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Abstract

In the past it was believed that diabetes was a kidney injury due to the frequency of urination. Diabetes is now
known to be one of the most common causes of nephropathies such as chronic kidney disease and end stage
renal disease. Renal injury that incites frequent urination and diabetic nephropathies is a hallmark of diabetes
caused by prolonged hyperglycemia and oxidative stress. In this review we discuss the history, pathophysiology,
genetics, symptoms, treatments, and environmental factors associated with the renal effects of Type 1
Diabetes.The writing of the paper involved reviewing relevant literature on history and epidemiology,
pathophysiology, underlying genetic differences, symptomatic links between T1D and kidney disease, diagnosis,
and treatment of diabetic renal injuries. Renal damage that increases the risk of development of diabetic
nephropathy (DN) occurs five years after initial diagnosis. Approximately, one-third of the individuals afflicted
with TID develop diabetic nephropathy throughout their lifetime.The literature seems to suggest that the
increase in the incidence of type 1 diabetes is leading to a rise in diabetic kidney injury. Although genetic
factors or familial history may make individuals or entire racial/ethnic groups more susceptible to developing
renal injuries, proper care of glucose levels, regulation of blood pressure, and healthy lifestyle choices can
prevent or delay the onset of diabetic nephropathy.
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I. Background

Type 1 diabetes (T1D) is an autoimmune disease in which insulin producing beta cells are destroyed.
For this reason, insulin supplementation is required to regulate the subsequent elevated blood glucose levels.
However, insulin supplements are not enough to combat the unpreventable damage T1D and hyperglycemia
inflict upon the kidneys. Individuals with diabetes are more susceptible to kidney failure because of the impact
of increased glucose concentrations in the kidneys [1]. The pathogenesis of diabetic kidney disease is
characterized by conditions such as chronic kidney disease (CKD) or end stage renal disease (ESRD).Though,
diabetic renal complications are unpreventable, critical renal problems typically occur 15-25 years after diabetes
onset [2]. Although, environmental factors such as smoking, hypertension, and diet as well as genetic
compositions have been shown to predispose individuals to critical renal complications earlier than 15-25 years
after T1D onset [3]. Treatments such as regulation of blood sugar, blood pressure, and reduced exposure to
toxins such as tobacco smoke can delay clinical nephropathy [2]. In addition, procedures such as dialysis and
transplants help to alleviate the burden of clinical nephropathy.

As part of this mini-review, we performed a literature search through PubMed, Google scholar, Web of
Science to assess the link between link between type 1 diabetes and renal injury. The paper is organized into
history, epidemiology, pathogenesis, risk factors, signs and symptoms and concluded with treatment options.

II.  History
Diabetes is regarded as one of the world’s oldest maladies that plague the human race. For instance,
there is a report of Ancient Egyptian text describing the symptoms of insatiable thirst and frequent urination [4].
During the early days of understanding diabetes, people thought that the frequent urination characteristic of
diabetes along with urinary protein excretion was a kidney injury. It was not until 1889 that experiments by
Joseph Von Mering and Oskar Minkowski demonstrated that a substance that regulates the body’s sugar
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concentration is secreted by the pancreas and without the pancreas, symptoms characteristic of diabetes would
arise [5]. This finding dismissed the notion that diabetes is a kidney disease and revealed that diabetes is a
systemic disease.

The new discovery regarding diabetes and its treatment resulted in a research frenzy. At this stage of
history, scientists were inspired to analyze the effects of insulin deficiencies on the kidneys leading to several
papers including a 1917 review paper that analyzed the differential kidney function in diabetes induced dogs [6].
Despite the insight the review provided about diabetes mellitus, this study and others were unable to
translatetheir animal discoveries to specific cases in humans because individuals who expressed similar diabetic
symptoms, reacted differently to specific treatments such as diet regimens [4]. In 1921, a group of scientists
successfully harvested and isolated insulin from the pancreas and used it to treat individuals suffering from
diabetes[5]. Subsequent experiments utilizing isolated insulin to treat individuals with diabetes led to the
distinction between T1D and T2D in 1936 [7].

