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 Abstract

 Background:	Diabetes	mellitus	 is	associated	

with	a	wide	spectrum	of	neuropathy	syndromes.	Up	

to	20%	of	patients	with	newly	diagnosed	diabetes	

already	 have	 symptoms,	 are	 diabetic	 polyneuro

pathy	 but	 the	 relationship	 between	 peripheral	

neuropathy	and	prediabetes	remain	controversial.

 Objective:	 To	 determine	 the	 presence	 and	

type	of	polyneuropathy	in	prediabetic	and	diabetic	

patients	and	to	compare	sensitivity	of	the	tests	to	

detect	 neuropathy	 in	 prediabetic	 and	 diabetic

patients.

 Methods: Retrospective	study	of	patients	with	

diagnosis	of	prediabetes	and	diabetes.

 Results: Of	76	patients,	40	prediabetic	and	36	

diabetic	patients	with	available	nerve	conduction	

study	were	 identified.	Most	 of	 prediabetic	 and	

diabetic	patients	 had	 symmetrical,	 sensory	poly-

neuropathy,	 followed	 by	 sensorimotor	 polyneu-

ropathy.	Autonomic	neuropathy	was	common	also.	

In	 addition,	 no	 significant	 difference	 of	 clinical	

manifestations,	monofilament	test,	nerve	conduction	

study,	 autonomic	 test	 in	both	groups.	Among	all	

neuropathic	tests,	autonomic	test	appeared	to	be	

the	most	sensitive	test	in	prediabetic	stage.

 Conclusion:	Prediabetic	stage	can	contribute	

neuropathy,	 which	 is	 similar	 in	 diabetes.	 Auto-

nomic	 test	 is	more	 sensitive	 than	 routine	 taking	

history,	neurological	examinations,	nerve	conduc-

tion	study	and	monofilament	test	to	detect	diabetic	

neuropathy	in	prediabetic	patients.

 Keywords: diabetic	polyneuropathy;	diabetic	

autonomic	 neuropathy;	 prediabetes;	 diabetes;	
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Introduction:

	 Diabetes	mellitus	is	the	most	common	cause	

of	 polyneuropathy.	 The	 prevalence	 of	 diabetic	

neuropathy	was	 rising	with	 the	 growing	 global	

burden	of	diabetic	mellitus.	For	the	peripheral	nerve,	

diabetes	was	 associated	with	 a	wide	 spectrum	

of	neuropathy	syndromes,	ranging	from	asympto-

matic,	diabetic	peripheral	neuropathy	(DPN),	to	a	

severe	disabling	 including	diabetic	 lumbrosacral	

radiculoplexus	 neuropathy	 and	diabetic	brachial	

radiculoplexus	neuropathy.1

	 Diabetic	 neuropathy	 projected	 to	 affect	 an	

estimated	366	million	people	worldwide	by	2030.2,3 

Nearly	 50%	of	diabetes	patient	develop	diabetic	

peripheral	neuropathy	(DPN).	DPN	usually	develops	

on	 long-standing	 hyperglycemia,	 consequent	

metabolic	derangements	and	microvessel	altera-

tions.	 It	 is	 frequently	associated	with	microvessel	

retinal	and	kidney	disease.4	Duration	and	severity	

of	hyperglycemia	is	directly	correlated	with	degree	

of	diabetic	neuropathy	and	its	complication.	Diabetic	

neuropathy	 is	 a	 major	 cause	 of	 morbidity	 in	

diabetic	patients,	and	may	affect	up	to	50%	of	long-

standing	diabetic	patients.	The	majority	of	patients	

have	 distal	 symmetrical	 sensory	 predominant	

polyneuropathy	 and	diabetic	painful	 neuropathy.	

Diabetic	autonomic	neuropathy	is	also	common	in	

diabetic	 patients,	 which	 affect	 cardiovascular,	

gastrointestinal,	 urogenital,	 thermoregulatory,	

sudomotor,	 and	 pupillomotor	 function.	 Painless	

myocardial	 infarction,	 sudden	death,	 congestive	

heart	 failure	 are	 more	 common	 with	 diabetic	

dysautonomia.	Diabetic	neuropathy	usually	affect	

nerve	 axon	 causing	 axonal	 degeneration	which	

typically	 affect	 the	 longest	 nerve	 fibers	 first	 (a	

length-dependent	 process).	 Parasympathetic	

nerves	including	vagal	nerve	were	usually	affected.	

