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Abstract
Hypertension is a major public health problem in the world, and the management of hypertension has always been a research of
interest. Balneotherapy, with its recreational aspect, is more acceptable than medication intake and lifestyle change for the
management of hypertension. The aim of this review was to summarize the current available data on the clinical effects of
head-out immersion in natural thermal mineral water (HINTMW) as the most common method of balneotherapy used in the
management of hypertension. We screened the PubMed, EMBASE, Cochrane Library, China Science and Technology Journal,
China National Knowledge Infrastructure, WANFANG, and China BiologyMedicine disc databases and selected 12 randomized
controlled trials involving a total of 1122 participants. Among 12 trials, HINTMWwas taken as the only intervention in only one
study, HINTMWwas taken in addition to basic antihypertensive drugs in three studies, and HINTMWwas taken in combination
with advice to follow nonpharmacological methods in one study involving participants who partly used antihypertensive drugs,
while HINTMW combined with other interventions, such as natural convalescent factor therapy, psychotherapy, exercises,
nutrition therapy, and integrated care, was taken in addition to basic antihypertensive drugs in the other 7 studies. Our results
showed that natural thermal mineral water immersion alone or natural thermal mineral water immersion as an adjuvant therapy to
medication or natural thermal mineral water immersion combinedwith other interventions had no adverse effects on hypertensive
patients, and most even had positive effects. However, more high-quality evidences on therapeutic effectiveness of natural
thermal mineral water immersion on hypertension are needed from additional randomized controlled trials with high methodo-
logical quality.
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Introduction

Hypertension is a major public health issue and has been con-
sidered the leading preventable cause of premature mortality
and disability worldwide (Miller 2015; Manzur et al. 2018).
Observational studies have demonstrated various extents of
associations between high systolic blood pressure (SBP) and
diastolic blood pressure (DBP) and an increased risk of car-
diovascular diseases (CVDs) (Lewington et al. 2002;
Rapsomaniki et al. 2014). According to the data from the
World Health Organization, CVDs are the leading cause of
death globally, with an estimated death of 17.9 million people
in 2016, accounting for 31% of all global deaths.

The World Health Organization estimated that elevated
blood pressure (BP) (defined as systolic and/or diastolic blood
pressure higher than or equal to 140/90 mmHg) in adults aged
18 years and over was present in approximately 24.1% of men
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and 20.1% of women in 2015. The number of adults with
elevated BP increased from 594million in 1975 to 1.13 billion
in 2015. The situation of hypertension in the world is grim.

Pharmacological treatment and nonpharmacological inter-
ventions are used to manage BP. The primary agents used in
the treatment of hypertension include thiazide diuretics,
angiotensin-converting enzyme (ACE) inhibitors, angiotensin
receptor blockers (ARBs), calcium channel blockers (CCBs),
and beta blockers. Lifestyle change is the most important
nonpharmacological intervention; lifestyle-modifying ap-
proaches include weight loss (Neter et al. 2003), the DASH
(Dietary Approaches to Stop Hypertension) diet (Blumenthal
et al. 2010), sodium reduction (He et al. 2013), potassium
supplementation (Aburto et al. 2013), increased physical ac-
tivity (Cornelissen and Smart 2013; Carlson et al. 2014; Inder
et al. 2016), and reduction in alcohol consumption (Roerecke
et al. 2017).

The 2017 American College of Cardiology/American
Heart Association Clinical Practice Guideline for High
Blood Pressure defines hypertension as BP ≥ 130/80 mmHg
and recommends that hypertensive patients maintain their BP
< 130/80 mmHg (Whelton et al. 2017). Compared with pre-
vious guidelines, this change emphasizes early prevention and
intervention in the management of hypertension.
Consequently, the use of nonpharmacological interventions
has become more important.

Both pharmacological medication and lifestyle change are
associated with poor compliance in hypertensive patients.
However, balneotherapy, with its recreational aspect (Ablin
et al. 2013), is a treatment that patients are willing to accept.
Balneotherapy refers to the use of thermal and mineral waters,
muds and other peloids, and natural gases (carbon dioxide,
hydrogen sulfide, radon, etc.) for preventive, therapeutic,
and rehabilitative purposes (Antonelli and Donelli 2018), with
head-out immersion in natural thermal mineral water
(HINTMW) being the most common method.