III.  Epidemiology

The emergence of distinctions between different types of diabetes allowed for analysis of the incidence
of both types of diabetes and the timeframes associated with the occurrence of renal damage. The overall
prevalence of diabetes is rising rapidly. In 2017, 425 million adults across the globe were living with diabetes,
one fifth of whom were projected to develop CKD [8]. The incidence of type 2 diabetes cases outnumber the
prevalence of type 1 diabetes by 90% [9]. Although prevalence of T1D is lower than that of T2D, individuals
diagnosed with T1D experience renal injury that develops into nephropathies such as chronic kidney disease and
ESRD at a higher incidence. The increased likelihood of developing nephropathies is mostly likely due to the
increased development of proteinuria in individuals with T1D in comparison to T2D [2, 10]. In these
individuals, developing diabetic kidney disease (DKD) ranges from 25-40% for T1D patients as compared to 5-
40% for T2D subjects [11].

Type 1 diabetes has previously been described as juvenile diabetes because of the large global onset of
T1D among young people between the ages of 0 to 14 [12]. Numerous studies have been conducted worldwide
measuring the incidence rates of T1D in young people across the globe including the DIAMOND project,
EURODIAB, and SEARCH [9]. According to these studies, the incidence of T1D is highest in children of
European descent and low in Asian and Pacific Island populations globally. In America, incidence is highest in
non-Hispanic white children and lowest in Native American populations [13,14].

The incidence of T1D in adults is quite low, with only 25% of T1D diagnosis occurring in adults [9].
The misidentification of T1D as T2D or other forms of diabetes as well as the general lack of attention given to
the incidence of T1D in adult populations has led to scant statistical data concerning its incidence. One review
aimed at discussing the incidence of T1D in adults,suggests that diagnosis of T1D in later years is associated
with higher mortality rates. The authors retrieved the majority of their statistics about adults with T1D from
death certificates from the years of 1982 — 2014 [15].On the contrary, another study, states that individuals
diagnosed with T1D Ilater in life have better preserved beta cell function and an overall decrease in the severity
of the effects of T1D including renal injury[16]. These studies point to complications depending on time of
onset and diagnosis. For instance,diabetes onset and diagnosis later in life seemed to be associated with better
prognosis than early onset and diagnosis. This is because of the possible extended period of B-cell dysfunction
that allows renal damage to accrue.

Despite the severity of T1D based on age of onset, the renal damage that increases risk of development
of diabetic nephropathy (DN) typically occurs five years after initial diagnosis [17]. Roughly one-third of the
individuals afflicted with T1D develop diabetic nephropathy throughout their lifetime [18]. Nonetheless, there
are more data available about the prevalence of diabetic nephropathy caused by T2D amongst different
populations. However, in general African Americans, Native Americans, and individuals of Hispanic descent
seem to be more susceptible to early development of renal complications and failure. Hence, DKD occurs more
frequently in African American, Asian-American and Native American individuals [10].Incidence of these renal
complications have been reported to be lowest in non-Hispanic white individuals [17].

On a global level, the doubling of albuminuria (too much albumin in urine) was noted in diabetes
patients from Zimbabwe. Albuminuria is often regarded as a hallmark of kidney disease. Despite the low
incidence of T1D among Asian populations compared to other ethnic groups, a meta-analysis of T1D and DN of
Arabic populations revealed high incidence of DN, affecting approximately 18.2 % individuals with T1D [20].
Other studies involving Swedish and Finnish populations found that the occurrence of DN has reduced since
1990 [21]. The link between T1D and DN pathogenesis as it relates to various populations is driven by
underlying elements of genetic, health care disparities, and environmental factors.

IV.  Pathogenesis
The development of TID is preceded by the expression of anti-islet autoantibodies [22]. The
autoantibodies including macrophages, beta cell autoantigens, T cells, and B cells accumulate and attack the
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pancreatic islets. Nevertheless, in some cases, these anti-islet autoantibodies diminish overtime and the onset of
T1D is prevented[4,23]. Destruction of the insulin producing beta cells leads to elevated blood glucose levels.
The unregulated production of glucose is one of the primary factors that causes T1D renal damage, which later
progresses to diabetic nephropathy.

