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ABSTRACT

Background: Chronic hyperglycaemia in diabetes leads to micro-vascular complications, like diabetic retinopathy, peripheral neuropathy and diabetic
nephropathy. Microangiopathic changes can be detected and monitored in the nail fold capillaries using nail fold capillaroscopy.

Objectives: The present study was undertaken to detect nailfold capillary changes in patients with diabetes mellitus by hand-held dermoscope and to find
their association with disease duration, glycated haemoglobin (HbA1c) levels, and microvascular complications including retinopathy, nephropathy and
peripheral neuropathy.

Material and Methods: A cross-sectional study was conducted over 18 months on 100 diabetics and 100 controls. Screening for retinopathy, nephropathy
and neuropathy was done. Nail-fold capillaroscopy (NFC) was done, and findings were graded according to the pre-defined criteria.

Results: Out of the total 200 subjects included in the study, 100 were cases of diabetes, and 100 were controls. Twenty-five (25%) of participants with
diabetes had Type 1 diabetes mellitus (T1DM), and 75 (75%) had Type 2 diabetes mellitus (T2DM). Overall, 26 (26%) of the apparently healthy controls
were found to be pre-diabetic. NFC changes were present in 66 (66%) of Cases as opposed to 38 (38%) Controls. The mean NFC score was highest
in TIDM (3.12), followed by T2DM (2.05), pre-DM (0.69) and controls (0.59). The NFC changes demonstrated an association with disease duration,
glycaemic control, and micro-vascular complications.

Conclusion: NFC is a simple, fast, inexpensive, non-invasive, and effective modality to analyse the functional and morphological details of the micro-
vasculature. It could help in early diagnosis and timely intervention to prevent serious complications such as blindness, amputations, and renal failure in
diabetics. NFC alterations were also observed in apparently healthy pre-diabetics. The small sample size of the study is one of the limitations
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INTRODUCTION

Diabetes mellitus (DM) encompasses a collection of
characterised by elevated blood

2045.?I'The ‘Asia paradox’ highlights the swift socioeconomic
and demographic transitions in the Asian population,
positioning India as a focal point for the diabetes epidemic,
with 69.2 million individuals affected. Annually, India sees
three new cases of Type 1 diabetes per 100,000 children aged
0-14 years.

Diabetes is a major contributor towards cardiovascular

metabolic  disorders
glucose levels stemming from impaired insulin production,
effectiveness, or a combination of both.! India is commonly

referred to as the ‘Diabetes Capital of the World? In 2009,

the worldwide prevalence of diabetes was estimated at
9.3% (463 million), with projections indicating a rise to
10.2% (578 million) by 2030 and 10.9% (700 million) by

disease, blindness, kidney failure and lower limb amputation.
Diabetic retinopathy, the most common microvascular
complication, accounts for over 10,000 new cases of blindness
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each year. This condition may begin to develop as early as
7 years before a clinical diagnosis of Type 2 diabetes.!
Nail-fold capillaroscopy (NFC) is an emerging imaging
technique used to examine nail-fold capillaries in both
dermatology and rheumatology. In healthy individuals,
NFC typically reveals hairpin-shaped capillaries arranged
uniformly in a pattern resembling a comb, at the proximal
nail fold.™

Chronic high blood sugar levels in diabetics lead to
microvascular damage through mechanisms such as the
presence of advanced glycation end products and the apoptosis
of capillary pericytes and endothelial cells.®’ NFC can identify
microvascular abnormalities in individuals with diabetes,
including capillary tortuosity, irregular capillaries, capillary
retraction, neo-angiogenesis and angulated capillaries. This
technique is non-invasive, quick, reproducible, and provides
a reliable qualitative and quantitative evaluation of the
peripheral microvasculature in diabetic patients.

While there is substantial research on diabetic microvascular
changes in the retina, little is known regarding these changes
in NFC. This study aims to describe NFC features in
diabetic patients, with or without pre-existing microvascular
complications, so as to understand its potential role in disease
detection and monitoring.

MATERIAL AND METHODS

A cross-sectional study, under the Departments of
Dermatology and Ophthalmology, was carried out over
18 months at a tertiary care hospital in Delhi. This study was
initiated following institutional ethical clearance. The study
included 100 participants, comprising both Type 1 (T1DM) and
Type 2 DM (T2DM) patients, along with 100 age- and gender-
matched controls. TIDM and T2DM were defined according
to the criteria set by the American Diabetes Association.
Patients with conditions affecting nail-fold microvasculature,
such as hypertension, Raynauds phenomenon, collagen
vascular disease, drug use (e.g., glucocorticoids and oral
contraceptives), smoking, pregnancy, lactation, nail infections,
onychophagia, onychotillomania, or occupations involving
nail-fold trauma (e.g., farmers, gardeners), as well as those with
ocular or retinal disease complicating fundus examination,
were excluded from the study.

