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Abstract 
Stress-induced type 2 diabetes is associated with dyslipidemia, a recognised risk factor for diabetic 
kidney disease (DKD). There is mounting evidence that some lipid ratios may offer extra insight 
into lipid metabolism when compared to established lipid measures. Therefore, the purpose of the 
current investigation was to determine which lipid index was most closely connected to stress-
induced DKD. 
Methodology: Diabetes stress questionnaire used to diagnose patients with stress-induced T2D 
while ruling out other kidney disorders and urinary tract infections. Urinary creatinine was 
assessed along with lipid profiles, and lipid ratios were computed using the associated lipid 
parameters. The immunoturbidimetry method was used to assess the level of urinary albumin. 
Results: Compared to T2D patients without nephropathy, these individuals had greater 
prevalences of hypertension, use of insulin and statins, higher blood urea nitrogen (BUN) levels, 
creatinine (Cr) levels, uric acid (UA) levels, cystatin C levels, poorer eGFRs, and lower LDL-
C/Apo B ratios (P < 0.05). Other than the LDL-C/Apo B ratio between patients with and without 
nephropathy, there were no differences in the percentage of male patients, BMI, diastolic blood 
pressures, s, or lipid indices (p > 0.05). 
Conclusion: Among the many lipid indices, the LDL-c/Apo B ratio in patients with stress-induced 
T2D was most closely associated with nephropathy (DNP), and a lower LDL-C/Apo B ratio was 
linked to a higher risk of DNP in T2D patients. 
Keywords: Diabetes, Lipid Metabolism, Nephropathy, Blood Urea Nitrogen, Diastolic Blood 
Pressure. 
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Introduction
Stress can be sudden or chronic. While both 
can have a variety of negative side effects, 
prolonged stress can have detrimental long-
term impacts on one's health. The two 

hormones that respond most strongly to stress 
are glucocorticoids (GC) and 
catecholamines. Although these hormones 
have no adverse effects in the short term, they 
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may cause problems with glucose 
homeostasis in the long run. In addition to 
these, stressed hyperglycemia provides a 
source of energy for the immune system and 
brain during stressful, injured, and infectious 
conditions. [1-3]. Diabetic kidney disease 
(DKD) affects 20% of patients with type 2 
diabetes (T2D) and is one of the major 
microvascular consequences of T2D [1]. 
High levels of triglycerides (TG), low-
density lipoprotein cholesterol (LDL-C), and 
low levels of high-density lipoprotein 
cholesterol are typical characteristics of 
dyslipidaemia in T2D patients (HDL-C). The 
mainstay of today's lipid-lowering 
medications, statins, work by blocking 
cholesterol synthase to lower plasma levels 
of LDL-C and TG [4-7]. Statins are advised 
by all available recommendations, and while 
they can lower proteinuria and all-cause 
mortality, they do not prevent the 
advancement of end-stage renal disease [8]. 
Consequently, it is conceivable that the 
standard lipid indices do not accurately 
reflect the risk of nephropathy, and it is 
desirable to look for new lipid-lowering 
therapeutic targets. In diabetic patients, there 
is a significant correlation between oxidative 
stress and hyperglycemia, and diabetes is 
associated with elevated reactive oxygen 
species (ROS) generation and diminished 
antioxidant defence [9]. Conversely, 
hyperglycemia may result in oxidative stress 
by activating stress pathways and causing 
mitochondrial dysfunction [10–11]. 
Methodology 
In this observational study, patients 
diagnosed with stress induced T2D with the 
help of diabetes stress questionnaire and 
according to the statement of the American 
Diabetes Association and screened for 
nephropathy were enrolled from the inpatient 
department of Bio Chemistry, Index Medical 
College. Type 1 diabetes, secondary diabetes, 
previous and ongoing malignant tumors, 

chronic hepatitis and heart failure, acute 
diabetic complications and other kidney 
diseases, and urinary tract infection were all 
excluded. Finally, the current research 
included 156 T2D patients. Each subject 
signed written informed consent after 
thoroughly understanding the current 
research protocol. The study was in 
accordance with the Declaration of Helsinki 
and approved by the medical research ethics 
committee of the index medical college, 
Indore. 

