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Abstract: The study of the effects of a water-based exercise program in overweight/obese people
with or without type 2 diabetes is a topic of relatively recent interest. This type of exercise presents
some advantages in reducing the risk of injury or trauma, and it can be a valuable therapeutic card to
play for sedentary or physically inactive patients who have chronic metabolic diseases. This work
aims to make a contribution showing the effects of a water-based exercise intervention, supervised by
graduates in sports sciences, in a group of overweight/obese people with or without type 2 diabetes.
In total, 93 adults (age 60.59 + 10.44 years), including 72 women (age 60.19 =+ 10.97 years) and 21 men
(age 61.95 + 8.48 years), were recruited to follow a water-based exercise program (2 sessions/week,
for 12 weeks) at the C.U.R.LA.Mo. Healthy Lifestyle Institute of Perugia University. Results showed
an improvement in body mass index (—0.90 £ 1.56, p = 0.001), waist circumference (—4.32 £ 6.03,
p < 0.001), and systolic (=7.78 £+ 13.37, p = 0.001) and diastolic (—6.30 + 10.91, p = 0.001) blood
pressure. The supervised water-based intervention was useful in managing patients with metabolic
diseases who often present with other health impairments, such as musculoskeletal problems or
cardiovascular or rheumatic disease that could contraindicate gym-based exercise.
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1. Introduction

Type 2 diabetes (DM2) is an ever-increasing, noncommunicable disease usually associ-
ated with overweight, obesity, and a sedentary lifestyle. The beneficial effects of physical
activity and exercise in people with overweight/obesity with or without DM2 are well
documented by solid evidence [1-4]. Guidelines from the World Health Organization
(WHO) [5], the American College of Sports Medicine (ACSM) [6], and the American Di-
abetes Association (ADA) [7], as well as Italian national standards of care [8], state that
adult people should be engaged in at least 150-300 min per week of moderate aerobic
physical activity or at least 75-150 min of vigorous aerobic physical activity, or an equiva-
lent combination, in addition to muscle-strengthening activities on two or more days per
week [5]) to obtain substantial health benefits. Despite this, many people are sedentary
or physically inactive (people who do not engage in at least 150 min per week of MVPA
are defined as inactive by WHO), with increased health risks [9]. Physical activity level
and sedentary behaviors affect people’s health status [10], especially people with obesity
and DM2 [11], who frequently are also affected by one or more osteoarticular or micro- or
macroangiopathic complications.

In water-based exercise, the effect of body weight is limited due to the partial weight
support the water provides. This in turn reduces weight-bearing stress on skeletal joints [12].
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As a result, people with overweight/obesity can more easily engage in water-based exercise
rather than ground-based exercise, which can cause more physical discomfort due to the
effect of gravity [13]. By reducing the risk of injury or trauma, aquatic exercise can be
a valuable therapeutic card to play in place of total weight-bearing exercises or aerobic
activity, such as walking on land [14], which patients are less likely to enjoy and, in some
cases, are associated with greater risk of injury or long-term disability. According to Bonifazi
(2005), water-based exercise is a “type of activity that includes performing exercises to
improve muscle tone and joint mobility” [15].

Although some authors have highlighted how physical activities practiced in water
are useful in managing patients with health impairments such as musculoskeletal damage,
cardiovascular diseases, and rheumatic and metabolic diseases [16-21], the effect of a water-
based exercise intervention on health has not been comprehensively studied in people with
overweight or obesity with or without DM2. In particular, the efficacy in weight reduction
and metabolic improvements is not clear/well documented.

For these reasons, this work aims to show the effects of a water-based supervised
exercise intervention on weight management and metabolic panel in overweight/obese
people with or without DM2.

2. Materials and Methods
2.1. Participants

Among 1464 patients enrolled between January 2010 and February 2014 in the C.U.R.IL.-
A.Mo. trial a total sample (Figure 1) of 93 adults (mean age of 60.59 & 10.44 years), including
72 women (age 60.19 = 10.97 years) and 21 men (age 61.95 + 8.48 years), was recruited to
follow a multidisciplinary intervention at the C.U.R.I.A.Mo. Healthy Lifestyle Institute of
Perugia University. The intervention included educational classes with endocrinologists
and nutritionists as well as a water-based exercise program (2 sessions/week, for 12 weeks).
Particularly at the beginning, the exercise program entailed water-based drills which were
aimed to improve both patients’ relationship with water and their swimming technique [22].

