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Background
Diabetic neuropathy (DN) is one of 
the main complications of diabetes 
mellitus (DM), and it is related to 
poor glycaemic control.1 Its preva-
lence in persons with DM is approxi-
mately 50%, being similar for type 1 
and type 2 DM.2 The most common 
form is distal symmetric polyneuropa-
thy, which accounts for almost 75% of 
all cases; however, there are some less 
frequent forms.3–5 One of them is the 
treatment-induced neuropathy of dia-
betes (TIND), which is an acute and 
painful small-fibre neuropathy associ-
ated with rapid glycaemic control, 
and mainly observed in patients with 
poor previous glycaemic control.6 
This condition was first described in 
1933, in a female with diabetes who 
developed severe burning pain after 
starting insulin therapy. The condi-
tion remitted after suspending insu-
lin, and it reappeared after restarting 
insulin. Back then, it was thought that 
it was an allergic reaction to insulin, 
and it was named ‘insulin neuritis’.7 
Many similar cases have been reported 
since then, with the same naming, 
and others have been classified as 
‘acute painful neuropathy’ or ‘dia-
betic neuropathic cachexia’.8,9

	 It was in 2010 that ‘treatment- 
induced neuropathy of diabetes’ was 
suggested as a more adequate denom-
ination for this condition since it 
affects DM patients treated with insu-
lin and oral hypoglycaemic agents 
and even with a severely restrictive 
diet; moreover, some of these affected 
patients developed not only painful 
peripheral neuropathy but also auto-
nomic neuropathy.10

	 The objective of this updated 
review is to describe the epidemiol-
ogy, pathophysiology, diagnosis, ther-
apy, and perspectives of TIND, aiming 
to remind our colleagues about this 
condition and limit the quality-of-life 
deterioration it brings. 

Methodology
Search strategy
A narrative review was performed, so 
we started searching papers pub-
lished in PubMed/Medline and 
Scielo databases for the period 
between 2005 and 2022. Papers 
should be written in Spanish or 
English. MeSH (Medical Subject 
Heading) term used was ‘diabetic 
neuropathies’. We also used ‘insulin 
neuritis’ as a search term because 
this is not included as a MeSH term. 
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The search was restricted to studies 
undertaken in humans.

Screening
A total of 12,887 citations were iden-
tified. Most of them discussed dia-
betic neuropathy broadly but did not 
refer specifically to TIND. Sixty-five 
papers complied with the inclusion 
criteria. This process is shown in 
Figure 1.

Data extraction and synthesis
The results of included papers were 
carefully assessed including topics 
regarding epidemiology, pathophysi-
ology, diagnosis, and therapy.

Quality assessment
The quality of our narrative review 
was assessed using the SANRA scale, 
which comprises the following items: 
an explanation of the importance of 
this review and a description of the 
literature search, references, scien-
tific reasoning, and appropriate data 
presentation. The score was 12 
points, corresponding to all the 
required items.11

Epidemiology 
During the years after its first descrip-
tion, few TIND cases were reported; 
however, its presence in the medical 
literature has increased in the last 
decades12 (Appendix 2), indicating 
that this condition would be more 
frequent than it was initially thought.13 
Its prevalence in subjects with diabe-
tes in a third-level reference centre 
was reported to be 10.9%.13

	 Cases reported in the litera-
ture4,14–31 show that the mean age of 
those affected by TIND is 36.55 years 
(95% CI 30.99–42.11), and that there 
is a slight male predominance 
(57.14% vs 42.86%). Type 1 DM was 
more frequent than type 2 DM 
(64.29% vs 35.71%), and patients had 
the disease for a mean of 4.9 years 
(95% CI 3.17–6.64). Four-fifths of all 
patients (81%) used insulin for treat-
ing their DM and 14.3% used oral 
hypoglycaemic agents only. One case 
associated with pancreatic islet trans-
plantation was reported. In patients 
with TIND, HbA1c reduction was on 

