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Abstract. Background and aim: Hypertension is a multifactorial condition that is among the leading causes of 
mortality worldwide. Regulation of blood pressure greatly depends upon the activity of the autonomic nerv-
ous system. Alterations in the autonomic nervous system can lead to hypertension. In addition to nervous 
system control and individual physiologic state, various genes can directly influence autonomic responses. The 
complexity of blood pressure control is reflected in the 20-30% of individuals resistant to traditional phar-
macological treatment, this indicates the need for alternative interventions. This article provides an integra-
tive review and discussion of the key neurophysiologic and genetic factors that contribute to blood pressure 
regulation, the autonomic nervous system (ANS) and manual therapy literature, and the manual therapy and 
blood pressure literature. Methods: To assess the effects of chiropractic on the management of hypertension 
we searched articles published from 1980 to 2019 in PubMed, the Index to Chiropractic Literature and 
CINAHL, using the keywords: chiropractic, spinal manipulation, hypertension, and blood pressure. Results: 
We found 38 original studies that analyzed the effect of chiropractic therapy on hypertension. Of these stud-
ies, 10 were case reports and the statistical significance of the effects of chiropractic on blood pressure was not 
evaluated on these articles, so we focused on the remaining 28 articles. Conclusions: The results of the review 
relative to chiropractic care were promising, but often contradictory, suggesting more research should be done. 
In consideration of the complexity of ANS blood pressure control, an evaluation of patient presenting physi-
ologic and genetic characteristics is recommended and could provide valuable insight relative to the likelihood 
of patient blood pressure related responsiveness to care (www.actabiomedica.it)
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O r i g i n a l  a r t i c l e

Introduction

Hypertension (high blood pressure) is a common 
multifactorial disorder that results in high morbidity 
and mortality around the world (1). According to the 
Joint National Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood Pressure, 
hypertension is defined as systolic blood pressure of 
140 mmHg or above with diastolic blood pressure of 
90 mmHg or above (2).

Although recent advancements enable us to better 
understand the etiology of hypertension and provide 

new treatment options, the prevalence of hypertension 
is increasing. Globally, almost 26% of the adult popu-
lation is experiencing hypertension at present, and ac-
cording to an estimation by Kearney et al, the preva-
lence will increase to 29% by 2025 (3). Adding to the 
complexity of the challenge, almost 90% of hyperten-
sive cases are of essential (primary, with an unknown 
etiology) hypertension, which is the 13th significant 
cause of mortality in the United States (4).

As a multifactorial condition, there are a number 
of risk factors associated with the development of pri-
mary hypertension. Genetics, for example, have been 
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shown to play a major role in the onset of hyperten-
sion, along with other factors such as sex, age, weight, 
diet, stress, physical activity, hormones and cigarettes 
smoking (4). However, the effect of genetics, weight, 
diet or other risk factors as singular causes of hyper-
tension is less supported (5). Emerging research sug-
gests that the etiology or foundational susceptibility 
of an individual to the development of hypertension 
may be associated with dysfunctional regulation of the 
autonomic nervous system (ANS), particularly to the 
abnormal activation of parasympathetic and sympa-
thetic systems (6-8). A review by Grassi showed that 
an increased sympathetic drive may serve as an am-
plifier or determinate of elevated blood pressure and 
its associated effects (9). Interestingly, a number of 
genetic variations associated with high blood pressure 
are also involved in changes to sympathetic control 
(10-13). The association between high blood pressure 
and aberrant autonomic control is important because 
it provides a gateway for therapeutic intervention, 
especially because many pharmaceutical approaches 
directly target or mimic autonomic nervous system 
responses (14).

There are two main challenges to pharmaco-
therapy for hypertension, therapeutic resistance and 
medication side effects (15-18). Resistant hyperten-
sion - defined as individuals who fail to reach their tar-
get blood pressure despite being on three concurrent 
medications at prescriptive doses, with one medication 
being a diuretic – is present in 20-30% of hyperten-
sive individuals (15,19-20). Further, this population 
presents with greater risk of health complications 
and mortality (15,19,21-22). Relative to medication 
side effects, they range from mild, such as dizziness, 
headaches, electrolyte imbalance, and cough to more 
serious events including erythema multiforme major, 
heart palpitations, increased creatinine, vasovagal syn-
cope, and renal impairment (16-18). Given the rise 
in hypertensive cases and the challenges to pharma-
cotherapy, alternative interventions with limited risk 
should be explored, and further examination of thera-
pies such as chiropractic - shown to influence the ANS 
- could be a likely candidate (2,16-18,23-25).

