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Purpose: To clarify the relationship between daily hot water bathing (HWB) at home and
glycemic control in middle-aged and elderly ambulatory patients with type 2 diabetes
mellitus (T2DM).

Methods: We defined hemoglobin Alc (HbAlc) as the main outcome. We set 7.0% based
on the mean value of the dependent variable as the cut-off point for analysis. Frequency of
HWB was an explanatory variable. A two-sample #-test was used to compare between groups
with continuous variables. Multiple logistic regression analysis was performed for frequency,
adjusted age, sex, BMI, T2DM duration (Model 1), and other confounding factors (Model 2).
Odds ratio (OR) and 95% confidence interval (95% CI) were calculated.

Results: Among 838 patients, there was a significant difference (p<0.001) in age between
males (n=528, 62.8+8.7 years) and females (n=310, 65.0+8.1 years). In Model 1, compared
with participants who used HWB more than seven times a week, those with poorly controlled
HbAlc were significantly associated with low frequency of HWB: four to six times a week
(OR 1.32, 95% CI 0.87-1.99) and less than three times a week (OR 1.43, 95% CI 0.98-2.10);
p-value for overall trend was 0.041. In Model 2, p-value for overall trend was 0.138.
Conclusion: A higher frequency of HWB was moderately associated with a decreased risk
of poor glycemic control in middle-aged and elderly ambulatory patients with T2DM.
Keywords: hot water bathing, type 2 diabetes, hemoglobin Alc, middle-aged and elderly

ambulatory patients

Introduction

Since the 1980s, the proportion of people with diabetes mellitus (DM) in popula-
tions worldwide has considerably increased, making this disease the focus of global
health initiatives.' In 2010, the fifth leading risk for death was having a high fasting
glucose level,” while 6.8% of excess deaths were associated with DM.? The
International Diabetes Federation predicted that prevalence of metabolic disorders
by 2035 would be nearly 600 million cases.* In contrast, a recent systematic review
(SR) reported that the incidence of DM (primary diagnoses DM) rose between the
1990s and mid-2000s, and has levelled off or decreased.” The rate may have
flattened due to the implementation of preventive strategies as well as public health
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education and awareness campaigns, highlighting the
effectiveness of worldwide campaigns in curbing the DM
epidemic.

Since 2019, COVID-19 has become a deadly foe for
human beings. Investigations of co-morbidities in hospitalized
patients with COVID-19 have identified DM as an important
risk factor for mortality and the progression to acute respiratory
distress syndrome.® Among 5700 hospitalized patients with
COVID-19 in New York City, one of the most common
comorbidities was DM (n=1808, 33.8%).” Another study
reported that patients with DM had a significantly increased
risk of intensive care unit admission (odds ratio 2.79, 95%
confidence interval 1.85—4.22, p <0.0001) and mortality (odds
ratio 3.21, 95% confidence interval 1.82-5.64, p < 0.0001).*
Furthermore, many cases of DM (21%) were found in autop-
sies of COVID-19-related deaths.’

The prevention and management of DM continues to be
a common challenge in most countries. The most important
indicator for the efficacy of DM management in patients with
type 2 (T2) DM is glycemic control.'® Glycosylated hemo-
globin (HbAlc) is recognized as a gold standard for the
diagnosis of DM."" It is well known that the risk of irrever-
sible micro- and macrovascular complications, such as neu-
ropathy, nephropathy, retinopathy, and cardiovascular
diseases, is increased with poor glycemic control.'*!* An
HbAlc level >7% is defined as poor control,'* with 6.5%
as the recommended cut-off point for diagnosing diabetes.'!

Along with diabetes education, diet modification, and
lifestyle changes, more adjunct therapeutic modalities are
increasingly being used to manage T2DM."*'%'¢ These inter-
ventions may attenuate or even reverse the complications
associated with T2DM. However, in spite of the benefits of
these interventions, compliance may be poor or even impos-
sible. Together with lifestyle interventions, drug therapy may
be prescribed but may come with unfortunate side effects.'”