average 7.22% (95% CI 6.11–8.33%) 
[55mmol/mol (95% CI 43–68)] in a 
5.4-week period (95% CI 4.4–6.4 
weeks), during which time painful 
neuropathic symptoms and auto-
nomic manifestations occurred. Some 
patients used a single drug for alleviat-
ing their symptoms, and others used 
drug combinations: 50% of patients 
used anticonvulsant drugs (gabapen-
tin and pregabalin) for their therapy, 
almost 40% used antidepressant 
agents, and nearly 25% used analge-
sics. Total or nearly total remission 
was achieved in 60% of all the cases, 
38% had partial remission, and one 
patient did not achieve symptom 
remission.
	 Considering the frequency of 
type 1 and 2 DM in patients with 
TIND, and that the prevalence of 
type 2 DM is approximately 15 times 
that of type 1 DM,32 we may estimate 
the risk for the occurrence of TIND 
to be nearly 30 times higher in indi-
viduals with type 1 DM than in those 
with type 2 DM.

Pathophysiology 
Until recently it was thought that TIND 
was an allergic reaction to insulin.7 
TIND pathophysiology has not been 
completely elucidated, but some 
hypotheses are trying to explain this 
issue.5,33,34 One of these is related to 
changes in microcirculation that occur 
during hyperglycaemia periods and 

that do not restore as fast as glycaemia 
level corrections. This proposed mech-
anism involves the formation of  
arteriovenous shunts that may lead to 
relative hypoxia or ischaemia within 
the endoneurium.26,33–35 Changes in 
the retina and the kidneys that may 
simultaneously occur support this 
microvascular mechanism.26 Other 
hypotheses include cell apoptosis as a 
result of relative glucose depriva-
tion,18,29,36 and areas with axonal 
regeneration that are formed once 
normoglycaemia is reached, and these 
may lead to ectopic depolarisation and 
pain.16,35 One less robust hypothesis 
contemplates an immune reaction 
against insulin, considering that type 1 
DM is likely to be an autoimmune con-
dition and that the frequency of TIND 
is higher in this form of DM.13,19 
Figure 2 summarises the hypotheses 
regarding the origin of TIND. 
	 TIND must be differentiated 
from hypoglycaemic neuropathy, 
another form of neuropathy 
described in patients with diabetes 
who use hypoglycaemic agents, in 
which hypoglycaemic state leads to 
distal axonopathy including both 
degenerative and regenerative 
events, the motor axons being more 
vulnerable than sensory ones. The 
cellular mechanisms behind the 
development of hypoglycaemic dis-
orders of the peripheral nervous  
system are unknown, hence more 

Figure 1. Flowchart of the narrative review process

Inclusion criteria
Systematic reviews, clinical 
trials, prospective cohort 
studies, cross-sectional and 
prospective studies, narrative 
reviews, case reports, case 
series, and letters to the editor 
in Spanish or English

Exclusion criteria
Congress summaries and 
articles in other languages

Medline 
(n=12,886)

Scielo (n=1)

Full text articles 
excluded (n=0)

Articles included in the study (n=65)

Full text articles assessed for eligibility (n=65)
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studies are needed to elucidate the 
pathophysiology of hypoglycaemic 
neuropathy.37 

Diagnosis
Clinical manifestations of TIND 
include burning and stinging neuro-
pathic pain, depending on length, 
that suddenly occurs two to six weeks 
after the improvement of glycaemic 
control. Should there be a large 
reduction of mean glucose levels, 
proximal and distal neuropathic pain 
may ensue; if the reduction is not that 
marked, neuropathic pain may only 
be distally located.38 Most patients 
present with autonomic dysfunction 
(orthostatic hypotension, syncope, 
early satiety, excess or reduced sweat-
ing, and sexual dysfunction) that  
may occur simultaneously or shortly 

thereafter, but this may be unnoticed 
because of the severity of neuropathic 
pain.13,21,38 The severity of autonomic 
dysfunction is also correlated with  
the extent of the reduction of mean 
glucose levels.13