Chiropractic care as a therapeutic intervention 
for blood pressure regulation is not a new concept, al-
though the research examining blood pressure changes 

following care does not consistently provide support 
(26-29). This inconsistency could be the result of the 
complexity of neurophysiologic control of blood pres-
sure regulation and/or genetic variability. The aim of 
this article was not to conduct a formal systematic re-
view, but to discuss the literature from an integrative 
perspective and highlight the need for additional out-
come assessments (e.g. genetic predisposition), follow-
ing three topics: key neurophysiologic and genetic fac-
tors that contribute to blood pressure regulation, the 
ANS and manual therapy literature, and the manual 
therapy and blood pressure literature.

Regulation of blood pressure

Arterial blood pressure is primarily regulated by 
the ANS, which comprises the parasympathetic and 
sympathetic nervous systems (6,30). These two sys-
tems are counterbalanced and constantly regulate and 
control blood pressure through receptor-based feed-
back loops (30). Although it is acknowledged that 
cortical control of blood pressure is a factor, as evi-
denced by elevated blood pressure while in a doctor’s 
office (white coat syndrome) and meditation-based 
blood pressure control, this article will focus on two 
receptor-based ANS control mechanisms, the barore-
ceptor response and the renin-angiotensin-aldosterone 
system (RAAS) (31-34).

Autonomic Nervous System Regulation

Alterations of ANS activity have a direct role in 
the onset and development of human hypertension 
(6,30,35). The increase of sympathetic nervous system 
activity and the reduction of vagal cardiac tone are as-
sociated with the onset and persistence of hyperten-
sion (6,36).

Interestingly, both sympathetic and parasympa-
thetic divisions of the ANS might present with ab-
normal activity in individuals with higher hyperten-
sion risk, even before the onset of any clinical signs 
(30,37,38). Patients in the early stages of hypertension 
have amplified sympathetic and decreased cardiac va-
gal (parasympathetic) activities (30,37,39). A review 
by Mancia and Grassi showed marked alterations in 
ANS control in prehypertensive, early hypertensive, 
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and established hypertensive states (30). Decrease in 
cardiac parasympathetic nervous system activity, esti-
mated by the analysis of heart rate variability, has also 
been shown to increase mortality rate (40). Further, 
according to animal studies, alterations of the sympa-
thetic system cause observed inter-individual variabil-
ity of blood pressure (35). This is confirmed in adult 
rats, spontaneously hypertensive, that show reduction 
in cardiac parasympathetic nervous activity, accom-
panied with increased sympathetic nerve activity and 
elevated noradrenaline release (41).

Baroreflex

The baroreflex has the ability to buffer the acute 
changes of arterial pressure (42). The buffering of 
blood pressure is usually mediated by the parasym-
pathetic and sympathetic regulated heart rate and the 
sympathetic vasomotor tone modulation (43). The 
heart rate and the sympathetic nervous system activity 
are regulated by cardiovascular baroreceptors.

Baroreceptors are mechanoreceptors that increase 
action potential firing in response to the widening and 
stretching of the blood vessels (44). The acute changes 
of blood pressure are regulated by the baroreceptors 
located in the blood vessels and heart, in particular the 
high-pressure receptors located in the aortic arch and 
carotid sinuses (44,45). Baroreceptor activation dur-
ing elevated blood pressure efficiently inhibits the re-
sponse of efferent sympathetic nerves and increases the 
efferent vagal activation on the SA node of the heart. 
This vagally mediated response leads to release of ace-
tylcholine and inhibition of the SA node – decreasing 
the heart rate (44,45). Concurrently, the sympathetic 
mediated norepinephrine release on the SA node is 
diminished, further decreasing the SA mediated heart 
rate. As an additional consequence of diminished 
sympathetic outflow, sympathetic vasomotor tone is 
decreased, allowing vascular dilation within the venous 
and arterial systems. The decreased vasomotor tone 
decreases total peripheral resistance and alters end di-
astolic and systolic volumes, leading to a decrease in 
blood pressure (44,45).

The sympathetic and parasympathetic responses 
are in reverse when stretch on the mechanoreceptors 
is diminished, as in the case of low blood volume or 

blood pooling in response to gravity-dependent posi-
tional changes (46). The baroreceptor reflexes provide 
immediate, acute responses to changes in blood pres-
sure or volume. Subsequently, the efferent activities of 
the sympathetic and parasympathetic nervous systems 
are readily adjusted to stabilize the blood pressure. Ba-
roreflex afferents are also known to regulate the release 
of vasopressin from the hypothalamus, which is con-
sidered a backup mechanism for the stabilization of 
blood pressure (43).