Some non-pharmaceutical interventions that have few
side effects and are easily accepted by patients include
balneotherapy and spa therapy.'® Several SRs with meta-
analysis reported that these interventions may have a pain-
relief effect and improve the quality of life in patients.'® >

Passive heating such as hot water bathing may benefit
people with DM and those with poor glycemic control.
This well-known viewpoint was reported by Hooper two
decades ago.”® Eight subjects with T2DM underwent an
intervention in which they sat in warm water (38°C—41°C)
for 30 minutes a day, 6 days a week, over 3 weeks. At the
end of the 3 weeks, their fasting glucose was reduced, but
more importantly, HbAlc was also reduced by 1%.

Many other clinical trials and in vivo experiments have
been conducted to explore relationships between the heat
environment and glycemic control. Resting in passive
heating environments may induce hormonal changes that
could, in turn, influence glycemic control.>* Higher levels
of hormones, such as growth or thyroid hormones, and
noradrenaline, and adrenaline levels may lead to higher
concentrations of blood glucose.>> 2’ An acute increase in
blood glucose concentration is not beneficial, but passive
heating may cause other changes that lower the blood
glucose concentration. Within muscles, temperature and
blood flow can increase in the presence of adequate heat-
ing, and lead to an acute increase in muscle glucose
uptake?®* Furthermore, heat shock proteins (HSPs) are
an important mechanism for glycemic control.*
Physiological stress such as heat is accompanied by
a heat shock response, which triggers the release of HSP.

Hot water bathing (HWB) in temperatures from 38 to
42°C is a typical passive heating activity and is a common
practice in Japan. A cross-sectional study in Japan demon-
strated that bathing in a bathtub every day or more fre-
quently was associated with a good state of self-rated
health and sleep quality.*’ On the other hand, a recent
cross-sectional study in Japan reported that approximately
70% of people take a bath every day (seven times a week),
but the rest do not utilize bathing, and approximately 3%
actually have no bathing habit.** The effectiveness of
regular HWB on glycemic control has not been thoroughly
investigated in epidemiological (observational) studies.
However, in view of the studies described above, it is
hypothesized that good glycemic control in patients with
T2DM is associated with frequent HWB.

The purpose of the present study was to clarify the
relationship between daily HWB at home and glycemic
control in middle-aged and elderly ambulatory patients
with T2DM.

Methods

Participants

The Japanese Society of Balneology, Climatology and
Physical Medicine certifies specialists from doctors. As
of 26 February 2020, 1018 doctors were certified through
this system in Japan (Figure 1).

In the present study, an email outlining the research
protocol was sent to all doctors. The email requested
information on ambulatory patients during the period
1-14 June, 2020 at each medical institution. Each doctor
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A specialist’s certification system for medical
doctor (i.e., Onsen-Ryohoui) in the Japanese

Society Balneology, Climatology and Physical
Medicine (Certified doctor: N=1,018)

Cooperating doctors (N=27) at
medical institutions (N=27)

Potential targeted ambulatory patients
(N=970)

Excluded

Refusal to answer (N=107)
Data loss or missing data (N=25)

Final participants
(N=838, 86.4%)

Figure | Participant recruitment.

was eligible to receive credits toward the renewal of their
specialist certification. In response, 27 doctors (27 medical
institutes) accepted the invitation to be a part of the study
by the deadline of 15 May 2020. The sample size was not
calculated because this was a multicenter cross-sectional
study.

Ambulatory patients, between 40 and 75 years of age
who were being treated by Society doctors during the
period 1-7 June, 2020, were enrolled. The study included
patients living independently at home but excluded those
who were care-receivers with no self-help or who were
hospitalized. The participants were required to have
a history of at least 3 months of hospital visits with
T2DM. The duration of T2DM, presence of complications
and other underlying illnesses, and types of medications
used were not included in the criteria for exclusion.

Of 970 potential ambulatory patients, 863 were inter-
viewed for the study while 107 declined (Figure 1). After
excluding 25 patients with missing data, a total of 838
patients (86.4%) had data that was valid for analysis.

Study Design
This multicenter cross-sectional study included ambula-
tory patients who were being treated by Society doctors.

The Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) statement formed the basis of
the study’s procedures, analysis, and description.>® This
study was performed and funded by the Academic
Committee, Japanese Society of Balneology, Climatology
and Physical Medicine as a special research project.

