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Abstract
Objectives
is to detect relation between vitamin D deficiency and increased risk of peripheral neuropathy in type 2 diabetes (DM).

Methods
The study included total number of 90 subjects; 60 cases with type 2 DM and was divided into two groups; one with peripheral
neuropathy, the other group without peripheral neuropathy and 30 healthy subjects as control.

All the included cases were subjected to full history taking, clinical examination (general and neurological), ocular fundus
examination and laboratory investigations including Glomerular filtration rate (GFR), glycosylated hemoglobin (HbAlc),
assessment of serum level of vitamin D was conducted to all cases. All the included subjects were examined to assess the
degree of presence or absence of retinopathy.

Results
We found that HbAIc and hsCRP (high sensitivity C-reactive protein) level was statistically significantly higher in the T2DM
with peripheral neuropathy group as compared with T2DM without peripheral neuropathy and control groups.

The serum level of vitamin D was statistically significantly lower in those with peripheral neuropathy group in comparison
to those without neuropathy and control groups.

By multivariate regression analysis, DM duration, high values of HbAlc, urinary albumin/creatinine ratio (ACR), hs-CRP,
systolic blood pressure (SBP) and decreased serum vitamin D levels were shown to be independent predictors for diabetic
peripheral neuropathy.

Conclusion
Serum level of vitamin D was low in Egyptians Type 2 diabetes mellitus patients with neuropathy in comparison to those without.
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Introduction and Aim of The Work
Diabetic neuropathy is a common complication in patients with
diabetes, and it affects up to 50 % of patients with diabetes [1].

Vitamin D deficiency, a common symptom in diabetic patients
who have distal symmetrical polyneuropathy, has been associated
with type 1 or 2 diabetes and its microvascular and macrovascular
complications [2].

The aim of the present study was to detect the relation between
vitamin D deficiency and increase risk of peripheral neuropathy in
type 2 diabetes.

Patients and Methods

This is a cross sectional descriptive study, was conducted in the
Specialized Medical Hospital; Mansoura University, Mansoura,
Egypt, for duration of 6 months from January 2021 to June 2021.
This study included total number of 90 subjects with age 18-65
years; and were classified into 3 groups (each of 30 subjects) as
follows:

First Group
included 30 cases with type 2 diabetes without peripheral neuropa-
thy (19 males and 11 females) with mean age 47.93 years.

Second Group: included 30 patients with type 2 diabetes and pe-
ripheral neuropathy (20 males and 10 females) with mean age
49.93 years.

Third Group

included 30 normal subjects as a control group (16 males and 14
females) with mean age 47.17 years. There was no significant dif-
ference between different groups regarding age and sex distribu-
tion.

Diabetes was diagnosed based on the World Health Organization
consulting criteria (i.e., fasting plasma glucose [FPG] >7.0mmol/L
[126mg/dL] and/or a 2-h postglucose value >11.1 mmol/L [200
mg/dL]) [3].

Diabetic peripheral neuropathy was defined as the presence of
symptoms and/or signs of peripheral nerve dysfunction in people
with diabetes after the exclusion of other causes (Combinations
of more than 1 following test have>87% sensitivity in detecting
DPN: pinprick, temperature, and vibration perception (using a
128-Hz tuning fork), 10-g monofilament pressure sensation at the
distal halluces, and ankle reflexes) [4].

Exclusion Criteria

Patients with age >65 years, liver cell failure, heart failure, re-
nal failure, thyroid disease, patients with peripheral neuropathy
caused by other factor such as accident, tumors, inflammation, au-
toimmune disease, patients treated with vitamin D, patients with
history of metabolic bone disease, patients suspected of hypovita-
minosis such as pregnancy, lactation and postmenopausal, patients
with diabetic foot were excluded.

A written informed consent was obtained from all participants.

*The whole study design was approved by the Institutional review
board (IRB), Faculty of Medicine, Mansoura University.

All participants were subjected to the following: full history taking
and clinical examination, body weight, height, body mass index
(BMI=weight (Kg)/height (m2) and neurological examination in-
cluding examination of motor and sensory systems in lower limbs.

o Assessment for loss of protective sensation (LOPS) in lower
limbs using the following techniques:

- Pressure perception (Superficial sensation): using Semmes-Wein-
stein 10-gram monofilament [5].

- Vibration perception (Deep sensation): using 128 Hz tuning fork

[6].