Patients	 with	 DAN	may	 initially	 have	 a	 relative	

predominance	of	sympathetic	outflow	that	contributes

to	 hypertension.	 Dysfunction	 of	 cardiovascular	

autonomic	activity,	reflected	by	reduced	heart	rate	

variability,	were	strongly	associated	with	the	risk	of	

cardiac	 events	 and	overall	mortality.	 Even	when	

DAN	 was	 subclinical,	 it	 still	 increases	 risk	 of	

mortality.2

	 The	 early	 diagnosis	 of	 diabetic	 neuropathy	

was	 important.	 Early	 diagnosis	 and	 recognition	

allows	 for	 implementation	 of	 strategies	 intended	

to	 prevent	 development	 of	 future	 complications.	

Subclinical	diabetic	neuropathy	may	be	reversed	

or	 significantly	 improved	 with	 appropriate	

intervention.2

	 Up	to	20%	of	patients	with	newly	diagnosed	

diabetes	 already	had	 sensory	 symptoms	 in	 their	

lower	extremities.	Studies	of	nerve	conduction	tests	

performed	at	the	time	of	diabetes	mellitus	diagnosis	

demonstrate	that	neuropathy	was	already	present	

in	patients	without	neuropathic	symptoms.	These	

were	 raised	 the	 question	 that	 diabetic	 polyneu-

ropathy	occurring	before	or	during	the	prediabetic	

stage.	Previous	studies	reported	that	the	frequency	

of	painful	small	fiber	polyneuropathy	was	increased	

in	prediabetic	patient.5	Contrast	with	other	studies,	

the	prevalence	of	DPN	were	 not	 increased	 in	 in	

prediabetic	patients.6,7	Usually,	diagnosis	of	DPN	

needed	 abnormality	 in	 nerve	 conduction	 study	

so	 diabetic	 small	 fiber	 neuropathy	 including	

diabetic	 painful	 neuropathy	 and	 diabetic	

autonomic	neuropathy	may	underestimated.	Thus,	

the	relationship	between	peripheral	neuropathy	and	

prediabetes	remain	controversial.
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	 The	primary	goal	of	the	present	study	was	to	

determine	the	clinical	characteristics,	monofilament	

tests,	electrophysiological	findings	and	autonomic	

tests	in	prediabetic	and	diabetic	patients	in	a	single	

center.	The	secondary	goal	was	to	determine	the	

sensitivity	 of	 the	 tests	 to	 detect	 neuropathy	 in	

prediabetic	and	diabetic	patients.

Methods:

	 Prasat	Neurological	Institutional	Review	Board	

(IRB)	 approval,	 the	 nerve	 conduction	 study	

registries	 were	 searched	 for	 the	 diagnosis	 of	

prediabetes	 and	 diabetes	 dating	 between	

January	1st	2015	and	December	31st	2017.	

		 The	diagnosis	of	prediabetes	was	established	

by	 1)	 values	 of	 FPG	 ≥	 100	 –	 <	 126	mg/dL	 or	

2)	2-hour	OGTT	PG	of	≥	140	–	<	200	mg/dL.	The	

diagnosis	of	diabetes	was	established	by	1)	values	

of	FPG	≥	126	or	2)	2-hour	OGTT	PG	of	≥	200	mg/

dL,	or	3)	an	A1c	≥	6.5%,	or	were	classified	as	DM	

if	they	had	previously	been	diagnosed.

	 Once	 the	prediabetic	and	diabetic	 patients	

were	identified,	the	medical	records	were	reviewed	

to	 assess	 demographic,	clinical	manifestation,

duration	of	prediabetic	or	 diabetic	prior	 to	 1st

evaluation,	monofilament	 test,	electrodiagnostic

studies	 and	 autonomic	 test	 including	 heart	 rate	

variability	to	deep	breathing	and	valsava	manuever.	