Primary Outcome: HbA | c as an Indicator

of Glycemic Control Status
We set HbAlc as the primary outcome and dependent
(criterion) variable. A secondary outcome was not set.
After the patient was initially treated for T2DM in
an examination room, doctors recorded information
directly on an interview sheet while reviewing medical
records and listening to the patient. The total time
for recording this information was approximately 1 to
2 minutes.

Definition of Daily Hot Water Bathing at
Home

Daily hot water bathing was defined as soaking in the
bathtub, using either normal tap or hot spring water. We
did not define temperature ranges for hot water.
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Primary Explanatory Variables

Together with HbAlc, we defined frequency and duration
in daily HWB as explanatory variables. Doctors who con-
ducted patient interviews recorded this information.

Covariates

After the patient was initially treated for their underlying
disease in an examination room, the doctor recorded infor-
mation directly on the interview sheet while reviewing
medical records and listening to the patient. The total
time for recording this information ranged from 1 to 3
min (Figure 2). Doctors recorded sex, age, height, weight,
Body Mass Index (BMI), T2DM duration, alcohol con-
sumption status, meal modification status, smoking status,
and exercise status on the questionnaire form. With regard
to the spread of COVID-19, a lack of exercise is one of the
serious problems in glycemic control. For exercise status,
the average number of steps per day was used.

Based on medical records, doctors recorded the
patients’ oral and injected medications. The list of oral
medicines included biguanide medicine, thiazolidine-
diones, sulfonylureas, insulin secretion promoting agents,

dipeptidyl peptidase-4 inhibitors, a-glucosidase inhibitors,

and sodium glucose transporter 2 inhibitors. Injected med-
icines included insulin and glucagon-like peptide 1 recep-
tor agonists.

In addition, the presence of sick days, dizziness, and
impaired consciousness associated with hypoglycemia
were also examined.

In clinical practice, the time spent with a patient is
extremely short and it was therefore ethically problematic
to place an extra burden of time on doctors. Furthermore,
we postulated that fewer doctors would participate as the
number of items increased and the survey became more
complicated. As a result, and since feasibility was the
priority of this study, we did not survey other items (eg,
accurate daily energy intake or consumption, or occur-
rence of other underlying diseases).

Ethical Considerations and Clinical Trial
Registration

This study was conducted in accordance with the
Declaration of Helsinki. A checked-style type of informed
consent was used in order to reduce the mental and phy-
sical burden on patients. Patients initially presented
because they had symptoms such as pain or other types

Age yrS. Sex [0 Male [ Female I O Twas fully informed of this research. I participated in this study.
Height cm Weight kg I T2DM duration | yrs. HbAlc I %
Alcohol consumption status | [] Overdrinking [] Light - Normal [ None | Meal modification status | [[] Good [ Fair [] Poor
Smoking status [[] Current smoker [ Ex-smoker [0 Never
Exercise status [] 10,000 steps and more [ About 7,000 steps [] None

1. Oral medicines 3. Complications

5. Frequency of daily hot
water bathing at home

7. Dizziness or consciousness
disorders associated with
hypoglycemia in the past year

6. Duration of daily hot water
bathing at home

cotransporter 2 inhibitors

[] Biguanide [] Retinopathy [] more than once/day [] more than 20 min. [] Requested an ambulance
[] Thiazolidine derivatives [] Peripheral neuropathy [] 6 times/week [J 15-19 min. or got the help of others
[ sulfonylureas [] Diabetic nephropathy [] 4-5 times/week [J 10-14 min. [] Dealt with myself
[ Glinide [] Cerebral infarction [] 2-3 times/week [J 5-9 min. [] None
[] Dipeptidyl peptidase-4 [J Myocardial infarction [ less than once/week [ less than 5 min.
inhibitors / angina ] Only showering
[] a-glucosidase inhibitors [ Macroangiopathy [J Others
] Sodium glucose

2. Injected medicines 4. Sick days in the past year

[] None ] More than once
[] msulin [] once
] Glucagon like [] None

peptide-receptor agonists

Other special notes

Figure 2 Survey sheet actually used: Questionnaire content and data extraction sheet from medical records (translated version from Japanese to English). A manual for

doctors was available.
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of discomfort. The study methodology (protocol) was
established on 17 February 2020 and was approved by
the Ethics Board of Tokyo University of Agriculture
(No0.1922 in 2020).

