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ABSTRACT
Diabetes mellitus is a swiftly escalating health problem both nationally and internationally. Diabetic neuropathy, a prominent 
microvascular complication of diabetes, frequently occurs. Autonomic cardiac neuropathy, which arises from diabetic 
neuropathy, is a substantial cause of mortality and morbidity. It is also linked with orthostatic hypertension, a condition 
characterized by an abnormal increase in blood pressure upon standing. There is, however, no consensus on the clinical 
and pathological characteristics of orthostatic hypertension. Blood pressure and pulse display a circadian rhythm, varying 
throughout the day. This literature review seeks to explore the intricate relationship between diabetes mellitus and orthostatic 
hypertension. Special attention is given to the potential impact of circadian rhythm on these conditions, as this aspect could 
provide essential insights into the disease mechanism and patient management. The review will cover the existing literature, 
aiming to identify knowledge gaps and illuminate potential areas for future research. Such exploration could lead to the 
development of enhanced preventive measures and therapeutic strategies, improving patient outcomes in these prevalent and 
interconnected conditions.
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INTRODUCTION
Today, diabetes is emerging as a health problem of 
increasing importance worldwide, due to its prevalence 
and the issues it creates. Alongside lifestyle changes 
and shifts in dietary habits, the prevalence of diabetes is 
rapidly rising in all countries.1

Autonomic neuropathy, a chronic microvascular 
complication of diabetes mellitus, can clinically manifest 
as unawareness of hypoglycemia, resting tachycardia, 
orthostatic hypotension, reduced heart rate variability, 
silent myocardial infarction, sudden cardiac death, 
gastroparesis, constipation, diarrhea, fecal incontinence, 
erectile dysfunction, neurogenic bladder, and sudomotor 
dysfunction.2 Autonomic cardiac neuropathy is associated 
with significant morbidity and mortality in diabetes 
mellitus.3 Unlike postural hypotension, a common feature 
of advanced autonomic neuropathy in diabetes mellitus, 
the prevalence and clinical importance of early-onset 
orthostatic hypertension in diabetic patients have not been 
fully understood.4,5 Orthostatic hypertension, defined 
as a consistent increase in blood pressure occurring 1 to 
5 minutes after standing up, is a cardiovascular disorder 
that has been less studied and is increasingly recognized. 
As one transitions from a supine to standing position, 

a rapid increase compensates for the transient drop in 
blood pressure, facilitated by autoregulatory mechanisms 
modulated by the autonomic nervous system. Despite 
representing the opposite of OHT, OHT similarly arises 
from autonomic nervous system (ANS) dysfunction.6 
Pathophysiology of orthostatic hypertension is considered 
responsible for increased peripheral vascular resistance, 
high levels of norepinephrine, impaired arterial and 
cardiopulmonary baroreceptor sensitivity, increased 
activation of the renin-angiotensin-aldosterone system 
(RAAS), and increased vasopressin secretion.7

Cardiovascular parameters such as blood pressure, pulse, 
and coronary tone are influenced by circadian rhythms 
throughout the day.8 According to ambulatory blood 
pressure monitoring data of healthy individuals, blood 
pressure reaches its highest values in the morning, shows 
a slow decrease throughout the day, and is at its lowest 
at night.9 This circadian rhythm in blood pressure has 
led to a new classification. In this classification made 
with ambulatory blood pressure monitoring, a decrease 
of 10% or more in blood pressure values measured at 
night compared to daytime values is named dipper 
hypertension, and a decrease of less than 10% is named 
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non-dipper hypertension.10 Recently, it has been shown 
that 24-hour ambulatory blood pressure measurements 
(ABPM) are more valuable than clinic measurements in 
assessing cardiovascular risk.11

