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Abstract: People living in tropical climates spend much of their time in confined air-conditioned
spaces, performing normal daily activities. This study investigated the effect of distilled water (W)
or isotonic beverage (IB) on the hydration status in subjects living under these conditions. In a
randomized crossover design, forty-nine healthy male subjects either consumed beverage or IB over a
period of 8 h (8 h) in a controlled air-conditioned environment. Blood, urine, and saliva samples were
collected at baseline and after 8 h. Hydration status was assessed by body mass, urine output, blood
and plasma volume, fluid retention, osmolality, electrolyte concentration and salivary flow rate. In the
IB group, urine output (1862 ± 86 mL vs. 2104 ± 98 mL) was significantly lower and more fluids
were retained (17% ± 3% vs. 7% ± 3%) as compared to W (p < 0.05) after 8 h. IB also resulted in body
mass gain (0.14 ± 0.06 kg), while W led to body mass loss (−0.04 ± 0.05 kg) (p = 0.01). A significantly
smaller drop in blood volume and lower free water clearance was observed in IB (−1.18% ± 0.43%;
0.55 ± 0.26 mL/min) compared to W (−2.11% ± 0.41%; 1.35 ± 0.24 mL/min) (p < 0.05). IB increased
salivary flow rate (0.54 ± 0.05 g/min 0.62 ± 0.04 g/min). In indoor environments, performing routine
activities and even without excessive sweating, isotonic beverages may be more effective at retaining
fluids and maintaining hydration status by up to 10% compared to distilled water.
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1. Introduction

In a warm, humid, tropical climate like Singapore, air-conditioning is provided in workplaces
and classrooms with the view that it will enhance workplace productivity and thermal comfort [1].
People spend 80%–90% of their time indoors [2]. Lower air temperature and relative humidity of an
air-conditioned room increase water losses via skin. Moreover, air velocity and choice of clothing also
affect the rate of water loss. The water loss via skin in healthy adults may be up to 0.3 L/h and via
urine around 1–2 L per day [3].

Water constitutes 60% of the body weight of healthy adults. It is often overlooked as an essential
nutrient that affects the body’s performance both mentally and physically [4,5]. Proper hydration
aids in the elimination of toxins, efficiency in digestion, joint lubrication, thermoregulation, and
other biochemical reactions [6]. The human body constantly loses water through the respiratory
system, urinary system, respiratory tract, and gastrointestinal system—even without visibly sweating.
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The body can gain water through food and drink as well as metabolic production [7,8]. It has been
extensively studied that strenuous labour, exercise, and heat stress can induce excessive water loss.
Nevertheless, hydration status of people living in a mild environment has not been studied often.

Many indices have been developed in the past 20 years to accurately assess hydration status
in humans [9]. These include both invasive and non-invasive methods. Plasma osmolality, urine
osmolality, specific gravity, and colour are the most widely used markers. Since the extracellular
fluids move into and out of the circulation, it stimulates important fluid-regulatory mechanisms. Thus,
change in body mass, haematological and urine parameters, and bioelectrical impedance are important
indicators to evaluate the extracellular water changes before and after treatments. Heart rate and blood
pressure are the other common hydration status markers [8–10].

The composition of fluid ingested is as essential as the volume. Isotonic beverages consisting
of water, carbohydrate, and electrolytes are solutions that contain the same osmolality as blood,
where the osmolality is normally regulated between 280 and 290 mOsm/kg by controlling water
loss and intake [11,12]. It aims to restore fluid and electrolyte homeostasis. It is often consumed
during sports events where a large amount of water and electrolytes are lost through sweat. Previous
studies demonstrated that the inclusion of sodium and carbohydrate in a beverage enhanced fluid
retention and restored fluid loss after thermal [13], exercise [13–18], or fluid restriction [19,20] induced
dehydration. However, the effect of such drinks in an air-conditioned environment without excessive
dehydration has not been extensively studied. In order to test the effect of carbohydrate and electrolytes
in combination (as found in isotonic beverages), we used distilled water as the non-electrolyte control.
The decision to use distilled water was based on the fact that consumers in Singapore drink both
bottled and tap water of varying mineral content.

Although hydration strategies during exercise and are fundamental, hydration in air-conditioned
environments is also important for maintaining optimum working performance. In most studies,
dehydration was induced by water restriction, exposure to heat stress, or physical exercise, and
rehydration was achieved by providing plain water. In our study, the measurement of hydration status
was used to provide new insight into the physiological status in an indoor air-conditioned environment.

2. Materials and Methods

2.1. Participants

Fifty-two healthy Chinese male subjects aged 21–50 years with a BMI between 19 and 26 kg/m2

and fasting blood glucose <5.5 mmol/L were recruited. Subjects with food allergy, disliking the
consumption of isotonic beverage, smoking, on prescription medication or partaking in competitive
sports were excluded. The study had prior approval from the local Institutional Review Board
(reference no. DSRB 2015/00322). The protocol was well explained to the subjects, and written
informed consent was obtained. The screening process was conducted to make sure the subjects met
the inclusion criteria. Forty-nine subjects completed the study. One subject dropped out from the
study due to work commitments and two due to difficulty in drawing venous blood. The baseline
characteristics of the subjects are provided in Table 1.