The study was registered as UMIN000039603 by the
University Hospital Medical Information Network Clinical
Trials Registry (UMIN-CTR) in Japan (refer: https://
upload.umin.ac.jp/cgi-open-bin/ctr e/ctr view.cgi?
recptno=R000045162).

Statistical Analysis
A two-sample t-test was used to compare between groups with
continuous variables. A »° test was used for discrete variables.

The association between frequency and duration of
HWB was the explanatory variable and HbAlc was the
dependent variable. A multiple logistic regression analysis
was performed for each frequency, duration, sex, adjusted
age, and other explanatory variables. We set “7.0% and
more versus 7.0% and less” based on the mean value of
the dependent variable as the cut-off point for analysis.
When the value was greater than 7.0%, it was considered
that the patient did not have a properly controlled glyce-
mic status.

Additionally, in order to increase the sensitivity of the
multiple logistic model, integration was performed in three
categories for each explanatory variable. Odds ratios (OR)
and 95% confidence intervals (95% CI) were calculated.
Subgroup analysis was not planned.

IBM SPSS Statistics 20.0 (IBM Corporation, Armonk,
NY, USA) and EZR (Saitama Medical Center, Jichi Medical
University, Saitama, Japan),** a graphical user interface for
R (The R Foundation for Statistical Computing, Vienna,
Austria), were used for statistical analyses. EZR is
a modified version of R commander for statistical functions
frequently used in biostatistics. A P-value of less than 0.05
was considered statistically significant.

Results

There was a significant difference (p<<0.001) in age between
males (n=528, 62.8+8.7 years) and females (n=310, 65.0
+8.1 years) in this study (Table 1). Regarding HbA ¢ levels,
there was no significant difference between males (7.1
+2.8%) and females (6.8+0.9%). There was a significant
difference (p<0.05) between males (12.6£8.1 years) and
females (11.2+8.5 years) in T2DM duration. For frequency
and duration of HWB, there were no significant differences
between sexes; overall 67.7% of participants immersed in
a bathtub filled with hot tap water every day.

There was no significant difference between males (1.8
+1.2) and females (1.6%1.1) in the use of oral medicines
for T2DM, nor was there a significant difference for
injected medicines (Table 2). Regarding total number of
complications associated with T2DM, there
a significant difference (p<0.01) between males (0.7+0.9)
and females (0.5+£0.9). No significant differences between

was

the sexes were seen for sick days and dizziness or con-
sciousness disorders associated with hypoglycemia in the
past year.

Logistic regression analysis demonstrated that frequency
of HWB was moderately associated with HbAlc (Table 3). In
the Crude model, compared with participants who used HWB
every day (more than equal or seven times a week), those with
poorly controlled HbAlc showed a significant association
with a low frequency of HWB: less than three times a week
(OR 1.58, 95% CI 1.10-2.27); the exception was four to six
times a week (OR 1.37, 95% CI 0.92-2.04). The p-value for
the overall trend was 0.008. In Model 1, compared with
participants who used HWB more than equal or seven times
a week, those with the poorly controlled HbAlc showed
a moderate association with a low frequency of HWB: four
to six times a week (OR 1.32,95% CI 0.87-1.99) and less than
three times a week (OR 1.43, 95% CI 0.98-2.10) with
a p-value of 0.041 for overall trend. In Model 2, the p-value
for overall trend was 0.138.

Amount of length of HWB was not associated with
HbAlc. The p-value for overall trend was 0.208, 0.413,
and 0.464 in the Crude model, Model 1, and Model 2,
respectively.

Discussion

This multicenter cross-sectional study is the first to explore
the association of daily HWB on glycemic control in
middle-aged and elderly ambulatory patients with T2DM
during a global COVID-19 pandemic. Study results con-
firmed that a high frequency of HWB was moderately
associated with a decreased risk of poor glycemic control.