	 Diabetic	 retinopathy	 was	 diagnosed	 by	

opthalmologist.	 For	 diabetic	 nephropathy,	There	

are	 diagnosis	 criteria	 included	 from	 KDIGO	

2012:	1)	Urine	 to	 albumin-creatinine	ratio	 (ACR)	

30-300mg/g.	2)	Glomerular	filtration	rate	<	60	mL/

min/	 1.73m2	 3)	BP	 >	 130/85	mmHg.	 Two	 third	

criteria	 were	 needed	 for	 suspected	 diabetic

nephropathy.

		 Although	such	patients	do	not	fulfill	the	criteria,	

a	clinician’s	high	 index	of	suspicion	may	warrant	

additional	diagnostic	testing	or	close	follow-up	to	

detect	the	onset.

	 Monofilament	 testing	 used	 for	 detecting

neuropathy	 via	 nylon.	 Testing	was	 performed	

on	four	plantar	sites	of	the	forefoot	(great	toe,	base	

of	first,	third,	and	fifth	metatarsals).	Lack	of	perception

at	 any	 site	was	identified	to	be	abnormal	positive	

test.	

	 Nerve	 conduction	 study	 were	 included

1)	Motor	 study	 of	 bilateral	median,	 ulnar,	tibial	

and	peroneal	nerves.	2)	Sensory	study	of	bilateral	

median,	ulnar,	and	sural	nerves.	3)	F-wave	study	of	

bilateral	median,	ulnar,	tibial	and	peroneal	nerves		

4)	H-reflexes	at	bilateral	soleus	muscle.

	 Autonomic	 testing	 including	 heart	 rate	

variability	to	deep	breathing	and	valsava	manuever.	

Heart	rate	variability	 on	 deep	 breathing	 is	the	

physiological	phenomenon	of	variation	in	the	time	

interval	between	heartbeats	on	take	deep	breathing.	

It	is	measured	by	the	variation	in	the	beat-to-beat	

interval.	Reduced	HRV	has	been	 shown	 to	be	a	

predictor	 of	 mortality.	 The	valsava	 manuever

consists	 of	 forced	 expiration	 against	 a	 closed

glottis	after	a	full	inspiration.		The	responses	refer	to	

the	changes	in	blood	pressure	and	pulse	that	occur	

during	both	the	strain	phase	of	the	maneuver	and	

the	 recovery	 period	 after	 the	 strain	 is	 released.	

The	valsalva	ratio	is	derived	from	the	maximal	HR	

generated	by	the	Valsalva	maneuver	divided	by	the	

lowest	HR	following	the	maneuver.

	 The	 sensitivity	 of	 each	 tests	 for	 detect

neuropathy	 were	 evaluated	 in	prediabetic	and

diabetic	patients	who	had	neuropathic	symptoms

with	normal	physical	examination.
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Statistical analysis:

	 Data	analyses	were	performed	using	the	SPSS	

16.0	 Software.	 Descriptive	 summaries	 were	

presented	 as	 frequencies	 and	 percentages	 for	

categorical	variables	and	median/mean	and	ranges	

compare	with	 independent	 t-test/	Mann	Whitney	

U-test	 for	 continuous	 variables.	 Comparisons	

between	prediabetic	versus	diabetic	patients	were	

performed	 using	 Fisher’s	 exact	 test	 or	 Pearson	

chi-square	 test,	 as	 appropriate.	 All	 of	 the	 tests	

were	two	sided,	and	p-value	 less	 than	0.05	were	

considered	as	statistical	significance.

Results:

 Demographic and clinical characteristics

	 From	 the	 nerve	 conduction	 study	 registries	

between	January	1st,	2015	and	December	31st,	2017	

at	Prasat	Neurological	 Institute,	 76	patients	were	

included	to	the	present	study.	Forty	were	predia-

betic	patients	and	36	were	diabetic	patients.	Of	76	

patients	 in	 the	present	study,	52%	of	prediabetic	

patient	 and	11%	of	diabetic	patients	were	newly	

diagnosed.	The	demographic	and	clinical	charac-

teristics	have	been	shown	in	Table	1.	