Diabetic nephropathy was defined by the presence of
persistent proteinuria exceeding 500 mg of protein
or 300 mg of albumin/24 hours, while excluding
any urinary tract infections or other causes of
proteinuria.” It was classified into three stages: Normal
albuminuria (albumin-to-creatinine ratio <30 mg/mg),
microalbuminuria (30:300 mg/mg) and macroalbuminuria
(2300 mg/mg)." Retinopathy was graded into no apparent
retinopathy,  non-proliferative  diabetic  retinopathy
(further classified as mild, moderate and severe), and
proliferative diabetic retinopathy.”! Peripheral neuropathy

was assessed using the Michigan Diabetic Neuropathy
Score, which involved evaluating the appearance of the feet,
presence of ulcers, assessment of ankle reflexes, along with
sensory responses to vibration, light touch, pinpricks and
monofilaments.!”

NFC was performed after resting the subject for 15-20 min
at ambient temperature (20-22°C). It was done with hands
positioned on tabletop, at the level of the heart. All nail
folds were examined, with the 4™ and 5% fingers providing
the most accurate results due to their skin transparency and
minimal exposure to daily trauma. NFC was conducted
using the DermLite DL3N dermatoscope, with both dry and
wet contact dermatoscopy (using ultrasound jelly) employed.
NFC alterations were graded according to the Hsu et al.
criteria [Table 1], and findings were documented in pre-
designed proforma. Changes observed in at least two nail
folds were considered significant. The results were statistically
analysed for assessing significant correlations.?

RESULTS

The mean age of the study subjects was 45.4 years. Among
Cases, 25 (25%) had TIDM and 75 (75%) had T2DM.
Thirty-five (35%) of the cases were female, while 65 (65%)
were male. Twenty-six (26.0%) of the Controls were also
found to be pre-diabetic as per the ADA criteria."’ Among
the controls, 37 (37%) were female, while 63 (63%) were
male [Table 2]. The mean age of TIDM cases was 24.1 years,
T2DM was 52.0 years, pre-DM was 40.6 years and healthy
controls (n = 74) was 47.6 years. A family history of diabetes
was present in more T2DM (29%) cases than T1DM (20%)
cases. It was present in 34.6% of cases of pre-DM and 21.6%
of healthy subjects.

Evidence of microvascular complications was present in 48%
cases [diabetic retinopathy (39%), peripheral neuropathy
(27%) and/or diabetic nephropathy (17%)]. Retinopathy was
the most common complication in both TIDM and T2DM,
being seen in 9 (36%) and 30 (40%) cases, respectively.
Neuropathy was present in 27 (36%) cases of T2DM and
absent in T1IDM. Nephropathy was present in 3 (12%) cases
of T1IDM and 14 (18.7%) cases of T2DM. No microvascular
complications were seen in pre-diabetics.

The mean NFC scores of different study groups is shown
in Figure 1. NFC changes were present in 66 (66%) cases
as opposed to 38 (38%) controls. The mean NFC score was
highest in T1IDM (3.12), followed by T2DM (2.05), pre-DM
(0.69) and controls (0.59). Several NFC changes were seen
in the study groups [Figure 2]. The NFC changes displayed a
significant correlation with the duration of diabetes [Figure 3].
NFC alterations seen in healthy controls (n = 74) included
tortuous capillaries in 24 (32.4%), dilated capillaries in
18 (24.3%) and irregular capillary distribution in 15 (20.3%)
cases [Figure 4a and b]. NFC findings most commonly seen
in pre-diabetics (n = 26) were tortuous capillaries (9, 34.6%)
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Table 1: Hsu et al. criteria for the scoring of NFC findings.
S.No.  Finding/Score 0 1 2 3
L. Capillary length 200-500 >500 <200 Variable
2. Capillary Distribution ~ Ordered Comma-like Irregular Severe derangement
3. Capillary density 10-30/mm? 8-10/mm? <8/mm? Severe alteration
4. Capillary diameter Normal (8-14 mm) Enlarged loop (>20 mm) Giant loop (>50 mm) -
5. Haemorrhages Absent In few areas Diffuse -
6. Subvenous plexus Visible Partially visible Not appreciable -
7. Flux Normal Slow Discontinuous Sludge phenomenon
8. Oedema/exudates Absent In few areas Diffuse -
9. Fundus Transparent Reduced transparence in Reduced transparence -
few areas in all areas
NEFC: Nail-fold capillaroscopy
Table 2: Parameters in the four study groups.
Parameters Study Groups P-value
Type 1 DM Type 2 DM Pre-Diabetes Controls
(n=25) (%) (n=75) (%) (n=26) (%) (n=74) (%)

