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Purpose: Diabetes is a documented risk factor for peripheral neuropathy. It was reported
that associated hypertension could increase this risk. The present study aimed to assess the
effect of hypertension and diabetes on median nerve using high-resolution ultrasound.
Methods: The study includes 50 hypertensive patients (HTN group), 50 diabetic patients
(DM group), 50 patients with coexisting diabetes and hypertension (HTN + DM group) and
50 healthy controls. Median nerve affection in the studied groups was studied by vibration
perception thresholds (VPT). The median nerve cross-sectional area was determined at the
nerve cross-sectional area of the median nerve at the carpal tunnel by high-resolution
ultrasound. Clinical symptoms were assessed using Toronto Clinical Severity Score (TCSS).
Results: There was significantly higher median nerve CSA in all patient groups in compar-
ison to controls. HTN + DM group had significantly higher median nerve CSA when
compared with DM group. Patients with peripheral neuropathy in HTN + DM and DM
groups had significantly higher median nerve CSA than patients without. Using ROC curve
analysis, it was shown that median CSA could successfully distinguish patients with periph-
eral neuropathy from patients without in HTN + DM group [AUC (95% CI): 0.71 (0.54—
0.89)] and in DM group [AUC (95% CI): 0.86 (0.72-0.99)].

Conclusion: Hypertensive patients with and without diabetes have significantly higher
median nerve CSA when compared with controls.

Keywords: hypertension, peripheral neuropathy, high-resolution ultrasound, diabetes
mellitus, median nerve

Introduction
Hypertension (HTN) is the leading global risk factor for cardiovascular and all-
cause mortality. While the wide use of antihypertensive medications resulted in
near-constant global mean blood pressure in the past decades, the prevalence of
HTN continues to rise in alarming rates. It’s estimated that more than 30% of adults
were diagnosed with hypertension worldwide in 2010." Beyond the cardiovascular
consequences, HTN is also related to chronic kidney disease and end-stage renal
disease. Neurologically, HTN is by far, the main risk factor for cerebrovascular
stroke.” Also, HTN has been linked to age-related cognitive impairment and
dementia.®

Coexistence of HTN and diabetes mellitus (DM) is a common encounter. More
than two thirds of DM patients develop arterial HTN which aggravates the micro-
and macrovascular complications in those patients. On the other side of the coin,
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DM in HTN patients is associated with increased risk for
cardiovascular disease. Both conditions share many patho-
logical mechanisms and inter-related consequences.”

However, while the literature is replete with studies
investigating various aspects of pathogenesis, diagnosis
and management of diabetic peripheral neuropathy
(DPN),> little is known about peripheral nerve affection
related to hypertension per se. Interestingly, experimental
studies suggested that hypertensive rats developed signifi-
cant functional and structural peripheral nerve changes
largely similar to that developed by diabetic rats.
Moreover, it was reported that these changes were ampli-
fied by coexistence of the two conditions.”® In the clinical
setting, HTN is widely reported as a significant risk factor
of DPN.>'°

Recent developments in high-resolution ultrasound
(HRUS) enabled clinicians to add sonographic imaging
features of the peripheral nervous system to the clinical
findings and electrophysiological data thus improving the
diagnostic performance of many pathologies of the periph-
eral nerves.'' In patients with DPN, HRUS could detect
significant increase in the cross-sectional area (CSA) of
the affected peripheral nerves.'?

The present study aimed to explore the effects of HTN
on the median nerve in the presence or absence of DM.

Subjects and Methods

The present study was conducted at Al-Azhar University
Hospitals, Cairo, Egypt in the period from January, 2019
2020. The
approved by the ethical committee of Al-Azhar Faculty

through December, study protocol was
of Medicine and informed consent was obtained from all
participants.

The study includes 50 hypertensive patients, 50 dia-
betic patients, 50 patients with coexisting diabetes and
hypertension and 50 healthy controls. Hypertension was
diagnosis according to the American College of
Heart 2017

guidelines.'®> Diagnosis of T2DM was based on the

Cardiology/American Association
American Diabetes Association recommendations for clas-
sification and diagnosis of diabetes.'*

All groups were matched regarding age and sex dis-
tribution and patients’ groups were matched regarding the
duration of the group’s clinical condition. Exclusion cri-
teria were carpal tunnel syndrome, history of forearm or
hand fractures or other causes of median nerve affection.