2.2. Pre-Trial Standardisation

Preceding each test day, strenuous exercise and consumption of alcohol, caffeine, supplements,
and medications were prohibited. Subjects were provided with a standardized dinner on the day
before the test session. Bottled distilled water was also given to the subjects to consume with the dinner.
Subjects were instructed to consume the water ad-libitum up to 30 min before the test commenced
the next morning. On the first test session, the bottled water was returned and the volume of water
consumed was recorded. To standardize the amount of water consumed before the experiment,
subjects drank the same amount of water before the next test session.
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Table 1. Baseline characteristic of subjects.

Anthropometric and Physiological Parameters n = 49

Age 25 ± 0.75
Weight, kg 67.8 ± 1.01
Height, cm 175.0 ± 0.86

BMI, kg/m2 22.1 ± 0.22
Waist circumference, cm 74.6 ± 0.66
Hip circumference, cm 95.0 ± 0.55
Total body water, kg 37.8 ± 0.55

Systolic blood pressure, mmHg 117 ± 1.54
Diastolic blood pressure, mmHg 70 ± 1.17

Heart rate, beats/min 65 ± 1.27
Blood glucose, mmol/L 4.6 ± 0.06

All the data is presented as mean ± SE.

2.3. Study Design

The study was a randomized cross-over design. Subjects completed two test sessions on
non-consecutive days, consuming either distilled water (W) or isotonic beverage (IB). The order
of treatments was randomized using “Research Randomizer” [21]. During the study, standardized
breakfast, lunch, and afternoon snack were provided to the subjects. Equal volume (325 mL) of
IB or W was consumed with each of the standardized meals. Subjects were required to stay in an
air-conditioned room (24.43 ± 0.07 ◦C; 55.51% ± 0.33% RH) throughout the 8 h.

On the test day, subjects reported to the laboratory in the morning after an overnight fast. Subjects
were instructed to void their bladder, collecting the entire volume. Subjects’ body mass was then
measured using an electronic weighing and measuring station (SECA 763, Hamburg, Germany). Hip
and waist circumferences were measured using a measuring tape. Blood pressure and heart rate were
measured using digital blood pressure monitor (OMRON HEM-907, Kyoto, Japan). Total body water
(TBW) was measured using bioelectrical impedance analyser (BIA) (Tanita BC 418, Tokyo, Japan).
Baseline blood sample was collected by finger prick and venepuncture. Baseline saliva sample was
collected in salivette tube. After measurements and sample collection, subjects were provided with
standardised breakfast, lunch, and afternoon snack at time 0, 3 h, and 6 h, respectively. Aside from the
drinks provided with the meals, the subject was also given 1500 mL of W or IB during the first session
for ad-libitum consumption. More drinks were available if the subjects finished the drinks provided.
They were instructed to record the amount and time when they consumed the drink. The total amount
consumed was recorded and the subject was asked to duplicate the drinking pattern during the next
visit. Therefore, the volumes of beverage or IB consumed were the same in both groups. Subjects
also collected all urine produced over the 8-h period and refrained from any physical activity for the
duration of each group. Eight hours after breakfast, anthropometric measurements, physiological
measurements, and biological samples collection were performed as in the morning.

2.4. Study Meals

Standardised dinner consisted of breaded fish in tamarind sauce with rice (CP Ready Meals,
Singapore) and mango pudding (Naspac, Thailand). Standardised breakfast was three slices of white
bread (Gardenia, Singapore) and margarine (Naturel Soft, Malaysia). Standardised lunch was teriyaki
chicken with rice and glazed teriyaki chicken. Standardised afternoon snack was almonds (Camel,
Singapore). The same standardized meal was fully consumed throughout the study. The isotonic
beverage used contained both carbohydrate and electrolytes. The composition of the distilled water
(Alpheus, Singapore) and isotonic beverage (F & N, Singapore) is presented in Table 2.
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Table 2. Composition of distilled water and isotonic beverage.

Nutrient Values Distilled Water Isotonic Beverage

Osmolality 1, mOsm/kg H2O 0 284
Sodium concentration 2, mmol/L 0 20.87

Potassium concentration 2, mmol/L 0 3.59
Chloride concentration 2, mmol/L 0 10.99