Nerve Conduction Velocity (NCV) Assessment

The nerve conduction velocity was assessed in all the cases includ-
ed in the study. The NCV was considered to be decreased when it
was below the normal value (Normal NCV 50-60m/s) [7].

The following laboratory investigations were done for all partici-
pants in our study: fasting and two hours postprandial blood glu-
cose, glycosylated hemoglobin (HbAlc), complete blood count
(CBCQ), lipid profile, Urinary albumin/creatinine ratio, urea, cre-
atinine and calculate estimated GFR by using the Modification
of Diet in Renal Disease (MDRD) formula ; eGFR (mL/min/1.73
m2) =186x% (Scr)-1.154x (Age)-0.203x (0.742 if female) x (1.120
if African-American), hsCRP, liver enzymes, TSH, Serum level of
25 hydroxy vitamin D was measured using a chemiluminescent
immunoassay (25-OH-Vitamin D ELISA - IBL international, Kit
N: RE53041, Hamburg, Germany) [8].
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Results

Table 1: Comparison between T2DM without peripheral neuropathy, T2DM with peripheral neuropathy and control groups
regarding clinical and biochemical parameters

Parameters T2DM without pe- T2DM with peripheral Control (n=30) Significance test Multiple comparisons
ripheral neuropathy neuropathy
(n=30) (n=30)
FBG (mg/dL)
Median (IQR 122 (26.25 157.50 (87.75 94 (10.50
( Q ) ¢ ) ¢ ) ¢ ) P-value <0.001 "¢ | P,<0.001"
Range (Min-Max) | 80 - 199 100.00 - 299.00 82-110 P.<0.001HS
,<0.
P.=0.004 S
2Hr PPBG (mg/dL)
Median (IQR, 181.50 (44 224.50 (110.50 107 (51.25
1R “9) ( ) ( ) <0.001 ®s P <0.001™
P,<0.001"
Range (Min-Max) | 120 - 288 143 - 440 75 - 167 P.=0.022°
HbAIc (%)
Median (IQR 7 (0.90 8 (1.80 5.40 (0.52
(1o8) (0:90) (1.80) (0:32) <0.001 1S P <0.001"
P,<0.001"
; P_=0.005 1S
Range (Min-Max) | 5.50 - 9.80 6.90 - 11.90 5-6.10 3
Total Cholesterol (mg/dL)
Median (IQR 202 (79.50 186.50 (64.75 182.50 (21.75
(IOR) (79.50) (64.75) QL5 | \s
Range (Min-Max) | 115 - 360 112 - 305 137 - 245
Triglycerides (mg/dL)
Median (IQR, 147.50 (104.25 163 (74.25 103 (44.25
(Q ) { ) ¢ ) ( ) <0.001 1S P1=0.003"S
Range (Min-Max) | 56 - 291 60 -274 62-212 P2<0.001"S
Ps=1.000 ™
HDL (mg/dL)
: P =0.017 S
Median (IOR 44 (13 41 (16.73 51.50 (10.50 1
(Q ) (13) ( ) ( ) =0.004 1S P,<0.007 "
Range (Min-Max) | 25 - 70 16.90 - 139 36 - 68 P.=1.000
LDL (mg/dL)
Median (IQR 117 (68.75 120 (53.25 104.50 (28.50
(IOR) (68.75) (53.25) @850 | o \
Range (Min-Max) | 15.70 - 293 15.70 - 250 63 -176
ALT (U/L)
Mean + SD 35.27 +6.03 34.57 + 6.64 2027 +7.92 <0.001 1S P <0.001"
Range (Min-Max) | 26 - 48 22 - 48 9-40 P2<0.001"
P=0.919N8
AST (U/L) <0.001 7 P1=0.230
Median (IOR) 37 (14) 34.50 (13) 19.50 (5.25) P2=0.001"
: Ps=0.245 ™
Range (Min-Max) | 22 - 48 22-48 11 - 40
Urea (mg/dL) =0.002 1S Pi=0.230N8
Median (IOR) 30 (13.75) 35 (13.75) 28 (9.06) P2=0.001"
P=0.245 NS
Range (Min-Max) | 21 - 55 21-92 17 -45
Creatinine (mg/dL)
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Median (IOR) 0.90 (0.50) 0.94 (0.22) 0.77 (0.16) =0.004 1S P1=0.036 5
Range (Min-Max) | 0.56 - 1.30 0.60 - 1.40 0.60 - 1.05 P2<0.005 ™
Ps=1.000 N5
Albumin Creatinine Ratio(ACR (mg/gm)) <0.001 148 P:=1.000 ¥
: P2<0.001"
Median (IOR 19 (8.41 140 (253.80 19 (12.25
(I0R) (8.41) (253.80) (12.25) P
Range (Min-Max) | 9-31 30.90-927 10-27
TSH (uIU/mL) =0.699 NS NS
Median (IOR) 1.23 (2.02) 1.23 (1.12) 1.70 (1.33)
Range (Min-Max) | 0.55 - 5.04 0.50 - 4.30 0.50-4
HS-CRP (mg/dL)
Median (IOR) 16.97 (12.43) 16.86 (17.83) 3.70 (1.67) <0.001 ™ P1<0.001"
P2<0.001"
Ps=1.000 N5
Range (Min-Max) | 2.06 - 56.80 3.40 - 68 1.30- 6.57
eGFR (mL/min)
Mean + SD 83.40 £ 21.12 81 +19.42 9433 + 13.82 0.014°% P1=0.061™
P2=0.017 S
P:=0.869 N5
Range (Min-Max) | 43.07 - 121.36 53.28 - 119.10 70.96 - 120.55
BMI (kg/m’) 0.394 NS NS
Mean + SD 2624 £ 2.67 26.94 =335 2742 £387
Range (Min-Max) | 22 - 32 21-33 19.40 - 36.90
SBP (mmHzg) <0.001 P1<0.001"
Mean + SD 132.17 + 13.04 132.33 + 11.94 118.33 + 11.40 P2<0.001™
Ps=0.998 NS
Range (Min-Max) | 100 - 160 110 - 160 90 - 140
DBP (mmHyg) =0.068 NS NS
Median (IOR) 80 (25) 80 (16.25) 80 (10)
Range (Min-Max) | 60 - 100 70 - 100 60 - 90
serum level of 25(0H) vitamin D (ng/ml) <0.001 " P:=0.001 48
Mean (SD) 27.52+6.68 1924 +5.17 36.84 £7.91 P2<0.001"
Ps=0.001 1