Inclusion criteria were: age between 37 and 78 years; BMI > 25 kg/m?; the presence of
musculoskeletal disorders or other health conditions that could contraindicate gym exercise
or Nordic walking activities. The exclusion criteria were: the presence of clinical conditions
that could seriously reduce life expectancy or ability to participate in the study; no written
informed consent to study participation. According to these criteria, this study involved
90 adults (mean age of 60.86 £ 9.50 years), including 69 women (age 60.52 £ 9.82 years)
and 21 men (age 61.95 + 8.48 years). Furthermore, a selection was performed to include
only participants (n = 38 overweight/obese people, of which n = 20 with diabetes and 18
without diabetes) with baseline (T0) and follow-up (T1) data on every measured variable.
Finally, we studied a small group of participants (n = 23 overweight/obese people, of which
n =13 with diabetes and 10 without diabetes) who presented all data for anthropometric
and clinical variables at TO, T1, and T2.
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Figure 1. CONSORT flow diagram (adapted from CONSORT 2010 flow diagram).

2.2. Study Design

This is anuncontrolled pilot study involving a subsample of subjects who participated
in the C.U.R.LA.Mo. (Centro Universitario di Ricerca Interdipartimentale Attivita Motoria)
trial [22]. The C.U.RI.A.Mo. trial has been registered in the Australian New Zealand
Clinical Trials Registry (a Primary Registry in the WHO registry network) with the number
ACTRN12611000255987. Anthropometric and clinical as well as other haematobiochemical
variables were assessed at the beginning (T0), and after three months (T1) of the water-
based exercise program using a quasiexperimental study design. For a small group of
participants (n = 23, those patients who have adhered to all the follow-up visits foreseen by
the C.U.R.I.LA.Mo. program), data after one year (T2) from the end of the intensive period
of activity are also available.
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2.3. The C.U.R.I.A.Mo. Clinical Model

All the participants have been assessed through the C.U.R..A.Mo. evaluation model
composed of some clinical steps: (1) a clinical examination, conducted by an endocrinolo-
gist, to exclude the existence of any clinical conditions that could contraindicate the exercise
and to prescribe blood sample tests according to national standards of care [8]; (2) a brief
motivational interview, conducted by a psychologist, to assess participants psychological
status; (3) a nutritional assessment conducted to assess the nutritional habits of the partici-
pants; (4) a water-based exercise intervention consisting of three-month repeated cycles of
water exercises, as specified below.

2.4. The Exercise Intervention

The exercise program was a water-based exercise intervention in a 25 m swimming
pool lane. The protocol consisted of a 12-week water-based exercise program of two sessions
per week lasting fifty (50) minutes each.

Each session was composed of an initial warm-up of twenty (20) minutes, in which
each patient performed light water-based movements and some breathing exercises. The
warm-up procedures were adapted to each participant’s skill level and involved swimming
unaided or with aids (noodles, floating belts). Each participant was asked to start slowly
and increase exercise intensity subjectively to a moderate intensity during which, ideally,
they could still talk to each other.

The second part of the session was resistance-oriented and based on upper and lower
limb exercises lasting fifteen (15) minutes. During this section, upper and lower limbs were
exercised through water-resistance movements. Those participants that showed improve-
ment through the weeks had extra resistance added by introducing floating dumbbells for
the upper limbs and noodles for the lower limbs.

After the resistance section, a cool-down of ten (10) minutes and some light stretching
for five (5) minutes were provided. During the cool-down, each participant was required
to execute some light and continuous water exercise at a lower intensity than the warm-up.
Stretching was executed in the water and involved mainly upper and lower limbs.

After the first follow-up medical visit, we offered the patients the opportunity to repeat
the three-month cycle of water-based exercise.