All participants were subjected to careful history tak-
ing, examination and standard

thorough clinical

laboratory assessment including fasting blood sugar,
HbAc, lipid profile, renal functions and liver functions.
Median nerve affection in the studied groups was studied
electrophysiologically by vibration perception thresholds
(VPT). The median nerve cross-sectional area was deter-
mined at the nerve cross-sectional area of the median
nerve at the carpal tunnel by high-resolution ultrasound.
Diagnosis of peripheral neuropathy (PN) if present was
established on the basis of abnormal nerve conduction
velocity together with symptoms and signs of PN. The
clinical manifestations of PN were reported using the
validated
Neuropathy Screening Instrument. It’s a 15-item yes/no

translated Arabic version of Michigan
questionnaire in addition to clinical examination.'>'® For
grading of PN severity, we used the Toronto Clinical
Scoring System (TCSS) that integrates neurological
symptoms and neurological testing scores. According to
this tool, patients were classified to have mild, moderate
or severe PN.'®

Data obtained from the present study were expressed as
number and percent or mean and standard deviation.
Statistical comparisons were achieved using ¢ test,
Fisher’s exact test, or chi-square test. Correlations were
performed using Pearson’s correlation coefficient.
Receiver operator characteristic (ROC) curve analysis
was used to identify the diagnostic performance of inves-
tigations under assessment. All statistical operations were
computed using SPSS 25 (IBM, IL, USA) with p value

less than 0.05 considered statistically significant.

Results
The present study was conducted on 50 hypertensive
patients (HTN group), 50 hypertensive patients with coex-
isting type 2 diabetes (HTN + DM group), 50 diabetic
patients (DM group) and 50 healthy controls. All groups
were matched for age and sex distribution and the three
patient groups were matched for disease duration.
Comparison between the studied groups regarding the
clinical and laboratory data is shown in Table 1. Patients in
the HTN + DM group had higher frequency of cases with
peripheral neuropathy when compared with patients in the
DM only group without statistical significance (34.0%
versus 22.0%, p=18). However, it was shown that HTN
+ DM group had significantly higher frequency of cases
with severe neuropathy. It was also shown that HTN + DM
and DM groups had significantly higher TCSS when com-
pared with other groups. In addition, it was shown that
patients in the HTN + DM and DM groups had
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Table 1 Comparison Between the Studied Groups Regarding the Clinical Data
HTN N=50 HTN + DM N=50 DM N=50 Controls N=50 P value
Age (years) mean + SD 509 + 8.7 53.8 + 145 55.6 £ 13.9 499 + 12.2 0.09
Male/female n 25/25 31/19 29/21 27/23 0.65
BMI (kg/m”2) mean *+ SD 294 +58 29.1 + 68 307 £ 68 27359 0.16
Disease duration (years) mean * SD 127 £ 11.7 14.1 £+7.4 12.1 + 6.0 - 0.52
Associated morbidities n (%)
IHD 7 (14.0) 13 (26.0)# 4(80) - 0.044
COPD 3 (6.0) 2 (4.0) 5 (10.0) - 0.47
Retinopathy 4 (8.0) 8 (16.0) 7 (14.0) - 0.46
Nephropathy 3 (6.0) 9 (18.0) 5 (10.0) - 0.16
Neuropathy - 17 (34.0) Il (22.0) - 0.18
Severity of neuropathy
Mild - | (2.0) 4 (8.0) - 0.027
Moderate - 3 (6.0) 4 (8.0) -
Severe - 13 (26.0) 3 (6.0) -
SBP (mmHg) mean * SD 149.2 £ 17.2 *#$ 158.3 £ 22.4 #$ 1149 £9.0 1134 +£79 <0.001
DBP (mmHg) mean * SD 95.9 + 7.5 *#$ 974 + 11.2 #$ 745+ 54 764 + 3.7 <0.001
TCSS mean + SD 29+ 1.6 6.8 + 49 #$ 47 +34 % 28+ 19 <0.001
FBS (mg/dl) mean + SD 90.6 + 10.7 *# 2185 + 83.1 #3$ 1684 £ 433 $ 939+ 104 <0.001
Cholesterol (mg/dl) mean * SD 184.4 + 22.0 *4#$ 2653+ 1148 % 2566 +419 % 158.1 £ 11.7 <0.001
Triglycerides (mg/dl) mean *+ SD 229.1 £ 288 *$ 271.8 £ 101.6 #$ 2385+374% 1785 + 18.2 <0.001
HbAIc (%) mean + SD 5.0 + 0.6 *# 9.5+ 1.6 #$ 10.1 £14$ 47 £ 04 <0.001
VPT (V) mean * SD 13.8 + 44 *#$ 219 +7.8#$ 183+738% 102 £ 45 <0.001
Median nerve CSA mean * SD 8.7 £ 0.9 *#$ 1.7 £ 1.9 #% 103+16% 8.0+ 0.6 <0.001

Notes: Data presented as number and percent or mean * SD. *significant results versus HTN + MD group, "significant results versus DM group, $ significant results versus

controls.

Abbreviations: COPD, chronic obstructive pulmonary disease, DBP, diastolic blood pressure, FBS, fasting blood sugar, IHD, ischemic heart disease, SBP, systolic blood

pressure, TCSS, toronto clinical severity score, VPT, vibration perception thresholds.

significantly higher VPT values when compared with other
groups (Table 1).

In the present study, comparison between the studied
groups regarding the median nerve CSA at the carpal
tunnel revealed significantly higher median nerve CSA in
all patients’ groups in comparison to controls. Moreover, it
was shown that HTN + DM group had significantly higher
median nerve CSA when compared with DM group.
Interestingly, patients in the HTN only group had signifi-
cantly higher median nerve VPT and CSA when compared
with controls (Table 1, Figure 1).