Age (Years) 24.16+5.77 52.07+12.26 40.65+12.54 47.61+£14.77
Gender

Male 8 (32.0) 57 (76.0) 14 (53.8) 49 (66.2)

Female 17 (68.0) 18 (24.0) 12 (46.2) 25 (33.8)
Duration of disease 6.60+4.49 6.73+6.18 - -
Reduced capillary length 3(12.0) 13 (17.3) 0 0 <0.001
Irregular capillary distribution 16 (64.0) 20 (26.7) 5(19.2) 15 (20.3) <0.001
Reduced capillary density 1(4.0) 7 (9.3) 0 0 0.015
Dilated capillary loops 15 (60.0) 37 (49.3) 5(19.2) 18 (24.3) <0.001
Presence of haemorrhages 7 (28.0) 9(12.0) 3(11.5) 0 <0.001
Presence of abnormal flux 4(16.0) 2(2.7) 0 0 0.003
Presence of oedema/exudates 2 (8.0) 2(2.7) 0 0 0.077
Presence of tortuous capillaries 10 (40.0) 26 (34.7) 9 (34.6) 24 (32.4) 0.924
Neo-angiogenesis 13 (52.0) 16 (21.3) 0 0 <0.001
Retinopathy 9 (36.0) 30 (40.0) 0 0 0.723
Neuropathy 0 27 (36.0) 0 0 <0.001
Nephropathy 3(12.0) 14 (18.7) 0 0 0.550
Microvascular complications 11 (44.0) 37 (49.3) 0 0 0.644
DM: Diabetes mellitus

patients, irregular capillary distribution (5, 19.2%), dilated
capillary loops (5, 19.2%) and focal haemorrhages (3, 11.5%)
patients. Focal haemorrhage on NFC was the only change
significantly associated with pre-DM as compared to healthy
controls [Figure 5a and b].

The most common NFC changes in diabetic cases (n = 100)
were dilated capillaries (52%), tortuous capillaries (36%),
irregular capillary distribution (36%), neo-angiogenesis
(29%), reduced capillary length and haemorrhages (16% each).
Most common NFC changes observed in TIDM (n = 25)
was irregular capillary distribution (12, 48%). Other changes
significantly associated with T1DM were bushy capillaries
(11, 44%), dilated capillary loops (9, 36%), giant capillaries (6,
24%), focal haemorrhages (4, 16%), reduced capillary density

(4, 16%) and reduced capillary length (3, 12%) patients
[Figure 6]. The most common NFC change in T2DM (n =
75) was dilated capillaries (29, 38.7% patients). Other NFC
findings significantly associated with T2DM included reduced
capillary length (12, 16%), meandering capillaries (11, 14.7%),
bushy capillaries (10, 13.3%), irregular capillary distribution
(10, 13.3%), focal haemorrhages (9, 12%) and giant capillaries
(8, 10.7%) [Figure 7a and b]. The NFC findings significantly
associated with TIDM were irregular capillary distribution
and bushy capillary as compared to T2DM.

The association between NFC alterations and microvascular
complications of diabetes found NFC changes like dilated
capillaries (70%), tortuous capillaries (58.3%), irregular
capillary distribution (50%), neo-angiogenesis (43.8%)
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Figure 1: Graph depicting the mean of nail-fold capillaroscopy scores in
the 4 study groups. NFC: Nailfold capillaroscopy, DM: Diabetes mellitus
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Figure 2: Graph showing nailfold capillaroscopy changes in
different study groups. TIDM: Type 1 diabetes mellitus, T2DM:
Type 2 diabetes mellitus, DM: Diabetes mellitus

