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Abstract - Renin-angiotensin system (RAS) is a well-documented active mediator in progressive diabetic kidney disease
(DKD). Ancillary to hyperglycemia association with dyslipidemia appears to impact the initiation and progression of renal
injury in diabetes, giving a link between plasma lipoproteins and angiotensin Il in the causation of renal injury under a
hyperglycemic setup. Activation of local RAS convoluted in hyperlipidemia-mediated renal injury results in the extracellular
matrix deposition in the tubular interstitium, suggesting that the major effector peptide (Ang Il) of the RAS pathway and
lipoproteins does not act independently but acts synergistically facilitating the progression of chronic kidney disease.
Appreciating the relationship between Angiotensin Converting Enzyme (ACE) Insertion/Deletion (1/D) genotypes or any other
ACE gene polymorphism and dyslipidemia with DKD opens up the scope for early recognition of diabetic patients with a high
risk of DKD. Systematic in-depth observational and ethnic population studies considering ACE Inhibitors and anti-lipid drugs
in relation to ACE genotypes are warranted to help understand the role of the ACE gene that appears to be a major
contributor to the complex mechanism involved and the environment in the form of lifestyle in diabetic kidney disease

complication.
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1. Introduction

Diabetic kidney disease (DKD), a chief microvascular
complication, is a common cause of chronic kidney disease
(CKD) that eventually leads to End-Stage Renal Disease
[ESRD], necessitating dialysis or kidney transplantation. Of
late, it is a major health concern as 40% of type 2 diabetic
(T2D) individuals with poor or uncontrolled diabetes develop
DKD allied with high morbidity and mortality. Further, the
lack of economical and effective renal care for patients with
CKD also contributes to the global healthcare burden.
Escalating the incidence of DKD parallels the steep rise in
the prevalence of diabetes globally, projected to rise to 366
million by 2030 [1,2].

DKD is histologically characterized by mesangial
expansion, glomerular basement membrane thickening,
interstitial fibrosis, podocyte loss and reduced endothelial
cell fenestration. In advanced cases, there is an infiltration of
immune cells such as macrophages and T-lymphocytes. The
early clinical features of DKD are associated with glomerular
hyperfiltration, an increase of micro-albuminuria (>30 to

299mg/g creatinine) to macroalbuminuria (> 300 mg/g
creatinine) and a decrease in glomerular filtration rate (GFR).
The discerned patho-mechanisms in the occurrence and
progression of DKD are metabolic abnormalities,
hemodynamic changes, environmental factors, oxidative
stress (OS), inflammatory milieu and genetic predisposition
[3]. This review primarily focused on detecting the link
between the Renin-Angiotensin System (RAS) and
dyslipidemia in the pathogenesis of DKD.

Prevailing literature suggests that Ang Il acts via its
receptors (AT:R and AT:R), a crucial element of RAS,
critical in regulating blood pressure and fluid electrolyte
homeostasis, which advocates progressive renal impairment
in DKD. Angiotensin I-converting enzyme (ACE) produced
in blood vessels, lungs and kidneys mediates the conversion
of angiotensin | to angiotensin 1l (Ang Il) through the
inactivation of bradykinin. Thus, RAS genes are important
genetic susceptible factors for both diabetes and diabetic
kidney disease [4,5].
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2. Renin Angiotensin System and Diabetes

B-cell failure and insulin resistance (IR) are the two
main features in the manifestation of type 2 diabetes. p-cell
failure is a prerequisite in the development of T2D, and
decline in the B-cell function/loss of B-cell mass are key
determinants in T2D progression. Existing literature suggests
RAS may be responsible for the reduced secretion of insulin

[6]

