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Nephropathy Symptoms in Type-2 Diabetic Patients and
Their Relationship with Daily Exerciser and Sunlight Exposure
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Abstract

Background: Type 2 Diabetes Mellitus (T2 DM) is
chronic metabolic disorder withan increasing prevalence
worldwide and manifolds with high morbidity and
mortality in both developed and developing countries. It
can cause complications if remain uncontrolled. The aim
of the study was to find out the socioeconomic status,
complications associated with diabetic neuropathy and
correlation with life style.

Materials and methods: A cross sectional study was
carried out for a period of one year (October 2020 to
October 2021) among the diagnosed T2 DM patients in
Southern Medical College Hospital (SMCH) Chattogram,
Diabetic General Hospital (CDGH) and author’s personal
chamber. Total 158 patients were enrolled for this study
and data were collected through a pre-structured
questionnaire.Collected data were entered into the MS
Excel-2010, sorted out and exported to Statistical Package
for Social Sciences (SPSS) Version 20.0. Descriptive
statistics were performed followed by student’s t-test, Chi-
square test among different groups then correlation and
multiple linear regression analysis were performed.

Results: Among total enrolled patients, 72(46%) were
male and 86(54%) were female where 62% patents lived
in urban areas. 13.3% of the patients didn’t perform any
daily exercise and 27% led a sedentary life style. 61.4%
had daily sunlight exposure varying from few hours to 6-8
hours where 58(80.6%) were male and 39(45.3%) were
female (p<0.00) respectively. Chi-square test showed
increase prevalence for HTN and Dyslipidaemia (p<0.05)
regarding daily exercise. Increased prevalence of
periodontitis, Feet/Leg cramps, GIT problems infemale
sex were predominant as opposed to males due to less
daily sunlight exposure. Multiple linear regressions
confirmed that sex (p=.000) plays an important
roleregarding diabetic neuropathy related symptoms and
complications, where female had morediabetic neuropathy
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related symptoms and complications than males (=341, 95%
CI=.190~.477, p =0.000) with less daily sunlight exposure.
Conclusion: Female has less sunlight exposure than male,
so they likely have less vitamin D level than male which
might triggers diabetic neuropathy symptoms. So every T2
DM patient should routinely assay vitamin D level.
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Introduction

Diabetes Mellitus (DM) is a chronic debilitating
disease affecting the Global population for last
few centuries. The rising burden of type 2 diabetes
is a major concern in healthcare worldwide. In
2021, approximately 537 million individuals or
10.5% adults were affected by diabetes mellitus of
which 90 million are from South-east Asia.!
International Diabetes Federation have predicted
that the expected number of adults with diabetes
will reach up to 643 million by 2030 and 783
million by 2045.2 Over 3 in 4 adults with diabetes
are living in low- and middle-income countries
accounting for about 79% adult diabetic cases.’ In
Bangladesh there were 8.4 million adults living
with diabetes in 2019 and it is projected to
increase to around 13.7 million by 2045.2

Type 2 diabetes (Formerly called non-insulin-
dependent or adult-onset diabetes) results from the
body’s ineffective use of insulin.* Type 2 diabetes
accounts for 90% of people with DM around the
world.> Diabetes mellitus cases has been
increasing as a chronic case in wider context of
South East Asia due to rapid urbanization leading
to increasing sedentary life style, dietary excess
fat intake and stressful life. Biological factors are
also associated with life style that ultimately led to
3 fold higher prevalence of Diabetes in South East
Asia compared to Europe.®’