and reduced capillary length (31.2%) to be significantly
associated. Even in cases where microvascular complications
of diabetes were not established clinically, NFC showed early
microvascular changes in the form of dilated capillaries
(34.6%), irregular capillary distribution (23.1%), tortuous
capillaries (15.4%) and neo-angiogenesis (15.4%). The mean
NEFC score was significantly higher in DM with retinopathy
(4.05) than in DM without retinopathy (1.21). The NFC
changes significantly associated (P < 0.05) with diabetic
retinopathy were dilated capillaries (31, 79.5%), tortuous
capillaries (25, 64.1%), irregular capillary distribution (22,
56.4%), neo-angiogenesis (20, 51.3%), reduced capillary length
(13, 33.3%) haemorrhages (10, 25.6%) and reduced capillary
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Figure 3: Scatterplot depicting the correlation between nail-fold
capillaroscopy score and duration of disease (Individual points
represent individual cases. The blue trendline represents the general
trend of correlation between the two variables. The shaded grey
area represents the 95% confidence interval of this trendline).
NEFC: Nail-fold capillaroscopy

density (7, 17.9%). NFC changes significantly associated (P
< 0.05) with diabetic neuropathy were dilated capillaries (20,
74.1%), tortuous capillaries (14, 51.9%), irregular capillary
distribution (14, 51.9%), reduced capillary length (10, 37%)
and reduced capillary density (5, 18.5%). Stage-1 nephropathy
was present in 16 (16%) and Stage-2 nephropathy in 1 (1%)
of diabetes patients. Nephropathy was significantly associated
(P < 0.05%) with tortuous capillaries (13, 76.4%), reduced
capillary length (12, 70.5%), abnormal capillary distribution
(11, 64.7%), dilated capillaries (10, 58.8%), bushy capillaries
(7, 41.1%), meandering capillaries (6, 35.3%), partially visible
subvenous plexus (6, 35.3%), reduced capillary density
(4, 23.5%) and giant capillaries (4, 23.5%) patients. Neo-
angiogenesis was specifically associated with retinopathy and
nephropathy, while haemorrhage and abnormal flux were
significantly associated with retinopathy.

NFC changes showed significant association with a
deranged haemoglobin Alc (HbAlc) levels (>5.6%).
Changes significantly associated were reduced capillary
length, reduced capillary density, dilated capillary loops,
micro-haemorrhage, and evidence of neo-angiogenesis
(P < 0.05%). The mean NFC score (1.98) was significantly
greater (P < 0.001) in patients with deranged HbAlc than
in those with normal HbAlc (0.59). There was a statistically
significant, strong positive correlation between NFC score
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Figure 4: (a) Nail-fold capillaroscopy (NFC) showing normal parallelly arranged hairpin vessels (white arrows) in a healthy control (b) NFC
showing normal subpapillary capillary plexus (black arrow) in a healthy control (contact, polarised, DermLite DL3N, x10).

Figure 5: (a) Nail-fold capillaroscopy (NFC) showing tortuous and dilated capillary loops (black arrow) and capillary drop-outs (yellow
arrow) in pre-diabetes mellitus (DM) (b) NFC showing tortuous and dilated capillary loops (black arrow) in pre-DM (contact, polarised,

DermlLite DL3N, x10).

and duration of disease (P < 0.001, rho=0.62). For every 1
year increase in duration of disease, the NFC score increased
by 0.27 units [Figure 3].

DISCUSSION

As per current global statistics, 463 million individuals
have diabetes. India accounts for 77 million of
these.'® The prevalence of T2DM among individuals aged
2079 in India stands at 8.9%.'" According to the Centre

for Cardiometabolic Risk Reduction in South Asia study,
six out of every ten adults in South Asian cities have either
diabetes or prediabetes. In Delhi, approximately 25.2% of
the population is affected by diabetes.!! India also bears
the largest burden of TIDM in the Southeast Asian region,
accounting for 23% of the global TIDM burden.” In our
study, 26% of the 100 controls were found to be prediabetic.
Globally, about 374 million people have impaired glucose
tolerance, which is considered a prediabetic condition.!* The
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Indian Council of Medical Research- India DIABetes study
revealed prediabetes prevalence rates ranging from 5.8%
to 14.7% in rural India and 7.2% to 16.2% in urban areas.
Notably, the prevalence of prediabetes was higher than that of
diabetes in most Indian states, indicating a large population
at risk of developing T2DM in the near future.!'>'¢l
Dermoscopy serves as an intermediate tool between
clinical dermatology (macroscopic) and histopathology
(microscopic).'"”l We used dermoscopy with ultrasound gel
to perform wet contact NFC for both diabetic patients and
healthy controls. Tasli suggested that ultrasound gel is the
preferred medium for dermoscopy in nail examinations.®!
In our healthy controls, NFC revealed tortuous capillaries
in 24 (32.4%), dilated capillaries in 18 (24.3%) and irregular
capillary distribution in 15 (20.3%) cases. Jakhar et al. reported
similar findings in healthy individuals with tortuous capillaries
(22%), dilated capillaries (6%), bushy capillaries (4%) and