Carbohydrates 2, g/L 0 60
Simple sugars 2, g/L 0 60

Fat 2, g/L 0 0
Protein 2, g/L 0 0

1 Measured by freezing point depression; 2 Calculated from product nutrition information panel (NIP).

2.5. Urine, Blood, and Saliva Biomarkers

Blood sample was drawn from an antecubital vein. Part of the blood samples were collected into
BD Vacutainer® Plus Plastic K2-EDTA tubes (Becton, Dickinson and Company, Franklin Lakes, NJ,
USA) for Full Blood Count test (FBC) which analysed haemoglobin concentration and haematocrit. The
remainder of the blood samples was allowed to clot in BD Vacutainer® Serum tubes (Becton, Dickinson
and Company, Franklin Lakes, NJ, USA) for 30 min at room temperature before centrifugation (Sorvall™
ST 16 Centrifuge, Thermo Fisher Scientific Inc., Waltham, MA, USA) for 10 min at 4 ◦C at 1500× g.
Subjects collected all urine produced during the 8 h duration in a 3-L plastic urine bottle (Simport
Scientific, Beloeil, QC, Canada). The urine bottle was then measured on an electronic balance and the
mass of the empty urine bottle was subtracted to obtain the total mass of the urine. Saliva samples
were collected using pre-weighed salivette tubes (Sarstedt, Nümbrecht, Germany). Subject was asked
to swallow in order to standardise the amount of residual saliva prior to collection. The cotton swab
was then placed under the tongue for 2 min with minimum orofacial movements during the collection.
The salivette tube was then weighed immediately after collection and centrifuged for 2 min at 1500× g.

Serum, urine, and saliva samples were analysed for osmolality by freezing point depression
(MicroOsmometer 3320, Advanced Instrument, Norwood, MA, USA). Osmolality was measured in
duplicate within 3 h of collection. Serum and urine sodium, potassium, and chloride concentrations
were also analysed. Haemoglobin and haematocrit values were used to estimate percentage changes in
blood and plasma volumes according to the equation proposed by Dill and Costill [22]. Urine specific
gravity (USG) was measured using a handheld refractometer (Atago, Tokyo, Japan). The volume was
determined by multiplying the urine mass and USG. Urine colour was determined using eight-point
scale urine colour chart [23] with a numbered scale ranging from very pale yellow (number 1) to
brownish green (number 8). Salivary flow rate was calculated by dividing the difference in the weight
of salivette tube before and after collection by collection time. Fluid retention was calculated based on
the fluids ingested from drink and foods and urine output using a standard equation [15]. Urine flow
rates were also calculated and used to estimate free water clearance (CH2O) [18]:

CH2O = V × (1 − Uosm

Sosm
),

where V is urinary flow rate in 8 h, Uosm is urine osmolality, and Sosm is serum osmolality.

2.6. Statistical Analysis

A total of 49 subjects were analysed. Data were analysed using paired t-test. Level of significance
was taken at p < 0.05. Statistical analysis was performed using SPSS software (SPSS Inc., Chicago, IL,
USA), version 23.0. Data were presented as mean ± standard error (SE). Due to insufficient saliva and
urine volume for analysis in one subject, the data presented were from 48 subjects where we have
a complete data set. In addition, full blood count was not performed in three samples, as the blood
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coagulated before testing; therefore, the blood and plasma volume were calculated based on the results
of 46 subjects.

3. Results

The hydration indicators before and after treatments are tabulated in Table 3. A total of
49 subjects completed the study. After 8 h in the air-conditioned environment (24.43 ± 0.07 ◦C;
55.51% ± 0.33% RH), change in body mass was significantly different between both groups (p = 0.01).
Isotonic beverage resulted in body mass gain (0.14 ± 0.06 kg), while body mass loss (−0.04 ± 0.05 kg)
was observed in the distilled water group. However, the change in body water measured by
BIA was not significantly different between two groups (Table 3). Lower urine volume was
produced in the isotonic beverage group (1861.65 ± 85.82 mL) compared to the distilled water group
(2104.61 ± 97.69 mL) (p = 0.001) over the duration of the study (i.e., 8 h). Isotonic beverage consumption
retained 17% of fluid, while distilled water consumption retained 7% of fluids (p = 0.001) (Table 4).
CH2O was lower in the isotonic beverage group than in the distilled water group (p = 0.001). Blood
volume decreased to a significantly greater extent in the distilled water group compared to the isotonic
beverage group (p < 0.05). In addition, distilled water consumption resulted in a greater decrease in
plasma volume (−3.62% ± 0.83%) compared to isotonic beverage consumption (−1.85% ± 0.81%),
although no statistical difference was observed (p = 0.056).

Consumption of both distilled water and isotonic beverage in an air-conditioning environment
for 8 h led to a reduction in urine osmolality, [Na+], [K+], and [Cl−]. Nevertheless, a significantly lesser
drop in urine [Na+] and [Cl−] was found in the isotonic beverage group compared to the distilled
water group (p < 0.05), indicating that more Na+ and Cl− were excreted through urine in the isotonic
group than in the distilled water group. A higher reduction in urine osmolality was observed in
the distilled water group than in the isotonic beverage group (−374.43 ± 43.83 mOsm/kgH2O vs.
−295.84 ± 43.89 mOsm/kgH2O) (p =0.052). USG decreased from baseline in both groups, with no
significant group effect regarding the relative changes. Similarly, urine colour was significantly paler
after 8 h in both groups (p < 0.05), with no difference between groups (p > 0.05).

A significant difference was found in the change in serum [Na+] between two groups (p = 0.005).
Serum [Na+] increased significantly after isotonic beverage consumption (139.91 ± 0.28 mmol/L to
140.59 ± 0.24 mmol/L) (p < 0.01), while a reduction in serum [Na+] was observed after distilled water
consumption (140.41 ± 0.30 mmol/L to 139.69 ± 0.33 mmol/L) (p = 0.053). Both groups showed a
significant increase in serum [K+] (p < 0.05) after 8 h, with no group effect. No significant difference was
found in the changes in serum [Cl−]. Lastly, 8 h consumption of isotonic beverage in an air-conditioned
room resulted in a significant increase in serum osmolality (290.46 ± 0.71 mOsm/kgH2O to
295.10 ± 0.98 mOsm/kgH2O), although no significant difference was found between groups.