	 Neurologic examination usually 
is normal, except for allodynia and 
hyperalgesia. Nerve conduction 
studies are usually normal. Some 
elderly patients with diabetes may 
present with mild features of pre- 
existing neuropathy, with absent 
patellar reflex, and reduced distal 
vibrating sensitivity.10

	 Besides neuropathy, many 
patients with TIND may show rapid 
progression of other microvascular 
complications (retinopathy and 
nephropathy), with the occurrence 
of neuropathic pain.10,39 There may 

likely be a common pathophysiologic 
pathway involving microcirculation.
	 In 2015, three criteria for diag-
nosing TIND were proposed:13

•	 ≥2% HbA1c reduction over three 
months (or a proportional equiva-
lent in time).
•	 Occurrence of neuropathic pain 
and/or autonomic dysfunction 
within eight weeks after HbA1c 
reduction.
•	 Acute onset of neuropathic pain 
(more than a three-point increase in 
the 11-point Likert scale) and/or 
autonomic dysfunction lasting for 
more than two weeks, and severely 
enough for seeking medical care. 

Two other important characteristics 
associated with TIND are the pres-
ence of very high HbA1c levels (>10% 
[86mmol/mol]) before starting ther-
apy and very fast glycaemic control 
(in a few weeks) after having started 
therapy.13 A reduction greater than 
2% compared to baseline HbA1c  
values is a strong functional predic-
tor for TIND.40

	 At the beginning in its natural his-
tory, TIND may occur as an acute 
small-fibre sensitive neuropathy;41 
therefore, the main differential diag-
noses include variants of Guillain–
Barré syndrome,42 steroid-susceptible 
small-fibre sensorial neuropathy,43 and 
non-systemic vasculitic neuropathy.44

	 Electroneuromyography can be 
used as a complementary tool in the 
diagnostic evaluation of patients 
with suspected TIND; sometimes 
being able to find evidence of senso-
rimotor polyneuropathy, but at other 
times obtaining normal results which 
do not exclude the diagnosis of 
TIND, because this technique is not 
totally appropriate to establish a 
diagnosis of small-fibre neuropa-
thy.45 Skin biopsy with determina-
tion of intraepidermic nervous fibre 
density remains the gold standard 
method to diagnose small-fibre  
neuropathy.45 Moreover, corneal 
confocal microscopy has been pro-
posed as an alternative, non-invasive 
method; however, its use is not widely 
available and is restricted to special-
ised centres.46

Figure 2. Proposed pathophysiological mechanisms for treatment-induced neuropathy of 
diabetes

Non-controlled diabetes

Diabetes therapy: insulin, oral 
hypoglycaemic agents or restrictive diet

Controlled diabetes

Hyperglycaemic state alters 
normal microcirculation

Microcirculation is not restored as 
fast as glycaemic control, leading to 

endoneurium hypoxia/ischaemia

Cellular apoptosis due to 
relative glucose deprivation

Axonal regeneration zones 
leading to ectopic depolarisation

Chain A

N-ter

Chain B

C-ter

Immunological reaction to insulin

Abbreviations. N-ter = N-terminal; C-ter = C-terminal.
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Treatment
A few studies showed that reduc-
tion in the insulin doses allowing a 
permissive hyperglycaemic meta-
bolic state could reduce pain;13 
however, the long-term complica-
tions remain because of the chronic 
hyperglycaemia.47

	 Since the main reason for visiting 
a physician is neuropathic pain, the 
main objective of the therapy is pain 
management; therefore, the same 
drugs prescribed for DN may be 
used.33 Although the evidence does 
not point toward relaxing glycaemic 
control aiming to accelerate pain 
resolution, the current consensus 
states that good glycaemic control 
must not be relaxed.12,16,42,43

	 Neuropathic pain in patients 
with TIND may progressively allevi-
ate in a few weeks or in up to 36 
months;30,41 however, it is necessary 
to start analgesic therapy to reduce 
pain.10,48–50

	 In some cases, TIND pain is much 
more severe than that of DN, so single- 
agent therapy may be maximised, or 
a second or a third drug may be 
added to analgesic therapy.47,51

	 A poor response to opioids has 
been observed;13 however, should pain 
persist, these drugs could be used addi-
tionally to other compounds.29

	 Tricyclic antidepressants may be 
included in drug therapy, but these 
should be used with caution, since 
their anticholinergic adverse effects 
may worsen TIND-associated ortho
static hypotension.33

	 Table 1 shows the drugs used in 
TIND.6,20,24,32,48–50,52 Use cautiously 
in kidney disease and adjust for renal 
function as needed.