2.5. Clinical Assessments

Before (T0) starting, at the end of the three-month exercise program (T1) and after
one year (T2), all the participants underwent a clinical assessment of anthropometric and
clinical variables, as follows:

2.5.1. Anthropometric Variables

Anthropometric measurements of weight, body mass index (BMI), and waist cir-
cumference (WC) were collected. Weight was assessed using a Tanita body composition
analyzer BC-420MA (Tokyo, Japan), and BMI was calculated as weight (kg)/height (m)?.
According to the World Health Organization and the International Diabetes Federation
(IDF) tips [23], WC was measured in the horizontal plane midway between the lowest ribs
and the iliac crest, using the ergonomic circumference measuring tape Seca® 201 model.

2.5.2. Clinical Variables

Systolic (SBP) and diastolic (DBP) blood pressure and blood sample variables, such
as fasting blood glucose, glycated hemoglobin (HbAlc), total cholesterol, high-density
lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, triglycerides, and
uric acid were also collected.

Systolic blood pressure (SBP) and diastolic blood pressure (DBP) values were mea-
sured three times during the first medical visit with one minute between consecutive
measurements 5 min of sitting at rest using an upper arm blood pressure monitor (UM-101
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mercury-free sphygmomanometer, A&D Medical, Naples, Italy) on the right upper arm
using a size-appropriate cuff.

Biochemical blood test variables were collected from tests performed by patients in
routine clinical practice.

2.6. Statistical Analysis

Descriptive analyses in terms of means, standard deviations, or percentages were
computed for each investigated variable at baseline (T0). Participants’ data were then split
into two subgroups according to the pathological condition diagnosed by the endocrinol-
ogist (overweight/obesity with or without DM2), and an unpaired t-test was conducted
to compare all variables at baseline (please see Table S1). To evaluate the effects of the
water-based exercise program, parameters at baseline and after three months of exercise
intervention were compared through a t-test for paired samples (Table 1). Delta (A) changes
(T1-T0) are presented as means =+ standard deviations. Moreover, to evaluate the effects of
water-based exercise programs over a longer period (1 year), parameters at baseline, after
3 (T1), and after 12 months (T2) were compared through a linear mixed model repeated
measures analysis of variance in a small group of participants (n = 23) who presented all
data for anthropometric and clinical variables collected both before and after the interven-
tion. Means =+ standard errors for all data and delta changes (using a method of multiple
testing correction with Bonferroni adjustment) were presented (Table 2). p-value < 0.05 was
indicated as statistically significant. Finally, to study the delta changes trend of declining,
we calculated the B coefficient with SE for all the variables using linear regression with
time as the independent variable. All analyses were performed with IBM SPSS® version
25.0 (IBM Corp. Released 2013. IBM SPSS Statistics for Windows, Version 22.0. Armonk,
NY, USA: IBM Corp.).

Table 1. Anthropometric, blood pressure, and blood chemistry parameters values at baseline (T0) in
the entire sample (n = 38), overweight/obese with diabetes (n = 20), and overweight/obese without
diabetes (1 = 18) subjects. Results are presented as mean =+ standard deviation. Statistical significance
was set for p values < 0.05.