Laboratory Examination and Calculation 
Following enrolment, fresh morning first-
void urine samples and fasting blood samples 
were collected for the determination of the 
laboratory variables urinary albumin and 
urinary creatinine, respectively. An 
automated biochemical analyzer was used to 
measure the lipid profiles and urine 
creatinine, and lipid ratios were determined 
using the appropriate lipid parameters.  
The immunoturbidimetry method was used to 
assess the level of urinary albumin. Urinary 
albumin to urine creatinine ratio (UACR) 
was an algorithm used to measure this ratio. 
Based on the CKD-EPI creatinine-cystatin C 
equation, estimated glomerular filtration rate 
(eGFR) was determined (2012) [12]. 
NEPHROPATHY can be diagnosed in a 
patient with T2D if their eGFR is less than 60 
ml/min/1.73 m2 or their UACR is less than 
30 mg/g and has persisted for longer than 3 
months [13]. 

Results  
Among the recruited 136 T2D patients, 
patients combined with Nephropathy 
accounted for 15.38%. As shown in Table 1, 
T2D patients with Nephropathy had older 
ages, longer diabetic durations, higher 
systolic blood pressures, a higher prevalence 
of hypertension, higher prevalence of insulin, 
and statins users, higher blood urea nitrogen 
(BUN) levels, creatinine (Cr) levels, uric acid 
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(UA) levels, cystatin C levels, UACR levels, 
lower eGFRs, and lower LDL-C/Apo B ratios 
(all p < 0.05) than T2D patients without 
NEPHROPATHY. There were no 
differences in proportion of males, BMI, 
diastolic blood pressures, s and lipid indices 
other than LDL-C/Apo B ratio between 

patients with and without NEPHROPATHY 
(p > 0.05). 
There were significant differences in the 
proportion of patients with nephropathy 
among Group 

Table 1: Clinical characteristics of study variables 
 
Variable 

Group 1 (n=78) 
Diabetic subjects without 
nephropathy 

Group 2 (n=78) 
Diabetic subjects with 
nephropathy 

 P 
value 

Mean age, yr 54.28±9.26 55.72±10.33 0.155 
Mean duration(DM) 10.76±7.61 12.27±7.04 0.166 
Sex, male:female 70:22 61:28 0.256 
BMI (kg/m2 ) 25.63 ± 4.04 25.55 ± 3.36 0.842 
SBP (mmHg) 132 (123-145) 142 (126-157) <0.001 
DBP (mmHg) 81.37 ± 11.04 81.43 ± 10.50 0.726 
Cr (umol/L) 54.0 (46.0-63.0) 86.0 (68.0-116.0) <0.001 
Serum UA (umol/L) 290.5 (232.3-354.8 380 (313.0-472.0) <0.001 

Table 2: Lipid indices of diabetic and non-diabetic Nephropathic patients 
Variables value Diabetic  

nephropathy 
Non diabetic  
nephropathy 

P  
 

TG (mmol/L) 1.42 (1.06-2.59) 1.79 (1.14-2.83) 0.457  
TC (mmol/L) 4.66 (3.74-5.03) 4.17 (3.57-4.96) 0.321  
HDL-C (mmol/L) 1.12 (0.96-1.31) 1.12 (0.92-1.30) 0.260  
LDL-C (mmol/L) 2.75 ± 0.86 2.61 ± 1.00 0.051  
Apo A1 (mmol/L) 1.07 (0.97-1.20) 1.05 (0.94-1.19) 0.215  
Apo B (mmol/L) 0.94 (0.75-1.09) 0.83 (0.77-1.07) 0.785  
TG/HDL-C (mmol/mmol) 1.43 (0.86-2.72) 1.79 (0.94-2.82) 0.339  
LDL-C/Apo B (mmol/mmol) 2.91 (2.59-3.34) 2.84 (2.38-3.08) < 0.001 
HDL-C/Apo A1 (mmol/mmol) 1.03 (0.93-1.13) 1.22 (0.92-1.12) 0.509 