Table 1. 	 The	demographic	of	prediabetes	and	diabetes	patients

Prediabetes 

( n=40)

Diabetes 

(n=36)

P-value

Gender	(male,	%) 12	(30%) 15(41.7%) 0.289

Age	at	1stevaluation	(years,	mean,	SD) 61.25	(11.7) 59.19	(12) 0.452

Duration	of	abnormal	plasma	glucose	prior	to	1st	

evaluation	(years;	mean,	SD)

2.0	(2.5) 4.81 (3.5) <0.001

Underlying	disease

Hypertension	(%)

Hyperlipidemia	(%)

25	(62.5)

29	(72.5)

27	(75)

32	(88.9)

0.242

0.073

Body	mass	index	(kg/m2,	mean,	SD) 27.1	(8.7) 26.8	(9.0) 0.820

Fasting	glucose	(mg/dl) 109.5(103.2-117.7) 166	(131.2-237.2) <0.001

HbA1c	(%) 6(5.8-6.3) 8	(6.9-9.5) <0.001

Cholesterol	(	mg/dl) 223(181-250.7) 215.5	(190-261.7) 0.424

Triglyceride	(mg/dl) 122.5(78.5-162.25) 145	(123.5-223.5) 0.028

LDL	(	mg/dl) 126(108.2-166.7) 123	(110.2-148.5) 0.531

Creatinine	(	mg/dl) 0.7(0.6-0.8) 0.7	(0.6-0.8) 0.576

Diabetic	retinopathy	(%)

Suspected	diabetic	nephropathy	(%)

0(0)

0(0)

9 (27.3)

3	(8.3)

0.001

0.102
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	 There	was	no	difference	in	term	of	age,	gender,	

body	mass	 index	and	other	 underlying	diseases	

between	the	study	groups.	The	duration	of	abnormal	

plasma	glucose	prior	study	in	diabetic	patients	were	

longer	than	prediabetic	patients	(2	vs	4.81	years,	

p=<	0.001).	 Fasting	blood	 sugar	 and	HbA1c	 in	

prediabetic	 patients	 were	 lower	 than	 diabetic	

patients	(109.5	vs	166,	p<	0.001)(6	vs	8,	p<	0.001)	

The	majority	of	prediabetic	and	diabetic	patients	

had	 symmetrical,	 sensory	polyneuropathy,	 follow	

by	sensorimotor	polyneuropathy.	Most	patients	had	

decreased	sensation,	72.2%	in	prediabetic	patients	

and	78.8%	in	diabetic	patients.	Pain	was	present	in	

27.8%	 of	 prediabetic	 and	 21.2%	 of	 diabetic	

patients.	40%	of	prediabetic	patient	and	33.3%	of	

diabetic	patients	had	hyporeflexia	or	areflexia.	The	

majority	of	patients	had	autonomic	symptoms	and	

more	common	in	diabetic	patients	(80%	vs	97.2%,	

p=0.031).	The	most	common	autonomic	symptom	

was	lightheadedness;	follow	by	erectile	dysfunction	

in	male,	persistent	constipation,	decreased	sweating

and	 leaking	 of	 urine.	 Diabetic	 retinopathy	 and

suspected	 of	 diabetic	 nephropathy	 were	 not	

present	in	prediabetic	patients.	Twenty	seven	point	

three	 percent	 of	 diabetic	 patients	 had	 diabetic	

retinopathy	and	8.3%	had	 suspected	of	diabetic	

nephropathy.	