- P1: P-value for the difference between T2DM without peripheral neuropathy group and control group.
- P2: P-value for the difference between T2DM with peripheral neuropathy group and control group.
- P3: P-value for the difference between T2DM without peripheral neuropathy group and T2DM with

Peripheral neuropathy group
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Table 2: Correlation between serum level of 25 (OH) and various parameters in groups of T2DM without peripheral neuropathy
and T2DM with peripheral neuropathy

Parameters correlated Serum level of 25 (OH) vitamin D (ng/ml)

T2DM without peripheral neuropathy group (n =30) | T2DM with peripheral neuropathy group (n = 30)

r, P-value r, P-value
Age (years) 0.11 0.560N8 -0.17 0.358 NS
FBG (mg/dL) 0.47 0.009 s 0.45 0.013 8
2Hr PPBG (mg/dL) 0.46 0.011 8 0.41 0.0245
HbAlc (%) 0.45 0.010 1S 0.46 0.011 88
Total cholesterol (mg/dL) | 0.04 0.833 N 0.06 0.755 N8
Triglycerides (mg/dL) 0.00 0.985 NS 0.21 0.262 N8
HDL-c (mg/dL) 0.07 0.701 ™8 0.12 0.525 N8
LDL-c (mg/dL) 0.28 0.135 N8 -0.09 0.654 NS
ALT (U/L) -0.11 0.558 NS -0.13 0.482 N8
AST (U/L) 0.02 0.903 N8 -0.18 0.339 M
Urea (mg/dL) -0.07 0.711 N8 -0.06 0.762 N8
Creatinine (mg/dL) 0.12 0.535 N8 0.26 0.160 N8
Uric acid (mg/dL) 0.04 0.834 N8 0.08 0.679 8
TSH (CJIU/mL) 0.03 0.861 ¢ 0.02 0.913 8
HS-CRP (mg/dL) 0.11 0.567 NS 0.49 0.006 1S
e¢GFR (mL/min) -0.21 0.275 N8 -0.20 0.301 s
BMI (kg/m3) -0.12 0.530 s 0.34 0.063 N8
SBP (mmHg) 0.11 0.550 NS 0.21 0.269 N8
DBP (mmHg) 0.01 0.969 N8 0.20 0.282 N8
Hb (g/dL) -0.06 0.748 NS -0.16 0.403 NS
Platelets (103/C1 0L ) 0.19 0.321 ™8 -0.07 0.726 N8
WBCs (103/CL) -0.34 0.066 N8 -0.01 0.966 N8