Functional loss of the afferent baroreflex leads 
to baroreflex failure, characterized by unstable arte-
rial hypertension (46). Alternatively, the functional 
loss of the efferent baroreflex causes autonomic failure 
linked with intense orthostatic hypotension (46). Al-
though the baroreceptor response is classically adapted 
for acute homeostatic control, failure or adaptation of 
the responses can have implications in chronic blood 
pressure regulation (46,47). In humans, essential hy-
pertension is associated with impaired regulation of 
heart rate and sympathetically mediated vasomotor 
tone (30,37,43).

To evaluate the effects of baroreflex failure, the 
degree of response of the target organs - especially the 
kidneys - towards the reset of baroreflex control of 
sympathetic nervous activity helps to establish the lev-
els of the long-term blood pressure and progression of 
hypertension (43). The changes in sympathetic nerv-
ous activity of the kidney, mediated by the baroreflex, 
might affect the renin-angiontensin-aldosterone sys-
tem (RAAS) and might also play a role in long-term 
changes of mean arterial blood pressure through the 
regulation of humoral factor levels that are active in 
autonomic regulation (42).

Similar to other mechanoreceptors, such as those 
in the skin that allow desensitization to clothing or 
watches, baroreceptor resetting occurs. Barorecep-
tor resetting might contribute to the development of 
hypertensive states (48,49). The normalization of ba-
roreceptor sensitivity and the re-establishment of the 
baroreceptor pressure threshold is considered a prom-
ising therapeutic target for blood pressure control. 
Patients could possibly improve their blood pressure 
control by the use of novel therapeutic options that 
restore baroreceptor function and ANS responsiveness 
(42,48,49).
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Renin-angiotensin-aldosterone system (RAAS)

The renin-angiotensin-aldosterone system 
(RAAS) by interacting with the autonomic nervous 
system regulates the blood pressure (50). This system 
comprises several hormones that increase blood volume 
and peripheral resistance. The RAAS is activated in re-
sponse to decreased blood volume, increased sodium, 
or activation of the sympathetic nervous system, which 
initiates renin synthesis and release by the juxtaglomer-
ular cells (32). Renin exerts its activity by entering the 
blood and interacting with angiotensinogen, produced 
by the liver. Then, renin converts the angiotensinogen 
into angiotensin I. Subsequently angiotensin I moves to 
the pulmonary vessels where the angiotensin-convert-
ing enzyme (ACE), produced by the endothelium, is 
converted into angiotensin II. While the lung endothe-
lial tissue is considered the primary converter of angio-
tensin I to angiotensin II, it should be noted that ACE 
is produced and can exert effects within other tissues 
of the body, including the brain, kidneys, and cardiac 
tissue (51-54). This complicates pharmacologic based 
therapies such as ACE inhibitors (51,52).

Angiotensin II influences blood pressure through 
several different pathways. To increase blood volume, 
resorption and retention of water is increased through 
sodium resorption in the kidneys. This is accomplished 
in the proximal tubule of the kidney by angiotensin II 
and through angiotensin II effects on the zona glo-
merulosa of the adrenal glands. This leads to release 
of aldosterone from the adrenal glands, which acts on 
the late distal tubule and collecting duct of the kid-
ney nephron (55). Additionally, angiotensin II recep-
tors on the hypothalamus increase the sense of thirst, 
prompting the individual to take in more fluids, in-
creasing blood volume further. Through increased fluid 
volume, blood pressure rises (55,56).

Angiotensin II also activates and works in concert 
with the sympathetic nervous system to cause vasocon-
striction. This is accomplished through angiotensin II 
receptors directly on blood vessels and stimulation of 
post-ganglionic sympathetic neuron release of norepi-
nephrine (57). Vasoconstriction leads to increased to-
tal peripheral resistance and changes in cardiac output, 
increasing blood pressure (58). Although potentially 
more of a target for pharmaceutical interventions, the 

involvement of the sympathetic nervous system in ini-
tial stimulation of the RAAS and responsiveness to 
angiotensin II may provide a gateway for interventions 
that specifically affect the sympathetic nervous system, 
such as chiropractic (59-62).