Salivary flow rate increased from 0.54 ± 0.05 g/min to 0.62 ± 0.04 g/min in the isotonic
beverage group (p < 0.05), whereas no changes were observed after distilled water consumption.
Saliva osmolality decreased in the distilled water group (p < 0.05), while remaining unaltered in
the isotonic beverage group. Nevertheless, no significant difference was found between groups for
both saliva flow rate and osmolality. Although no difference was found between groups, systolic
blood pressure significantly increased from 114.96 ± 1.49 mmHg to 117.53 ± 1.46 mmHg after
isotonic beverage ingestion (p < 0.05), whereas no difference was found in distilled water group
(from 117.43 ± 1.54 mmHg to 117.82 ± 1.68 mmHg). Heart rate was found to be decreased significantly
(p < 0.01) in both groups.
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Table 3. Hydration indicators before and after 8 h consumption of distilled water or isotonic beverage.

Biological Parameters
Distilled Water Isotonic Beverage

p (Change between Groups)
0 h 8 h 0 h 8 h

Body mass, kg 67.76 ± 1.02 67.72 ± 1.01 67.61 ± 1.05 67.74 ± 1.04 † 0.01
Body water, kg 37.78 ± 0.55 36.62 ± 0.50 † 37.68 ± 0.56 36.66 ± 0.53 † 0.316

Systolic blood pressure, mmHg 117.43 ± 1.54 117.82 ± 1.68 114.96 ± 1.49 117.53 ± 1.46 † 0.139
Heart rate, beats/min 65.12 ± 1.27 60.9 ± 1.44 † 64.12 ± 1.39 61.51 ± 1.20 † 0.259

Blood glucose, mmol/L 4.62 ± 0.01 4.6 ± 0.01 4.72 ± 0.01 4.71 ± 0.01 0.882
Urine specific gravity (USG) 1.0168 ± 0.0010 1.005 ± 0.0005 † 1.0166 ± 0.0072 1.0067 ± 0.0006 † 0.069

Urine colour (scale 1–8) 4.51 ± 0.27 1.46 ± 0.13 † 4.58 ± 0.33 1.66 ± 0.1 † 0.663
Urine osmolality, mOsm/kg H2O 600.82 ± 41.34 226.4 ± 17.19 † 573.08 ± 42.02 277.24 ± 21.84 † 0.052

Urine [Na+], mmol/L 75.56 ± 6.97 49.02 ± 3.21 † 68.67 ± 6.14 64.85 ± 5.06 0.002 *
Urine [K+], mmol/L 42.85 ± 3.79 16.21 ± 1.45 † 41.60 ± 3.71 17.85 ± 1.58 † 0.483
Urine [Cl−], mmol/L 83.21 ± 7.62 44.89 ± 2.98 † 78.15 ± 7.03 58.46 ± 4.23 † 0.005 *

Serum osmolality 291.59 ± 0.77 293.9 ± 1.33 290.46 ± 0.71 295.1 ± 0.98 † 0.253
Serum [Na+], mmol/L 140.41 ± 0.3 139.69 ± 0.33 139.91 ± 0.28 140.59 ± 0.24 † 0.005 *
Serum [K+], mmol/L 4.36 ± 0.05 4.50 ± 0.05 † 4.35 ± 0.05 4.54 ± 0.05 † 0.571
Serum [Cl−], mmol/L 102.59 ± 0.26 102.18 ± 0.23 102.51 ± 0.21 102.39 ± 0.2 0.35

Salivary flow rate, g/min 0.65 ± 0.05 0.66 ± 0.04 0.54 ± 0.05 0.62 ± 0.04 † 0.153
Saliva osmolality, mOsm/kg H2O 63.27 ± 2.37 57.8 ± 1.64 † 60.76 ± 2.04 60.46 ± 1.65 0.089

Data are presented as mean ± SE. † denotes significant difference from baseline to after 8 h of drink consumption (p < 0.05). * denotes significant difference between groups (p < 0.05).
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Table 4. Effects of distilled water and isotonic beverage on urine volume and blood volume (BV) and
plasma volume (PV) changes.

Fluid intake and Hydration Indicators Water Isotonic Beverage p

Drink volume, mL 1934.90 ± 66.70 1941.22 ± 65.94 0.160
Water content in food, mL 300.02 ± 0.99 300.02 ± 0.99

Total urine output, mL 2104.61 ± 97.69 1861.65 ± 85.82 0.001 *
Fraction retained,% 6.98 ± 3.09 17.45 ± 3.02 0.001 *

Free water clearance (CH2O), mL/min 1.35 ± 0.24 0.55 ± 0.26 0.001 *
Change in BV, % −2.11 ± 0.41 −1.18 ± 0.43 0.034 *
Change in PV, % −3.62 ± 0.83 −1.85 ± 0.81 0.056

Data are presented as mean ± SE. * denotes significant difference between groups (p < 0.05).