Uncontrolled T2DM can be life threatening if
unmanaged. T2DM can damage the eyes, heart,
blood vessels, nerves, and kidneys, and increases
the risk of cardiovascular disease and
cerebrovascular disease over time. These damages
ultimately resulting in blood flow reduction,
combined with nerve damage (Neuropathy) in
feet-increases the risk of foot ulcers, infection and
might even lead to limb amputation.®
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Chattogram is a major and second largest densely
populated city situated in the south-eastern part of
Bangladesh having a population of more than
5,132,751 in 2021.° The city is situated on the
banks of the river Karnaphully between the Bay
of Bengal and Chattogram Hill Tracts. Modern
Chattogram is the second most significant urban
center in Bangladesh after Dhaka. A survey
conducted in Chattogram Medical college
Hospital in 2019 shows that women are more
prone to diabetes compared to men, which is 61%.
In this age distribution, it is observed from above
figure 51-60 aged people are mainly suffering
from diabetes mellitus. The study also shows that
32% are suffering from blood pressure, 33% from
joint pain, 15% from back pain, 7% from foot
pain, 10% from itching, 3% from arthritis and 9%
from allergy.'” In Bangladesh, besides the afore-
mentioned studies, no detailed studies have been
done regarding daily sunlight exposure and daily
exercise and their association with T2 DM
neuropathy symptoms and T2DM associated risk
factors. Therefore, the study was conducted with
the aim of finding out the prevalence of T2 DM
neuropathy and T2 DM associated risk factors and
correlate with lifestyle.

Materials and methods

This cross sectional study was conducted for a
period of one year from October 2020 to
September 2021.The target population for the
study was the outdoor patients in Chattogram
Diabetic General Hospital (CDGH) Author’s
personal Chamber and Southern Medical College
Hospital (SMCH) Chattogram.Total 158 sample
data has been entered for analysis. It was a cross
sectional study that was conducted for the
assessment of prevalence of Type 2 diabetes
mellitus complications in humans in Chattogram
city. Diagnosed case of T2 DM according to the
International standard by American Diabetic
Association (ADA) was the inclusion criteria.*
All T2DM patients fulfilling the inclusion criteria
were invited to take part in the study with their
written consent.The ethical clearance was also
obtained from the respective Institutional Review
Boards. Detailed information regarding the study
was provided to all eligible individuals. Only the
subjects who agreed to participate and sign in the
consent part were included in the study. Subjects
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were interviewed face to face using a pre-
structured questionnaire by the author himself to
gather the information regarding demographic
details, risk factors, present diabetic problems, or
complications and T2 DM associated risk factors
and life style.The gathered information was
entered into MS-Excel-2010, coded, decoded,
sorted out and exported to Statistical Package for
Social Sciences version 26. Student’s t-test, Chi
square test, correlation and multiple linear
regression analysis were performed. The p <0.05
was considered significant.

Results

The analysis of the socio-demographic status, life
style behavior, general health characteristics of
158 T2DM patients are depicted in Table I which
shows55.7% participants were from the author’s
personal chamber. 54.4% were female and 45.6%
were male. Highest number (62.1%) of
participants were from urban areas and lowest
number (1.8%) are living in overseas. 50%
participants are unemployed, 21.5% are job
holders, 17.7% are businessmen, 2.8% are farmers
and rest are retired. As far as the Educational
status is concerned, 24.6% completed Honors and
above, 8.9% were illiterate, 20.9% completed
primary and the rest have completed either SSC or
HSC. Almost 75% had never smoked and 20%
were former and rest were current smokers.
84.7% individuals perform daily exercise starting
from minimum 30 mins brisk walk per day. 61.4%
have daily sunlight exposure varying in duration
from few hours to 6-8 hours.In this study only
16.50% participants showed no family history of
T2 DM,

Table II shows student’s t-Test result of the
baseline comparison between male and female
regarding socio-demographic status and chronic
complications of T2 DM and associated factors
with related biochemical laboratory values
including minimum value, maximum value and
mean with standard deviation. Here duration of
Hypertension (p<.05) and Dyslipidemia is higher
in female. Percentages of diabetic neuropathy
symptoms are higher in female than male.

The T2 DM associated complications and
associated factors in Table III shows that among
the participants having Diabetic Neuropathy
related problems (36.07% have Burning sensation,
36.70% have Teeth/Gum problems, 24.05% have
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GIT problems, 9.50% have Sexual function prob-
lems and rest 1.26% have Psychological prob-
lems). Analyzing the T2DM associated factors
54.43% have Hypertension and 44.90% have Dys-
lipidemia and 37.9% have both HTN and Dyslipi-
demia.

x’-test result on the basis of comparison among
complications and associated factors where inde-
pendent variable is daily exercise is shown in Ta-
ble I'V. It shows the diagnosed case of HTN and
Dyslipidemia now doing daily exercises are 95.4
% and 95.7% respectively. But neuropathy symp-
toms are more in the subjects who don’t do daily
exercises. The males conducted daily exercise
more than females respectively.