Genetic bases of the regulation of the vascular 
resistance regulated by the autonomic nervous system

Resting blood pressure is greatly affected by genet-
ic variability, and over 1500 genes influence the blood 
pressure. Several studies have explored the impact of 
different SNPs on the variability of blood pressure and 
heart rate within each individual. Genetic factors are 
estimated to contribute for almost 30-50% of the rest-
ing blood pressure levels (63). Similarly, twin studies 
showed that systolic and diastolic blood pressure levels 
have an heritability of 50-60%, and monozygotic twins 
have higher heritability than the dizygotic twins. Fur-
thermore, blood pressure concordance is higher among 
biological siblings than in the adopted ones that live 
in the same environment. Finally, hypertension shows 
population-specificity in the interactions between gene 
and environment (12). The genetic polymorphisms as-
sociated with hypertension are found in genes involved 
in the following mechanisms: catecholaminergic meta-
bolic and signaling pathways, ANS activity regulation, 
and baroreflex (Table 1).

Catecholaminergic signaling pathways

Most of the genes involved in hypertension par-
ticipate in the catecholaminergic metabolic and sign-
aling pathways. In a study performed by Krushkal et 
al., the region containing ADRB2 gene is associated 
with the systolic blood pressure in young Caucasians. 
In subsequent studies, it was found that two polymor-
phisms (Gln27Glu and Arg16Gly) in ADRB2 influ-
ence the inter-individual blood pressure variability and 
the onset of hypertension (13).

Another adrenergic receptor encoded by the gene 
ADRA1A has several polymorphisms that show as-
sociation with blood pressure in Brazilian, Caucasian 
and African-American populations (64). One of these 
polymorphisms is the Arg347Cys with the Cys/Cys 
genotype that is associated with hypertension (64).



Chiropractic and hypertension 5

The adrenergic transporter encoded by the gene 
SLC6A2 has a wide distribution along the nervous sys-
tem, specifically in neuronal plasma membranes of no-
radrenergic neurons. SLC6A2 gene plays a significant 
role in the re-uptake of adrenalin and noradrenalin. 
The SNP rs168924 has been found associated with es-
sential hypertension (65).

The TH gene encodes the tyrosine hydroxylase, 
a rate-limiting enzyme that contributes in tyrosine 
conversion to dopamine and that plays an important 
role in the physiology of the adrenergic neurons. A 
study performed on a large general population sample 
proposed a relationship between the SNP rs10770141 
near the TH promoter region and blood pressure (66).
Other polymorphisms within the TH gene that are as-
sociated with blood pressure include a tetranucleotide 
repeat (TCAT)n located in the first intron of TH gene 
that is a strong determinant of baroreceptor slope, 
while the Val81Met polymorphism (rs6356) is associ-
ated with essential hypertension (67,68).

DBH gene encodes the dopamine β-hydroxylase 
enzyme which is an oxidoreductase that belongs to the 

copper type II, ascorbate-dependent monooxygenase 
family. The main function of this protein is to catalyze 
the dopamine conversion into norepinephrine, which 
functions as a neurotransmitter of sympathetic nerv-
ous system. Interestingly, in essential hypertension pa-
tients have an elevated level of DBH protein (66). Two 
polymorphisms of DBH, -2073C>T and -970C>T, are 
associated with essential hypertension (69).

Comparative genomics analyses have identified a 
gene locus that might be associated with blood pres-
sure regulation in stroke-prone spontaneously hyper-
tensive rats corresponding to the PNMT gene in hu-
man (70). PNMT gene encodes phenylethanolamine 
N-methyltransferase enzyme which methylates the 
norepinephrine in order to form epinephrine, during 
the last step in the biosynthetic pathway of catecho-
lamine. According to further studies in the promoter 
region of PNMT two SNPs rs3764351and rs876493 
were genotyped, within three ethnic populations in-
cluding White Americans, African American and 
Greek white population, and their results proposed 
that in some populations the genetic variants of 

Table 1. Genetic polymorphisms associated with hypertension

Gene Polymorphisms Association with HT Reference

TH rs6356, rs10770141, (TCAT)n Sympathetic function, blood pressure 68

BDKRB2 -58C>T, rs1799722 Baroreflex sensitivity in never-treated hypertensive patients 76