Previous studies have shown that when the human body is
immersed in thermal water, due to the warming effect, the
blood vessels dilate, the peripheral blood vessel resistance
decreases, the release of vasopressin into the blood decreases,
the skin pores dilate, and the exchange of metabolic wastes
with external thermal water ions accelerates. All of these ef-
fects are conducive to reducing BP (Stadeager et al. 1992;
Christensen et al. 2000). When immersed in water, the indi-
vidual is in a semi-floating state, which leads to the relaxation
of muscles and emotions, the decrease in myocardial oxygen
consumption and adrenocortical hormone levels, the decrease
in the activity of the renin angiotensin system, and the
dropping of BP (Nishimura and Onodera 2000; Hu et al.
2000). Because of the hydrostatic pressure, the central blood
volume increases, stroke volume increases, heart rate de-
creases, blood viscosity reduces, and sympathetic nerve activ-
ity decreases (Smith 1998; Sik Park et al. 1999; Christie et al.

1990; Gabrielsen et al. 2000). The movement of liquid parti-
cles in mineral water exerts frictional effects on the human
body and has a mild soothing effect on the body’s peripheral
nerve terminals, which stimulates the vagus nerve, leading to
dilation of peripheral blood vessels and a decrease in BP (Hao
et al. 2013). Previous studies have shown that the antihyper-
tensive effect of the water containing radon (Yamaoka et al.
2004), hydrogen sulfide (Ercegrukavina and Stefanovski
2014), or carbon dioxide (Resch and Just 1994; Kuliński
2015; Rühle et al. 2018) is good.

Existing studies on the effect of HINTMWon hypertension
have been carried out with differences in research designs,
interventions (such as water temperature, intervention frequen-
cy, and total intervention time), and ways of measuring and
recording BP, and the findings of these studies are also incon-
sistent. The aim of this review was to summarize the currently
available information on the clinical effects of natural thermal
mineral water immersion in the management of hypertension.

Methods

Criteria for selecting studies for this review

Types of studies

Studies were eligible if they were randomized controlled trials
(RCTs).

Types of participants

All the participants were diagnosed with hypertension. Their
diagnostic criteria, age, sex, race, nationality, and medication
intake were not restricted.

Types of interventions

HINTMW was the intervention under study and was com-
pared with another intervention or with no intervention.

Types of outcome measures

Outcome measures included the BP, SBP, and DBP values of
the participants.

Search methods

Two authors (Dan Yuan, Zhao-xia Yu) independently
screened the PubMed, EMBASE, Cochrane Library, China
Science and Technology Journal (VIP), China National
Knowledge Infrastructure (CNKI), WANFANG, and China
Biology Medicine disc (CBMdisc) databases in December
2018. The following search terms were used: hypertension,
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hypertensive, “high blood pressure,” “elevated blood pres-
sure ,” balneology, hydrotherapy, ammotherapy,
climatotherapy, balneotherapy, crenotherapy, thalassotherapy,
bath, water, mud, peliod, spa, climate, “randomized controlled
trial,” “controlled clinical trial,” “clinical trials,” “controlled
study,” and “blood pressure.” The published languages were
limited in English and Chinese. We applied no date restric-
tions. The search strategies performed in PubMed, EMBASE,
and Cochrane Library are presented in Appendix 1 in the
supplementary material.

Selection of studies and data collection

Two review authors (Dan Yuan, Zhao-xia Yu) independently
performed the first screening by inspecting titles and abstracts
to determine whether studies met the inclusion criteria regard-
ing design, participants, interventions, and outcome measures.
Then, we obtained the full text of the studies remaining after
the first screening and conducted the secondary screening ac-
cording to the inclusion criteria. Two review authors (Dan
Yuan, Zhao-xia Yu) independently extracted data on the par-
ticipants, interventions, outcome measures, and results.