The objective of this review is to comprehensively analyze 
the existing literature on the relationship between 
diabetes mellitus and orthostatic hypertension, placing 
particular emphasis on autonomic neuropathy and the 
effects of circadian rhythms on these conditions. Despite 
growing acknowledgment of orthostatic hypertension 
as a prevalent complication in diabetic patients, there 
remains a considerable gap in comprehensive literature 
reviews exploring its prevalence and clinical implications. 
This lack of holistic understanding hampers the 
progression towards formulating effective treatment and 
preventative measures for diabetic patients susceptible to 
orthostatic hypertension. By synthesizing the findings on 
the nuances of this relationship, including the impacts 
of circadian rhythms on blood pressure and pulse, we 
intend to illuminate a facet of research that has often 
been overshadowed. Highlighting these connections can 
guide improved patient management protocols, aiming 
to reduce the morbidity and mortality associated with 
these intertwined conditions. Furthermore, with the 
global rise in diabetes cases, grasping its complications 
such as orthostatic hypertension is vital for worldwide 
health. Consequently, this review holds considerable 
relevance in the realm of diabetes research and its 
practical application, offering insights that might shape 
policy and healthcare directives.

DIABETIC NEUROPATHY
It is defined as symptoms and signs of the peripheral 
nervous system that cannot be attributed to anything 
other than diabetes in a diabetic patient. It is the most 
common microvascular complication in diabetes. 
Neuropathy is seen in at least half of the patients who 
have had diabetes for more than ten years.12

Prevalence
The prevalence in diabetic patients is on average 30%, 
and symptomatic peripheral neuropathy develops in 
about half of the patients during follow-up. Autonomic 
neuropathy accompanies peripheral neuropathy in 30 to 
50% of patients.13

The most common form of neuropathy is distal sensory 
and autonomic polyneuropathy. The most common of 
the mononeuropathies is carpal tunnel syndrome. Other 
causes of neuropathy should be ruled out for diagnosis.14

Pathogenesis
Metabolic and vascular factors are considered together 
responsible for the pathogenesis of diabetic neuropathy. 

However, the most significant metabolic factor is 
undoubtedly chronic hyperglycemia. There is plenty of 
evidence that hyperglycemia increases this risk.15,16

Multiple mechanisms are held responsible for the 
development of microvascular complications. One of 
the pathological reactions triggered by hyperglycemia is 
the activation of the polyol pathway. With the activation 
of the polyol pathway, sorbitol increases in the tissues, 
while myo-inositol levels decrease. As a result of these 
two parameters, there is a slowdown in nerve conduction 
speed.17

When there is prolonged high blood sugar, or chronic 
hyperglycemia, compounds called Advanced Glycation 
End Products (AGEs) are formed. A commonly 
referenced example of an AGE is HbA1c. What happens 
is that glucose attaches to proteins in a way that can't 
be reversed. This attachment can disrupt the normal 
structure and function of these proteins. Additionally, 
when AGEs interact with their designated receptor, 
known as RAGE, it triggers an increase in the production 
of certain inflammatory substances like cytokines and 
molecules that help cells stick together, which are released 
from monocytes and the lining of blood vessels, the 
endothelium. When RAGE is activated, it also impacts 
the creation of enzymes called matrix metalloproteinases, 
which can, in turn, harm nerve fibers.18

Other pathological mechanisms triggered by 
hyperglycemia are decreases in growth factors, activation 
of protein kinase C, and increased oxidative stress. 19

One of the most important factors implicated in 
neuropathy is neural ischemia. Studies have found that 
the presence of macrovascular disease is a risk factor for 
the development of neuropathy. The increases in nerve 
conduction speed after revascularization interventions 
on large vessels are direct evidence for the role of ischemic 
factors in neuropathy pathogenesis.20,21

Oxidative stress, both experimental data and 
mitochondrial (SOD2) and extracellular (SOD3) 
superoxide dismutase gene polymorphism, increase the 
risk of neuropathy. Some data on the positive effects of 
antioxidant agents support the role of this mechanism.22-25

Symptoms vary according to the affected sensory fiber 
class. While small fiber involvement leads to pain, 
burning and tingling, large fiber involvement results in 
numbness and loss of sensation.26

Risk Factors
In type 1 and type 2 diabetes, advanced age, the duration 
and severity of hyperglycemia are major risk factors for 
the development of diabetic neuropathy. Additionally, 
obesity, metabolic syndrome, glycemic variability, 
dyslipidemia, and smoking are considered risk factors.27
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Screening
In type 1 DM, it is recommended to perform neuropathy 
screening every year, starting 5 years after the diagnosis, 
and in type 2 DM, starting from the time of diagnosis. 
Neuropathy screening should be done with physical 
examination, 10-gram (10-g) monofilament, and tests 
like tuning fork.28