Table V shows the male-female comparison on the
basis of correlation between Diabetic neuropathy
symptoms and T2 DM associated factors. This ta-
ble shows highly significant difference between
male and female where neuropathy symptoms
(Burning sensation, teeth gum problem, GIT prob-
lem, Bone-Joints pain) HTN and Dyslipidaemia
are more in female in correlation. In correlation to
daily sunlight exercise, this is negatively correlat-
ed in female than male which indicates female has
less sunlight exposure.

In Table VI, the results of y>-test are shown on
the basis of comparison among complications and
associated factors where the independent variable
is daily sunlight exposure. Here sex (p<.000),
teeth/gum problem (p<.017), Feet/Leg cramp
(p<.008), GIT problem (p<.045) shows significant
differences between factors.

On the basis of comparison among complications
and associated factors where dependent variable
was daily sunlight exposure and the independent
factor was sex, the multiple linear regressions
were done through different models adjusted for
different chronic complications and risk factors
associated with T2 DM. On the basis of p value of
independent factor male sex, the comparison be-
tween male and female was done by the using fol-
lowing calculation (Here predictor value of male
is, e=1) and Female predictor value = e* (y= value
of B coefficient) were shown in Table VII.
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Table I Socio-Demographic information of T2 DM
atients (n-158)

Variable Category n %
Patient’s source CDGH n 14
Author’s personal chamber 88 56
SMCH 48 30
Sex Male n 46
Female 86 54
Residence Type Urban 98 62
Stum 16 10
Rural 4 26
Overseas 3 2
Educational Status [lliterate 14 9
Primary 33 2
SSC R 20
HSC 40 25
Honors and above 39 25
Religion Muslim 149 94
Hindu 7 4
Christian | |
Buddhists 1 1
Smoking status Never 119 753
Former 32 203
Current 7 44
Performing physical
exercise everyday: No 21 133
Heavy (Brisk walk>90mins) 7 37
Moderate (Brisk walk60-90mins) 31 20
Mild (brisk walk 30-59mins) 56 36
Sedentary (Brisk walk<30mins) 43 27
Daily Sunlight exposure  No 61 38.6
Yes 97 6014
Family history of T2DM Father 25 158
Mother 38 24.1
Father & Mother 22 13.9
Brother, sister & other 1 degree
family member 47 29.7
No family history 26 16.5

Table II Baseline characteristics between male and female
T2 DM individual (n=158): t-test

Varigble Male  Female

n Mo Max  MemzSD o Min Max MeantSD

Diabetic duration (Years) 72 0.5 30 734728 86 05 32 67660 S
Hypertension (Vears) 38 [0 3940425 48 1 40 613598 006
Dyslipidemia (Years) 0005 10 32 4 05 10 335240 887
BS (Years) o058 30824 B 05 6 296223 89
TGP (Years) o2 0 794726 B 05 50 708957 6
FLP (Years) N1 5 BB 05 10 28200 348
GIT problems (Years) 13 [0 30867 25 05 6 263155 34
SP (Years) 9 05 5 1B 6 05 3 LS0LI8 676
BIP (Years) 05 7 20418 23 05 7 29%197 6

(Min=Minimum, Max=Maximum, BS= Burning
sensation, TGP= Teeth/Gum problem, FLP= Foot/
Leg Problem, GIT= Gastrointestinal Tract, SP=
Sexual Problem, BJP= Bones and Joints Problem.)
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Table III Diabetic neuropathy symptoms and associated
factors of T2DM (n=158)

Variable Category Symptoms/Problems n %
Diabetic ~ Paraesthesia/Burning 57T 3607
Neuropathy  Periodontitis/Teeth and Gum problems 58 3670
symptoms  GIT problems (IBS, Constipation) 38 2405
Sexual function problems (Erectile
dysfunction, Loss of libido, Frigidity) 15 9.50
Psychological problems (Anxiety, Depression) 02 1.26
Hypertension 86 5440
Associated  Dyslipidemia 70 4430
risk factor ~ No HTN or Dyslipidemia 02 13
Both HTN & Dyslipidemia 60 3797

(GIT= Gastrointestinal Tract).