Estimated Mechanism of Blood Glucose
Control by Resting in Passive Heating

Environment: Internal Validity

The mechanism for blood glucose control by daily HWB
(ie, warming the whole body except for the head at about
40°C) may be multi-factorial. Daily HWB can induce
changes in thyroid hormone, growth hormone, and nora-
adrenaline concentrations that elicit

drenaline and
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Table | Participant Characteristics

Total (N=838) Male (N=528) Female (N=310) P-value*
Mean % SD or N (%) Mean % SD or N (%) Mean % SD or N (%)
Age (yrs.) 63.6 £ 85 628 87 65.0 + 8.1 0.000
40-55 160 (19.1%) 117 (22.2%) 43 (13.9%)
5664 215 (25.7%) 147 (27.8%) 68 (21.9%)
65-75 463 (55.3%) 264 (50.0%) 199 (64.2%)
Height (cm) 162.0 + 9.1 167.1 +6.3 153.4 + 6.1 0.000
Weight (kg) 67.0 £ 14.6 713+ 138 59.7 £ 129 0.000
Body mass index (BMI) 254 +45 255+ 43 253 £ 49 0.552
T2DM duration (yrs.) 12.1 +£83 12.6 + 8.1 112 +85 0.015
HbAIc (%) 7023 7.1 £28 6.8 0.9 0.158
<6.4 232 (27.7%) 134 (25.4%) 98 (31.6%)
6.5-6.9 264 (31.5%) 165 (31.3%) 99 (31.9%)
7.0-7.9 260 (31.0%) 176 (33.3%) 84 (27.1%)
8.0-8.9 61 (7.3%) 37 (7.0%) 24 (7.7%)
29.0 21 (2.5%) 16 (3.0%) 5 (1.6%)
Alcohol consumption status 0.000
Overdrink 66 (7.9%) 65 (12.3%) | (0.3%)
Light - normal 304 (36.3%) 243 (46.0%) 61 (19.7%)
None 468 (55.8%) 220 (41.7%) 248 (80.0%)
Meal modification status 0.758
Good 212 (25.3%) 138 (26.1%) 74 (23.9%)
Fair 510 (60.9%) 317 (60.0%) 193 (62.3%)
Poor 116 (13.8%) 73 (13.8%) 43 (13.9%)
Smoking status 0.000
Current smoker 132 (15.8%) 112 (21.2%) 20 (6.5%)
Ex-smoker 288 (34.4%) 247 (46.8%) 41 (13.2%)
Never 418 (49.9%) 169 (32.0%) 249 (80.3%)
Exercise status 0.000
10,000 steps and more 114 (13.6%) 87 (16.5%) 27 (8.7%)
About 7000 steps 499 (59.5%) 319 (60.4%) 180 (58.1%)
None 225 (26.8%) 122 (23.1%) 103 (33.2%)
Frequency of daily hot water bathing at home 0.145
Once/day 567 (67.7%) 344 (65.2%) 222 (71.6%)
6 times/week 42 (5.0%) 24 (4.5%) 18 (5.8%)
4-5 times/week 79 (9.4%) 58 (11.0%) 21 (6.8%)
2-3 times/week 98 (11.7%) 66 (12.5%) 32 (10.3%)
<once/week 52 (6.2%) 36 (6.8%) 17 (5.5%)
Duration of daily hot water bathing at home 0.256
220 min. 93 (11.1%) 52 (9.8%) 41 (13.2%)
15-19 min 112 (13.4%) 71 (13.4%) 41 (13.2%)
10—14 min. 143 (17.1%) 91 (17.2%) 52 (16.8%)
5-9 min. 265 (31.6%) 158 (29.9%) 107 (34.5%)
<5 min. 142 (16.9%) 97 (18.4%) 45 (14.5%)
Only showering 81 (9.7%) 58 (11.0%) 23 (7.4%)
Others 2 (0.2%) 1 (0.2%) | (0.3%)

Note: *Comparisons by using t-test and 2 -test.
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Table 2 Drugs and Symptoms Associated with Type 2 Diabetes