 Monofilament tests, electrodiagnostic and 

autonomic studies

		 For	the	tests	to	detecting	neuropathy,	the	result	

were	presented	in	Table	2.	Abnormal	monofilament	

test	was	found	in	25%	of	prediabetic	and	44%	of	

diabetic	patients.	Twenty	five	percent	of	the	predia-

betic	and	38.9%	of	diabetic	patients	had	abnormal	

nerve	conduction	study.	The	most	common	abnor-

mality	in	nerve	conduction	study	was	sensorimotor	

axonal	polyneuropathy	with	or	without	carpal	tunnel	

syndrome.	Abnormalities	in	nerve	conduction	study	

were	more	 frequently	 found	 in	 diabetic	 than	 in	

prediabetic	patients	but	does	not	reach	statistical	

significance.	 Also,	 evidence	 of	 carpal	 tunnel	

syndrome	by	 using	nerve	 conduction	 study	was	

common	in	both	study	groups	(68%	in	prediabetic	

and	56%	in	diabetic	patients).	

Table 2.  The	clinical	characteristics	of	neuropathy	in	prediabetes	and	diabetes	patients

Prediabetes Diabetes P-value

Pure	sensory	(%)

Sensorimotor	(%)

27	(67.5)

9	(22.5)

24	(66.7)

9	(25.0)

Symmetrical	pattern	(%) 7	(17.5) 8	(22.2) 0.606

Hyporefl	exia	or	arefl	exia	(%) 16	(40) 12	(33.3	) 0.547

Sensory	symptom

Negative	sensory	symptoms	(%)

Painful	(%)

26	(72.2)

10	(27.8)

26	(78.8)

7	(21.2)

0.527
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Prediabetes Diabetes P-value

Autonomic symptom (%)

 Light	headedness

	Dry	mouth	or	dry	eyes

	Pale	or	blue	feet

	Feet	are	colder	than	the	rest	of	body

	Decreased	or	absent	sweating	in	feet

	While	resting

	After	exercise	or	during	hot	weather

	Increased	sweating	in	hands	compared	the	rest	of	body

	Nausea,	vomiting,	or	bloating	after	eating	a	small	meal

	Persistent	diarrhea(	>3	times/day	loose	bowel	movements	

	Persistent	constipation(<1	time	in	2	days)

	Leaking	of	urine

	Diffi	culty	obtaining	an	erectile(men)

32	(80)

28	(70)

9	(22.5)

0	(0)

11	(27.5)

14	(35)

14	(35)

7	(17.5)

1	(2.5)

3	(7.5)

0

17	(42.5)

8	(20)

8	(57.1)

35 (97.2)

34 (94.4)

2	(5.6)

2	(5.6)

6	(16.7)

9	(25)

9	(25)

3	(8.3)

3	(8.3)

3	(8.3)

0

19	(52.8)

12	(33.3)

12	(80)

0.031

0.006

0.036

0.221

0.258

0.343

0.343

0.317

0.340

1.000

-

0.370

0.188

0.245

	 Abnormality	 in	 heart	 rate	 response	 to	deep	

breathing	and	valsalva	maneuver	also	presented	in	

both	groups	and	there	were	no	different	among	the	

study	groups.	Number	of	patients	who	had	abnor-

mality	in	heart	rate	response	to	deep	breathing	was	

higher	than	valsalva	maneuver	in	both	groups.

 Sensitivity of the tests to detect neuropathy in 

patients with normal physical examination  

	 All	patients	had	sensory	or	motor	symptoms	

which	suspected	to	neuropathy	but	45%	of	prediabetic

and	30.6%	of	diabetic	patients	had	normal	physical	

examination.	Monofilament	 test,	electrodiagnostic	

and	autonomic	studies	were	performed	to	detected	

subclinical	or	mild	neuropathy.

	 The	results	were	showed	in	Table	3.	Sensitivity

among	 the	 tests	 were	 not	 different	 in	 diabetic	

patients	but	quite	different	in	prediabetic	patients.	

In	 prediabetic	 patients	 with	 normal	 physical	

examination,	7.7%	had	abnormal	monofilament	test,	

10%	had	abnormal	nerve	conduction	study,	23%	

had	 abnormal	 valsalva	maneuver	 and	 30.8	 had	

abnormal	heart	rate	variability	to	deep	breathing.