Table IV Prevalence of complications between daily
exercise and without daily exercise in T2 DM patients
(n=158): y2-test

‘ Variable Category  Total(n) With DE (%) Without DE (%) p ‘

Hypertension Yes 86 954 46 000
No 7 718 22

Dyslipidemia Yes 70 95.7 43003
No 88 9.5 205

Burning problem Yes 57 842 158 487
No 101 88.1 119

Teeth/Gum problem Yes 57 §7.7 123 .79
No 101 86.1 139

Feet/Leg cramp problem ~ Yes 48 875 125768
No 110 86.4 136

GIT problem Yes 38 89.5 105 553
No 120 85.0 150

Sexual Function problem  Yes 15 933 6.7 4
No 143 86.0 14.0

Sex Male 72 903 97 249
Female 86 8.7 16.3

(DE= Daily Exercise, GIT= Gastrointestinal Tract).

Table V Male-female comparison in correlation between
Diabetic neuropathy symptoms and T2 DM associated
factors (n=158)

ViR DE HIN DI BUP TGP ol BP SIE

M F M F M FMFP M FMN FMFMNE
DE s W
I 3" BN 1025
)1 P 1 0 O A

BP A I 36 0
TGP BNV wneow -
iy BIUIA atowe

BIP m o e

SLE R

(VAR= Variable, DE=Daily Exercise, HTN= Hyperten-
sion, DLP=Dyslipidemia, BUP=Burning Problems,
TGP=Teeth/GumProblems, GITP= Gastrointestinal Tract
problems, SP= Sexual Problems, BJP= Bones & Joints
Problems, SE= Sunlight Exposure).

* Significant correlation.

** Strongly correlated.
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Table VI Prevalence of complications between daily
sunlight exposure or not in T2 DM patients: x2-test

‘ Variable Category Total (n) DSLE, Yes (%) DSLE, No (%) D

Sex Male 72 80.6 194 000
Female 86 453 54.7

Hypertension Yes 86 54.6 454 057
No 72 69.4 30.6

Teeth/Gum problem ~ Yes 57 49.1 50.9 017
No 101 68.3 317

Feet/Leg cramp Yes &8 458 50.9 008
No 110 68.2 318

GIT problem Yes 38 474 52.6 045
No 120 65.8 342

Bones & Joints problem Yes 34 470 53.0 053
No 124 65.3 347

(DSLE=Daily Sunlight Exposure, GIT= Gastroin-
testinal Tract)

e Selection criteria: p < 0.06.

Table VII Risk of complications among T2 DM patients

by category of daily sunlight exposure among total
participants

‘ Model no. B (95% CI) Male  Female P ‘
Model 1 341 (.190~.477) 1 1.40 .000
Model 2 345 (.194~.430) 1 1.41 .000
Model 3 1345 (194~ .480) 1 1.41 .000

(HTN= Hypertension, GIT= Gastrointestinal Tract).

Model 1: Predictor value for Female 1.40 means,
1.40-1= 0.40 or 40% more problems in Female
than Male, adjusted for Sex, HTN, Teeth/gum
problem, Feet/leg problem, GIT problem, Bones
& Joints problem.

Model 2: Predictor value for Female 1.41 means,
1.41-1= 0.41 or 41% more problems in Female
than Male, adjusted for Sex, HTN, Teeth/gum
problem, Feet/leg problem, GIT problem

Model 3: Predictor value for Female 1.41 means,
1.41-1= 0.41 or 41% more problems in Female
than Male, adjusted for Sex, Teeth/gum problem,
Feet/leg problem, GIT problem.