Total (N=838) Male (N=528) Female (N=310) | P-value*
Mean £ SD or Mean t SD or Mean £ SD or
N (%) N (%) N (%)
Oral medicines
Biguanide 409 (48.8%) 255 (48.3%) 154 (49.7%) 0.753
Thiazolidine derivatives 72 (8.6%) 45 (8.5%) 27 (8.7%) 1.000
Sulfonylureas 129 (15.4%) 92 (17.4%) 37 (11.9%) 0.043
Glinide 37 (4.4%) 29 (5.5%) 8 (2.6%) 0.071
Dipeptidyl peptidase-4 inhibitors 427 (51.0%) 264 (50.0%) 163 (52.6%) 0516
a-glucosidase inhibitors 93 (11.1%) 57 (10.8%) 36 (11.6%) 0.803
Sodium glucose cotransporter 2 inhibitors 261 (31.1%) 187 (35.4%) 74 (23.9%) 0.001
Total number of medicines 1.7+1.2 1.8+ 1.2 1.6 = 1.1 0.074
Injected medicines
None 604 (72.1%) 368 (69.7%) 236 (76.1%) 0.054
Insulin 172 (20.5%) 118 (22.3%) 54 (17.4%) 0.106
Glucagon like peptide-receptor agonists 98 (11.7%) 65 (12.3%) 33 (10.6%) 0.540
Complication
Retinopathy 133 (15.9%) 90 (17.0%) 43 (13.9%) 0.264
Peripheral neuropathy 128 (15.3%) 82 (15.5%) 46 (14.8%) 0.866
Diabetic nephropathy 163 (19.5%) 122 (23.1%) 41 (13.2%) 0.001
Cerebral infarction 46 (5.5%) 30 (5.7%) 16 (5.2%) 0.871
Myocardial infarction / angina 40 (4.8%) 35 (6.6%) 5 (1.6%) 0.002
Macroangiopathy 12 (1.4%) 6 (1.1%) 6 (1.9%) 0.523
Total number of complications 0.6 £09 0.7 £09 05+09 0.005
Sick day in the past year 0.085
More than once 33 (3.9%) 21 (4.0%) 12 (3.9%)
Once 56 (6.7%) 43 (8.1%) 13 (4.2%)
None 749 (89.4%) 464 (87.9%) 285 (91.9%)
Dizziness or consciousness disorders associated with hypoglycemia 0.074
in the past year
Requested an ambulance or got the help of others 8 (1.0%) 2 (0.4%) 6 (1.9%)
Dealt with myself 104 (12.4%) 68 (12.9%) 36 (11.6%)
None 726 (86.6%) 458 (86.7%) 268 (86.5%)

Note: *Comparisons by using t-test and y’-test.

increased concentrations of blood glucose, which in turn
influence glycemic control by eliciting other changes that
reduce the blood glucose concentration.>> >’ Additionally,
HWB may enhance muscle glucose uptake.”®*’

Recently, HSPs have been attracting attention for the
pivotal role they play in glucose control.>> An increased
amount of available HSP facilitates correct protein folding
to prevent cell damage. Human and murine models of DM
show low intracellular (i) and high extracellular (¢) HSP
levels that lead to a pro-inflammatory state that reduces
037 1t i-HSP  has

a proactive effect even if a high e-HSP status is linked

insulin  sensitivity. is known that

with insulin resistance.*®° It was reported that heating the

body increased i-HSP levels in DM and in murine
models.**** In addition, as heating the body changes the
favorable ratio between i-HSP and e-HSP, and reduces
insulin levels, it may also increase insulin signaling,
improving glycemic control, and reducing insulin output

by reducing inflammatory cytokines.***°

New Glycemic Control Based on a New
Lifestyle During the COVID-19 Pandemic:
External Validity

Numerous epidemiological and clinical studies have been
published on COVID-19 in 2020. In particular, several
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Table 3 Odds Ratio (95% Confidence Interval) for Control of HbAlc According to Frequency and Duration of Daily Hot Water

Bathing at Home (N=838)