Hyperglycemia plays a primary role in type 1 diabetes driven byrenal complications.However, it is not
the only factor that contributes to damage that results in the development of diabetic nephropathy.
Hyperglycemia increases the occurrence of oxidative stress,which together,play a critical role in inflicting
damage that then causes kidney injuries characteristic of diabetic nephropathy [24]. The early stages of kidney
damage produced by hyperglycemia are characterized by filtration problems, which are denoted by frequent
urination and albuminuria. Filtration problems are a direct result of excessive amounts of glucose in the blood.
Combination of blood glucose with proteins leads to the production of advanced glycosylated end product
(AGE). AGE binds to the glomerulus and causes glomerular basement membrane (GBM) thickening,
glomerular lesions, and by that initial renal filtration complications[2,25].

Oxidative stress is created as a byproduct of the formation of AGE. AGE interacts with and proliferates
production of specific macromolecules such as protein kinase C which in turn produces reactive oxygen species
(ROS) [26]. The generation of ROS induces oxidative stress. Oxidative stress causes kidney injury by
interfering with the renin-angiotensin system (RAS) and signaling pathways oftransforming growth factor-beta
(TGF-B), which causes expansion of the extracellular matrix, podocyte separation, and induces tubular and
vascular damage [27,28].

The damage inflicted by hyperglycemia and oxidative stress overtime worsens and leads to mesangial
matrix expansion, glomerulosclerosis, artery obstruction, increased blood pressure, increased glomerular
pressure, and clinical albuminuria [29]. Uncontrolled hyperglycemia wreaks havoc on the kidneys by interfering
with filtration and forming products that further deteriorate the internal kidney structure (Figure 1). However,
even with glucose control, specific genetic alleles predispose individuals to renal damage.

Autcantibodies destroy
pancreatic f-cells

§

Hyperglycemia
Albuminuria Oxidative Stress
Advanced glycosylated Activation of RAS and
end-product develops TGF-B
Glomerular basement
membrane thickens
Extracellular matrix
expands
Glomerulosclerosis Mesangial matrix expands

Figure 1. Diabetic nephropathy pathogenesis.

The Role of Genetics

The demographic of individuals most commonly diagnosed with T1D differs greatly from the
demographic of individuals most commonly diagnosed with DN. For thisreason, studies investigating genes that
predispose individuals to the type 1 diabetes renal complication has proven to be inconsistent among large
populations. However, it is known that there is a genetic mechanism underlying severe T1D renal
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complications. For instance, previous studies have shown that familial history increases an individual’s
susceptibility of developing renal injuries that progress to DN, CKD, or ESRD [30,31]. In fact, individuals with
a family history of high blood pressure and heart issues are posed with a greater risk of diabetic kidney ailments
[2].

Angiotensin-converting enzyme (ACE) is an enzyme that regulates blood pressure as an essential part
of the angiotensin-renin system [32]. Specific alleles of the ACE gene and polymorphisms have been found to
increase susceptibility and protect against development of severe diabetic renal issues. The insertion or deletion
polymorphisms of the ACE gene dictate the concentrations of ACE within the serum. Individuals with the
insertion allele, II, have been shown to have a lesser serum ACE concentration than individuals with deletion
alleles, ID or DD. Expression of the deletion alleles, DD, is also associated with an increased risk of developing
ESRD [29]. Other experiments have revealed that the ACE gene genotype II acts as a protective factor.
However, this protection has been shown to be true for select groups such as individuals with Asian
backgrounds. The D allele of the ACE gene has been shown to increase susceptibility to diabetic nephropathy
when compared to individuals with the genotype II [33].

Several genetic studies have been conducted to identify genes associated with the development of
diabetic nephropathy. Amongst the studies, several gene classes have been identified including the renin-
angiotensin system, glucose metabolism pathway, lipid metabolism, growth factors, angiogenesis, oxidative
stress, inflammation, glomerular membrane maintenance, along with others [34,35]. All the identified classes
are based on pivotal renal processes ranging from the development of hyperglycemia to the strength of the
glomerulus against the effects of elevated glucose levels.