Perspectives
The ACCORD trial showed that 
intensive management of DM, aim-
ing to reach HbA1c normal level, 
increased mortality and did not sig-
nificantly reduce major cardiovascu-
lar events;53 therefore, the benefit of 
aggressive therapy for DM may be 
smaller than its associated risks, and 
TIND is an excellent reminder of 
this situation.4 Not all persons with 
DM get benefit from rapid glycaemia 

correction, so clinical practice guide-
lines should pay greater attention to 
this condition, establishing therapy 
goals limiting an excessive HbA1c 
reduction in a determined time 
period (2% as maximum in three 
months) and then allowing a safer 
approach.54 More studies are needed 
to identify the most adequate way for 
achieving glycaemic control without 
increasing the risk of the occurrence 
of TIND and worsening retinopathy 
and nephropathy.55,56

	 There is still some doubt regard-
ing this issue, such as how long 
should hyperglycaemia last for reach-
ing the risk of occurrence of TIND 
and whether there may be other 
comorbidities that may increase or 
reduce the risk of developing TIND.
Another point to be considered is 
whether a vegetarian diet may be a 
therapeutic option for those who are 
at risk for developing TIND since the 
improvement in glycaemia is gradual 
and not abrupt.57

Limitations
All authors recognise that despite 
describing the methodology used for 
the development of this narrative 
review, a research question is not 
answered; therefore, the scientific 
evidence is less than a systematic 
review. Additionally, minor limita-
tions include the absence of clinical 
practice guidelines related to the 
diagnosis and management of TIND 
and the lack of epidemiological  
studies that describe its current  
prevalence worldwide.

Conclusions
TIND is a complication of intensive 
control of diabetes, in which, despite 
its prevalence, there is still not 
enough scientific evidence for guid-
ing its management; therefore, it is 
necessary to look for the most ade-
quate way of reaching a good glycae-
mic control without increasing the 
risk for the occurrence of TIND 
and, anticipating this, preventing 

Drug Class Objective	 Dose (mg/day) Effect (weeks)

Pregabalin First-line 
anticonvulsant

α2-δ ligand 300–600 8–12

Gabapentin Second-line 
anticonvulsant

GABA 900–3600 4–6

Duloxetine First-line 
antidepressant

SNRI 40–60 10–12

Amitriptyline Second-line 
antidepressant

SNRI 25–100 2–4

GABA = gamma-aminobutyric acid; SNRI = serotonin and norepinephrine reuptake inhibitors.

Table 1. Drugs used for managing pain in treatment-induced neuropathy of diabetes, and 
general dosing

KEY POINTS

● �Treatment-induced neuropathy of diabetes (TIND) is associated with rapid glycaemic 
improvement in patients with poor previous glycaemic control

● �TIND pathophysiology is not completely clear, but may be related to changes in 
microcirculation that occur during hyperglycaemia periods

● �TIND diagnosis is clinical but skin biopsy remains the gold standard method to diagnose 
small-fibre neuropathy

● �Treatment of TIND includes the use of the same drugs prescribed for painful diabetic 
neuropathy and the maintenance of adequate glycaemic control
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poor diabetes control, which is the 
primary cause of TIND.
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Appendix 1. Author affiliations. (Superscript numbers correspond to those shown in the author details panel on the first page of this paper) 
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2Carrera de Medicina Humana, Universidad Científica del Sur, Lima, Perú
3Division of Family Medicine, Hospital de Apoyo Chepén, Chepén, Perú
4Division of Endocrinology, Hospital Víctor Lazarte Echegaray, Trujillo, Perú 
5Division of Physical Medicine and Rehabilitation, Hospital Víctor Lazarte Echegaray, Trujillo, Perú 
6Division of Internal Medicine, Hospital de Apoyo Chepén, Chepén, Perú
7Division of Endocrinology. Hospital Nacional Guillermo Almenara Irigoyén, Lima, Perú
8School of Medicine, National University of Trujillo, Trujillo, Perú
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Case Age 
(years)