Diagnosis
Early diagnosis of diabetic polyneuropathy is important 
in preventing many complications. Patients should be 
questioned about the type of symptoms, onset time, 
progression duration, symmetry, alcohol use, family 
history. The presence of autonomic symptoms such as 
constipation, urinary retention, changes in sweating 
pattern, blurred vision, and bloating in the abdomen 
should be evaluated. Neuropathy screening, in addition 
to the physical examination, can be done with simple 
clinical tests like the monofilament test, which evaluates 
small nerve fiber function by applying 10 g pressure 
once a year, and the tuning fork test, which evaluates 
large nerve fiber function by testing the vibration sense. 
Electrophysiological tests or referral to a neurologist is 
rarely required except in cases with atypical symptoms 
or unclear diagnosis. In all patients with diabetic 
neuropathy, causes of neuropathy other than diabetes, 
toxins, neurotoxic drugs, vitamin B12 deficiency, 
hypothyroidism, kidney disease, malignancies, infections, 
chronic inflammatory demyelinating neuropathies, 
hereditary neuropathies, and vasculitis should be ruled 
out.26

Classification
Diabetic neuropathies:29

A. A. Diffuse
1. Distal symmetric polyneuropathy

• Primary small fiber neuropathy
• Primary large fiber neuropathy
• Mixed small and large fiber neuropathy (most 

common)
2. Autonomic

• Cardiovascular
• Decreased heart rate variability
• Resting tachycardia
• Orthostatic hypotension
• Sudden death
• Gastrointestinal
• Diabetic gastroparesis
• Diabetic enteropathy
• Chronic hypomotility
• Urogenital
• Diabetic cystopathy
• Erectile dysfunction
• Female sexual dysfunction

• Sudomotor dysfunction
• Distal hypohidrosis/anhidrosis
• Unawareness of hypoglycemia
• Abnormal pupillary function

B. Mononeuropathy
• Isolated cranial or peripheral nerve
• Mononeuritis multiplex

C. Radiculopathy or polyradiculopathy
• Radiculoplexus neuropathy
• Thoracic radiculopathy

DIABETIC AUTONOMIC NEUROPATHY
The signs and symptoms of autonomic neuropathy 
should be carefully identified during the history taking 
and physical examination. The main symptoms of 
diabetic autonomic neuropathy include unawareness of 
hypoglycemia, resting tachycardia, orthostatic hypotension, 
gastroparesis, constipation, diarrhea, fecal incontinence, 
erectile dysfunction, neurogenic bladder, and sudomotor 
dysfunction with increased/decreased sweating.28

The clinical symptoms of autonomic neuropathy usually 
appear long after the onset of diabetes. While symptoms 
suggestive of autonomic dysfunction can be common, 
they are often due to reasons other than actual autonomic 
neuropathy. Nevertheless, subclinical autonomic dysfunction 
can emerge within one year after diagnosis in type 2 diabetic 
patients and within two years in type 1 diabetic patients.30

Cardiac Autonomic Neuropathy
Cardiac autonomic neuropathy is associated with 
mortality, independent of other cardiovascular risk 
factors.31,32 It is suggested that a significant portion of 
sudden cardiac death cases in diabetic patients is due to 
silent cardiac autonomic neuropathy.33

In its early stages, cardiac autonomic neuropathy may 
be entirely asymptomatic. Advanced disease can be 
associated with resting tachycardia (>100 beats/min) and 
orthostatic hypotension.28

In most patients, parasympathetic dysfunction is 
detected before sympathetic dysfunction. Ewing and 
colleagues developed an assessment scale that evaluates 
both sympathetic and parasympathetic autonomic 
dysfunction together.34

In epidemiological studies, diabetes has been found to 
be an independent risk factor for cardiac hypertrophy, 
systolic dysfunction, and heart failure.35,36