Epigenetic investigations have identified methylation patterns, microRNA, and histone modifications
that govern an individual’s susceptibility to diabetic nephropathy. In particular,single nucleotide polymorphisms
(SNPs) of Cytochrome C Oxidase 6A1 (COX6A1) has been reported to be significantly associated with the
development of DKD or ESRD T1D patients. The mitochondrial protein, COX6A1 is involved in electron
transport. Recently, research involving individuals of European backgrounds with either T1D or T2D and DKD
or ESRD was performed. In this study, a SNP for and methylation of the CpG islands of the COX6A1 gene
were found to contribute to the development of oxidative stress in the kidney, thereby inducing renal damage
[36]. Further, microRNAs (miRNA) involved in the different steps of diabetic renal injury such as
hyperglycemia, glomerular lesions, oxidative stress, and extracellular matrix expansion were studied to identify
both contributing factors and therapies of diabetic kidney damage [37]. miRNAs associated with TGF-p were
frequently investigated for their involvement in expansion of the extracellular matrix in diabetic renal injury and
have been shown to regulate the acceleration of T1D kidney damage in the tubules, glomerular, and mesangial
cells [37].

Risk Factors

Aside from genetic background that predisposes individuals to developing diabetic kidney disease,
there are other factors that increase the likelihood of experiencing diabetic renal injury. Just as T1D mostly
affects males, men are more likely to experience DKD than women, which has been attributed to hormone
imbalances [21]. The decline in glomerular filtration associated with aging makes age a risk factor of DKD as
well [17]. Hypertension is another risk factor with increases in systolic blood pressure correlating to an increase
in the development of albuminuria and a higher risk of developing ESRD [38]. Alongside hypertension,
dyslipidemia is a risk factor that is known to increase the likelihood of individuals with diabetes developing
DKD [39]. Maintenance of health is important in preventing the development of DKD, consequently obesity and
smoking are risk factors [10,21].

Signs & Symptoms

Early stages of diabetic nephropathy are typically not characterized by any signs or symptoms. The
onset of symptoms typically does not occur until close to complete kidney failure [40]. The first symptom
typically seen is frequent urination with the appearance of proteins like albumin in the urine, which occurs as a
result of impaired glomerular filtration [41]. Following the onset of proteinuria, individuals begin to experience
an increase in blood pressure as a result of the expansion of the extracellular matrix [42]. Another symptom that
follows the onset of diabetic nephropathy is edema or swelling [41]. Edema is caused by the buildup of AGE
along the glomerular, which interferes with filtration and decreases serum albumin,disrupting the maintenance
of fluids in the blood vessels [43,44]. Impairment of filtration also results in the elevated presence of waste
proteins in the blood such as creatinine [45]. Aside from these symptoms, individuals with diabetic nephropathy
may experience nausea, trouble sleeping, and weakness [1,40].

Diagnosis
The detection of diabetic renal injuries that progress to diabetic nephropathy is a difficult process for
individuals with T1D because pathogenesis varies based upon age of diabetes onset, genetic makeup, and
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familial history. The onset of T1D is accompanied by early renal injuries such as hyperfiltration and
hypertrophy, however, diagnosis of renal injuries typically occurs 5-20 years following diabetes onset[2].
Proteinuria is most commonly, the initial indicator of development of diabetic nephropathy and is evaluated
through assessments of urinary and serum albumin and creatinine levels [46,47]. Albumin is one of the most
common proteins in blood that plays a role in retaining fluid in blood vessels [48]. A change in albumin
concentration is indicative of kidney damage because it denotes defects in blood filtration. Increases in urinary
albumin excretion or an albumin excretion rate of 30 mg/dL or greater is indicative of renal damage [46].
However, decreases in serum albumin levels or hypoalbuminemia is also associated with renal injury and
represented by serum albumin levels less than 3.4 g/dL [49]. Creatinine is a waste protein found in the blood
that is a byproduct of muscle function [50]. Creatinine is normally filtered out of the blood by the kidneys;
therefore, an accumulation of serum creatinine corresponds to renal injury. Serum creatinine levels greater than
1.4 mg/dL are associated with renal damage [51]. Serum creatinine levels are also utilized to estimate
glomerular filtration rates, which can assess kidney function [52].