Figure 6: Nail-fold capillaroscopy showing tortuous capillary loop
(red arrow) and bushy or meandering capillary loop (black arrow) in
type 1 diabetes mellitus (contact, polarised, DermLite DL3N, x10).

bizarre capillaries (2%)."! However, bushy, meandering, bizarre
capillaries or capillary haemorrhages were not observed in our
control population. This is in alignment with the findings by
Ingegnoli et al., who also found these to be uncommon in healthy
subjects.’ Tortuosity was the most frequent NFC change in
healthy subjects in several other studies as well.! Rios et al. and
Hoerth et al. documented capillary changes, such as tortuous,
cross-linked and ramified capillaries, in healthy individuals.?!
In prediabetic patients, NFC changes included tortuous
capillaries (34.6%), irregular capillary distribution (19.2%),
dilated capillary loops (19.2%) and focal haemorrhages
(11.5%). Focal haemorrhages were the only change
significantly associated with prediabetes as compared to
healthy controls. The mean NFC score in our study was 0.69
as compared to a score of 1 in the study by Hsu et al.l')
Capillary changes are more frequently observed in diabetics
with poor metabolic control and longer disease duration. In our
study, dilated capillary loops were observed with a mean diabetes
duration of 9.47 years and giant capillary loops with a mean
duration of 9.93 years. Dilated capillaries were seen in 36% cases of
T1DM, 38.7% of T2DM, 24.3% of prediabetics and 30.5% healthy
controls. Similarly, giant capillaries were present in 24% cases of
T1DM and 10.7% of T2DM, and were significantly associated
with both conditions as compared to prediabetics and healthy
controls (P < 0.05). Ectatic and giant capillaries signify early stages
of peripheral microangiopathy, signalling an early abnormality
in blood flow and should be considered ‘red flags’ for undetected
microangiopathy.?! Focal haemorrhages were observed after an
average disease duration of 9.93 years, while diffuse haemorrhages
appeared after 14 years. Micro-haemorrhages were found in
24% T1DM cases, 12% T2DM cases, 11.5% prediabetics, and
absent in healthy controls. They were strongly associated with
both TIDM (P = 0.001) and T2DM (P = 0.001) as compared to
healthy controls. Focal haemorrhages were the only NFC change
significantly correlated with prediabetes. Micro-haemorrhages
result from capillary loop damage and are an early indicator of

Figure 7: (a) Nail-fold capillaroscopy (NFC) showing micro-haemorrhages (black arrow) and capillary drop-outs (red arrow) in uncontrolled
type 2 diabetes mellitus (T2DM) (b) NFC showing micro-haemorrhages (red arrow), bushy capillary (black arrow) and giant capillaries (blue
arrow) in T2DM with proliferative diabetic retinopathy (contact, polarised, DermLite DL3N, x10).
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microvascular disease, acting as a ‘bridge’ between giant capillaries
and avascular areas.?!