ORTHOSTATIC HYPERTENSION
Contrary to postural hypotension, a common feature of 
advanced autonomic neuropathy in diabetes mellitus, 
the prevalence and clinical significance of orthostatic 
hypertension in diabetic patients have not yet been 



140

Öcal S. Orthostatic hypertension and diabetes mellitus J Health Sci Med. 2024;7(1):137-142

fully understood. The difficulty in determining the 
true prevalence of OHT is due to various factors, such 
as different definitions used and differences among the 
populations studied to date.37

Definition of Orthostatic Hypertension
Most researchers have suggested that OHT can be 
defined as an increase of at least 20 mmHg in systolic 
blood pressure (SBP) after standing.38 However, recent 
large-scale studies and in line with the definition of 
orthostatic hypotension, an orthostatic increase of at 
least 10 mmHg in diastolic blood pressure (DBP) has also 
been included in the OHT definition.39,40 It emerges as a 
result of abnormal regulation of blood pressure during 
postural changes and was first defined in 1980.41

Pathogenesis of Orthostatic Hypertension
The pathophysiology of orthostatic hypertension is not 
yet fully understood. Orthostatic hypertension represents 
the hemodynamic opposite of hypotension but similarly 
originates from ANS dysfunction. Opposite functioning 
common mechanisms play a role in both disorders. The 
reason why common triggering factors and mechanisms 
support the development of orthostatic hypertension 
in some patients and orthostatic hypotension in 
others remains unclear. OHT is closely associated with 
cardiovascular, cerebrovascular diseases and central 
nervous system damage, and is considered a new risk 
factor for cardiovascular and cerebrovascular diseases 
in adults. It is thought that conditions that increase ANS 
degeneration are factors supporting the development of 
OH.7 These factors are;

• Activation of the Sympathetic Nervous System
• Aging
• Essential hypertension
• Diabetes mellitus
• Neurological disorders

When moving from a supine to a standing position, 
approximately 500-1000 ml of blood pools below the 
diaphragm, and hydrostatic pressure shifts fluids from 
the intravascular area to the interstitial area. In healthy 
individuals, compensatory autonomic reflex mechanisms 
withdraw cardiac parasympathetic impulses and increase 
cardiac and vascular sympathetic activity, leading to an 
increase in heart rate, a decrease of <20 mmHg in systolic 
blood pressure, and a small increase in diastolic blood 
pressure. Studies suggest that orthostatic hypertension 
results from an excessive increase in vascular resistance 
when standing. Observations that plasma norepinephrine 
increases more with standing in patients with orthostatic 
hypertension suggest that the response is mediated 
through excessive sympathetic activation while standing.42 
In patients with orthostatic hypertension, due to higher 
sympathetic activity, vasoconstriction is also greater, and 

as a result, blood pressure increases. Autonomic nervous 
system dysfunction leads to insensitivity of arterial and 
cardiopulmonary baroreceptors and/or inability to adjust 
the baroreflex to normal blood pressure values, while 
excessive vasoconstriction mediated by alpha-adrenergic 
vascular hyperactivity is believed to be another 
important mechanism. Another proposed mechanism 
is nephroptosis. In these patients, the renal artery is 
strained and bent when standing up. As a result, renal 
blood flow decreases and RAAS is activated.43

Signs and Symptoms of Orthostatic Hypertension
Unlike orthostatic hypotension, orthostatic hypertension 
(OHT) is usually asymptomatic and does not produce 
any symptoms. Rarely, syncope, feelings of emptiness, 
dizziness, headaches, palpitations, nausea, and sweating 
may occur.44

Orthostatic Hypertension Treatment
Due to the lack of evidence associated with negative 
outcomes, there are no specific recommendations for the 
management and treatment of OHT. There is no direct 
evidence that the treatment of OHT improves prognosis. 
If it is considered that OHT is linked to masked and 
future hypertension, patients with OHT should be 
closely monitored for the rapid detection of essential 
hypertension.7

