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Abstract: Dehydration is common among elderly people. The aim of this study was to
perform validation analysis of a geriatric dehydration-screening tool (DST) in the
assessment of hydration status in elderly people. This tool was based on the DST proposed
by Vivanti ef al., which is composed by 11 items (four physical signs of dehydration and
seven questions about thirst sensation, pain and mobility), with four questions extra about
drinking habits. The resulting questionnaire was evaluated in a convenience sample
comprising institutionalized (n = 29) and community-dwelling (n = 74) elderly people.
Urinary parameters were assessed (24-h urine osmolality and volume) and free water
reserve (FWR) was calculated. Exploratory factor analysis was used to evaluate the scale’s
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dimensionality and Cronbach’s alpha was used to measure the reliability of each subscale.
Construct’s validity was tested using linear regression to estimate the association between
scores in each dimension and urinary parameters. Two factors emerged from factor
analysis, which were named “Hydration Score” and “Pain Score”, and both subscales
showed acceptable reliabilities. The “Hydration Score” was negatively associated with 24-h
urine osmolality in community-dwelling; and the “Pain Score” was negatively associated
with 24-h urine osmolality, and positively associated with 24-h urine volume and FWR in
institutionalized elderly people.

Keywords: dehydration screening tool; hydration; elderly; institutionalized;
community-dwelling

1. Introduction

Dehydration is a common condition among elderly people being considered a precipitating factor
for a number of acute medical conditions. Although it is not clear if there is any causal relationship,
there is an association between a low usual fluid intake and some chronic diseases, including urolithiasis,
constipation, asthma, cardiovascular disease, diabetic hyperglycemia, and some cancers [1]. In elderly
people, dehydration may also precipitate impaired cognitive function, falling, renal failure, pressure
ulcers, and poor control of hyperglycemia in diabetes [2]. The risk of infection in elderly individuals
has also been linked to poor fluid status [1].

In residential care, dehydration has been proposed as an indicator of the quality of care [3].
Considering that prevention of dehydration may improve health, functional status and quality of
life [4], the development of a practical dehydration screening method that could be applied by
caregivers without specific clinical skills, would be important to identify older people at risk and
prioritize resources for diagnosis and treatment [5].

The most accepted method for dehydration’s diagnosis is the assessment of body fluid loss by
weight change, but this has limitations such as the need of two measurements taken over two time
points, which precludes the immediate assessment. Other methods have been used to characterize
hydration status. Despite plasma osmolality is considered a good marker to assess acute hydration
changes, it is not adequate to assess chronic hydration status because it changes constantly [6].
Bioelectrical impedance analysis enables the determination of total body water content and is an easy
and quick method, but it is affected by numerous conditions [7] and, despite that it may be useful to
assess and monitor hydration status in long-term care facilities [8], its use in epidemiological studies is
still under debate [6]. Urinary parameters have been described as valid indices of hydration status in
large populations studies [6,7] and the physiologically based concept called “Free Water Reserve” has
been used to describe the 24-h hydration status [9]. Collection of urine samples is noninvasive and
cheap, and urinary marker measurements can be carried out quickly and do not require high technical
expertise [6]. However, these methods are a poor practical option in hydration assessment amongst
older people at an individual level, due to the costs associated with urine analysis and also because
mobility impairment, which is common in this age group, also limits the collection of complete urine
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samples. Given these limitations, other means to assess dehydration in non-clinical settings are required
and physical signs are mentioned as a preferable assessment strategy [3]. Vivanti et al. (2010) [5]
studied a large number of potential screening parameters to assess hydration status in hospitalized
elderly people, resulting in a dehydration screening tool (DST) composed by the most promising
11 items, which were tested in an independent sample. Their results showed that tongue dryness was
the most strongly associated with poor hydration status in hospitalized elderly people.

Considering the importance of preventing dehydration among elderly people, the existence of a
screening tool to assess hydration status in a non-clinical setting would be very helpful to enable early
intervention. Thus, the main aim of this study was to perform validation analysis of a new geriatric
DST in the assessment of hydration status in community-dwelling and institutionalized elderly people.

2. Experimental Section
2.1. Study Design and Sample

An observational, analytic, cross-sectional design was used in the present study. General data
collection was undertaken between November 2012 and June 2013. All subjects gave their informed
consent for inclusion before they participated in the study. The study was conducted in accordance
with the Declaration of Helsinki, and the protocol was approved by the Ethics Committee of Hospital
Center Lisbon-North/Faculty of Medicine, University of Lisbon, and University of Porto
(Authorization n° 10ICEIIP12012).

This study enrolled two Portuguese elderly populations: community-dwelling (those who live in
their own homes) and institutionalized elderly people (living in long-term care residences or attending
day centers), selected on the basis of convenience sampling. The first group involved elderly adults
participating in a Physical Activity (PA) Program from the Faculty of Sport of University of Porto,
Porto. All these community-dwelling individuals were responsible for preparing their meals.
The institutionalized individuals were recruited in five elderly care centers from the same geographical
area. The institutions provided all the daily diet of the study participants.

Sixty-year or older subjects attending the physical activity class during our first visit to the
Faculty of Sport of University of Porto and who were at the target elderly care centers were invited to
enroll this study. The institutionalized individuals were included if they were institutionalized for
at least 30 days.