4. Discussion

As far as we are aware, this is the first study to demonstrate that in a confined indoor
air-conditioned environment, the use of isotonic beverage has a beneficial impact on hydration.
Much research has been conducted in extreme tropical environments, with limited research conducted
under indoor conditions. The present study suggests that the ingestion of isotonic beverage may be
more effective in retaining fluid even in indoor environment—notably, an air-conditioned space. These
observations are important, as people today lead busy lives confined to indoor spaces for most of
the day.

Our results showed that fluid retention was 10% higher with isotonic beverage compared
to distilled water (IB 17%, W 7%). The cumulative urine output was 240 mL less with isotonic
beverage than with distilled water, and the free water clearance was lower after isotonic beverage
consumption. In addition, there was a smaller drop in plasma volume and blood volume after isotonic
beverage ingestion. Subjects also experienced body mass gain in the isotonic beverage group (due
to greater water retention) as compared to the distilled water group, which resulted in body mass
reduction. In addition, serum and urine sodium concentrations reflected the sodium content in the
drinks administered.

The isotonic beverage used in this study contained 6% carbohydrate, 21 mmol/L sodium,
4 mmol/L potassium, and 11 mmol/L chloride. The presence of these carbohydrates and
electrolytes played an important role in maintaining hydration status. Studies have shown that
electrolytes—particularly sodium—enhance fluid retention in the extracellular space, restore fluid
homeostasis, and maintain plasma concentrations of vasopressin and aldosterone [13,18,24]. As a
result, it prevented diuresis and maintained plasma and blood volume. This explains the lower urine
output observed in this study. In addition, glucose in the isotonic beverage also stimulated glucose and
solute absorption in the small intestine, thus increasing fluid absorption [13,25]. It has been reported
that the absorption of glucose at the jejunum is coupled with two sodium and 300 water molecules [26].
Therefore, more fluids can be absorbed in the isotonic beverage group. Water—which does not contain
any carbohydrate—limited the total solute absorption, and hence fluid delivery.

Furthermore, the carbohydrate and electrolyte contents in the isotonic beverage contribute to the
higher beverage osmolality. Higher osmolality will then stimulate more transport mechanisms, leading
to greater water absorption [27]. In addition, it has been reported that the fluid-regulating hormone,
arginine vasopressin (AVP) is sensitive to slight increases in plasma osmolality, and it fluctuates by
0.41 pmol/L per unit change in plasma osmolality. Therefore, it is likely that AVP was stimulated by
the elevation in serum osmolality in the isotonic beverage group, promoting the reabsorption of water
by the kidney and resulting in better fluid retention [18,28,29]. Furthermore, CH2O—a good estimation
of AVP responses—was lower with the isotonic beverage, resulting in lower urine output.

There was a larger amount of sodium and chloride excreted in the urine after drinking isotonic
beverage than drinking distilled water, with no difference in the total amount of potassium excreted.
This may be due to the contribution of sodium and chloride in the isotonic beverage. In addition, this
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higher electrolyte excretion may also explain the higher urine osmolality and urine specific gravity
after consumption of the isotonic beverage.

Each subject consumed the same amount of foods and drinks, and the environment was consistent
across the two groups; therefore, changes in body mass may be taken as a valid indicator of hydration
status in both groups. Acute changes in body mass over a short time period can be assumed to be due
to body water loss or gain, as no other body components can be lost at such a rate [7,8]. Therefore, it
can be said that more water was retained after isotonic beverage consumption. Nevertheless, the TBW
measured by BIAs did not show significant difference between distilled water and isotonic beverage.
This may be because BIA is a poor instrument to measure TBW and extracellular water (ECW) [30,31].

A urine specific gravity of ≤1.020, urine osmolality of ≤700 mOsm/kgH2O, urine volume of
approximately 100 mL/h, and body weight change of <1% are the indicators of euhydration [9,32,33].
The results after 8-h consumption of both distilled water and isotonic beverage showed that the
subjects were all well hydrated. Subjects were required to fully consume a fixed amount of beverages
with meals and were provided with additional volumes of beverage for ad-libitum consumption. This
suggests that continuous consumption of fluids is effective to achieve euhydration.

Salivary flow also increased by 15% from baseline after consumption of isotonic beverage. This
might be due to the presence of salt and sugar in the isotonic beverage, as saliva secretion can be
stimulated by taste [34]. The increase in salivary secretion may have some importance in people who
often suffer from dry mouth and reduced salivary flow. This may be of special relevance in the elderly,
who show decreased salivary flow. The presence of saliva in the oral cavity stimulates gustatory
receptors on the taste buds, and is essential for taste perception. Food particles need to be in solution
in order to stimulate taste receptor cells in the taste buds within the lingual papillae. Furthermore,
saliva facilitates speech, mastication, and swallowing [34,35]. This observation necessitates further
research to confirm the utility of isotonic beverages to facilitate salivary flow and enhance gustatory
stimulation in the elderly.