Hyperglycemia under diabetic conditions causes an
upsurge in the tissue Angll stimulating “OS, glomerular
hyperfiltration, endothelial damage, thrombosis,
inflammation and vascular remodeling” [7]. Activation of
the renin-angiotensin system and higher production of Ang Il
results in inhibiting the insulin signal transduction pathway, a
potential cause of diabetes mellitus. It prevents the
phosphorylation of insulin receptor substrate-1 (IRS-1) and
diminished glucose uptake via GLUT4, giving rise to IR. It
augments reactive oxygen species (ROS) production, ensuing
pancreatic B-cells damage and impairment in insulin
secretion through reduced blood flow of the pancreas due to
vasoconstriction. Longstanding hyperglycemia and fat
promote inflammation, OS, and apoptosis of the pancreatic
B-cells [8]. Aldosterone, the other component of RAS, also
decreases insulin secretion in a mechanism that involves OS.
Besides, in vitro and vivio studies have shown improved
insulin sensitivity with a decline in the Ang Il and
aldosterone levels or AT1R and mineralocorticoid receptor
inhibition. Clinical trial studies on angiotensin-converting
enzyme inhibitors (ACEI) or Ang Il receptor blockers
(ARBs) have demonstrated the role of RAS in the
pathogenesis of IR in type 2 diabetes [9]. It has been revealed
that ACEI and ARBs have beneficial effects on patients with
diabetic complications [10].

3. Renin-Angiotensin System and Diabetic

Kidney Disease

The role of RAS in DKD was established in 1980 in
streptozotocin (STZ) induced diabetic animal models, which
disclosed that the glomerular hemodynamic changes are
allied with proteinuria and resemble the pathological features
of human DKD, including glomerulosclerosis. These studies
revealed that inappropriate activation of RAS at local renal
tissue increases Ang Il levels accelerating renal and vascular
injury [11]. Further, through their experimental studies, Zatz
et al. (1986) showed normalization of glomerular pressure,
reduced albumin excretion and the chance of
glomerulosclerosis after enalapril treatment, an ACE
inhibitor. Thus, it suggests that the diabetic condition
stimulates RAS causing the activation of AT:R via Ang I,
leading to increased glomerular hydrostatic pressure,
proteinuria and structural injury [12].

In addition, it is known that Ang Il contributes to both
hemodynamic and non-hemodynamic effects such as

proinflammatory, proliferative and profibrotic activities in
the pathogenesis of DKD. Activation of the ATiR receptor
causes the release of transforming growth factor-beta (TGF-
B), a proinflammatory and profibrotic molecule that leads to
renal fibrosis, a recognized cause of glomerulosclerosis [3].
Under hyperglycemic conditions, tubular epithelial cells in a
RAS-dependent manner are responsible for macrophage
recruitment that promotes extracellular matrix formation
causing renal fibrosis [13,14].

Zhernakova et al. (2006) in type 1 diabetes observed
that T-cell activation and proliferation are fostered by
RANTES and T-helper type 1 chemokine [15]. It is known
that Ang Il and ROS are generated through macrophages and
lymphocytes during inflammation, and elevated Ang Il levels
in DKD activate immune cells following chemokine
production triggering Kidney injury. In support of this,
elevated ACE and Ang Il concentrations were observed in
immunostained interstitial and tubular cells by Mezzano et
al. (2003) in DKD patients. Under diabetic conditions,
tubular cells are the direct target for high glucose, which
augments Ang Il secretion and angiotensinogen gene
expression. Thus, the disrupted renal function in diabetes is,
to some extent, due to the prominent levels of ACE and Ang
Il together with high glucose and inflammatory mediators
(NFxB, MCP-1) [16,17,18].

Among the other probable factors contributing to DKD
are disturbances in lipid metabolism, clinically termed
dyslipidemia. Dyslipidemia is a condition associated with
decreased serum concentration of high-density lipoprotein
(HDL), increased cholesterol, small and dense low-density
lipoprotein  (LDL) particles, triglycerides (TG) and
triglyceride-rich lipoprotein (apolipoprotein B), a common
feature of diabetes and its complication DKD [58].

4. Dyslipidemia in Diabetes and Diabetic
Kidney Disease

It is well-accepted that alterations in lipid metabolism
results from IR and defective insulin action. Insulin
facilitates the uptake of free fatty acids (FFASs) by striated
muscle and adipose tissue. Lipase gets activated under a
hyperglycemic milieu resulting in the release of increased
levels of FFAs from the adipose tissue. Therefore, the flux of
FFAs clinically manifests as hypertriglyceridemia due to
excessive production of very low-density lipoprotein
(VLDL) and apoB lipoproteins [20]. Reduced lipoprotein
lipase activity under IR primes the TG-rich lipoproteins
buildup in the plasma. Further, VLDL-cholesterol instigates
cascades of conversions; eventually, the glycation and
oxidation of small and dense LDL bring about vascular and
renal cellular dysfunction [21].