Assessment of risk of bias

The risk of bias for each study was assessed by two reviewers
(Yu Chen, Dan Yuan), following the revised Cochrane risk-of-
bias tool for randomized trials (RoB 2), which covers bias
arising from the randomization process, bias due to deviations
from intended interventions (assessments for this domain de-
pend on whether the intervention effect of interest to the re-
view authors is “the effect of assignment to intervention” or
“the effect of adhering to intervention”), bias due to missing
outcome data, bias in measurement of the outcome, and bias in
selection of the reported result. We judged the risk of bias for
each study as “low risk,” “some concerns,” or “high risk” by
answering (the response options for the signaling questions
are “yes,” “probably yes,” “probably no,” “no,” “no informa-
tion”) the signaling questions. We answered the signaling
questions of “the effect of adhering to intervention” to assess
the “bias due to deviations from intended interventions.”

Results

Results of the search

We identified 986 articles in the initial search, of which 62
were selected on the basis of the title and abstract according to
the inclusion criteria. We obtained the full text of the 62 arti-
cles, of which 4 articles were excluded because of language, 3
articles were excluded because their publication type was con-
ference abstracts, 18 articles were excluded because they

appeared not to be RCTs, 21 articles were excluded because
their interventions were not HINTMW, 1 article was excluded
because of the selected outcome measures, and 1 article was
excluded because of the incomplete results. As a result, 14
articles (Naumann et al. 2015, 2016; Peng 1994; Li and Jin
2014; He 2009; Fang et al. 2014; Hu et al. 2013; Liu et al.
2017; Liu and Hu 2009; Li et al. 2013; Zhang 2016; Luo
2017; Yang 1997; Su 2015) were included in this review,
but 2 trials were reported in 2 articles (Naumann et al. 2015,
2016; Fang et al. 2014 and Hu et al. 2013). Therefore, twelve
trials and fourteen articles were finally included, of which 2
were written in English (Naumann et al. 2015, 2016), while 12
were in Chinese. See the study flow chart in Fig. 1.

Included studies and participants

Twelve trials and fourteen articles involving a total of 1122
participants, with the age range from 28 to 84 years, were
included in the review. The participants comprised 594 pa-
tients undergoing intervention and 528 patients as controls,
with the number of participants in each trial ranging from 59
to 140 and that in the intervention group ranging from 36 to
74. The total number of females/males was 468/654, with the
percentage of males in each trial varying between 36 and 97%
and that of females varying between 3 and 64%. All the par-
ticipants were hypertensive, and patients in one study also had
comorbid diabetes (Su 2015) (Tables 1 and 2).

The exclusion criteria of participants were described in
some studies. The exclusion criteria in one study were severe
diseases (heart failure grading 3 or 4, peripheral arterial dis-
ease grading 3 or 4, unstable angina, renal failure, and creat-
inine > 1.5 mg/dl) that may restrict the patient from participat-
ing in the study or require other treatments as necessary; sec-
ondary hypertension; acute infection; fever; contraindications

Articles retrieved in

database search (n=986)
First exclusion:

Upon inspection of title and

abstract, did not meet the selection

criteria (n=924)

Retrieved full text (n=62)
Second exclusion:

Not in English/Chinese (n=4)

Publication type was conference

abstract (n=3)

Not RCT (n=18)

Not the intervention (n=21)

Not the outcome (n=1)

The results were incomplete (n=1)

Articles included in this

review (n=14; 2 trials

were reported in 2

articles)

Fig. 1 Study flow diagram
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for the use of public baths, such as open wounds; immersion
in thermoneutral water (> 1 per week) in the past 2 months;
pregnancy; and participation in other interventional studies
(Naumann et al. 2015, 2016). The exclusion criteria in another
study were damages to the heart, brain, kidney, or other pa-
renchymal organs; secondary hypertension due to kidney dis-
ease; endocrine disorders; and aortic malformation (Li and Jin
2014). One study established the exclusion criteria as mental
disorders, malignant tumors, and severe liver or kidney dis-
ease (Liu et al. 2017), while another one set the criterion as
previous history of stroke or cardiac surgery (Li et al. 2013).
Two studies excluded patients with secondary hypertension,
bronchial asthma, diabetes mellitus, gout, cardiac insufficien-
cy, sick sinus syndrome, atrioventricular block and other or-
ganic heart diseases, other serious medical diseases, and ab-
normal liver and kidney functions (Liu and Hu 2009; Fang
et al. 2014 and Hu et al. 2013).

Assessment of risk of bias

All the studies had high risk of bias in overall judgment, es-
pecially in “bias due to deviations from intended interven-
tions” and “bias in measurement of the outcome” parts
(Table 3).