A statistically significant increase in blood pressure and decrease in heart rate was found in the
isotonic beverage group, but such difference might not be physiologically significant. Blood volume,
blood pressure, and heart rate are closely linked. Water intake can acutely reduce heart rate and
increase blood pressure in normotensive individuals, and this effect can last for up to 60 min [5,36].
Furthermore, Jormeus reported that the changes in blood pressure were the consequences of the
amount of water per se, and not due to the potential confounders such as changes in salt intake [37].
Therefore, the increase in blood pressure in the isotonic beverage group was likely due to the better
water retention and hydration status instead of the salt intake, and the slight changes in heart rate are
to balance the effect of normal fluctuations in blood volume on blood pressure [5].

There are some limitations in this study. Further research should be performed to evaluate the
rate of water loss in subjects living in air-conditioned environments. Secondly, 24 h urine needs to
be collected to evaluate the hydration status of the subjects throughout the entire day. Since this
study was conducted under constant temperature and humidity, it is impossible to extrapolate what
the results will be when the subjects are confined in varying temperature and humidity. Although
our results demonstrate the advantage of consuming isotonic beverage in certain circumstances, it
does not invalidate the possibility that hypertonic beverages may also have similar effects. The
independent effect that sucrose or electrolytes may have on hydration status separately needs to be
further investigated. Finally, the consumption of isotonic beverage through the entire day may increase
individuals’ sugar intake and desire for consuming sweet beverages.

5. Conclusions

In conclusion, in an indoor air-conditioned environment with minimal physical activity, the
consumption of isotonic beverage promoted fluid retention more than distilled water. Given the large
number of people working and residing indoors under air conditioning throughout the day, these
results suggest that the consumption of isotonic beverages may be more beneficial than water in
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order to stay hydrated and to maintain fluid balance. Though not the primary intention of our study,
the novel observation that salivary secretion was enhanced in those consuming isotonic beverages
indicates that especially in the elderly, the use of isotonic beverages may promote greater appreciation
of food due to the role salivary secretion plays in taste perception.

Acknowledgments: The authors thank Elaine Peh for help with data collection. The study was supported by
Singapore Institute for Clinical Sciences and F & N Interflavine Pte Ltd.

Author Contributions: C.J.H., P.C.S. and W.S.K.T. conceived and designed the experiments; P.C.S. and W.S.K.T.
performed the experiments; P.C.S. analyzed the data; P.C.S. and C.J.H. wrote the paper.

Conflicts of Interest: The authors declare no conflict of interest. The founding sponsors had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, and in the
decision to publish the results.

References

1. Seppanen, O.; Fisk, W.J.; Lei, Q. Effect of temperature on task performance in office environment.
In Proceedings of the 5th International Conference on Cold Climate Heating, Ventilating and Air
Conditioning, Moscow, Russia, 21–24 May 2006.

2. Yu, B.; Hu, Z.; Liu, M.; Yang, H.; Kong, Q.; Liu, Y. Review of research on air-conditioning systems and indoor
air quality control for human health. Int. J. Refrig. 2009, 32, 3–20. [CrossRef]

3. Sawka, M.N.; Cheuvront, S.N.; Carter, R. Human water needs. Nutr. Rev. 2005, 63, S30–S39. [CrossRef]
[PubMed]

4. Masento, N.A.; Golightly, M.; Field, D.T.; Butler, L.T.; van Reekum, C.M. Effects of hydration status on
cognitive performance and mood. Br. J. Nutr. 2014, 111, 1841–1852. [CrossRef] [PubMed]

5. Popkin, B.M.; D’Anci, K.E.; Rosenberg, I.H. Water, hydration, and health. Nutr. Rev. 2010, 68, 439–458.
[CrossRef] [PubMed]

6. Suhr, J.A.; Hall, J.; Patterson, S.M.; Niinistö, R.T. The relation of hydration status to cognitive performance in
healthy older adults. Int. J. Psychophysiol. 2004, 53, 121–125. [CrossRef] [PubMed]

7. Armstrong, L.E. Hydration assessment techniques. Nutr. Rev. 2005, 63, S40–S54. [CrossRef] [PubMed]
8. Shirreffs, S. Markers of hydration status. Eur. J. Clin. Nutr. 2003, 57, S6–S9. [CrossRef] [PubMed]
9. Kavouras, S.A. Assessing hydration status. Curr. Opin. Clin. Nutr. Metab. Care 2002, 5, 519–524. [CrossRef]

[PubMed]
10. Armstrong, L.E. Assessing hydration status: The elusive gold standard. J. Am. Coll. Nutr. 2007, 26, 575S–584S.

[CrossRef] [PubMed]
11. Shirreffs, S.M.; Maughan, R.J.; Maughan, R.; Murray, R. Water turnover and regulation of fluid balance.

In Sports Drink: Basic Science and Practical Aspects; CRC Press: Boca Raton, FL, USA, 2001; pp. 29–43.
12. Mettler, S.; Rusch, C.; Colombani, P.C. Osmolality and ph of sport and other drinks available in switzerland.