All Overweight/Obese with Diabetes Overweight/Obese without Diabetes
Variables A Test-T A Test-T A Test-T
To (T1 vs. TO) P T0 (T1 vs. TO) P T0 (T1 vs. TO) P
Weight (kg) 65.96 & 47.62 —2.61£7.79 0013  72.59 + 46.99 —4.16 £ 1045 0.037 58.87 & 48.08 ~1.00 £ 2.71 0.057
BMI (kg/m?) 36.77 £ 6.21 —0.90 + 1.56 0.001 37.44 £7.25 124418 0.008 36.03 & 4.89 054+ 122 0.075
WC (cm) 115.82 + 12.89 —432+£603 <0001 118.85 + 15.63 5.55 + 5.69 <0.001 112.44 + 8.1 294+ 625 0.062
SBP (mmhg) 13608 +11.85  —7784+1337 0001  136.75+13.11 —8.0 & 15.08 0.028 13529 + 1053  —753+1148  0.016
DBP (mmhg) 81.89 + 7.67 —630+£1091  0.001 825+ 7.86 9.15 4+ 11.18 0.002 81.18 + 7.61 —294+985 0.236
Fasting blood 10895 +3037  —1494+2091  0.668 122.1 + 36.09 1.10 + 27.48 0.860 9433 + 11.02 —453 +829 0.039
glucose (mg/dL)
HbAlc (%) 6.36 £ 1.22 —0.28 £ 0.85 0.074 6.91 & 1.46 —0.33 £ 1.08 0.206 5.78 + 0.48 —0.22 £ 041 0.083
TOt*i(lnf}g“/’lcfi;eml 211 4 5141 80043543 0184  197.70£5734  —526 + 36.89 0.542 20578 £ 4048  —11.06+3459  0.206
HDL (mg/dL) 49.45 +9.79 1.00 £ 9.93 0550  49.25 4+ 10.65 047 +11.76 0.863 49.67 +9.04 159 +7.71 0.408
LDI(“HCI}g“;lc’l“’it)eml 13241 +4230  —855+27.67 0072 11472 +£4362  —2.34 +26.68 0.707 152.07 £ 3148  —1549+6.76  0.036
Trzg?/e;ges 152.68 + 8258  —8.62+£5319 0331  169.65+£9295  —17.05 % 63.27 0.243 133.83 + 66.88 1.29 =+ 37.66 0.889
g:gc /acfi“)l 5.64 £ 1.36 —0.10 +0.78 0.510 571 4+ 1.44 0.02 +0.77 0.942 558 +1.33 —0.22 + 0.80 0.349

Legend: BMI = body mass index; WC = waist circumference; SBP = systolic blood pressure; DBP = diastolic blood
pressure; HbAlc = glycosylated haemoglobin; Hdl = high-density lipoprotein; LDL = low-density lipoprotein.
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Table 2. Anthropometric, blood pressure, and blood chemistry parameters values at baseline (T0) and
after 3 months (T1) and 12 months (T2) post-intervention. Results are presented as mean =+ standard
errors (SE) in n = 23 subjects. Statistical significance was set for p values < 0.05.

. T1G3 T2 (12 p B SE Delta Changes
Variables To Months)  Months)
T1vs. TO 4 T2 vs. TO P T2vs. T1 P
. 58.70 + 55.57 + 52.06 + -3.12+ —6.64 + —-352+
Weight (kg) 714 700 713 0.023 —1.517 2.382 101 0.038 3.05 0.103 283 0.659
37.27 & 35.98 + 36.1 £ —-1.28 + -1.17 +
2 —
BMI (kg/m?) 118 119 117 0.020 0.585 0.827 034 0.003 058 0.169 0.11+0.51 1.000
117.22 + 111.52 + 110.09 + —5.70 £ -713+ —143 +
WC (cm) 208 235 23 <0.001 —3.727 2.563 097 <0.001 106 <0.001 056 0.050
135.95 + 129.14 + 126.48 + —6.81 + —9.48 + —2.67 +
SBP (mmhg) 220 08 237 0.013 —4.435 1.604 332 0.160 324 0.025 286 1.000
82.62 + 76.71 & —5.62 £ -5.90 + —0.29 £+
DBP (mmhg) 168 77 £1.61 104 0.019 —2.952 1.095 266 0.141 199 0.023 205 1.000
Fasting blood
glucose 117'2; + 1122{; + 128'% + 0.500 —0.955 4.877 7101%5 + 1.000 2.74 +5.88 1.000 5.78 £4.39 0.604
(mg/dL) . ' ' '
o 6.63 + 624 + 6.30 + —040 + -033+
HbAlc (%) 032 0.22 023 0.099 —0.167 0.186 021 0.234 021 0.395 0.06 + 0.06 0.894
Total
22275+ 20892+  201.17 £ —13.83 + —21.58 £ —7.75+
cmlg/sgeit))l 11.46 876 879 0.013 —10.457 7.086 730 0.212 74 0.024 404 0.242
(mPgH/D;“L) 481'2997i 492'1425i 492‘1572i 0.097 0.587 1.690 0.83£223 1.000 0.884243 1.000 0.04 £2.05 1.000
LDL 140.34 + 129.38 + 123.97 + —10.96 + -16.38 £ —542 +
(mg/dL) 9.98 773 739 0.024 —7.848 6.153 5.87 0.224 6.39 0.052 308 0.336
Triglycerides 17142 + 152.04 + 139.96 + —19.38 + —31.46 + —12.08 =
(mg/dL) 19.35 18.17 11.40 0.066 —16.522 12.212 11.96 0.357 1496 0.140 1247 1.000
Uric acid 549 + 537 + 5.55 + -0.12 +
(mg/dL) 033 030 024 0.612 0.031 0.201 021 1.000  0.06 +0.16 1.000 0.18 £0.16 0.866