Of note, it was also shown that patients with peripheral
neuropathy in HTN + DM and DM groups had signifi-
cantly higher median nerve CSA than patients without
(12.9 £ 2.4 versus 11.1 £ 1.1, p=0.008 and). Using ROC
curve analysis, it was shown that median CSA could
successfully distinguish patients with peripheral neuropa-
thy from patients without in HTN + DM group [AUC
(95% CI): 0.71 (0.54-0.89)] (Figure 2) and in DM group
[AUC (95% CI): 0.86 (0.72-0.99)] (Figure 3).

Correlations between median nerve CSA and the
clinical and laboratory data in the studied groups are
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Figure | Median nerve CSA in the studied groups.
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Figure 2 ROC curve for median nerve CSA distinguishes patients with peripheral Diagonal segments are produced by ties

neuropathy in HTN + DM group.
Figure 3 ROC curve for median nerve CSA distinguishes patients with peripheral
neuropathy in DM group.

shown in Table 2. Remarkably, in HTN group,

median nerve CSA showed significant direct correlation

with VPT. In HTN + DM group, median nerve CSA Discussion

had significant direct correlation with TCSS, HbAlc and  The association between hypertension and development of
VPT. In DM group, median nerve CSA had DPN was previously reported in type 1'"1° and type 2
significant direct correlation with disease duration, diabetic patients.”*>* The present study provided a high-
TCSS and VPT. resolution ultrasound demonstration of the effect of

186 https: Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2022:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove

Esmat et al

Table 2 Correlation Between Median Nerve CSA and Clinical
Data in the Studied Patients

HTN HTN + DM DM
r P r p r P

Age 0.15 0.3 —0.25 0.08 0.05 0.73
BMI 0.06 0.66 | —0.1 0.51 0.02 091
Disease —0.12 | 0.39 0.1 0.49 0.29 0.043
duration

SBP —0.1 0.5 | —0.01 0.94 0.08 0.58
DBP 0.01 094 | 0.14 0.34 0.15 0.31
TCSS 0.08 0.57 | 0.59 | <0.001 | 0.52 | <0.001
FBS —0.14 | 033 0.23 0.1 —0.07 | 06l
Cholesterol 0.19 0.19 | —0.1 0.48 0.13 0.39
Triglycerides | —0.13 | 0.37 | —0.07 0.62 0.12 0.39
HbAIlc (%) —0.09 | 0.55 0.33 0.018 | —0.13 0.38
VPT (V) 0.44 | 0.002 | 0.39 0.005 0.46 0.001

Abbreviation: HbAlc, glycosylated hemoglobin.

hypertension on peripheral nerves in patients with and with-
out associated DM. The study found significantly higher
median nerve CSA in all patients groups in comparison to
controls. Moreover, it was shown that HTN + DM group had
significantly higher median nerve CSA when compared with
DM group. To the best of our knowledge, this is a novel
finding that may help to understand the role of hypertension
in development of DPN.

The value of median nerve ultrasonographic assess-
ment in the diagnosis of peripheral neuropathy was pre-
viously established.”® Also, the study of Su et al**
recognized the role of median nerve CSA assessed by
ultrasound at the pisiform level in identification of sub-
clinical peripheral neuropathy.

In line with our findings, the study of Legrady et al*’
identified increased perception threshold values on pero-
neal nerve in hypertensive non-diabetic patients in com-
parison to healthy controls supporting the vascular roles in
the development of DPN.

The altered physiology of median nerve in diabetic
patients was reported by the study of Horinouchi et al.*® In
agreement with these conclusions, the study of Attah et al*’
noted that a significant increase in median nerve CSA at the
carpal tunnel in diabetic patients and the presence of DPN
resulted in further increase in median nerve CSA. However,

they noted no association between median nerve CSA and
glycemic control or disease duration.

Interestingly and in support of our work, the experi-
mental study of Gregory et al® found that hypertension
superimposed on diabetes augments the detrimental effects
of diminished nerve blood flow, slow nerve conduction,
axonal atrophy and thinning of myelinated fibers. These
findings were confirmed by the study of De Visser et al.’

The present study may have significant clinical impli-
cations. Our study indicates that increased median nerve
CSA in diabetic and hypertensive patients usually pre-
cedes the development of clinically manifest PN. For
peripheral nerve affection, this is known as subclinical
neuropathy by some authors. Considering the significant
burden of DPN, early detection using HRUS may be
useful for early control of the predisposing factors parti-
cularly in high-risk patients.

Moreover, the present study identified median nerve
affection in HTN patients in the absence of DM. This
new finding needs more exploration to identify the possi-
ble risk factors and the probable outcome in the long-term.

Conclusively, our study reported significant increase in
median nerve CSA in HTN and DM patients as detected by
HRUS. These changes are related to the clinical manifesta-
tions and are worsened when the two conditions co-exist.

Disclosure
The authors report no conflicts of interest in this work.
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