Higher serum TG levels decreased HDL levels, and
enhanced glycation and LDL oxidation are common
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observations in T2D patients [22]. Bhowmik et al. (2018)
observed a linear trend of increasing risk ranging from 2-
4fold for high TC, TG and low HDL among glucose-
intolerant, type 2 diabetic and prediabetic individuals [23].

Progressive renal impairment is linked with proteinuria
and goes hand in hand with lipoprotein transport anomalies
owed to various pathogenic mechanisms. Vaziri et al. (2001
& 2003), through his Imai rat model of spontaneous focal
glomerulosclerosis (FGS), have shown that altered regulation
of HMG-CoA and ACAT-2 in the hepatocytes influences the
control of lipid metabolism with advanced FGS [24,25].
Scheuer et al. (2000), in their trials on uninephrectomized rat
models, observed hyperlipidemia-dependent glomerular and
tubulointerstitial  infiltration and  exacerbation  of
glomerulosclerosis suggesting a link between dyslipidemia
and OS in the development of renal damage [26]. The
collection of advanced glycated plasma proteins,
lipoproteins, and immunoglobulins in the extracellular matrix
affects renal function and exacerbates glomerulosclerosis
[27]. In experimental models of renal disease, it has been
noted that feeding on high cholesterol diet advances
glomerulosclerosis [28]. Evidence supports that dyslipidemia
is significantly linked with developing and advancing
diabetic and non-diabetic kidney disease [29,20,31]. The
relation between hyperlipidemia and glomerular injury is not
a new concept; an era ago, Moorhead et al. (1982) observed a
connection between hyperlipidemia and glomerular capillary
injury, suggesting that the continuous filtration of lipids and
lipoproteins promotes the progression of chronic renal injury
[32]. In both type 1 and type 2 diabetic patients, dyslipidemia
is not ancillary to renal disease. An unfavorable lipid profile
was noticed at the early albuminuria stage, irrespective of the
glomerular filtration functioning[33]. Ravid et al. (1998)
observed that high TC levels were significantly accompanied
by a higher prevalence of microalbuminuria and
cardiovascular events among 574 patients with T2D and
normal kidney function at baseline [34]. Tolonen et al.
(2008), in patients with Type 1 diabetes, report an upsurge in
TC, VLDL, LDL and TG levels with abnormal albumin
excretion rate [35]. A post hoc analysis carried out by
Kajingulu et al. (2018) reports that 70% of the T2D patients
with abnormal albuminuria had atherogenic dyslipidemia,
mainly low levels of HDL-cholesterol contributing to
cardiovascular disease and renal disease progression [36]. Lu
et al., 2022 reported that low levels of LDL-c/ApoB ratio
were positively linked with DKD risk among type 2 diabetic
subjects [37].

4.1. Mechanism of Lipid-Induced Renal Injury

Wellmann, in 1970 identified that lipid nephrotoxicity
plays a pivotal role in the advancement of DKD; earlier
studies have shown that under the hyperglycemic
environment, dyslipidemia promotes glomerulosclerosis
[57]. Diabetic rat model experiments have illustrated
hypercholesterolemia accelerates albuminuria, and lipid-

lowering therapy improves glomerulosclerosis in Zucker rats.
Hyperlipidemia promotes the generation of ROS, such as
superoxide and hydrogen peroxide, by monocytes and
mesangial cells, accounting for 30-40% of the total
glomerulus. Macrophage infiltration in the glomeruli occurs
due to oxidized LDL (OxLDL) binding to scavenger
receptors in mesangial cells and podocytes. Further,
macrophages become foam cells via the uptake of OxLDL
and activate the TNF-a, TGF-f and IL-6 pathways. ROS
serve as a chemoattractant for macrophages and T-
lymphocytes, causing an upsurge in the podocyte apoptosis
of endothelial cells and mesangial expansion, subsequently
leading to renal injury [21].