Table 3. 	 Monofilament,	electrodiagnostic	and	autonomic	test	in	prediabetes	and	diabetes	patients

Prediabetes Diabetes P- value

Monofi lament test (abnormal, %) 6/	24	(25) 4/9	(44) 0.400

Nerve conduction study (abnormal, %)

 Sensory	axonal	neuropathy	(abnormal, %)

	Sensorimotor	axonal	polyneuropathy

	Demyelinating	polyneuropathy

4/22	(18.2)

0/22	(0)

3/22	(13.6)

1/22(4.5)

10/23	(43.5)

2/23	(8.7)

4/23	(17.4)

4/23	(17.4)

0.067

0.193

Carpal tunnel syndrome by nerve conduction study 19/28	(67.9%) 15/27	(55.6%) 0.348

Abnormal autonomic test (%)

 Valsava	manuever

	Heart	rate	variability

8/22	(36.4)	

11/	22	(50)

3/11	(27.3)	

6/11	(54.5)

0.709

0.805
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Table 4.  Sensitivity	of	tests	in	prediabetes	and	diabetes	patient	with	normal	physical	examination

 Normal physical examination patients Prediabetes 

(n=40)

Diabetes (n=36) P-value

Number 18	(45%) 11	(30.6%) 0.196

Monofi	lament	 1/13	(7.7%) 2/6	(33.3%) 0.057

Abnormal	nerve	conduction	study 1/10	(10%) 3/7	(42.9%) 0.020

Abnormal	valsava	manuever 3/13	(23%) 3/7	(42.9%) 0.714

Abnormal	heart	rate	variability 4/13	(30.8%) 3/7	(42.9%) 0.019

Discussion:

	 In	the	present	retrospective	study	of	total	76	

patients	consisted	of	40	prediabetic	patients	and	

36	diabetic	patients,	we	identified	several	different	

baseline	characteristic	including	duration	of	abnormal

plasma	 glucose	 prior	 to	 1st	 evaluation,	 fasting	

plasma	glucose,	hemoglobin	A1c,	serum	triglyceride

and	diabetic	 retinopathy.	Not	 only	demonstrated	

the	early	phase	of	diabetic	neuropathy,	using	an	

array	 of	 examinations	 including	 neurological	

examinations,	 nerve	 conduction	 and	 autonomic	

testing.	Also,	 demonstrated	 other	microvascular	

complications	 e.g.	 diabetic	 retinopathy	 and	

nephropathy.

	 Prediabetes	is	a	state	of	intermediate	hyper-

glycemia,	associated	with	several	consequences.	

From	 the	 present	 study,	 small	myelinated	 and	

unmyelinated	nerve	fibers	that	carry	pain,	temperature,	

and	 regulate	 autonomic	 function	were	 involved	

more	than	large	demyelinated	nerve	fibers	during	

early	 stage	 of	 neuropathy.	 Additionally,	 shown	

sensory	axons	developed	nerve	dysfunction	prior	

to	motor	axons.	These	striking	results	enable	us	to	

detect	abnormalities	in	sensory	axons	at	early	stage	

of	diabetic	neuropathy.