Tissue hypoxia, a result of vessel abnormalities and impaired
blood flow, triggers the release of vascular endothelial growth
factor, promoting formation of abnormal new vessels, known
as neo-angiogenesis. These appear on NFC as meandering,
bushy or bizarre capillaries.”” Neo-angiogenesis was
significantly associated with both T1IDM and T2DM.
Reduced capillary density, which was observed with a mean
diabetes duration of 13.38 years, occurs in long-standing
uncontrolled diabetes and is a predictor of poor prognosis,
signalling irreversible microangiopathy.** In our study, 8%
diabetics showed reduced capillary density. Cicco also found a
28% decrease in capillary density among diabetic patients.?!)
In T1DM, NFC changes included irregular -capillary
distribution in 12 (48%) cases, bushy capillaries in 11 (44%),
dilated capillaries in 9 (36%), giant capillaries in 6 (24%),
focal haemorrhages in 4 (16%), reduced capillary density
in 4 (16%) and shortened capillary length in 3 (12%).
Kuriliszyn-Moskal et al. similarly reported dilated capillaries,
tortuosities and reduced capillary density in T1IDM patients
as compared to controls.?” Hosking ef al. found that micro-
haemorrhages and avascular areas were the most common
NFC changes in TIDM and reported that patients with
microvascular complications had more avascular areas.”
The most common NFC change in T2DM was the presence
of dilated capillary loops (38.7%). Other NFC changes
significantly associated with T2DM (P = 0.05) compared to
healthy controls included reduced capillary length (16%),
meandering capillaries (14.7%), bushy capillaries (13.3%),
irregular capillary distribution (13.3%), focal haemorrhages
(12%) and giant capillaries (10.7%). T2DM patients
exhibited more tortuous and dilated capillaries than healthy
individuals.'” Nodular apical elongations have been linked
to longer disease duration.'” In addition, uniquely altered
capillaries, including ‘angulated’ and ‘receding’ capillaries,
have been described in T2DM.® In our study, 9.3% of
T2DM cases exhibited reduced capillary density. Chang et al.
highlighted regressional changes, rather than proliferative
ones, in NFC among people with diabetes.!

We found that irregular capillary distribution and
bushy capillaries were the two significant NFC findings
distinguishing T1DM from T2DM. The mean NFC score was
higher in T1IDM (3.12) compared to T2DM (2.05), indicating
more pronounced NFC changes in T1IDM. Barchetta et al.
similarly reported that TIDM patients exhibited more
capillaroscopic changes than those with T2DM.?!

Our study identified NFC changes in diabetics even
in the absence of clinically established microvascular
complications. The mean NFC score for diabetics without
microvascular complications was 1.12. Barchetta et al. also
noted capillaroscopic alterations in nearly half of patients
without retinopathy, suggesting early microangiopathic

changes.™ NFC changes significantly associated with diabetic
microvascular complications in our study included dilated
capillaries  (70%), tortuous capillaries (58.3%), irregular
capillary distribution (50%), neo-angiogenesis (43.8%) and
reduced capillary length (31.2%). Jakhar et al. also reported
more morphological changes in diabetics with microvascular
complications.”  Neo-angiogenesis,  haemorrhages  and
abnormal capillary flux were specific findings significantly
associated with retinopathy. Bakirci et al. also noted that
T2DM patients with diabetic retinopathy had more frequent
capillary haemorrhages, ectasia, giant capillaries and neo-
angiogenesis, although these findings were not statistically
significant.* Chang et al. found greater tortuosity in
patients with retinopathy.” Uyar et al. and Chang et al. also
reported an increased prevalence of tortuous, bushy and
dilated capillaries in diabetics with retinopathy.?**! Similar to
our results, Hsu et al. demonstrated a positive correlation
between NFC scores and both diabetic neuropathy and
the number of microvascular complications. We also
found a significant association between NFC changes and
nephropathy. However, Hsu et al. did not find a similar
association ~ with  nephropathy in  their  study."
In our research, NFC changes were significantly associated
with the overall duration of diabetes, with each one year
increase in disease duration corresponding to a 0.27-unit
increase in the NFC score. Kuryliszyn et al. and Bollinger
et al. similarly observed more severe NFC changes with
longer disease duration.”*? In contrast, Barchetta ef al. and
Pazos-Moura et al. found no such correlation.”>*!
We found that patients with higher HbAlc levels had a
significantly greater mean NFC score (1.98) as compared to
those with normal HbAlc (0.59) (0.001). Jakhar et al. did
not find any significant correlation between NFC parameters
and glycaemic control levels.?”! Kaminska-Winciorek et al. and
Barchetta et al. concluded that microvascular changes in
people with diabetes were not influenced by age or sex.?*

Limitations

The small sample size is one of the limitations. Further
studies could be undertaken with follow-up of cases for the
development of microvascular complications. Furthermore,
pre-DM is a cohort that needs more scientific exploration so
that effective screening guidelines can be formulated.

CONCLUSION

NFC changes in diabetics showed an association with disease
duration, glycaemic control, and the presence of micro-
vascular complications. This could help in early diagnosis
and timely intervention to prevent serious complications such as
blindness, amputations, and renal failure. NFC alterations
were also observed in apparently healthy pre-diabetics, most of
whom had a positive family history. Therefore, we recommend
NEFC as a simple, useful bedside assessment tool to screen for
micro-vascular complications in diabetes and pre-diabetes.
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