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Abstract: The purpose of this research was to evaluate diabetic risk factors and aldose 
reductase in patient with diabetic peripheral neuropathy disease. This work was done on 81 
subjects, which were classified into 27 with diabetic peripheral neuropathy, 27 with diabetic 
type 2, and 27 healthy, considered as a control group. The collection period was from (10 
October 2021 to 20 December 2021). All patients and control groups were collected from the 
medical City Al-Imamian, Al-Kadhmiyain-Baghdad-Iraq. Regression analysis was used to 
investigate potential risk factors leading to diabetic peripheral neuropathy in diabetic type 2 
patients. Statistical analysis used mean±SD and significant difference P value (P<0.05). The 
spread of peripheral neuropathy in diabetes type 2 patients was 50% from all studied patients. 
Most of the participants in the study were smokers and had a family history of DPN and 
T2DM receptivity. The comparison in duration of DPN was a more extended period than the 
T2DM group. Ages and BMI were strongly correlated with the level of aldose reductase 
activity. The mean value of aldose reductase was a significant increase (P<0.05) between the 
studied groups. The mean value of glucose, HbA1c, for diabetic peripheral neuropathy 
participants was highly significantly (P<0.05) higher than in type 2 diabetic and controlled 
healthy groups. On the other hand, patients with type 2 diabetes can develop complicated 
strategic approaches through an essential aldose reductase biomarker, which can be inferred 
by monitoring aldose reductase levels. 

Key Words: Diabetic peripheral neuropathy, aldose reductase, hyperglycemia, glycosylated 
hemoglobin, micro complications of type 2 diabetes  
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1. Introduction

Diabetic polyneuropathy “DPN” is among 
the most common causes of chronic problems 
of type-2 diabetes, affecting upwards of half 
of those with the disease. [1]. In Basrah, 
southern Iraq, a study reported that the main 
risk factors for foot ulcers are peripheral 
neuropathy, impaired wound healing process, 
decreased defense mechanisms, and impaired 
immunity, which can result in amputation 
and death. The large majority of Iraqi type 2 
diabetes patients who have more extended 
periods of DM and hyperglycemia have a 
greater possibility of ending with diabetic 
foot ulcer outcomes [2]. DPN symptoms 
include numbness and tingling pain, weak-
ness, loss of senses, and ataxia. [3,4]. Aside 
from the significant morbidity, mortality, and 
decreased quality of life experienced by 
patients, DPN is regarded as the most impor-
tant initiating health risk for diabetic foot 
ulcers and non-traumatic lower leg surgical 
removal [5-7]. 

Diabetic nerve damage is caused primarily by 
elevated glucose levels in the blood (hyper-
glycemia), which disturbs the capacity of 
nerve cells to interact, resulting in a weakness 
of the bloodstream providing nutrients and 
oxygen to the nervous system [8,9]. Further-
more, axonal vitality is lost as a result. Thus, 
inflammatory cytokines can undoubtedly 
cause nervous dysfunction as well as, ulti-
mately, death of cells [10]. Other risk factors 
include body mass index (BMI), smoking, 
diabetes period (time span), age, 
hypertension, fasting glucose, and HbA1c 
levels [11-16]. Diabetic peripheral neu-
ropathy (DPN) is one of the most prevalent 
and disabling complications of diabetes 
mellitus (DM), which occurs in more than 
half of affected individuals. Some previous 
studies reported that more than 25% patients 
with T2DM may develop DPN, although up 
to half of them may remain asymptomatic. 