5. The link between ACE and dyslipidemia

Higher concentrations of Ang Il (as a result of elevated
systemic or localized ACE levels) contribute to OS favoring
OxLDL formation, resulting in cell injury and renal lesions.
As a result of glomerular capillary hypertension, the
glomerular permeability of macromolecules increases and
causes mesangium lipid and tubular lipoprotein overload.
Further, Ang Il stimulates and enhances the release of
chemokines and cytokines, increasing lipid infiltration and
accumulation in macrophages and promoting glomerular and
tubular-interstitial injury (Figure 1) [4]. In vivo and in vitro
studies by Ni et al. (2013) demonstrate that activation of
local RAS is involved in hyperlipidemia-mediated renal
injuries resulting in the extracellular matrix deposition in the
tubular interstitium, suggesting that the major effector
peptide of the RAS pathway Ang Il and lipoproteins does not
act independently but acts synergistically facilitating the
progression of CKD [39].

Replicating the results of animal and cell-based studies
that are carried out under controlled conditions helps in only
speculating the outcome at the human population level as
complex interactions interfere through different mechanisms.
In other words, studying the complex diseases in the human
population is arduous as there is no control over genetics or
lifestyle.

6. ACE gene Insertion/Deletion Polymorphism

and Diabetic Kidney Disease

Unraveling the basis for the variation in the occurrence
of the type of diabetic complications in diabetic patients aids
in the prevention or therapeutic aspects of the disease
complications. Among the various environmental and genetic
causes, dyslipidemia and Ang Il emerge as important
markers in the manifestation of T2D and DKD. Several
observational and experimental studies have not been given
much attention to population-based studies. As DKD aetio-
pathophysiology is multifactorial in nature, numerous
complex interactions involved in it are required to be
understood. In the present review, we attempted to gather the
literature about the role of lipids and Ang Il in the
susceptibility of DKD.
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It is well documented that individuals genetically differ
with respect to Ang Il levels based on the genetic alterations
in the ACE gene. Of the many genetic variants of the ACE
gene on 17923, intron 16, an Insertion/Deletion (1/D)
polymorphism is well established with low and high levels of
ACE. This is a common polymorphism with variable
genotype frequency in diverse ethnic groups with genotype-
dependent differences in circulating and renal ACE levels
[40].

A meta-analysis on ACE I/D gene polymorphism by
Lakkakula et al. (2019) encompassing 45 publications (from
1994 to 2018) with data of 6124 diabetic Kidney disease and
2492 type 2 diabetic patients of Asian and Caucasian origin
reported a significant contribution of the D allele to DKD
susceptibility, in other words, showed a role of ACE I/D
polymorphism in the development of T2D to DKD [40].
Their univariate analysis was limited to gene polymorphism
and the disease condition. A recent study of ours (Mahwish
et al., 2020) from India, apart from supporting the conclusion
of the above meta-analysis, also showed. It increased and
decreased the risk for DKD patients of DD and ID genotypes
with dyslipidemia to develop DKD more than the patients
with normal lipid profiles with corresponding genotypes,
exemplifying gene and environmental interaction in DKD
pathogenesis [4]. Tseng et al. (2010) found a positive
association of atherosclerotic risk factors such as
hypertension, smoking, dyslipidemia, and obesity with ACE
genotypes among Taiwanese T2D patients with albuminuria
[41]. Nagi et al. (1998) also showed the relation between
circulating levels of ACE with plasma TG and TC
concentrations among T2D Pima Indians. [42]. Thus, the DD
genotype could be a credible factor for varied ACE levels
and a promoter of dyslipidemia in a hyperglycemic setting
culminating in renal injury.

7. DKD patient’s Therapeutic Response to ACE
inhibitors and Ang Il receptor blockers: Do

ACE genotypes influence it?

Progression from microalbuminuria to
macroalbuminuria elevates an individual's risk towards renal
and cardiovascular diseases. There is a direct relation
between the level of albuminuria and progression towards
ESRD and mortality in diabetic patients [43].

ACE inhibitors (ACEIls) have been the mainstay
treatment for DKD since 1986; they decline the production
of Ang II, resulting in a decrease in the glomerular
permeability to urinary albumin leading to the falling of
protein in the urine. ACEls and ARBs are effective in
dipping albuminuria and decelerating kidney disease
progression both in diabetic and non-diabetic subjects [5].
However, there is an inter-individual disparity in reno-

10

protective therapy among the patients. Evidence from the
literature suggests ACE I/D polymorphism could be a
contributing aspect to a certain extent to the response
variation  though there is inconsistency (Tablel).
Understanding this disparity is warranted in different ethnic
populations.