GNB3 825C>T, 1429C>T, 5177G>A
Increased intracellular signal transduction, essential  

hypertension
72

ADRB2 Arg16Gly, Gln27Glu Arterial blood pressure 72

ADRA1A Arg347Cys Essential hypertension 72

SLC6A2 rs168924 Essential hypertension 72

GNAS 393T>C, FokI(+/-) Hypertension through dysfunctions of the ANS 74

AGT M235T
Interaction with the ANS in the regulation of blood  

pressure and cardiovascular function
50

AGTR1 A1166C
Interaction with the ANS in the regulation of blood  

pressure and cardiovascular function
50

AGTR2 A1675G
Interaction with the ANS in the regulation of blood  

pressure and cardiovascular function
50

TRPV1 rs222747 Contribution to BP differences during static exercise 12

GCH1 +243C>T Diastolic and systolic blood pressure 73

DBH -970C>T, -1021C>T, -2073C>T Essential hypertension 69

PNMT rs876493, rs3764351 Blood pressure regulation 71

COMT -1187G>C, rs4680 Essential hypertension 72
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PNMT gene might contribute in essential hyperten-
sion onset. Furthermore a research performed in Han 
Chinese population confirmed that the AA haplotype 
of SNPs rs3764351 and rs876493 have a protective ef-
fect in that population (71).

COMT gene encodes the catechol-O-methyl-
transferase enzyme, which is an important enzyme 
involved in norepinephrine metabolism that plays a 
key role in the norepinephrine plasma levels regula-
tion. The SNP -1187G>C is associated with essential 
hypertension in Japanese men, while the SNP rs4680 
is associated with hypertension in Swedish and Nor-
wegian men (72).

The GCH1 gene encodes the GTP cyclohydrolase 
1 enzyme. This enzyme is involved in the biosynthesis 
of two central components of the pathophysiology of 
hypertension, catecholamines and nitric oxide. In par-
ticular, the SNP +243C>T influences the diastolic and 
systolic blood pressure in females (73).

ANS activity regulation

Among several molecular pathways ANS is regu-
lated by G protein-coupled receptor pathways. G pro-
teins are a family of proteins involved in transmitting 
signals from a variety of external stimuli. G proteins 
function as heterotrimers located within the cells and 
are activated by G protein-coupled receptors that span 
through the cell membrane. G protein-coupled recep-
tor and G proteins work together for the transmission 
of signals from hormones, neurotransmitters, and oth-
er signaling factors. Functional variantions in these G 
proteins are associated with variation of ANS.

The GNAS gene encodes the Gs-protein α-subunit 
that is associated with the activity of ANS. The GNAS 
gene polymorphism T393C is associated with hyper-
tension, and it might be a used as a genetic marker for 
the prediction of the onset of hypertension (74). An-
other common silent polymorphism, that causes the 
loss of a restriction site (FokI+/-) has been found asso-
ciated with hypertension and with the response to the 
beta-blockers for the reduction of blood pressure (72).

GNB3 gene encodes a G-protein β subunit-3. 
Two polymorphisms, C1429T and C825T, are associ-
ated with essential hypertension in Turkish subjects. In 
fact, the 1429T and 825T variants have a significantly 

higher frequency in hypertensive patients as compared 
to the control group (75). Another research found that 
there is a 50% increased risk of hypertension for sub-
jects that carry the 825T allele (72).

Baroreflex

Sympathetic nervous system activation is funda-
mental for maintaining blood pressure to normal levels 
and the functional differences in the muscle metabo-
receptors chemical sensitivity could regulate the af-
ferent feedback to the brainstem regions that control 
the efferent sympathetic and parasympathetic outflow 
which ultimately regulates blood pressure.

Bradykinin receptor B2 (BDKRB2) gene encodes 
the G-protein coupled receptors for bradykinin pro-
tein. Bradykinin protein performs several functions in-
cluding stimulation of smooth muscle spasm and vaso-
dilation. In a study including 129 mild and moderate 
hypertensive patients never treated, the association of 
BDKRB2 gene polymorphic variant -58T>C has been 
reported for the autonomic-regulated baroreflex sen-
sitivity (76).

Another research study including 200 healthy 
women and men disclosed that the variant in BD-
KRB2, rs1799722, together with the variant in the 
vanilloid receptor gene, TRPV1, rs222747, contribute 
in additive manner to the differences in blood pressure 
during static exercise (12).

Activation of sympathetic and parasympathetic systems 
through chiropractic care

Research studies on the effects of spinal ma-
nipulative therapy suggest that chiropractic care may 
influence the autonomic nervous system (24,25,77). 
Outcomes such as heart rate variability (HRV) and 
skin conductance have been shown to change follow-
ing a chiropractic adjustment or osteopathic manipu-
lation (24,25,78). HRV, an evaluation of consecutive 
beat-to-beat intervals of the heart, is a surrogate for 
extrinsic control of the heart through the ANS (24). 
A systematic review by Borges et al. that examined the 
osteopathic and chiropractic literature found that spi-
nal manipulation of the cervical and lumbar regions 
tended to illicit a greater parasympathetic response, 
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whereas manipulation of the thoracic regions tended 
towards sympathetic activation as assessed by HRV 
(24). This makes sense in light of the location of the 
anatomic pathways of the nerves for the ANS.