Clinically, the diagnosis of DPN often 
depends on the presence of patient-reported 
symptoms and physical signs, thus delaying 
the detection of subclinical diabetic pe-
ripheral neuropathy (sDPN). Therefore, 
identifying sDPN at an early stage and 
detecting the predisposing factors for its 
development may slow, stop, or even reverse 
the progression of DPN and avoid the 
occurrence of DPN-related morbidity and 
complications (Risk Factors for Subclinical 
Diabetic Peripheral [1] Neuropathy in Type 2 
Diabetes Mellitus). Aldose reductase is 
indeed a cytosolic NADPH-dependent oxi-
doreductase, which stimulates the decrease of 
aldehydes and carbonyls, including mono-
saccharides, with the primary function of 
converting glucose to sorbitol [17]. It is 
found in non-uniform levels in most 
mammals with high levels in the eye (retina, 
cornea, and lens), peripheral nerves, kidney, 
and myelin sheath tissues, which are 
frequently involved in diabetes-related 
complications [18]. The development and 
progression of diabetic neuropathy are 
thought to be influenced by four distinct 
pathways. These pathways are named intra-
cellular production of advanced glycation 
end products, “AGE” precursors, hexo-
samine pathway, protein kinase C “PKC” 
activation, and polyol pathway, and they de-
pict metabolic abnormalities in nerve phys-
iology. High glucose levels activate the 
polyol paths (the enzyme aldose reductase 
converts glucose to sorbitol). Aldose 
reductase consumes NADPH when glucose is 
converted to sorbitol, reducing glutathione 
production and increasing susceptibility to 
intracellular oxidative stress. The increased 
activity of the polyol pathway lessens myo-
inositol, which leads to peripheral neu-
ropathy [19-22]. According to the current 
research, hyperglycemia could perform a 
crucial role in the pathophysiology of com-
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plications via various mechanisms such as 
aldose reductase (AR) related polyol path, in-

creased formation of advanced glycation end 
products, and excessive oxidation stress. 

2. Materials and Methods

Subjects 

The study includes 81 subjects: adult males 
ages ranging from 33-78 years, twenty-seven 
(27) healthy subjects as a control, and 54 pa-
tients with diabetic type 2. The patient pop-
ulation was divided into 2 groups: diabetic
type 2 group (27 T2DM) and Diabetic
peripheral neuropathy group (27 DPN). The
study was conducted at Mustansiriyah Uni-
versity College of Science, Chemistry
Department from 10 October 2021 to 20
December 2021. All patients and the control
were collected from Baghdad, Iraq, Al
Imamian, Al Kadhmiyain, Medical City.
Both the patients and the control were
evaluated using biochemical tests, and
immunological and biomedical laboratory
tests.

Exclusion criteria: all subjects were without 
any noticeable inflammatory anomalies, tu-

mors, or long-term illnesses. Patients' base-
line characteristics and control data were 
collected from patient health registers. The 
following information was gathered: age, 
sex, DM duration, smoking status, family 
history, and hypertension. 

The identification of DPN was confirmed by 
previous medical reports from the 
Specialized Endocrine and Diabetes Center 
of Iraqi Ministry of Health, and positive 
results were obtained from neurologic 
medical tests and peripheral nerve tests. In 
addition, a medical evaluation involving a 
review of each patient and clinical signs and 
symptoms of psychological examination was 
recorded (tingling pins and needles or 
numbness in the hands and feet; sharp, 
burning severe pain, especially at night; loss 
sensitivity to touch; muscle weakness). 

Sample Collection 

Four milliliters of blood were taken from 
fasting patients, and the control group's blood 
samples were obtained during the hours of 
9:00 am to 12:00 pm. Each blood sample was 
divided into two parts. The first one: 2 
milliliters of blood was transferred into 
EDTA-containing tubes for HbA1C mea-

surements. Second, 2 milliliters were trans-
mitted into gel tubes for biochemistry 
measurements (glucose and aldose reduc-
tase). For 30 minutes after that, the serum was 
centrifuged for 10 min at 3000 rpm, divided 
into Eppendorf, and kept at -20oC until the 
related parameters were measured.

Sample Analysis 

The body-mass-index (BMI) of the subjects 
separated the research-measured data into 
normal (19≤ 24.9) and overweight (25≤ 
29.9). Using the formula: BMI= Weight (kg) 

/ Height (m2) [24]. Additionally, fasting 
glucose level and enzymatic hemoglobin 
A1C (HbA1c) were calculated utilizing an 
automated clinical chemistry analyzer 
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(Atellica-CH930-Siemens, German), while 
aldose reductase was calculated by sandwich 

ELISA method using (AR ELISA Kit 
MyBioSourse\USA).

Statistical Analysis 

The statistical impacts of the study were 
estimated by The SPSS version 26 ANOVA 
statistical software to calculate the 
quantitative variables for parameters reported 
in the research. It comprised the mean, 
standard deviation (SD), and p-values 
(ANOVA) and using an analysis of variance, 

Pearson's correlation is calculated. Con-
ducted to determine significant differences in 
different variables among all groups, data 
analysis significance was found at p-value 
<0.05 and extremely significant at (p-value 
<0.01). 