Discussion

In this present study, 54.4% participants were
female and 45.6% were male. 86.7% participants
perform daily exercise where 80.6% male and
45.3% female have daily sunlight exposure
varying from few hours to 6-8 hours. Majority of
participants have family history of T2DM either
Father or Mother, or both or siblings and other 1s!
degree family members which prove a strong
association of running T2 DM in family.
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Analyzing the diabetic self-care behavior, 86.7%
participants perform daily exercise which varies
from minimum 30 minutes brisk walking up to 90
minutes brisk walking and 13.3% don’t. Of these
158 individuals, 38.6% don’t go for daily sunlight
exposure and 61.4% have daily sunlight exposure
which varies from few hours to 6-8 hours. The
Chi-square test shows sex (p<.000), teeth/gum
problem (p<.017), Feet/Leg cramp (p<.008), GIT
problem (p<.045) shows significant differences
between sunlight exposure and not (Table V).
Linear regression analysis of the correlations
regarding sunlight exposure adjusted for multiple
chronic complications and associated factor of T2
DM also shows sex is the most important factor in
Model 1, Model 2, Model 3 and Model 4. In this
study 81% male have daily sunlight exposure
where only 45.3% female have. Other studies
suggest that daily sunlight exposure of less than 5
hours is needed to avoid sunlight associated
complications and important for Vitamin D
deficiency associated Diabetic peripheral
neuropathy and Diabetic nephropathy.!!"!3
Diabetic neuropathy symptoms such as teeth/gum
problem (Periodontitis) occurs due T2DM
(Caused by insulin resistance) also an early sign
of fasting Glucose impairment.'*

Student’s t-Test shows the result of baseline
comparison between male and female regarding
neuropathy symptoms of T2 DM and associated
factors where, percentages of diabetic neuropathy
symptoms are higher in female than male.

Previous studies conducted in different countries
all over the world including Bangladesh
demonstrate similarities with current study
regardingT2 DM associated complications and
associated factors. A previous study in
Bangladesh showed IHD in 30.5% individual,
CVD in 10.1% case andone or more of the
complications were more in females than males."

The T2 DM associated complications and
associated factors in Table III shows that among
the participants having diabetic neuropathy
related problems (36.07% have burning sensation,
36.70% have Teeth/Gum problems, 24.05% have
GIT problems, 9.50% have sexual function
problem and rest 1.26% have psychological
problems). Analyzing the T2 DM associated
factors here shows 54.43% have hypertension and
44.90% have dyslipidemia and 37.9% have both
HTN and dyslipidemia.
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A study in Ethiopia showed the percentage of
complications related to T2 DM was HTN and
renal disease 35.4% and impotency 23.4%.'6
Another study in Northern Africa (Tunisia, Egypt
and Sudan) from January 1990 to July 2012
showed that, the prevalence of complications are
higher in urban area than rural area where the T2
DM patients suffered from diabetic neuropathy
ranges from 21.9% to 60%.!” In Ghana, a study
reflects 76.8% of the diabetic patients had
complication where the prevalence were more in
females (42.7%) than males (34.1%).'% A
community-based study was carried out in a rural
setting in Goa, India in 2011which also showed a
high prevalence of Diabetic neuropathy
(60%)."¥This study result shows some similarities
with above study results.

The overall prevalence of complications among
female subjects was significantly higher than in
male subjects (x> = 9.75, p = 0.002), mainly in
neuropathy ( p < 0.001) and also in Ghana.?’ Then
the comparison between male and female was
done, which also shows the prevalence is greater
in female than male. On the basis of male -female
comparison Chi-square test was done for several
dependent variables withdaily exercise and daily
sunlight exposure respectively. On the basis of p
value (p<0.05)in separate %> test, multiple linear
regressions were done. Multiple linear regressions
for daily sunlight exposure on the basis of sex
shows females have more diabetic neuropathy
related complications or symptoms than males
(p<0.000) (Model 1 shows 40%, Model 2 shows
41% and Model 3 shows 41% respectively). Study
shows diabetic persons having less sunlight
exposure suffer from more Diabetic neuropathy
symptoms than those T2 DM patients who are
having more sunlight exposure.