Sex Years of 
DM

Type 
of DM

DM 
treatment

HbA1c 
reduction % 
(mmol/mol)

Time (weeks) 
to develop 
neuropathy

Reversion Neuropathy 
treatment

Authors

1 54 F 2.00 2 Insulin 9.60 (81) 8 Partial Acetaminophen, 
imipramine

Tesfaye S, et 
al. (1996)26

2 52 M 5.00 2 Insulin 3.90 (19) 6 Complete Acetaminophen, 
codeine

Tesfaye S, et 
al. (1996)26

3 62 M 5.00 2 Insulin 8.50 (69) 4 Partial Imipramine Tesfaye S, et 
al. (1996)26

4 34 M 0.17 1 Insulin Not specified 4 Complete Acetaminophen, 
codeine

Tesfaye S, et 
al. (1996)26

5 35 F 0.17 1 Insulin 9.60 (81) 8 Complete Not specified Tesfaye S, et 
al. (1996)26

6 14 M 1.08 1 Insulin 6.50 (48) 6 Partial Gabapentin, 
acetaminophen

Wilson JL, et 
al. (2003)19

7 30 M 15.00 1 Insulin 2.20 (1) 3 Complete Amitriptyline Song KB, et al. 
(2009)28

8 29 M 3.00 1 Insulin 13.90 (128) 4 Complete Carbamazepin, 
tramadol

Dabby R, et al. 
(2009)18

9 30 F 4.00 1 Insulin 11.80 (105) 2 Complete Gabapentin, 
duloxetine

Dabby R, et al. 
(2009)18

10 27 M 4.00 1 Insulin 6.20 (44) 3 Complete Duloxetine, 
pregabalin

Dabby R, et al. 
(2009)18

11 56 M 5.00 2 OADs 4.60 (27) 2 Complete Amitriptyline, 
gabapentin, 
pregabalin, 
duloxetine

Dabby R, et al. 
(2009)18

12 58 M 5.00 2 Glibenclamide 6.70 (50) 4 Complete Carbamazepine, 
amitriptyline, 
duloxetine

Dabby R, et al. 
(2009)18

13 52 M 5.00 2 OADs 9.10 (76) 2 Complete Duloxetine, 
gabapentine, 
oxycodone

Dabby R, et al. 
(2009)18

DM = diabetes mellitus; M = male; F = female; OADs = oral antidiabetic drugs; NSAIDs = non-steroidal anti-inflammatory drugs.
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Case Age 
(years)

Sex Years of 
DM

Type 
of DM

DM 
treatment

HbA1c 
reduction % 
(mmol/mol)

Time (weeks) 
to develop 
neuropathy

Reversion Neuropathy 
treatment

Authors

14 22 F Many 
years (not 
specified)

1 Insulin Not specified 4 Complete Gabapentin, 
opioids

Smith AG, et 
al. (2012)25

15 23 F Not 
specified

1 Insulin Not specified 5 Partial Not specified Gibbons CH. 
(2014)21

16 57 M 5.00 2 Not specified 4.00 (20) 4 Complete Diet Tran C, et al. 
(2015)4

17 44 M 0.50 1 Insulin 7.90 (63) 6 Partial Pregabalin, 
gabapentin, 
duloxetine, opioids

Tran C, et al. 
(2015)4

18 49 M 0.33 2 Insulin 9.00 (75) Not specified Complete Duloxetine Tran C, et al. 
(2015)4

19 41 F 0.08 1 Insulin 9.10 (76) 4 Partial Pregabalin, 
amitriptyline

Tran C, et al. 
(2015)4

20 22 F 16.00 1 Insulin 1.10 (-) 16 Partial Gabapentin Hwang YT, et 
al. (2016)16