Schweiz.Z. Sportmed. Sporttraumatol. 2006, 54, 92–95.
13. Ray, M.L.; Bryan, M.W.; Ruden, T.M.; Baier, S.M.; Sharp, R.L.; King, D.S. Effect of sodium in a rehydration

beverage when consumed as a fluid or meal. J. Appl. Physiol. 1998, 85, 1329–1336. [PubMed]
14. Merson, S.J.; Maughan, R.J.; Shirreffs, S.M. Rehydration with drinks differing in sodium concentration

and recovery from moderate exercise-induced hypohydration in man. Eur. J. Appl. Physiol. 2008, 103, 585.
[CrossRef] [PubMed]

15. Lee, J.K.; Nio, A.Q.; Ang, W.H.; Law, L.Y.; Lim, C.L. Effects of ingesting a sports drink during exercise and
recovery on subsequent endurance capacity. Eur. J. Sport Sci. 2011, 11, 77–86. [CrossRef]

16. Snell, P.G.; Ward, R.; Kandaswami, C.; Stohs, S.J. Comparative effects of selected non-caffeinated rehydration
sports drinks on short-term performance following moderate dehydration. J. Int. Soc. Sports Nutr. 2010, 7, 28.
[CrossRef] [PubMed]

17. Osterberg, K.L.; Pallardy, S.E.; Johnson, R.J.; Horswill, C.A. Carbohydrate exerts a mild influence on fluid
retention following exercise-induced dehydration. J. Appl. Physiol. 2010, 108, 245–250. [CrossRef] [PubMed]

18. Evans, G.H.; Shirreffs, S.M.; Maughan, R.J. Postexercise rehydration in man: The effects of osmolality and
carbohydrate content of ingested drinks. Nutrition 2009, 25, 905–913. [CrossRef] [PubMed]

19. Shirreffs, S.M.; Merson, S.J.; Fraser, S.M.; Archer, D.T. The effects of fluid restriction on hydration status and
subjective feelings in man. Br. J. Nutr. 2004, 91, 951–958. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.ijrefrig.2008.05.004
http://dx.doi.org/10.1111/j.1753-4887.2005.tb00152.x
http://www.ncbi.nlm.nih.gov/pubmed/16028570
http://dx.doi.org/10.1017/S0007114513004455
http://www.ncbi.nlm.nih.gov/pubmed/24480458
http://dx.doi.org/10.1111/j.1753-4887.2010.00304.x
http://www.ncbi.nlm.nih.gov/pubmed/20646222
http://dx.doi.org/10.1016/j.ijpsycho.2004.03.003
http://www.ncbi.nlm.nih.gov/pubmed/15210289
http://dx.doi.org/10.1111/j.1753-4887.2005.tb00153.x
http://www.ncbi.nlm.nih.gov/pubmed/16028571
http://dx.doi.org/10.1038/sj.ejcn.1601895
http://www.ncbi.nlm.nih.gov/pubmed/14681707
http://dx.doi.org/10.1097/00075197-200209000-00010
http://www.ncbi.nlm.nih.gov/pubmed/12172475
http://dx.doi.org/10.1080/07315724.2007.10719661
http://www.ncbi.nlm.nih.gov/pubmed/17921468
http://www.ncbi.nlm.nih.gov/pubmed/9760324
http://dx.doi.org/10.1007/s00421-008-0748-0
http://www.ncbi.nlm.nih.gov/pubmed/18463891
http://dx.doi.org/10.1080/17461391.2010.487115
http://dx.doi.org/10.1186/1550-2783-7-28
http://www.ncbi.nlm.nih.gov/pubmed/20727213
http://dx.doi.org/10.1152/japplphysiol.91275.2008
http://www.ncbi.nlm.nih.gov/pubmed/19940093
http://dx.doi.org/10.1016/j.nut.2008.12.014
http://www.ncbi.nlm.nih.gov/pubmed/19487107
http://dx.doi.org/10.1079/BJN20041149
http://www.ncbi.nlm.nih.gov/pubmed/15182398


Nutrients 2017, 9, 242 10 of 10

20. James, L.J.; Shirreffs, S.M. Effect of electrolyte addition to rehydration drinks consumed after severe fluid
and energy restriction. J. Strength Cond. Res. 2015, 29, 521–527. [CrossRef] [PubMed]

21. Urbaniak, G.C.; Plous, S. Research Randomizer. Available online: https://www.randomizer.org/ (accessed
on 10 March 2015).

22. Dill, D.; Costill, D.L. Calculation of percentage changes in volumes of blood, plasma, and red cells in
dehydration. J. Appl. Physiol. 1974, 37, 247–248. [PubMed]

23. Armstrong, L.E.; Maresh, C.M.; Castellani, J.W.; Bergeron, M.F.; Kenefick, R.W.; LaGasse, K.E.; Riebe, D.
Urinary indices of hydration status. Int. J. Sport Nutr. 1994, 4, 265–279. [CrossRef] [PubMed]

24. Maughan, R.; Owen, J.; Shirreffs, S.; Leiper, J. Post-exercise rehydration in man: Effects of electrolyte addition
to ingested fluids. Eur. J. Appl. Physiol. Occup. Physiol. 1994, 69, 209–215. [CrossRef] [PubMed]