Vitamin D is a neurotropic hormone which has a
neuroprotective effect through down regulation of
L-type calcium channel expression and
upregulation of Vitamin D Receptor (VDR)
expression. In vivo studies show vitamin D
improves axonogenesis and sensory neural
response  in  peripheral nerves and
electrophysiological recovery improvement. Study
also found lower serum vitamin D in patients with
DN than those without DN. Vitamin D increases
Nerve Growth Factor (NGF) synthesis in human
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cells and DN is associated with decreased NGF
expression in human nerve cells.Triggering
hyperglycemia and inflammation, Vitamin D
deficiency promotes DN development. Vitamin D
deficiency may increase pain sensitization and
beneficial effects by vitamin D supplementation
on neuropathic pain are reported. Patients with
DN have more balance disturbance and study also
shows relationship between vitamin D and
balance. Vitamin D replacement therapy for lack
of vitamin D in patients may improve balance.
The study found significant effect of vitamin D
replacement therapy on neuropathic pain and
recommended vitamin D levels measurement and
vitamin D replacement therapy.”!

During sunlight exposure Ultra Violet B radiation
is absorbed by 7-dehydrocholesterol in the skin
and converted to pre-vitamin D3 which isomerizes
into vitamin D3 (Also called Vitamin D). Vitamin
D is metabolized in the liver and kidneys
respectively into 25-hydroxyvitamin D (A major
circulating form) and 1,25-dihydroxy vitamin D
(Biologically active form) respectively.
Maintenance of metabolic functions and skeletal
health, 1,25-dihydroxy vitamin D has an
important role in regulating calcium and
phosphate metabolism.??

Limitation

The limitation of this study are the inability to
perform routine neuropathy screening tests due to
resource limitations andthe inability to assess all
the necessary biochemical laboratory values
associated with Type 2 DM complications and
associated factors which could have been more
helpful.

The study was based on a cross sectional study
with a small sample size which cannot demon-
strate properly the cause- effect relationship.

Conclusion

T2 DM chronic complications are a global
economic and social burden. Maximum number
of T2 DM patients mostly suffering from
microvascular complaints specifically of diabetic
neuropathy symptoms.This study shows female
has more diabetic neuropathy symptoms than
male. As vitamin D has a relationship with
diabetic neuropathy symptoms, which indicates
daily sunlight exposure (Less than 6 hours)
playsan important role to reduce the diabetic
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neuropathy related complications or symptoms.
So every diabetic person should assess vitamin D
level routinely and go for daily exercise under
sunlight to reduce diabetic neuropathy symptoms.
Poor glycemic control and sedentary life style are
the provoking factors. Diabetic education
shouldbe given to every T2DM patient.

Recommendation

A comprehensive and multi approach study is
necessary regarding large sample size, different
study locations covering nationwide where all
categories of citizens should be included. The
essential laboratory biochemical value related to
daily sunlight exposure specifically Vitamin D level
in blood should be assessed for every T2 DM
patient to assess the T2 DM diabetic complications.

Acknowledgement
All the authors want to acknowledge the efforts of
all the participants in the study.

Contribution of authors

MMA-Conception, acquisition of data, data
analysis manuscript writing & final approval.
SRC-Design, acquisition of data, interpretation of
data, critical revision & final approval.
SKMAI-Data analysis, critical revision & final
approval.

Disclosure
All the authors declared no conflict of interest.

References

1. International Diabetes Federation (IDF). What is
Diabetes? IDF Diabetes Atlas. 2021; 10(1):14-15.
https://www.diabetesatlas.org.

2. International Diabetes Federation (IDF). Global
picture.IDF Diabetes Atlas. 2019; 9(3): 39.
https://www.diabetesatlas.org.

3. International Diabetes Federation (IDF).Diabetes around
the world in 2021.IDF Diabetes Atlas 2021; 10(2):30.
https://www.diabetesatlas.org.

4. American Diabetes Association (ADA). Classification
and Diagnosis of Diabetes: Standards of Medical Care in
Diabetes. Diabetes Care. 2018; 41(1): 13-27.

5. Shah A D, Langenberg C, Rapsomaniki E, Denaxas S,
Pujades-Rodriguez M, Gale CP. Type 2 diabetes and
incidence of cardiovascular diseases: A cohort study in 1.9
million people.The Lancet Diabetes & Endocrinology.
2015;3(2):105-113.