Hb: hemoglobin, WBC: white blood cells, TSH: thytrophic stim-  systolic blood pressure, LDL-c: low density lipoprotein choles-
ulation hormone, ALT: alanine aminotransferase, AST: aspartate terol, HDL-c: high density lipoprotein cholesterol, , hsCRP: high
aminotransferase, DBP: diastolic blood pressure, SBP: sensitive C-reactive protein, FBG: fasting blood glucose

Table 3: Univariate and multivariate analysis of predictors of diabetic peripheral neuropathy

Variables Univariate analysis Multivariate analysis

B 95% CI P value
Age 0.395
Male sex 0.123
Disease duration 0.001* 3.016 2.140- 3.847 | 0.001*
FBG 0.038* 1.456 1.162-2.546 0.076
2 Hours post prandial 0.011%* 0.736 0.427-1.326 | 0.338
HBAIC 0.001* 2.112 1.746-2.837 | 0.001*
Cholesterol 0.385
TGs 0.639
HDL 9.971
ALT 0.229
Urea 0.01* 0.645 0.308-1.31 0.126
Creatinine 0.032* 0.363 0.108- 0.958 0.437
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ACR 0.001* 2.116 1.857-2.784 | 0.005*
TSH 0.246

hsCRP 0.01* 1.775 1.426-2.665 | 0.035*
BMI 0.118

e-GFR 0.012%* 0.735 0.236-1.08 0.436
SBP 0.004* 1.365 1.045-2.125 | 0.045*
DBP 0.131

vitamin D levels 0.001* 0.412 0.232-0.842 | 0.003*

ACR: albumin/creatinine ratio, hsCRP: high sensitive C-reactive
protein, DBP: diastolic blood pressure, e-GFR: estimated glomeru-
lar filtration rate, FBG: fasting blood glucose, HbAlc: glycosylat-
ed hemoglobin, SBP: systolic blood pressure, TG: triglycerides

Discussion

Diabetic peripheral neuropathy (DPN) is one of the most common
chronic complications of diabetes mellitus (DM). Studies of Amer-
ican Diabetes Association (ADA) showed that 26.4% of the Type
2 Diabetes Mellitus (T2DM) patients are complicated by painful
DPN, while up to 50% of the DPN patients may be asymptomatic
[9]. Vitamin D deficiency is a common public health problem all
over the world [10]. Vitamin D deficiency contributes significant-
ly to the pathogenesis of the two types of diabetes by impairing
insulin secretion from pancreatic beta-cells and increasing insulin
resistance [11]. Clinical studies reported that vitamin D deficiency
is more common in patients with diabetes and plays an important
role in pathogenesis of diabetic neuropathies [2, 12].

In the current study, there were 7 cases (23.3%) with retinopathy in
the T2DM without peripheral neuropathy and there were 18 cases
(60%) in the T2DM with peripheral neuropathy group, with high
statistically significant difference between the three groups.

This came in accordance with Khawaja et al. (2018) who revealed
that the likelihood of DPN was higher among patients with diabet-
ic retinopathy. Previous studies clearly demonstrated that diabetic
patients having other microvascular and macrovascular complica-
tions were more likely to have DPN [13]. This finding can be at-
tributed to common pathogenic mechanisms as the toxic effect of
hyperglycemia in the form of increasing thickness of endo-neural
micro-vessels, accumulation of advanced glycation end products
(AGESs), activation of the polyol pathway and oxidative stress [12].

In the current study, serum 25 hydroxy vitamin D level was signifi-
cantly lower in the group of diabetic patients with neuropathy than
in those without. The level was statistically significantly lower in
the T2DM without peripheral neuropathy as compared with the
control group (table 1).

Moreover, serum level of vitamin D in our study was correlated
with FBG, PPBG, HbA 1c and hsCRP in the neuropathy group (ta-
ble 2).