Discussion 
In the present investigation, we assessed the 
relationships between several lipid indices 
and the likelihood of developing nephropathy 
in T2D patients. In contrast to patients 
without nephropathy, we discovered that 
patients with nephropathy had lower levels of 
the LDL-C/Apo B ratio. eGFR, UACR, and 
cystatin C were all substantially correlated 
with the LDL-C/Apo B ratio. We also 
showed that the prevalence of nephropathy is 
independently correlated with the LDL-

C/Apo B ratio. Furthermore, we found that a 
low LDL-C/Apo B ratio was associated with 
a higher risk of nephropathy even in patients 
with normal lipid profiles. 
In patients with T2D, hyperlipidemia is a 
known risk factor for developing DKD. As a 
result of the glomerular filtration barrier 
being compromised and proteinuria 
eventually developing, hyperlipidemia has 
the potential to promote the death of 
podocytes, a kind of kidney epithelial cell 
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[14].In along with podocytes, hyperlipidemia 
can support glomerulosclerosis, interstitial 
fibrosis, and the progression of proteinuria by 
affecting glomerular endothelial and 
mesangial cells which promotes collagen and 
fibronectin accumulation [15]. Renal tubular 
injury is a vital component of DKD, and even 
precedes the occurrence of glomerular injury 
[16]. When combined with proteinuria, 
hyperlipidemia can cause renal tubular injury 
through the mechanism that albumin can 
serve as a carrier of fatty acids and promote 
fatty acid deposition in the kidney [17].  
Also, by producing too many adipokines and 
activating a number of signalling pathways, 
ectopic lipid deposition in the kidney can 
cause localised oxidative stress and 
inflammation [18]. The current investigation 
showed a strong correlation between the 
occurrence of DKD in patients with T2D and 
the LDL-C/Apo B ratio. There have been 
numerous studies looking at the connections 
between lipid indices and DKD, yet there are 
differences amongst them. High levels of TG 
and low levels of HDL-C at baseline, but not 
levels of LDL-C, were able to predict the 
decrease of renal function in a 2.9-year 
follow-up research. Retnakaran R et al. 
demonstrated that serum TG and LDL-C 
levels were predictors of proteinuria in 
patients with T2D, which was slightly 
different from the study mentioned above 
[19]. 
The fall in eGFR and rise in proteinuria were 
both positively correlated with the TG/HDL-
C ratio in a long-term research involving a 
sizable Japanese population. Other research, 
however, did not find any correlations 
between lipid indices and DKD or DKD 
indicators. Important markers of kidney 
function include UACR, eGFR, and cystatin 
C, which represent the glomerular filtration 
barrier, glomerular filtration function, and 
tubular function, respectively. We found that 
TG and the TG/HDL-C ratio were only 

positively correlated with UACR in this 
study. 

Conclusion 
A decreased LDL-C/Apo B ratio may be a 
potent risk factor and therapeutic target for 
the prevention and treatment of DNP in 
patients with T2D due to its tight association 
with the risk of DNP. The LDL-C/Apo B 
ratio should always be checked, even in type 
2 diabetes patients with normal lipid profiles. 

References 
1. Lang CH, Dobrescu C: Gram-negative 

infection increases noninsulin-mediated 
glucose disposal. Endocrinology. 1991; 
128:645-53. 

2. Oddo M, Schmidt JM, Carrera E, et al.: 
Impact of tight glycemic control on 
cerebral glucose metabolism after severe 
brain injury: a microdialysis study. Crit 
Care Med. 2008; 36:3233-8.  

3. Duning T, van den Heuvel I, Dickmann 
A, et al.: Hypoglycemia aggravates 
critical illness-induced neurocognitive 
dysfunction. Diabetes Care. 2010; 
33:639-44. 

4. Domingueti CP, Dusse LM, Carvalho 
Md, de Sousa LP, Gomes KB, Fernandes 
AP. Diabetes Mellitus: The Linkage 
Between Oxidative Stress, Inflammation, 
Hypercoagulability and Vascular 
Complications. J Diabetes 
Complications. 2016; 30:738–45. 

5. Hosny SS, Bekhet MM, Hebah HA, 
Mohamed NR. Urinary Neutrophil 
Gelatinase-Associated Lipocalin in Type 
2 Diabetes: Relation to Nephropathy and 
Retinopathy. Diabetes Metab Syndr. 
2018; 12:1019–24.  