Legend: BMI = body mass index; WC = waist circumference; SBP = systolic blood pressure; DBP = diastolic blood
pressure; HbAlc = glycosylated haemoglobin; Hdl = high-density lipoprotein; LDL = low-density lipoprotein.

3. Results
3.1. Baseline Results

Anthropometric and clinical variables values did not show statistically significant
differences between overweight/obesity with or without DM2 at baseline (please see Table
51), except for fasting blood glucose (p = 0.003), HbAlc (p = 0.004), and LDL cholesterol
(p =0.005).

3.2. Follow-Up Results

At the first follow up (T1), statistically significant improvements in weight (p = 0.013)
and BMI (p = 0.001) and reductions in WC (p < 0.001), SBP (p = 0.001), and DBP (p = 0.001)
were observed in the entire sample (Table 1). Clinical effects, although not statistically
significant, were observed in the differential values of blood sample variables such as
fasting blood glucose (—1.49 mg/dL), HbAlc (—0.28%), total cholesterol (—8.00 mg/dL),
HDL (+1 mg/dL), LDL cholesterol (—8.55 mg/dL), triglycerides (—8.62 mg/dL), and uric
acid (—0.10 mg/dL). In the overweight/obese with diabetes, data showed statistically
significant variations in weight (p = 0.037) and BMI (p = 0.008) and reductions in WC
(p < 0.001), SBP (p = 0.028), and DBP (p = 0.002), while in patients without diabetes, we
observed reductions in SBP (p = 0.016) and fasting blood glucose (p = 0.039).

Data analyzed from all patients with an available one-year (T2) follow-up evaluation
(n = 23, 1 male and 22 female, mean age 58.78 + 9.17 years) confirmed a statistically
significant change (Table 2) in the following outcomes: weight (p = 0.023), BMI (p = 0.020),
WC (p < 0.001), SBP (p = 0.013), and DBP (p = 0.019). Furthermore, the time factor effect
was observed in total cholesterol (p = 0.013) and LDL (p = 0.024).

4. Discussion

This study aimed to show the effects of a water-based exercise program of 24 biweekly
sessions on some anthropometric (i.e., weight, BMI, and WC) and clinical (i.e., SBP and
DBP, lipids, and glycemic variables) outcomes in a group of overweight/obese adults with
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and without DM2. Preliminary results showed an improvement in BMI, WC, SBP, and DBP
in all the participants that exercised for 12 weeks.

Previously, contrasting results were obtained in similar water-based exercise programs.
A Tanaka’s review article [24] reported that few studied have addressed the effects of
swimming exercise on bodyweight and them stated no changes in weight [25,26]. Recent
studies conducted by Rezaeipour et al. [27] and Cugusi et al. [2] observed a significant
reduction in weight and BMI, as we observed in this study. Conversely, Rezaeipour, M.
(2020) [28] reported that pool workouts are ineffective in terms of weight loss and changes
in body composition, as also stated by Gubiani et al. [29]. In an epidemiological study;,
other authors [30] observed that regular physical activity (including swimming exercise)
is associated with an attenuation of weight regain over a middle-long period (10 years).
Interestingly, our study results showed that weight reduction was observed not only after a
short period of a water-based exercise program but also after 1 year (respectively, —3.12 kg
and —6.64 kg).