Research design

One study had three treatment arms (Naumann et al. 2015,
2016), and the other 11 studies had two treatment arms. One
study grouped patients by randomization codes and used
blinding (Naumann et al. 2015, 2016); three studies grouped
patients by a random number table (Fang et al. 2014 and Hu
et al. 2013; Liu et al. 2017; Luo 2017); and the other studies
provided no details. The data management and analysis of one
study were performedwith blinding to the treatment allocation
(Naumann et al. 2015, 2016). Single-blind method was ap-
plied in one study, with the participants not knowing the de-
sign of the study (Liu and Hu 2009). The use of single-blind
method was mentioned in one study but without the descrip-
tion of details (Li et al. 2013).

Baseline

Three studies did not describe the baseline characteris-
tics of the participants. Baseline comparisons between
groups in the remaining studies included age, sex,
weight, body mass index (BMI), BP, etiology of dis-
ease, occupation, severity of illness, blood glucose level,
blood lipid level, education level, and living habits.
Except for the study by Naumann et al. (2015, 2016),
which showed statistically significant differences in
fasting blood glucose level and the use of antihyperten-
sive medication at baseline among the 3 groups, there

were no statistically significant differences in the base-
line characteristics between the 2 groups in the other 11
studies.

Intervention

One study set two intervention groups as intervention group 1
and intervention group 2 undergoing the HINTMW at differ-
ent frequencies, while the control group was advised to prac-
tice relaxation at home. All groups were given written infor-
mation about nonpharmacological methods to reduce BP and
advised to follow the instructions (Naumann et al. 2015,
2016).

One study combined HINTMW with natural convalescent
factor therapy as the intervention. Natural convalescent factor
therapy refers to, among others, the maintenance of indoor air
circulation, a quiet and comfortable environment, and regular
life; reduction of adverse stimuli; exposure to ornamental fea-
tures in various landscapes; and rest in areas rich in negative
oxygen ions. The control group did not receive the above
interventions (Li and Jin 2014).

In one study, both groups underwent basic recuperation,
while only the intervention group received HINTMW and
psychotherapy. The basic recuperation included general psy-
chotherapy, physical therapy, general balneotherapy, and land-
scape therapy. In addition, three lectures were given to all
patients in the early, middle, and late stages of the whole
treatment, the content of which included basic information
about hypertension, the principle and effect of floating thera-
py, the principle and effect of balneotherapy, and how to deal
with life events, as well as other mental health–related topics.
Instructions were given to patients to relax their muscles and
guide their inner thoughts. Psychotherapy refers to a psycho-
logical therapy delivered with light music before and during
HINTMW, in which the therapists used gentle, soothing lan-
guage as a psychological treatment and guided patients into a
state of deep relaxation (Liu et al. 2017).

Two studies combined HINTMW with exercises: low-
intensity aerobic exercise (Liu and Hu 2009) and
shadowboxing (Li et al. 2013). The control groups in both
studies did not receive the above interventions.

One study combined HINTMW with nutrition therapy.
Nutrition therapy refers to reducing the intake of sodium salt;
reducing dietary fat; supplementing the diet with appropriate
amounts of high-quality protein, minerals, and potassium and
calcium; eating more fresh vegetables and fruits; and taking
adequate vitamin supplements (Zhang 2016).

The intervention of one study was comprehensive nursing
care, including HINTMW, mental nursing, and medication
guiding (Luo 2017).

In one study, because the participants had diabetes, they all
received diabetes-related treatments and diets (Su 2015).
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Four studies used HINTMWas the only intervention (Peng
1994; He 2009; Fang et al. 2014 and Hu et al. 2013; Yang
1997).

It should be noted that not all the participants in the study
by Naumann et al. (2015, 2016) received antihypertensive
drugs; some participants only continued the practices they
had been using before entering the study. Also, the partici-
pants in the intervention group of Yang’s (1997) study did
not take antihypertensive drugs. Participants in the other 10
studies took antihypertensive drugs.