Following the assessment of proteinuria development, the onset of diabetic renal injuries are confirmed
utilizing further filtration assessments. Serum concentration of urea, a waste product similar to creatinine, is
often times evaluated to gauge kidney function [50]. Blood pressure is another measure of kidney filtration that
reveals the impact of elevated glucose levels [49]. Glomerular filtration assessments are the main methods of
diagnosing diabetic renal injury, however, in the event of atypical instances of diabetic renal injuries, kidney
biopsies are conducted. Kidney biopsies with light and electron microscopy are used to identify extracellular
matrix accumulation of thickening of the glomerular basement membrane. There are different classes used for
kidney tissue analysis, which act as an indication of the severity of renal injuries [53].

Treatment

Treatment of T1D renal injuries consists of methods to delay pathogenesis or prevent further injury
induced by kidney failure. The first target in treatment of diabetic renal injuries is prevention of hyperglycemia
through daily insulin usage throughout the duration of diabetes [2]. Other forms of glycemic control include
usage of medications such as metformin and close monitoring of glycosylated hemoglobin (HbAlc) levels.
Metformin is a drug that works to decrease glucose levels by interfering with glucoseproduction in the liver.
Metformin usage has been shown to decrease insulin dependence as well as decrease glycosylated hemoglobin
levels [54]. HbAlc, similar to AGE, is the combination of glucose and hemoglobin which is utilized to assess
blood glucose levels over periods of time and prevent microvascular complications [55]. Maintenance of a
HbAIlc level less than 7% reduces glomerular glucose accumulation thereby ensuring a decrease in glucose
levels and preventing elevated blood and glomerular pressure [56].

Strict regulation of blood pressure is another recommended diabetic renal injury treatment method.
Control of blood pressure is an essential treatment necessary for the prevention of extracellular matrix expansion
and further renal damage. Hypertension associated with diabetes is most often treated utilizing inhibitors of the
renin angiotensin aldosterone system (RAAS) [57]. RAAS inhibitors work to inhibit the formation of
angiotensin II, which is responsible for blood vessel contractions [58]. ACE and RAAS inhibitors are also
utilized to reduce the occurrence of glomerular injuries, the resulting proteinuria, and hypertension [59,60].

Adjusting lifestyle choices is another a treatment method enlisted in deterring T1D renal injuries.
Dietary regulations are often utilized to prevent the development of hyperglycemia or hypertension that could
increase an individual’s susceptibility to AGE formation [61]. Several studies have been conducted that evaluate
the impact of protein consumption on progression of renal injuries. Some studies have demonstrated that low
protein diets decrease proteinuria, however, studies conducted on a large scale have been unable to attain
consistent findings [62-63]. A study by the Mobbs group demonstrated that a ketogenic diet can reduce glucose
metabolism [66]. Aside from particular diets, medical nutrition treatment (MNT) can also be helpful. MNT
enables patients to work with a dietitian to establish plans to regulate their diabetes through appropriate dietary
strategies. Some of these methods have been shown to significantly reduce fasting blood glucose levels and
HbAlc, and consequently decrease the risk of developing diabetic renal injury [64, 65]. Physical activity and
exercise have also been shown to decrease the onset of diabetic nephropathy by decreasing blood pressure and
glucose levels [66]. Reducing and refraining from use of tobacco products is another way to decrease
development of albuminuria [2].

In the incidence of severe kidney failure, kidney rehabilitation or replacement methods are utilized to
restore kidney function. Dialysis treatments take the role of the kidney and filter the blood, which reduces
urinary albumin excretion (UAE) and serum creatinine levels [67]. However, there are negative side effects
associated with dialysis such as the onset of cardiovascular issues. As a result of the downsides of dialysis,
transplants are preferred and demonstrate decreased mortality rates in individuals suffering from diabetic renal
issues when compared to dialysis [68]. Kidney and pancreas transplants are the ultimate renal replacement
therapy in that both kidney function and insulin production may be restored. Cases involving the combined
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kidney and pancreas transplants are rare. Even in cases of either solely undergoing kidney or pancreatic
transplant, the benefits regarding blood sugar and blood pressure levels can be attained[69—-71].

V.  Conclusion
The increase inincidence of type 1 diabetes seems to be leading to a rise in diabetic kidney injury.
Although genetic factors or familial history may make individuals or entire racial/ethnic groups more
susceptible to developing renal injuries, proper care of glucose levels, regulation of blood pressure, and healthy
lifestyle choices can prevent or delay the onset of diabetic nephropathy.
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