Previous studies showed contrasting metabolic effects of water-based exercise training.
Some authors evaluated anthropometric and cardiometabolic parameters in women [31,32]
and adult men with obesity and DM2 [2]. While the first observed no significant im-
provements in body weight and body composition, Cugusi et al. showed a significant
improvement in the cardiovascular system and metabolic profile (body weight, WC, BMI,
and blood pressure improvements). Some authors [33-35] have studied the impact of
regular exercise on lipid and lipoprotein plasma levels, especially HDL, as the main tool for
reducing the risk of cardiovascular diseases. Other authors [36] have specifically studied
the effects of water exercise on blood lipid outcomes. Rezaeipour et al. [33] found that
there was not a significant alteration of blood lipid parameters, and we did not observe
a statistically significant improvement in total cholesterol, HDL, LDL cholesterol, and
triglycerides (p > 0.005), after the intensive phase of the exercise program (12 weeks). These
results could probably be due to the short period of observation and nutritional habits. In
fact, at T2 (Table 2) data seems to show encouraging results regarding lipid control.

Water-based exercise effects on blood pressure were assessed in previous studies. A
recent meta-analysis [37] reported that water-based exercise had positive effects on BP
values. Particularly, SBP decrease was estimated equal to —8.4 mmHg, while DBP decrease
was estimated equal to —3.3 mmHg. After three months of water-based exercise in our
sample, we found a lower improvement in SBP (—7.78 mmHg), but a higher improvement
of DBP (—6.30 mmHg). Although Delevatti et al. [38] concluded that “aerobic training in an
aquatic environment provides effects similar to aerobic training in a dry-land environment
in patients with type 2 diabetes”, the result of the present study seems to be promising com-
pared to previous studies conducted in small samples of people with overweight/obesity
who exercised for three months in a gym-based program [39].

Certainly, this study has some limitations. First, we did not include a control group that
could have better clarified the extent of the results; the original C.U.R.I.A.Mo. intervention
model did not foresee it. Second, we enrolled only a small group of participants. This was
due mainly to technical and methodological reasons. It was possible to provide access to
the pool for only a small number of patients for each exercise group. Both for the limited
space available and for the need to guarantee personalized supervision of the activity,
we decided to set up groups no larger than five participants each. Additionally, a water
exercise-based program encountered various critical issues in the adherence of patients,
who have reported difficulties related to the time necessary to carry out activities in the
water (i.e., long preparation times due for example to the fact of having to dry the hair,
etc.). Furthermore, many key measures (i.e., waist circumference, blood pressure) were
derived using manual methods subject to investigator bias, even if measurements at TO
and T1 were always conducted by the same operator to minimize operator variability
and all operators were specifically trained in accordance with standard measurement
procedures. Additionally, in this study, we did not show data referring to nutritional habits
and pharmacological treatment. In future studies, an analysis of eating habits should
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be carried out together with insights into the drugs taken, given that these components
are relevant in this type of patient with metabolic diseases. Our results showed that in
a relatively short period of educational training it is possible to obtain positive effects
which have a significant impact on people’s health. Reductions in anthropometric (such
as BMI and WC) and clinical (such as blood pressure and cholesterol) variables values are
linked to obesity and cardiovascular risks [40]. These aspects are particularly important for
people with health conditions for whom weight-bearing exercise is contraindicated or for
the elderly [41,42].

5. Conclusions

The supervised water-based intervention was effective in improving weight, BMI,
waist circumference, and blood pressure. Although it showed lower results on short-term
glucometabolic control, this type of exercise practiced in water was useful in managing
patients with health problems—i.e., musculoskeletal problems, cardiovascular disease,
rheumatic and metabolic diseases—that could contraindicate gym-based exercises. Longer
periods of intervention and observation, which may involve larger numbers of participants,
are desirable for future research.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/nu14234963/s1, Table S1: Anthropometric, blood pressure, and
blood chemistry parameters values at baseline (T0) in all the sample (1 = 38), over-weight/obese with
diabetes (n = 20) and over-weight/obese without diabetes (1 = 18) subjects.
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