6. Mohan V. Why are Indians more prone to
diabetes.Journal of association of physicians of India.

2015; 52:468-474.



Original Article

7. Tillin T, Hughes A D, Mayet J, Whincup P, Sattar N,
Forouhi N G. The relationship between metabolic risk
factors and incident cardiovascular dis-ease in Europeans,
South Asians, and African Caribbeans: SABRE (Southall
and Brent Revisited) : A prospective population-based
study.Journal of American College of Cardiology. 2013;
61(17): 1777.

8. Anonymous et al. World Health Organization (WHO).
Cardiovascular diseases (CVDs) 2021.
https://www.who.int/news-room/fact-sheets/detail/
cardiovascular-diseases-(cvds).

9. Anonymous et al. Statistics times. Population of Cities
in Bangladesh. 2021.
https://statisticstimes.com/demographics/country/banglade
sh-cities-population.php.

10. Dey MK and Islam S . A Survey on Diabetes Mellitus
in Chittagong Metropolitan Area, Bangladesh. Austin
Pharmacology & Pharmaceutics. 2019; 4(1): 1021.

11. Lee Hye Jun, Choon Ok Kim , Duk Chul Lee.
Association between daily sunlight exposure duration and
diabetic retinopathy in Korean adults with diabetes: A
nationwide population-based cross-sectional study. Public
library of science One. 2020; 15(8):1-11.

12. Rui He, Yanyun H, Hui Z, Jun Z, Jungong Z, et al.
Vitamin D deficiency increases the risk of peripheral
neuropathy in Chinese patients with type 2 diabetes.
Diabetes Metabolism Research and Reviews. 2016; 33(2).

13. Hong SH, Young BK, Hoon SC, Tae DJ, Jin TK, Yeon
AS. Association of Vitamin D Deficiency with Diabetic
Nephropathy. Endocrinology and Metabolism. 2021;
36(1):106-113.

14. Islam SKMA, Minchul S, Young-SL, Seong
SM.Association of periodontitis with insulin resistance, ?-
cell function, and impaired fasting glucose before onset of
diabetes. Endocrine Journal. 2015; 62(11):981-989.

15. Afsana A, Wen Z, Andre JWL, Darryl XJL, Baki
B.Macro- and micro-vascular complications and their
determinants among people with type 2 diabetes in
Bangladesh.Diabetes & Metabolic syndrome: Clinical
research and reviews. 2019; 13(5):2939-2946.

63

JCMCTA 2023 ;34 (1) : 57-63

16. Gizaw AB, Yeshitila BB and Dagmawit
BK.Knowledge about Diabetic Complications among
Patients on Diabetic Follow up Clinic at Jimma University
Medical Centre. The Journal of Diabetes Metabolic
Disorder. 2019; 6:29.

17. Bos M, Charles A. Prevalence and complications of
diabetes mellitus in Northern Africa, a systematic
review.BioMed Central Public Health. 2013; 13(387):1-7.

18. Nafisa CV,Ferreira AM, Kulkarni MS, Frederick SV, et
al. Prevalence of Diabetic Complications in Rural Goa,
India. Indian Journal of Community Medicine. 2011; 36
(4):283-286.

19. Liu Z, Chaowei F, Weibing W, Biao X. Prevalence of
chronic complications of type 2 diabetes mellitus in
outpatients : A cross-sectional hospital based survey in
urban China. Health Quality Life Outcomes. 2010; 8:62.

20. Sarpong C, Nsiah K, Mensah FO, AgyemanDE, et al.
Prevalence of the Complications of Diabetes in
Developing Countries, Department of Biochemistry and
Biotechnology, College of Science, Kwame Nkrumah
University of Science and Technology, Kumasi-Ghana.
Archive of Clinical Biomedical Research. Fortune
Journals. 2017;1(5):235-241.

21. Aylin S, Zeynep AA, Cigdem AK, Basak BK, et al.
Does Vitamin D Affect Diabetic Neuropathic Pain and
Balance?. Journal of Pain Research. 2020;13:171-179.

22. Matthias W, Michael FH. Sunlight and Vitamin D:A
global perspective for health Dermatoendocrinology. 2013;
5(1):51-108.