6. Adler AI, Stevens RJ, Manley SE, Bilous 
RW, Cull CA, Holman RR, et al. 
Development and Progression of 
Nephropathy in Type 2 Diabetes: The 
United Kingdom Prospective Diabetes 
Study (UKPDS 64). Kidney Int. 2003; 
63:225–32.  



International Journal of Pharmaceutical and Clinical Research                                  e-ISSN: 0975-1556, p-ISSN: 2820-2643 

Aminuddin et al.                            International Journal of Pharmaceutical and Clinical Research   

213 

7. Taskinen MR. Diabetic Dyslipidaemia: 
From Basic Research to Clinical Practice. 
Diabetologia. 2003; 46:733–49. 

8. Bussolati B, Deregibus MC, Fonsato V, 
Doublier S, Spatola T, Procida S, et al. 
Statins Prevent Oxidized LDL-Induced 
Injury of Glomerular Podocytes by 
Activating the Phosphatidylinositol 3-
Kinase/AKT-Signaling Pathway. J Am 
Soc Nephrol. 2005;16:1936–47. 

9. Zhang Z, Wu P, Zhang J, Wang S, Zhang 
G. The Effect of Statins on 
Microalbuminuria, Proteinuria, 
Progression of Kidney Function, and All-
Cause Mortality in Patients With non-
End Stage Chronic Kidney Disease: A 
Meta-Analysis. Pharmacol Res. 2016; 
105:74–83. 

10. Elmarakby AA, Sullivan JC. 
Relationship between oxidative stress 
and inflammatory cytokines in diabetic 
nephropathy. Cardiovasc Ther. 2012; 
30(1): 49-59. 

11. Evans JL, Goldfine ID, Maddux BA, 
Grodsky GM. Oxidative stress and stress-
activated signaling pathways: a unifying 
hypothesis of type 2 diabetes. Endocrine 
reviews 2002;23(5):599-622. 

12. Inker LA, Schmid CH, Tighiouart H, 
Eckfeldt JH, Feldman HI, Greene T, et al. 
Estimating Glomerular Filtration Rate 
From Serum Creatinine and Cystatin C. N 
Engl J Med. 2012; 367:20–9. 

13. Tuttle KR, Bakris GL, Bilous RW, 
Chiang JL, de Boer IH, Goldstein-Fuchs 
J, et al. Diabetic Kidney Disease: A 

Report From an ADA Consensus 
Conference. Diabetes Care. 2014; 
37:2864–83. 

14. Russo G, Piscitelli P, Giandalia A, Viazzi 
F, Pontremoli R, Fioretto P, et al. 
Atherogenic Dyslipidemia and Diabetic 
Nephropathy. J Nephrol. 2020; 33:1001–
8.  

15. Chen X, Yin Q, Ma L, Fu P. The Role of 
Cholesterol Homeostasis in Diabetic 
Kidney Disease. Curr Med Chem 2021; 
28:7413–26.  

16. Vijay S, Hamide A, Senthilkumar GP, 
Mehalingam V. Utility of Urinary 
Biomarkers as a Diagnostic Tool for 
Early Diabetic Nephropathy in Patients 
With Type 2 Diabetes Mellitus. Diabetes 
Metab Syndr. 2018; 12:649–52. 

17. Weinberg JM. Lipotoxicity. Kidney Int. 
2006; 70:1560–6. 

18. Thongnak L, Pongchaidecha A, 
Lungkaphin A. Renal Lipid Metabolism 
and Lipotoxicity in Diabetes. Am J Med 
Sci. 2020; 359:84–99.  

19. Muntner P, Coresh J, Smith JC, Eckfeldt 
J, Klag MJ. Plasma Lipids and Risk of 
Developing Renal Dysfunction: The 
Atherosclerosis Risk in Communities 
Study. Kidney Int. 2000; 58:293–301. 

20. Retnakaran R, Cull CA, Thorne KI, Adler 
AI, Holman RRUKPDS Study Group. 
Risk Factors for Renal Dysfunction in 
Type 2 Diabetes: U.K. Prospective 
Diabetes Study 74. Diabetes. 2006; 
55:1832–9.  

 