The parasympathetic nervous system originates 
from brainstem nuclei and the sacral spinal cord. The 
brainstem preganglionic parasympathetic fibers exit 
through the following cranial nerves: oculomotor (III), 
facial (VII), glossopharyngeal (IX), and vagus (X) (79-
81). Sacral preganglionic parasympathetic fibers leave 
the spinal cord from sacral nerves 2, 3, and 4, joining 
to form the pelvic splanchnic nerves (80,81). Although 
the cranial nerves and sacral fibers have multiple func-
tions within the body, of relevance to the present arti-
cle are the afferent and efferent control mechanisms for 
heart rate and the sympathetic inhibition (6,9,80,81). 
Although a mechanism of action to account for the au-
tonomic changes following a chiropractic adjustment 
has yet to be fully developed, the anatomic proximity 
of the parasympathetic nerve fibers to the cervical and 
sacral spinal segments and the location-based HRV 
changes further support a location-dependent auto-
nomic response (25,79-81).

In contrast to the parasympathetic nervous sys-
tem, pre-ganglionic sympathetic neurons with cell 
bodies in the lateral horn of the spinal cord exit an-
teriorly and enter the anterior rami of T1-L2 spinal 
nerves (80,82,83). Some preganglionic nerves synapse 
with postganglionic neurons in a series of paraverte-
bral ganglion (sympathetic chain ganglia) that span 
the entire spinal column, whereas others pass through 
the chain ganglia. The sympathetic nerves passing 
through the ganglia ascend or descend the sympathetic 
chain or leave the chain ganglia to synapse at different 
levels of the sympathetic chain or within prevertebral 
ganglia, respectively (80,82,83). The sympathetic nerv-
ous system innervates nearly every tissue of the body. 
Relative to the cardiovascular system, the sympathetic 
nervous system increases the heart rate, leads to activa-
tion of the RAAS system, and influences the vascular 
tonic state (6,80,82,83). In addition to HRV, another 
non-invasive way to measure sympathetic response is 
through measurement of the changes in skin conduct-
ance following application of a constant low voltage 
(84). A research, including a review and meta-anal-
ysis by Chiu et al, has shown that skin conductance 

can change in response to manual therapy, suggest-
ing an increase in sympathetic nervous system activity 
(78,85-87).

The increased skin conductance – indicating 
increased sympathetic nervous system activity – re-
sults are different from the HRV location-dependent 
(cervical – parasympathetic increase; thoracic – sym-
pathetic increase) manual therapy results (24,85). In 
alignment with the HRV results, thoracic stimulation 
through manual therapy indicated an increased sym-
pathetic response; however, manual therapy to the 
cervical spine also indicated increased sympathetic 
response, contrary to the decrease observed in HRV 
(85). This complicates the logical anatomic relation-
ship results shown with HRV and could be a result of 
the types of administered manual therapy, specific cer-
vical vertebrae receiving manipulation, and complexity 
of the ascending and descending sympathetic nerve 
fibers. For example, in the Vicenzino study showing 
increased skin conductance, the therapeutic interven-
tion was an oscillatory, lateral glide mobilization of 
the C5/C6 vertebrae (86). Whereas in the Welch et al. 
study showing increased parasympathetic response us-
ing HRV, an unspecified cervical adjustment was made 
in the supine position using the diversified technique 
(62). The diversified technique is often associated with 
a high-velocity low amplitude thrust (62). This incon-
sistency in force location and application may contrib-
ute to the inconsistent results observed in location de-
pendent autonomic responsiveness between HRV and 
electrodermal responses. The inconsistency of outcome 
responses related to the adjusted spinal region is mir-
rored in the chiropractic blood pressure literature (26-
29). These variations underscore the complexity of the 
blood pressure control mechanisms and the need for 
more research to understand the impact on autonomic 
control and the effects of presenting participant phe-
notypic and genotypic characteristics.