25. Lambert, G.; Chang, R.; Xia, T.; Summers, R.; Gisolfi, C. Absorption from different intestinal segments during
exercise. J. Appl. Physiol. 1997, 83, 204–212. [PubMed]

26. Loo, D.D.; Zeuthen, T.; Chandy, G.; Wright, E.M. Cotransport of water by the Na+/glucose cotransporter.
Proc. Natl. Acad. Sci. USA 1996, 93, 13367–13370. [CrossRef] [PubMed]

27. Shi, X.; Summers, R.W.; Schedl, H.P.; Flanagan, S.W.; Chang, R.; Gisolfi, C.V. Effects of carbohydrate type
and concentration and solution osmolality on water absorption. Med. Sci. Sports Exerc. 1995, 27, 1607–1615.
[CrossRef] [PubMed]

28. Eisenhofer, G.; Johnson, R.H. Effect of ethanol ingestion on plasma vasopressin and water balance in humans.
Am. J. Physiol. Regul. Integr. Comp. Physiol. 1982, 242, R522–R527.

29. Stachenfeld, N.S. Hormonal changes during menopause and the impact on fluid regulation. Reprod. Sci.
2014, 21, 555–561. [CrossRef] [PubMed]

30. O’brien, C.; Young, A.; Sawka, M. Bioelectrical impedance to estimate changes in hydration status. Int. J.
Sports Med. 2002, 23, 361–366. [CrossRef] [PubMed]

31. Asselin, M.-C.; Kriemler, S.; Chettle, D.R.; Webber, C.E.; Bar-Or, O.; McNeill, F.E. Hydration status assessed
by multi-frequency bioimpedance analysis. Appl. Radiat. Isot. 1998, 49, 495–497. [CrossRef]

32. Bardosono, S.; Ilyas, E. Health, nutrition and hydration status of indonesian workers: A preliminary study
in two different environmental settings. Med. J. Indones. 2014, 23, 112–116. [CrossRef]

33. Miller, V.; Bates, G. Hydration of outdoor workers in north-west australia. J. Occup. Health Saf. Aust. N. Z.
2007, 23, 79.

34. Pedersen, A.; Bardow, A.; Jensen, S.B.; Nauntofte, B. Saliva and gastrointestinal functions of taste, mastication,
swallowing and digestion. Oral Dis. 2002, 8, 117–129. [CrossRef] [PubMed]

35. Turner, M.D.; Ship, J.A. Dry mouth and its effects on the oral health of elderly people. J. Am. Dent. Assoc.
2007, 138, S15–S20. [CrossRef]

36. Callegaro, C.; Moraes, R.; Negrao, C.; Trombetta, I.; Rondon, M.; Teixeira, M.; Silva, S.; Ferlin, E.; Krieger, E.;
Ribeiro, J. Acute water ingestion increases arterial blood pressure in hypertensive and normotensive subjects.
J. Hum. Hypertens. 2007, 21, 564–570. [CrossRef] [PubMed]

37. Jormeus, A.; Karlsson, S.; Dahlgren, C.; Lindström, T.; Nystrom, F.H. Doubling of water intake increases
daytime blood pressure and reduces vertigo in healthy subjects. Clin. Exp. Hypertens. 2010, 32, 439–443.
[CrossRef] [PubMed]

© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1519/JSC.0000000000000657
http://www.ncbi.nlm.nih.gov/pubmed/25162651
https://www.randomizer.org/
http://www.ncbi.nlm.nih.gov/pubmed/4850854
http://dx.doi.org/10.1123/ijsn.4.3.265
http://www.ncbi.nlm.nih.gov/pubmed/7987361
http://dx.doi.org/10.1007/BF01094790
http://www.ncbi.nlm.nih.gov/pubmed/8001531
http://www.ncbi.nlm.nih.gov/pubmed/9216965
http://dx.doi.org/10.1073/pnas.93.23.13367
http://www.ncbi.nlm.nih.gov/pubmed/8917597
http://dx.doi.org/10.1249/00005768-199512000-00005
http://www.ncbi.nlm.nih.gov/pubmed/8614315
http://dx.doi.org/10.1177/1933719113518992
http://www.ncbi.nlm.nih.gov/pubmed/24492487
http://dx.doi.org/10.1055/s-2002-33145
http://www.ncbi.nlm.nih.gov/pubmed/12165888
http://dx.doi.org/10.1016/S0969-8043(97)00179-6
http://dx.doi.org/10.13181/mji.v23i2.993
http://dx.doi.org/10.1034/j.1601-0825.2002.02851.x
http://www.ncbi.nlm.nih.gov/pubmed/12108756
http://dx.doi.org/10.14219/jada.archive.2007.0358
http://dx.doi.org/10.1038/sj.jhh.1002188
http://www.ncbi.nlm.nih.gov/pubmed/17344908
http://dx.doi.org/10.3109/10641961003686450
http://www.ncbi.nlm.nih.gov/pubmed/20860537
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Participants 
	Pre-Trial Standardisation 
	Study Design 
	Study Meals 
	Urine, Blood, and Saliva Biomarkers 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 