Some studies described instructions regarding HINTMW.
Two studies stated the details that immersion was prohibited
on an empty stomach or after a full meal; the duration of
immersion should not be too long; immersion should be
stopped if any discomfort occurred during bathing; immersion
was prohibited for patients with severe heart failure, respira-
tory failure, and cardio-cerebrovascular disease; and compan-
ions were required for older and weaker patients (He 2009;
Fang et al. 2014 and Hu et al. 2013). Two studies reported that
participants should immerse slowly; the temperature of the
water should be increased gradually according to the condi-
tion and tolerance of participants; when immersed in the wa-
ter, the participants should adopt a sitting or semi-lying posi-
tion and keep the anterior cardiac region above the water; the
skin color and sweating condition of the participants should be
observed; participants should get out of the water if their
breathing and pulse markedly increased or if they experienced
temporary limb numbness, palpitations, sweating, shortness of
breath, dizziness, or other symptoms during the treatment;
participants should sit up or stand up slowly to avoid postural
hypotension; and they should dry themselves with a towel
immediately after immersion (Luo 2017; Yang 1997).

The temperature of the immersion water was mainly be-
tween 37 and 40 °C, with the lowest temperature being 34–

36 °C in the study by Naumann et al. (2015, 2016). Each
immersion time was less than 60 min, ranging between 15
and 30min in most studies. Immersion frequency ranged from
3 to 5 times per week to 2–3 times per day. The total interven-
tion time ranged from 10 days to 24 weeks. Six studies con-
tinued for nomore than 1 month and five studies continued for
more than 1 month, while one study had no defined duration
(Luo 2017).

Outcome measures

The outcome measures of these studies included BP, BMI,
relevant indicators of erythrocyte count, waist circumference,
blood lipid levels, fasting blood glucose, C-reactive protein
(CRP), satisfaction, and liver and kidney function. There were
some differences in the measurement of BP. The morning
home BP, morning office BP, and 24-h ambulatory BP were
measured before the intervention, during the intervention (at
4 weeks), and after the intervention (at 24 weeks) in one study
(Naumann et al. 2015, 2016). The BP was measured before
and after the whole treatment in three studies (Peng 1994; Li
and Jin 2014;Liu et al. 2017). In the remaining studies, the BP
was measured daily or before and after each HINTMW.

Results

The results of Naumann et al. showed no significant differ-
ences in BP between the groups after either 4 or 24 weeks,
with no significant differences between the groups in BMI,
waist circumference, blood lipid level, fasting blood glucose,
or CRP. The results of Peng (1994) showed that the effect of
reducing DBP in the intervention group was greater than that
in the control group, while the effect of reducing SBP in the
control group was greater than that in the intervention group.

Table 3 The included studies’ assessment of risk of bias

Trial Bias arising from
the randomization
process

The effect of
adhering to
intervention

Bias due to
missing
outcome data

Bias in
measurement
of the outcome

Bias in selection of
the reported result

Overall
risk-of-bias
judgment

Naumann et al. (2015, 2016) Low risk High risk Low risk Some concerns Low risk High risk

Peng (1994) Some concerns High risk Low risk High risk Some concerns High risk

Li and Jin (2014) Some concerns High risk Low risk High risk Some concerns High risk

He (2009) Some concerns High risk Low risk High risk Some concerns High risk

Fang et al. (2014) and Hu et al. (2013) Some concerns High risk Low risk High risk Some concerns High risk

Liu et al. (2017) Some concerns High risk Low risk High risk Some concerns High risk

Liu and Hu (2009) Some concerns High risk Low risk High risk Some concerns High risk

Li et al. (2013) Some concerns High risk Low risk High risk Some concerns High risk

Zhang (2016) Some concerns High risk Low risk High risk Some concerns High risk

Luo (2017) Some concerns High risk Low risk High risk Some concerns High risk

Yang (1997) Some concerns High risk Low risk High risk Some concerns High risk

Su (2015) Some concerns High risk Low risk High risk Some concerns High risk
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The results of other studies showed that the antihypertensive
effects in the intervention groups were greater than those in
the control groups. Five studies (He 2009; Fang et al. 2014
and Hu et al. 2013; Liu et al. 2017; Yang 1997; Li et al. 2013)
showed that the effective rate in the intervention groups was
higher than that in the control groups, and the differences were
statistically significant. Zhang’s (2016) study showed that the
total effective rate in the intervention group was higher than
that in the control group, but there was no significant differ-
ence. The term “effective” meant, in He’s (2009) study, that
the BP decreased; in Li et al.’s (2013) study, that the decrease
in DBP or SBP was more than 5%; in Yang’s (1997) study,
that the SBP decreased by no less than 1.30 kPa or the DBP
decreased by no less than 0.65 kPa; and in the other three
studies (Fang et al. 2014 and Hu et al. 2013; Liu et al. 2017;
Zhang 2016), that the DBP decreased by less than 10 mmHg
but the DBP dropped to a normal range, or the DBP decreased
by more than 10 mmHg, or the SBP decreased at least by
30 mmHg.