Methods and results

Chiropractic therapeutic application for hypertension

To assess the effects of chiropractic on the man-
agement of hypertension we searched articles pub-
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lished from 1980 to 2019 and found 37 original studies 
that analyzed the effect of chiropractic therapy on hy-
pertension (Supplementary Table 1) (23,28,29,62,88-
120). The articles were pulled from PubMed, the Index 
to Chiropractic Literature and CINAHL, using the 
keywords: chiropractic, spinal manipulation, hyper-
tension, and blood pressure. Of these studies, 10 were 
case reports; the statistical significance of the effects 
of chiropractic on blood pressure were not evaluated 
on these articles. Of the remaining 27, 13 did not re-
port any significant changes in blood pressure and 14 
studies showed significant changes in blood pressure 
after chiropractic intervention (23,28,29,62,88, 0-92, 
94,95,97,99,100, 04,105,107-112,115-120). The co-
horts of these 27 studies ranged from 11 to 331 in-
dividuals.Spinal manipulations were applied to the 
cervical spine in 16 of the 27 studies (23,28,29,62,88, 
90-92,94,95,97,99,100,104,105,107-112,115-120). 
Ten of the studies showed significant changes in blood 
pressure following spinal adjustments, with 6 showing 
no significant differences or trends only (28,62,88,90-
92,94,95,100,104,105,107,110-112,119). This differ-
ence in results could be attributed to many factors. For 
example, several of the significant results were observed 
through use of specific, low force upper cervical tech-
niques such as Atlas Orthogonality or NUCCA (28, 
62,88,90-92,94,95,100,104,105,107,110-112,119). 
While the Toggle study by Goertz et al. - not showing 
a significant difference in BP - also focused on the C1 
or C2 vertebrae, this technique included a drop of the 
headpiece that the participant rested their head on for 
application of the adjustment (107). This could have 
had implications relative to local or regional nervous 
system effects. The results of the cervical BP studies are 
in alignment with the HRV research showing changes 
in the parasympathetic nervous system activity follow-
ing cervical manipulations; however, the results are 
contrary to the skin conductance autonomic research 
which showed sympathetic stimulation following cer-
vical and thoracic manipulation (24,78,85-87).

The 6 studies evaluating blood pressure changes 
with thoracic manipulations exhibited contradictory 
results relative to benefits of thoracic spinal manipula-
tions on BP (23,62,99,117,118). The two studies dem-
onstrating a decrease in BP following chiropractic care 
were in hypertensive patients and both utilized instru-

ment adjusting (23,99). Only one of the three studies 
showing no significant difference included hyperten-
sive patients; the two other study participant groups 
were non-hypertensive (62,117,118). All studies 
showing no change in BP utilized manual manipula-
tive procedures (62,117,118). Interestingly, none of the 
thoracic BP studies showed an increase in BP, which 
would be expected based on the sympathetic nervous 
system and spinal manipulation research (24,25,78,85-
87). Both HRV and electrodermal responses showed 
elevated sympathetic activity following a thoracic 
adjustment, basic physiology would suggest that the 
elevated sympathetic response would increase blood 
pressure (6,24,25,78,85-87). This increase was not re-
flected in the BP and manual therapy literature, ex-
empting a small study by Wickles that showed slightly 
elevated BP in the ankle (23,62,99,115,117,118).

Finally, the full-spine and lumbar manipula-
tion and BP literature showed mixed results simi-
lar to the thoracic manipulation results (29,97,108-
110,115,116). The one lumbar only manipulation 
study by Younes, which employed osteopathic HVLA 
thrusts, mobilization, and muscle work, did not show a 
significant difference in blood pressure (116); however, 
the care did show a significant response to parasympa-
thetic responsiveness through evaluation of the barore-
ceptor response (116). Of the research studies utilizing 
a full-spine approach, three showed changes in blood 
pressure and three did not (29,97,108,109,116,120). 
This could be related to several factors. For example, 
application of force at multiple different sites could 
have triggered both parasympathetic and sympathetic 
systems, complicating physiologic responsiveness. Ad-
ditionally, the types of manipulative techniques varied 
from osteopathic manipulation and Gonstead chiro-
practic in the no significant change studies to chiro-
practic diversified adjustments and the McTimoney 
chiropractic method in studies demonstrating signifi-
cant changes post care (29,97,108,109,116,120).

The variation in results and methodologies em-
ployed in the research of spinal manipulative therapy 
for blood pressure limit any conclusions that could be 
made relative to chiropractic or other manual therapy 
techniques and the effect on blood pressure. This sug-
gests that more research is needed. The research utiliz-
ing adjustments to the cervical spine more consistently 
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demonstrate decreases in BP following manipulative 
therapy (28,62,88,90-92,94,95,100,104,105,107,110-
112,119). The anatomic, HRV and electrodermal liter-
ature seem to support the cervical spine as an interven-
tion point to influence the autonomic nervous system, 
although the electrodermal research seems counter to 
the HRV literature relative to which autonomic sys-
tem is activated (24,25,77,78,85-87). One cervical 
manipulation and HRV study by Budgell et al. does 
show an increase in low frequency response, which 
is often attributed to sympathetic activation; how-
ever, increased sympathetic activation would suggest 
a blood pressure increase (121). This further illustrates 
the complexity of the intervention-response research 
and may indicate the need for improved understand-
ing of the underlying neurophysiology related to BP 
control, location dependent nervous system responses 
to manipulative therapy, and participant characteristics 
prior to study onset.

