to the higher 

prevalence of diabetes related complications. Therefore, in chapter 6 we assessed 

survival after amputation in diabetic patients compared to non-diabetic patients 

on dialysis. We hypothesized that these co-morbid conditions also contribute to a 

decreased survival in diabetic patients compared to non-diabetic patients on dialysis.

The results of the studies described in this thesis are summarized, discussed and put 

into clinical context in chapters 7 and 8. 
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