In one study (Fang et al. 2014 and Hu et al. 2013), after the
treatment, the red blood cells (RBC), hematocrit (Hct), hemo-
globin (Hb), and red blood cell width distribution (RDW)
values of the intervention group were significantly different
from before treatment and were different from those of the
control group. One study showed that the blood lipid param-
eters after treatment in the intervention group were significant-
ly different from those in the control group (Liu and Hu 2009).
In one study (Su 2015), after the treatment, blood glucose
level and BMI decreased, and the decrease in blood glucose
level was greater in the intervention group than in the control
group; before and after treatment, no abnormalities in liver
and kidney functions were found.

In one study, the total satisfaction rate in the intervention
group (98.57%) was significantly higher than that in the con-
trol group (81.43%) (Liu et al. 2017). Regarding the treatment
compliance of the two groups, the intervention group was
more compliant than the control group (Luo 2017), according
to the number of patients who adhered to the medical treat-
ment, recommended weight control, reasonable diet, regular
review, and other compliance behavior.

No adverse reactions or withdrawals were reported.

Discussion

This review included 12 randomized controlled trials and 14
articles. We found only in one study HINTMW was used as
the only intervention compared with drug therapy to investi-
gate whether HINTMW has a direct therapeutic effect on hy-
pertension (Yang 1997). The interventions in 10 studies were
based on medication while HINTMWwas only reported to be
effective as an adjuvant therapy. However, the interventions in

8 studies were HINTMW combined with other methods, and
the results showed the combined effect of all the treatments.

The results of Naumann et al. showed the intervention of
HINTMW had no significant effects. The reason is that in his
study the duration of the intervention was the longest of all the
studies included, but the water temperature for HINTMWwas
the lowest and the participants in his control group were also
advised to practice relaxation at home. Most of the studies
included were written in Chinese, and there might be publica-
tion bias because Chinese studies tended to report positive
results.

Many factors affect hypertension, such as eating habits,
smoking and drinking, lifestyle habits, exercise, and mood
(Carretero and Oparil 2000), all of which should be controlled
or monitored to reduce their impact on the outcomes.
Hypertension is also greatly affected by emotions, so the use
of blinding is very important. A placebo design, such as an
intervention of tap water immersion in a control group, is
needed.

Most Chinese studies we included in this review did not
give specific descriptions of randomization methods and in-
formation of allocation masking, so more importance should
be attached to these problems in study design and reporting.
The included Chinese studies also described little clear infor-
mation about compliance with the intervention, leading to the
assessment of intervention bias at high risk. In the included
Chinese studies, a mercury sphygmomanometer was used to
measure the blood pressure, so if the blood pressure measurers
knew the grouping of the participants, bias would occur in
outcomemeasurement. Therefore, it is suggested that blinding
should be adopted for blood pressure measurers or electronic
sphygmomanometer should be used to measure the blood
pressure.

Conclusion

The aim of this review was to summarize the current available
information on the clinical effects of head-out immersion in
natural thermal mineral water in the management of hyperten-
sion. We included 12 trials and 14 articles in the review, with
12 articles written in Chinese and 2 in English. Our results
showed that natural thermal mineral water immersion alone,
or immersion as an adjuvant therapy to medication, or immer-
sion combined with other interventions had no adverse effects
on hypertensive patients and generally had positive effects.
However, it is difficult to compare the outcomes of various
studies as the baseline characteristics of the patients in these
studies were heterogeneous, and the interventions differed in
type, intensity, and length of time; furthermore, the treatment
protocols in some studies consisted of different combinations
of modalities. Therefore, additional RCTs with high method-
ological quality that evaluate the therapeutic effectiveness of
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natural thermal mineral water immersion on hypertension are
needed to provide robust evidence.
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