Further, experimental studies suggest that adding statins
to the ACEIls and ARBs may have a beneficial effect in
reducing albuminuria and have better reno protection than
RAS blockade alone in rats with overt nephropathy [56].
Henceforth it can be surmised that RAS blockade and statins
are not independent components of treatment regimens in
managing dyslipidemia and proteinuria in relation to DKD.
As there is an increase in the number of cases with DKD,
advancing cost-effective therapeutic strategies for these
individuals is of major public health concern.

8. Conclusion

RAS has been known for more than a century and is
widely known for its multitasking nature. Hyperglycemia-
dependent variations in the intracellular Ang Il levels are
observed in DKD and cardiomyopathy, promoting
cardiovascular disorders and hypertension. ACEIs and ARBs
are the standard management strategy for the above disease
condition. However, in order to address the drug response
variation and effective therapy assessing the levels of ACE
or screening for the genetic variants of the ACE gene apart
from lipid profile may help in better management of
diabetes-related complications or may contribute to the
development of new pharmacological approaches.

In conclusion, the present mini-review focused on the
relationship between the RAS pathway, particularly the ACE
gene and dyslipidemia as one of the underlying mechanisms
involved in DKD in patients with chronic diabetes mellitus.
Literature shows a strong association between the ACE 1/D
genotypes and dyslipidemia with DKD which opens up the
scope for an early diagnosis of patients prone to DKD.
Further, systematic in-depth observational ethnic population
studies considering ACE and anti-lipid drugs in relation to
ACE genotypes are warranted to help understand the role of
a gene that appears to be a major contributor to the complex
mechanism involved and the environment in diabetic
complications.
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Fig. 1 Link between Angiotensin 11 and lipoprotein in the development of renal injury in DKD
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OxLDL=0xidised LDL, ECM=extracellular matrix, DKD=diabetic kidney disease
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Table 1. Association studies of the ACE 1/D polymorphism and response to ACEI or ARB therapy

Disease and | Ethnicity Study Therapy Response Authors Reference
sample size durations | ACEI/ARBs Drug (year)
(months)
T1D Caucasian 84 ACElIs Captopril Fast progression and Parving et [44]
(35) higher residual proteinuria al. (1996)
in the DD genotype
T1D Caucasian 24 ACEls Lisinopril albuminuria reduction Penno et al. [45]
(530) was more in individuals (1998)
with the 11 genotype
T1D Caucasian 7 ACEls Captopril/ D allele augmented Jacobsen et [46]
(60, 169) Captopril, | development of DKD al. (1998,
lisinopril, 2003)
enalapril
T1D Caucasian 4 ARBs Losartan Change in the reduction of | Andersen et [47.48]
(54) proteinuria was not al (2002,
observed 2003)
T2D Asian 3 ACEI Benazepril, | albuminuria reduction was Haetal. [49]
(83) (Korean) perindopril more in DD genotype (2000)
patients
T2D Asian 3 ARBs Candesartan | Change in the reduction of | Haneda et al. [50]
(127) (Japanese) proteinuria was not (2004)
observed
T2D Asian 44.6 RAAS RAAS Elevated risk of reduced Soetal. [51]
(2089) (Chinese) inhibitors inhibitors renal function with DD (2006)
genotype
T2D Mixed 40.8 ARBs Losartan Reduction reaching ESRD Parving et [52]
(1435) al.
(2008)
T2D Asian 36 ACEIs/ARB A better renoprotective Cheema et [53]
(490) (Indian) effect was found among 1l al. (2013)
genotype individuals/
better reno-protective
response was noted with
DD genotype patients
T2D Asian 6 ACEls Ramipril Response of DKD patients Neerja [54]
(270) (Indian) was independent of ACE Agarwal
1/D polymorphisms et al. (2017)
DKD Asian 2 ACEIs Lisinopril Response of DKD patients | Razag et al. [55]
(121) (Indian) was dependent on ACE (2022)

I/D polymorphism

T1D: Type 1 diabetes, T2D: Type 2 diabetes, DKD: Diabetic kidney disease, ACEls: Angiotensin-converting enzyme inhibitors, ARB: Angiotensin receptor

blockers
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