3. Results and Discussion

The findings in Table 1 describe the age, 
hypertension, BMI of patients and healthy 
subjects, which shows the range for all study 
groups was between 35-82 years for the three 
groups. The mean ± SD of their ages were: 
53.450±8.0126 and 55.125±10.754 and 
50.250±10.460 for the three groups, re-
spectively, with a significant p-value 
(p>0.05). The mean hypertension (mmHg) 
with a standard deviation (SD) of control 

individuals is 1.851±0.3620 ±7.441, while 
the mean ± SD of hypertension (mmHg) of 
T2DM patients is 1.555±0.506. Additionally, 
the mean±SD for DPN patients was 
1.407±0.500 with a significant p-value 
(p>0.01). The BMI mean values for patients 
and control groups were found to be 
approximately similar with a non-significant 
p-value (p>0.05).

Table 1. Demographic Values for the Participants 

Groups Control No (27) T2DM No (27) DPN No (27) P-value

Parameter Mean±SD Mean±SD Mean±SD 

Age (years) 49.814±9.603 55.740±11.591 52.888±6.885 0.081 

Hypertension (mmHg) 1.851±0.362 1.5556±0.50637 1.407±0.500 0.002 

BMI (kg\m**2) 25.574±3.233 27.059±2.585 26.497±2.383 0.143 

Type 2 diabetic, T2DM; diabetic peripheral neuropathy, DPN; hypertension levels ≥140 (mmHg) 
significant if p-value <0.05. 
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Figure 1. Distribution of Smoking and Nonsmoking According to the Study Groups 

Figure 1 shows that most of this study's 
participants were smokers, 62.96% and 
51.85% for DPN and T2DM, respectively. 
Furthermore, the family history of disease 
results were 74.07% and 51.58% for DPN 
and T2DM, respectively [25]. Identification 
of independent risk factors for diabetic 
neuropathy progression in patients with type 
2 diabetes mellitus. Journal of International 

Medical Research who had a family history 
of disease. Other research reported that in 
every category studied, sick people were 
much more likely to have a significant history 
of diabetes and complications such as 
“DPN”. The family history of diabetes and 
major complications were associated with 
peripheral neuropathy [26,27]. 

Figure 2. Percentage of the Family History with the Disease Between the Study Groups 

In addition, Figure 2 shows that most of the 
participants in the study were smokers (62% 
and 51% for DPN and T2DM, respectively). 
Furthermore, most of them have a family 
history of the disease for DPN and T2DM 
(74% AND 51% for DPN and T2DM, 
respectively). These results agree with (28-
30) have a family history of the disease.

Other research reported that in every 
category studied, sick people were much 
more likely to have a significant history of 
diabetes and complications such as “DPN”. 
Family history was linked with peripheral 
neuropathy patients [31,32]. 
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Figure 3. Disease Duration for Both T2DM and DPN 

Also, the comparison in duration of disease 
in Figure 3 showed highly significant 
differences for the DPN group. It was over a 
longer period compared to the T2DM group 
(p<0.05) [14]. 

According to the study's findings, there is 
also a highly significant increase in the level 
of hypertension in the DPN group, especially 
compared to the T2DM and control groups 
(p<0.05). It agrees with previous studies that 
hypertension and diabetes are independent 
risk factors and have significant additive 
interactions with disease [15]. 

Table 2 illustrates the clinical parameter 
analysis for the three DPN patients with 
T2DM and control groups. Analyzing the 
current data of participants (n=81) showed 
that the variance of aldose reductase in the 
analysis was significant. The mean of aldose 
reductase for T2DM was noticeably higher 
than for both DPN and control groups 
(p>0.05). Many other studies showed that the 

relationship between aldose reductase (AR) 
and hyperglycemia would be cause the 
development of diabetic type 2 to diabetic 
peripheral neuropathy. AR levels were 
significantly increased in T2DM patients, 
and the accumulation of polyol pathways was 
mediated by AR and intermediate glycation 
products or advanced glycation end products 
(AGE), which induced oxidative stress. Also, 
modified protein kinase C activities are 
considered to be responsible for diabetic 
peripheral development [34,35]. The mean 
value of fasting glucose level for the DPN 
group was significantly higher than that of 
T2DM and control groups (p< 0.05), which is 
similar to other previous studies [16]. The 
comparison of the HbA1c between the 
groups showed a significant increase for the 
DPN group compared to T2DM and control 
groups. It agrees with other studies that 
reported that the difference between DPN 
groups compared to T2DM and control 
groups was statistically significant (p<0.05) 
[16,33]. 
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Table 2. Biochemical and Clinical Characteristics of the Participants 

Groups Control No (27) T2DM No (27) DPN No (27) P-value

Parameter Mean±SD Mean±SD Mean±SD 

AR 14.893±2.967 53.761±13.852 31.492±10.389 0.0001 

FG (mg\dl) 95.222±8.536 173.493±47.378 285.503±113.428 0.0001 

HbA1c 5.439±0.386 7.780±1.342 9.651±1.992 0.0001 

AR, Aldose Reductase; FG, Fasting Glucose; HbA1c, Glycosylated Hemoglobin. 