Ambulatory Blood Pressure Measurement
Ambulatory blood pressure measurement (ABPM) 
is considered the gold standard for the diagnosis of 
hypertension. In healthy individuals, nighttime blood 
pressure values are usually lower than daytime values, and 
a reduction of the night-time blood pressure by 10-20% 
or more compared to the daytime average is considered 
as a 'dipper' pattern. Non-dipper refers to less than a 10% 
decrease, while reverse dipper is defined as no decrease or 
even an increase in nighttime pressure values. It has been 
reported that non-dipper and reverse dipper patterns are 
associated with increased cardiovascular mortality.45

CONCLUSION
Diabetic neuropathy, the most common microvascular 
complication in diabetic patients, presents a significant 
challenge in terms of its diagnosis, management, and long-
term impact on patient quality of life. It is a multifaceted 
disorder, with a prevalence rate of approximately 30% 
among diabetic patients and often accompanied by 
symptomatic peripheral and autonomic neuropathy.

The complex pathogenesis of diabetic neuropathy 
involves both metabolic and vascular factors, with 
chronic hyperglycemia being the most significant 
metabolic factor. Various mechanisms contribute to the 
development of microvascular complications, such as the 
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activation of the polyol pathway, advanced glycosylation 
end products (AGEs), oxidative stress, and alterations in 
growth factors. Furthermore, neural ischemia and the 
presence of macrovascular disease contribute to the risk 
of neuropathy development.

Diagnosis of diabetic neuropathy is particularly 
challenging due to its varied symptoms, which depend 
on the type of affected sensory fiber. Early diagnosis 
can prevent many complications, so understanding the 
type and onset of symptoms, progression, alcohol usage, 
family history, and the presence of autonomic symptoms 
can be crucial for diagnosis.

Screening is recommended yearly starting 5 years after 
diagnosis for Type 1 diabetes and at the time of diagnosis for 
Type 2 diabetes. Various risk factors can contribute to the 
development of diabetic neuropathy, including older age, 
duration and severity of hyperglycemia, obesity, metabolic 
syndrome, glycemic variability, dyslipidemia, and smoking.

Finally, diabetic neuropathy can be classified into 
diffused neuropathy (distal symmetric polyneuropathy 
and autonomic neuropathy), mononeuropathy (isolated 
cranial or peripheral nerve or mononeuritis multiplex), 
and radiculopathy or polyradiculopathy (radiculoplexus 
neuropathy and thoracic radiculopathy).

Understanding the intricate pathophysiology of diabetic 
neuropathy is vital for the development of effective 
treatments and interventions. There remains a need for 
more comprehensive research to further illuminate the 
mechanisms involved and potentially discover novel 
therapeutic strategies. Improving patient outcomes will 
require ongoing efforts in early diagnosis, personalized 
treatment plans, and disease management education 
for patients. Ultimately, the objective should be not 
just to treat diabetic neuropathy, but also to prevent its 
onset through effective management of diabetes and its 
associated risk factors.

HIGHLIGHT KEY POINTS
Diabetic neuropathy is a common microvascular 
complication in diabetic patients, with a prevalence rate 
of around 30%. Its complex pathogenesis involves both 
metabolic and vascular factors, with chronic hyperglycemia 
being the most significant metabolic factor.Different 
mechanisms including the activation of the polyol pathway, 
advanced glycosylation end products (AGEs), oxidative 
stress, and alterations in growth factors contribute to 
neuropathy development.Diagnosis is challenging due 
to the varied symptoms, which depend on the type of 
affected sensory fiber.Screening is recommended yearly 
starting 5 years after diagnosis for Type 1 diabetes and 
at the time of diagnosis for Type 2 diabetes.Numerous 
risk factors contribute to the development of diabetic 

neuropathy, including older age, duration and severity of 
hyperglycemia, obesity, metabolic syndrome, glycemic 
variability, dyslipidemia, and smoking.

Diabetic neuropathy can be classified into diffused 
neuropathy, mononeuropathy, and radiculopathy or 
polyradiculopathy.Further comprehensive research is 
needed to understand the intricate pathophysiology of 
diabetic neuropathy and develop effective treatments.
The ultimate goal should be not just to treat diabetic 
neuropathy, but also to prevent its onset through effective 
management of diabetes and its associated risk factors.
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