Discussion and conclusions

Hypertension is a multifactorial disease, strongly 
dependent on the responsiveness of the ANS (6,30). 
This responsiveness depends on the integrity of the af-
ferent and efferent pathways, sensory end organ reac-
tivity, and interactions with systems such as renal and 
cardiovascular (6,9-11). These interactions produce 
short- and long-term adaptations to changes in the 
internal and external environment, creating complex 
feedback loops such as the baroreceptor reflex and the 
RAAS (6,9-11,32,42,43,50). Further, individual ge-
netic predisposition also provides a complicating layer 
to the control of hypertension (63). Given the com-
plexity of BP control, it is not surprising that phar-
macotherapy, the primary mechanism for controlling 
blood pressure, has a 20-30% incidence of resistant 
hypertension (15,19,20).

The aim of this article was to summarize some 
of the physiologic and genetic bases of hypertension 
and review the chiropractic and manual therapy litera-
ture related to autonomic regulation and blood pres-
sure control. This may provide a starting point for ex-
amining the efficacy of chiropractic as a therapeutic 
intervention to fill the gap in the need for treatment 

of hypertension, especially resistant hypertension, and 
could inform future study design in this area.

The results of the present review were mixed. 
While the research examining manual therapy to the 
cervical spine were the most supportive of chiroprac-
tic care as an intervention to lower blood pressure, 
evaluation of the ANS responses to cervical manip-
ulation were only supportive in the HRV literature 
(24,25,77,78). The inconclusiveness related to manual 
therapy as a proposed intervention for blood pressure 
regulation has also been supported in other literature 
reviews (26,27,122). A review by Mangum and col-
leagues suggests that more low bias research is needed 
in order to draw conclusions relative to the effective-
ness of chiropractic care for the hypertensive patient 
(27). As part of the UK Evidence Report and an evalu-
ation of the effect of chiropractic treatment on primary 
and early secondary prevention of disease, reviews by 
Bronfort et al and Goncalves et al, respectively, further 
suggested a lack of evidence in support of chiropractic 
as a suggested care modality for hypertension (27,122).

While the aim of the present article was to pro-
vide a multi-perspective overview of hypertension and 
blood pressure regulation, the review was limited by 
the lack of a formal grading system for the blood pres-
sure and autonomic literature. However, the less rigor-
ous nature does provide an expanded perspective that 
raises more questions about the need for additional 
research. Some studies used normotensive patients, 
others used hypertensive patients at varying levels of 
hypertension, and others had a too small sample size 
to draw definite conclusions. Further, many studies 
utilized students as a convenience sample, which may 
be a challenge due to the stress induced by academ-
ics. Previous research also did not take into account 
genetic predisposition. Individual genetic background 
can have effects on regulation of the sympathetic and 
parasympathetic tone, which could impact the re-
sponses to chiropractic therapy (63). One example is 
the GNAS gene, encoding the Gs-protein α-subunit, 
associated with the activity of ANS and its polymor-
phism T393C, associated with hypertension (74). Ad-
ditionally, studies examining the effects of chiropractic 
care on ANS activity demonstrated inconsistencies re-
lated to HRV, electrodermal responses, and predicted 
blood pressure responses (42,43,50). This illustrates 
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the complexity of therapeutic intervention develop-
ment and study of hypertension.

Uniquely, this overview provided a brief introduc-
tion to some of the complex physiologic and genetic 
factors that comprise the multifactorial control of 
blood pressure and regulation of hypertension. The re-
sults of the review of manual therapy literature related 
to ANS responses and blood pressure were promis-
ing, but often contradictory. In some cases, although 
the lowering of BP was statistical significant, it was 
not clinically significant, in other cases the effect was 
short-term. This suggests that more research should 
be done and that consideration of the complexity of 
ANS control and patient presenting physiologic and 
genetic characteristics would be valuable. With further 
research, these presenting characteristics may help to 
serve as a predictor for patient blood pressure respon-
siveness to chiropractic care.
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