Primary Explanatory Variables Crude P for Model | P for Model 2 P for
Trend (Adjusted) Trend (Adjusted) Trend
A: Frequency of daily hot water bathing at
home
vs 27 times/week 1.0 (ref) 0.008 1.0 (ref.) 0.041 1.0 (ref) 0.138
4-6 times/week 1.37(0.92-2.04) 1.32(0.87-1.99) 1.37(0.88-2.12)
<3 times/week 1.58(1.10-2.27) 1.43(0.98-2.10) 1.29(0.85-1.97)
B: Duration of daily hot water bathing at
home
vs >15 min. 1.0 (ref.) 0.208 1.0 (ref) 0413 1.0 (ref) 0.464
5—-15 min. 1.20(0.85-1.70) 1.20(0.83-1.72) 1.25(0.85-1.84)
<5 min. or only showering 1.286(0.87—-1.90) 1.19(0.80-1.79) 1.19(0.77-1.83)

Notes: Model |. Covariates included sex, age, BMI, and T2DM duration. Model 2. Covariates included sex, age, BMI, T2DM duration, alcohol consumption, meal

modification, smoking, exercise, drugs, and symptoms.

papers have focused on DM because it is a significant risk
factor for complications from COVID-19 infection.’-*>%->!
Because it is difficult for T2DM patients to get out of the
house in order to prevent infection, considerable concern
exists that the various co-existing diseases and conditions
of these patients will worsen. It has again been pointed out
that it is necessary to shorten the sitting time and increase
the amount of physical activity in patients with rheumatic
diseases during periods of self-isolation.”® A single-center
observational study in adolescents with TIDM reported
that glycemic control did not worsen during the use of in-
home physical activity (ie, a web-based exercise program)
during quarantine.”® During the COVID-19 pandemic,
enhanced physical activity is essential not only to control
DM but also obesity, heart disease, and high blood pres-
sure; it is also expected to have positive effects on mental
health.>**

WB is considered to promote health in a highly safe
and very low-cost manner, which is acceptable to many
people in countries and regions where there is no tradi-
tional bathing culture.'®*3%%" Bathing every day was
found to be associated with self-rated good health and
sleep quality.®' A single-arm intervention study outlined
how a-12 day balneotherapy program improved pain,
depression, mood, quality of life, and sleep in healthy
elderly people.*” Moreover, the combination of exercise
and HWB had a significant effect on pain relief and
quality of life for patients with bone and joint diseases,
especially those who were middle-aged and elderly.'® >
We expect that a combination of home-based exercise
and HWB in T2DM patients is required to meet the

crucial demand for a new lifestyle during and after
COVID-19 self-isolation or quarantine.

However, the mechanism of action and effects of the
proactive use of HWB in T2DM should be clarified by
nonclinical tests, well-designed cohort studies, and rando-
mized controlled trials.

Limitations

Despite being an innovative study, several methodologi-
cal limitations exist. First, causality was not addressed
since a mechanism of action by which HWB maintains
good glycemic control could not be studied in a cross-
sectional study design. Second, sampling bias commonly
occurs in cross-sectional studies. The population of parti-
cipants in our study might have been ambiguous because
the eligibility criteria for the medical institutions (types of
hospitals and departments) were not defined, and only
a short investigation period was used. Third, recall and
response biases may have occurred in self-reports on
bathing habits. Fourth, because other risks and confound-
ing factors were not included as covariates in this study,
additional important determinants of glycemic control
might have been overlooked. Finally, the absence of
a multiplied value for the frequency and duration of
HWB, the
a variable, meant that the overall effectiveness of bathing

and duration of exposure not being

was not fully elucidated.

Conclusion
In conclusion, a higher frequency of HWB was moderately
associated with a decreased risk of poor glycemic control
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in middle-aged and elderly ambulatory patients with
T2DM. However, the relationship between proactive use
of HWB and a patient’s health status should be clarified by
well-designed cohort studies and randomized controlled
trials.

Highlights

1. Our multicenter cross-sectional study is the first to
explore the association of daily hot water bathing on
glycemic control in middle-aged and elderly ambula-
tory patients with type 2 diabetes mellitus during
a global COVID-19 pandemic.

2. Hot water bathing on a regular basis was moderately
linked to a decreased risk of poor glycemic control.

3. The combination of hot water bathing and home-based
exercise in patients is expected to meet the crucial
demand for a new lifestyle during and after COVID-
19 self-isolation or quarantine.
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