21 24 F 16.00 1 Insulin 5.20 (33) 2 Complete Pregabalin Hwang YT, et 
al. (2016)16

22 43 F 16.00 1 Insulin 8.40 (68) 4 Complete Pregabalin Aladdin Y, et 
al. (2017)20

23 46 M 14.00 2 Metformin, 
glibenclamide

12.10 (109) 4 Partial Gabapentin Aladdin Y, et 
al. (2017)20

24 54 F 2.00 2 Insulin 2.70 (6) 8 Complete Human 
immunoglobulin

Duarte JM, et 
al. (2018)15

25 25 M 0.25 1 Insulin 6.20 (44) 6 Partial NSAIDs, tramadol, 
duloxetine

Cuenca 
Hernández R, 
et al. (2018)14

26 35 F 23.00 1 Pancreatic 
islet 
transplant

9.10 (76) 1.5 Non-
remission

Pregabalin, 
duloxetine, 
venlafaxine, 
amitriptyline

Meillet L, et 
al. (2019)27

27 16 F 1.50 1 Insulin 10.40 (90) 4 Complete Amitriptyline, 
pregabalin and 
gabapentin

Varadharaju N, 
et al. (2019)29

28 56 M 0.67 2 Insulin 8.10 (65) 6 Complete Pregabalin Siddique N, et 
al. (2020)30

29 67 M 1.00 2 Insulin, 
metformin, 
glicazide

9.40 (79) 8 Partial Pregabalin Siddique N, et 
al. (2020)30

30 58 M 2.00 2 Dapagliflozin Not specified 2 Complete None Siddique N, et 
al. (2020)30

DM = diabetes mellitus; M = male; F = female; OADs = oral antidiabetic drugs; NSAIDs = non-steroidal anti-inflammatory drugs.
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Case Age 
(years)

Sex Years of 
DM

Type 
of DM

DM 
treatment

HbA1c 
reduction % 
(mmol/mol)

Time (weeks) 
to develop 
neuropathy

Reversion Neuropathy 
treatment

Authors

31 19 F 5.00 1 Insulin 8.80 (73) 6 Partial Not specified Yuan J, et al. 
(2020)17

32 81 F 12.00 2 Metformin Not specified 0.5 Complete Not specified Yuan J, et al. 
(2020)17

33 18 M 1.00 1 Insulin 7.30 (56) 5 Partial Pregabalin Chandler E, et 
al. (2020)22

34 14 M 0.25 1 Insulin 8.40 (68) 12 Complete Gabapentin Alexandrou EG, 
et al. (2020)24

35 16 F 0.08 1 Insulin 4.10 (21) 4 Partial Gabapentin Alexandrou 
EG, et al. 
(2020)24

36 19 M 5.00 1 Insulin 3.50 (15) 4 Complete Gabapentin Alexandrou 
EG, et al. 
(2020)24

37 22 M 3.00 1 Insulin 3.50 (15) 8 Complete Duloxetin Alexandrou 
EG, et al. 
(2020)24

38 19 M 3.00 1 Insulin 5.70 (39) 8 Partial Not specified Alexandrou 
EG, et al. 
(2020)24

39 9 F 0.17 1 Insulin 8.00 (64) 4 Complete Not specified Alexandrou 
EG, et al. 
(2020)24

40 17 M 0.08 1 Insulin 3.30 (13) 4 Complete Gabapentin and 
cannabis

Alexandrou 
EG, et al. 
(2020)24

41 20 F New onset 1 Insulin 10.30 (89) 12 Partial Venlafaxine Stainforth-
Dubois M, et 
al. (2021)23

42 66 F 9 2 Insulin, 
metformin

8.90 (74) 12 Partial Not specified Broadhead DY, 
et al. (2021)31

DM = diabetes mellitus; M = male; F = female; OADs = oral antidiabetic drugs; NSAIDs = non-steroidal anti-inflammatory drugs.
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