	 The	previous	study	had	shown	the	prediabetes	

is	associated	with	dysfunction	of	cardiac	autonomic

activity,	reflected	by	reduced	heart	rate	variability	8-10,

decreased	 parasympathetic	modulation	 of	 the	

heart10,	 increased	 prevalence	 of	male	 erectile	

dysfunction	in	individuals	with	prediabetes11,	increase

prevalence	of	both	hyperesthesia	and	hypoesthesia,

and	 increased	heat	detection	 thresholds.12 There 

were	also	 increasing	evidence	 to	demonstrate	 a	

higher	 frequency	 of	 idiopathic	 polyneuropathy,	

painful	 sensory	 neuropathy13	 and	 small	 fiber	

neuropathy	in	prediabetes.	By	contrast,	the	other	

study	shown	no	significant	increase	in	the	prevalence

of	positive	neuropathic	sensory	or	pain	symptoms,	

nor	of	hyperalgesia	or	hypoalgesia	in	the	prediabetes

group.14	The	 present	 study	 showed	 sensory	

symptoms	were	common	in	prediabetic	patients	but	

45%	of	prediabetic	patients	had	normal	physical	

examination.	Only	 18.2%	of	 prediabetic	patients	

had	abnormal	 nerve	conduction	 study,	 25%	had	

abnormal	monofilament	test	but	more	abnormality	

found	in	autonomic	tests.	These	are	suggesting	that	

physical	examination,	monofilament	test	and	nerve	

conduction	 study	 are	 insufficient	 to	 detect	 neu-

ropathy	in	prediabetic	patients.	Underdiagnosis	of	

diabetic	neuropathy	 in	clinical	practice	has	been	

emphasized	in	previous	study.15	Among	the	tests,	

the	most	 sensitive	 test	 to	 detect	 neuropathy	 in	

prediabetic	 or	 patients	 with	 normal	 physical	

examination	were	 heart	 rate	 variability	 to	 deep	
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breathing,	follow	by	valsava	manuever.	Early	detec-

tion	of	diabetic	neuropathy	is	important.	Intensive	

diabetes	 therapy	markedly	 delays	 or	 prevents	

the	 development	 of	 diabetic	 polyneuropathy.	

The	 clinical	 or	 electrophysiological	 evidence	 of	

neuropathy	 was	 reduced	 by	 intensive	 therapy

patients16.	 Early	 treatment	 with	 strict	 glycemic	

control	 were	 associated	 with	 improvement	 in

vibration	perception	and	educated	the	development	

of	 autonomic	 neuropathy17-19.	 Autonomic	 tests	

maybe	require	for	diagnosis	of	subclinical	diabetic	

neuropathy	including	diabetic	autonomic	neuropathy.

	 Several	studies	had	shown	an	association	of	

increased	risk	of	chronic	kidney	disease	and	early	

nephropathy	 with	 prediabetes.19,20	 The	 causal	

nature	of	this	relationship	remains	unclear	as	this	

association	may	be	due	 increased	 incidence	 of	

diabetes	 in	 this	 group	 or	 the	 presence	 of	 other	

factors	 associated	with	both	 hyperglycemia	 and	

nephropathy	rather	than	the	effect	of	prediabetes	

itself.	From	the	previous	study,	diabetic	retinopathy	

was	 presented	 in	 8	 percent	 of	 prediabetic	

patients.21	In	 the	present,	 there	 is	no	evidence	of	

diabet ic	 ret inopathy	 and	 nephropathy	 in	

prediabetic	group.	This	result	was	contrast	to	the	

previous	 studies	 and	may	due	 to	 a	 confounding	

factor	from	the	small	sample	size	and	microalbumin	

test	was	sent	in	a	few	cases.

	 Limitations	of	 the	present	study	were	1)	 this	

study	 is	 retrospective	 study,	many	 informations	

including	 clinical	 and	 investigations	 are	 not	

available	 2)	 the	 sample	 size	 is	 small,	 these	may	

interfere	 the	 statistical	 analysis	 and	 3)	 normal	

healthy	subjects	were	not	included	to	compare	with	

prediabetes	and	diabetes	patients.

Conclusion:

	 Nerve	dysfunction	already	occurred	 in	early	

phase	 of	 diabetes.	 The	majority	 of	 prediabetic	

and	diabetic	 patients	 had	 symmetrical,	 sensory	

polyneuropathy,	followed	by	sensorimotor	polyneu-

ropathy.	Autonomic	 neuropathy	was	 common	 in	

both	groups.	Additionally,	sensory	axonal	dysfunc-

tion	 is	 earlier	 than	motor	 dysfunction.	 Potentially	

important	sensory	axonal	nerve	screening	for	 the	

early	 stage	 of	 diabetic	 neuropathy.	 Among	 all	

parameters,	 autonomic	 test	 appeared	 to	 be	 the	

most	sensitive	to	detect	neuropathy	in	prediabetic	

stage	 but	 similar	 to	 nerve	 conduction	 study	 or	

monofilament	in	diabetic	group.	Earlier	detection	of	

sensory	axonal	dysfunction	wound	prompt	earlier	

neuroprotection	for	diabetic	neuropathy.
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