Our results came in accordance with Abdelsadek et al. (2018) who

reported that the mean serum level of 25(OH) vitamin D in patients
with DPN (group I) (21.09+8.38) was highly statistically signif-
icant lower than patients without DPN (group II) (31.12+14.85)
with p value=0.001 [14]. Consistent with the present research, the
FIELD study has shown that vitamin D deficiency was present in
50% of 9795 patients with type 2 diabetes, and it predicted micro-
vascular complications [15].

Some animal studies demonstrated the associations between vi-
tamin D deficiency and low levels of nerve growth factors (neu-
rotrophins) which are required for the development and surviv-
al of both sympathetic and sensory neurons, and cause defective
neuronal calcium homeostasis [16]. Decrease in neurotrophins and
defective calcium homeostasis increase nerve damage by toxins
including hyperglycemia, also vitamin D receptor modulates neu-
ronal cells differentiation and function. So, vitamin D deficiency
impairs nociceptor function, worsens nerve damage, and lowers
the pain threshold [17].

In the current study, the best cutoff point of serum level of 25 hy-
droxy vitamin D to differentiate between the T2DM with periph-
eral neuropathy group and T2DM without peripheral neuropathy
group was 20.17 ng/ml with 95.5% sensitivity, 98 specificity, and
97.6 % accuracy.

He and his colleagues showed by receiver operating characteristic
analysis was performed to reveal the optimal cutoff point of 25
hydroxy vitamin D for predicting signs of DPN the cutoff point
was17.22 ng/mL [18]. Different cutoff points could be attributed to
different kits used for assessment of vitamin D levels.

In the current study, with multivariate regression analysis, in-
creased disease duration, HbAIC, ACR, hsCRP, SBP and de-
creased vitamin D were shown to be independent risk predictors
for diabetic peripheral neuropathy (table 3). This agreed with Ab-
delsadek et al. (2018) who showed that long duration of DM, pres-
ence of hypertension, high HbAlc, and old age were independent
predictors of microvascular complications including DPN among
T2DM. Besides these strong and well-known risk factors, vitamin
D levels revealed a significant and independent association with
DPN. In the logistical regression model, Vitamin D deficiency
was associated with increased risk of diabetic neuropathy, after
adjustment of age, gender, duration of diabetes, smoking, body
mass index, systolic blood pressure, fasting glucose, HbAlc, fast-
ing C-peptide, total cholesterol, and microalbuminuria. Our results
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also agreed with Tesfaye et al. who reported that systolic hyper-
tension was an independent predictor for diabetic sensory neurop-
athy after adjustment for age, duration of diabetes, and metabolic
control [19]. Also, in agreement with our study, Jhoun et al 2009
concluded that Peripheral diabetic neuropathy is associated with
increased biochemical markers of inflammation and endothelial
dysfunction [20]. Painful neuropathy is associated with further in-
crease in inflammation and markers of endothelial dysfunction and
preservation of the nerve axon reflex. This rising a question that
whether inflammation has a relation to low serum level of vitamin
D in those patients?

In our study; the values of FBG, PPBG, HbAlc, urine albumin/
creatinine ratio (ACR) were higher in patients with diabetic neu-
ropathy than in those without. On the other hand, serum 25- hy-
droxyl vitamin D level was significantly lower in diabetic neurop-
athy group in comparison to those without it (table 1). This might
be because of the exposure to high blood glucose level increases
the risk of developing macro vascular and micro vascular compli-
cations. Especially, a good glycemic control for the first year of
diagnosis highly reduces the risk of complications [21]. Patients
with dyslipidemia appeared to be more vulnerable to develop
DPN. The possible explanation of nerve damage in such cases
might be attributed to fat deposition, oxidative stress, activation
of counter regulatory signaling pathways, and mitochondrial dys-
function, which ultimately lead to progressive inflammation and
damage of the peripheral nerves [22].

The affection of renal functions in our study as indicated by low
e-GFR, and increased serum creatinine and urine ACR in patients
with diabetic neuropathy was supported by previous studies like
Parkash et al 2019 who stated that reduction in eGFR is signifi-
cantly associated with microvascular complications, such as dia-
betic neuropathy [23].

Summary and Conclusion

Serum level of vitamin D was low in Egyptians Type 2 diabetes
mellitus patients with neuropathy. Whether it is mere association
or it is a cause effect? This needs further large randomized con-
trolled trials of use of vitamin D in treatment of diabetic neurop-
athy.

The authors declared that there is no conflict of interest.
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