The results in Table 3 with Figure 4 show that 
the AR had a strong positive correlation with 
Age (years) (r= 0.545**) (p= 0.003) in the 
T2DM group, however, with a moderate 

“positive correlation” with hypertension (r= 
0.425*) (p= 0.027) and a strong “negative 
correlation” with BMI in control group (r = -
0.554**) (p= 0.003). 

Figure 4. (A) Significant Correlation Between Aldose Reductase and Age (years) (B) 
Significant Correlation Among Both Aldose Reductase and Hypertension (C) Significant 

Correlation Between Aldose Reductase and BMI 
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Table 3. Correlation Between AR with Demographic and Clinical Values in the Control 
Group, Diabetic Type 2 Group, and DPN Group 

AR 

Group Control T2DM DPN 

Parameter (r) (p) (r) (p) (r) (p)

Glu H (mg\dl) 0.127 0.528 0.190 0.342 -.110 0.585 

Hba1c -0.292 0.139 -0.138 0.493 -.138 0.491 

Age (years) 0.030 0.882 0.545** 0.003 -.201 0.316 

Smoking 0.193 0.334 0.118 0.559 -0.138 0.491 

FHD -0.050 0.804 -0.007 0.972 -0.031 0.879 

Hypertension 0.425* 0.027 0.135 0.502 -0.168 0.401 

Duration 
(years) 

0.090 0.654 0.284 0.151 

BMI (kg\m**2) -0.554** 0.003 -0.208 0.298 0.030 0.883 

Aldose Reductase (AR), Glucose (Glu H), Family history of Diabetic (FHD), Pearson Correlation (r), 
P-value (p). ** Correlation is significant at the 0.01 level. * Correlation is significant at the (p<0.05)
levels.

In this current study, there was also no 
relationship between the alteration in HbA1c 
and glucose with alteration in the level of 
aldose reductase. It corresponded with other 
studies that reported no statistically signif-
icant correlation observed between the level 
of AR and the average of HbA1c and fasting 
blood glucose [36,37]. 

Although there's reasoned evidence that 
points to the AR as a biologically probable 
crucial gene for developing type 2 diabetes 
complication diseases [38], so much research 
has found that the AR is linked to diabetic 
retinopathy, neuropathy, and nephropathy, 
possibly due to an involvement of the polyol 
pathway in the pathophysiology of naval 
vessel diabetic complications [39-41]. Fur-
thermore, the alteration in AR levels in the 

DPN group are an obvious characteristic that 
control group. A future study is needed to 
fully understand the relationship between the 
serum AR and DPN. Because other studies 
indicated that there is a high incidence of AR 
in T2DM patients and is linked to diabetic 
peripheral neuropathy. Quite a lot of 
pathological modifications in nerve cells, 
nerve fibers, and vascular endothelial cells 
can result in nerve dysfunction and, 
eventually, death. It has been suggested that 
nerve damage might have developed during 
the pre-diabetes stage. Post-load hyper 
glucose levels may be the primary mech-
anism causing increased oxidative stress, 
vascular dysfunction, and stimulation both 
for the polyol pathway and the protein kinase 
C, resulting in impaired nerve cell 
metabolism and damage to DNA [42]. 
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4. Conclusion

The increase in the mean value of aldose 
reductase was significant (p<0.05) for the 
DPN group compared to others. The mean 
value of glucose HbA1c for DPN participants 
was considerably higher than those in the 
T2DM and healthy controls groups (p<0.05). 
It can be concluded that the AR level was an 
important parameter for following the T2DM 
cases complicated by DPN. This is because 

the enzyme converts glucose to sorbitol, 
which can accumulate in cells, leading to 
oxidative damage. By monitoring AR levels 
or its activity, clinicians can potentially gain 
insights into the progression of diabetic 
complications. Inhibition of aldose reductase 
is being explored as a therapeutic strategy to 
prevent or delay these complications.
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