Details about the study were verbally explained to the participants, including why the research was
being conducted, what the study involved, the methods and procedures employed, and the contact
details for any necessary support. Subjects were also informed that participation was voluntary and that
they were able to withdraw at any time. After the explanation, written consent was obtained from
all participants.

Exclusion criteria were the administration of diuretics, due to their impact on urine output [10,11];
the presence of cognitive impairment (assessed by MMSE score) [12,13], due to the inability to complete
the interviews; and incomplete 24-h urine samples, which were assessed for completeness using creatinine
excretion in relation to weight (i.e., creatinine excretion = creatinine (mg/day)/body weight (kg)).
Creatinine coefficients of 14.4 to 33.6 in men and 10.8 to 25.2 in women were classified as indicating
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an acceptable 24-h urine collection [14]. The cutoff values of MMSE score for Portuguese people were
used to exclude subjects with cognitive impairment: less than 22 points (02 years of schooling),
24 points (3—6 years of schooling) and 27 points (7 or more years of schooling) were excluded due to
cognitive deficit [12,13].

A total of 113 community-dwelling and 72 institutionalized elderly subjects were screened,
although 39 and 43, respectively, community-dwelling and institutionalized, were excluded according
to exclusion criteria. Thus, the final sample consisted of 103 elderly individuals (28.2% institutionalized)
(Figure 1), who completed the DST and the urine collection.

nﬂ institutionalized subjects were excludeh

due to:

- Incomplete 24-h urine samples (22)
- Use of diuretics (26)

- Cognitive impairment (7)
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Figure 1. Flow chart of study sample and exclusion criteria.
2.2. Data Collection

A trained interviewer collected information on socio-demographic (age, sex, and education level)
and clinical data (use of drugs and previously diagnosed health conditions). For the analysis, subjects
were classified into two age groups (6079 years and 80 years or over), according to Vivanti et al.
(2007) [15]. Regarding education, subjects were grouped into two categories according education
attainment: no schooling (including individuals with less than primary education level) or at least
primary education level.

Body weight and height were assessed according to standard procedures [16]. Body mass index
(BMI) was estimated, and participants were classified according to WHO BMI reference values [17];
for the analysis, BMI was recoded into the following two categories: <27.0 or >27.0 kg/m?, according to
the conclusion of the WHO report that the most favorable BMI for adults 60 years or older are
21.0-27.0 kg/m? for men and 23.0-27.0 kg/m? for women [18].
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Considering the impact of alcohol in hydration status [19,20], a 24-h dietary recall was performed
parallel to the urine collection. The recalls were obtained through face-to-face interviews and
complementary use of photographic models [21]. Data from dietary recalls were processed using the
software Food Processor Plus® 10.0 (ESHA Research, Salem, OR, USA). Nutritional data about
Portuguese foods and beverages were obtained from the Portuguese Food Composition Table [22] and
added to the software’s basis, and alcohol beverages and alcohol (ethanol) daily intake were estimated.

2.3. Urine Collection and Hydration Markers

Participants received oral and written explanations on the urine collection, being instructed to
collect a 24-h urine sample. All subjects were instructed to avoid several common errors that lead to
omission of a small part of the specimen, to maintain their eating and drinking habits during the urine
collection period, and to keep the urine refrigerated. At the end of the collection, completeness was
assessed through a non-judgmental interview.

Urine samples were analyzed for 24-h creatinine (mg/day), and urine hydration markers, namely
24-h urine volume (mL), and 24-h urine osmolality (UOSM, mOsm/kg) [6,23]. All analyzes were
performed in a certified laboratory. Renal solute excretion was calculated from 24-h urine volume and
osmolality. The results were stratified by sex, due to the recognized variability between men and
women in urinary parameters [9].

Hydration status was also characterized by free water reserve (FWR), which was calculated from
measured urine volume (mL/24-h) minus the obligatory urine volume (mL/24-h)] [9]. Obligatory volume
is the ideal urine volume to excrete the actual 24-h urine solutes at the mean—2 standard deviation value
of maximum UOSM (subjects > 20 years = 830 — 3.4 (age — 20) mOsm/kg) [24,25]. Subjects were
classified as hypohydrated if FWR was negative and euhydrated if it was positive [9,24,25].

2.4. Dehydration Screening Tool

The geriatric DST in this study was developed based on the Vivanti et al. (2010) [5] previous
questionnaire and a set of four questions regarding the drinking habits and the level of carefulness
about hydration status was added.

The tool developed by Vivanti et al. (2010) [5] includes four physical signs of dehydration (drop on
systolic blood pressure, tongue dryness, skin turgor and body weight) and seven items about thirst
sensation, pain and mobility, which were found to be associated with hydration status in hospitalized
elderly people by Vivanti et al. (2010) [5]. In the study of the potential factors associated with
dehydration in older adults, Vivanti (2007) [15] included questions about pain and mobility due to the
reported evidence in the literature of a possible association with dehydration. The results of that study
showed that the dehydrated individuals were more likely to indicate they never had difficulties with
pain and mobility, when compared to the well hydrated.

The DST, originally written in English, was translated into Portuguese by three health researchers.
This Portuguese version was back-translated into English by an independent native English speaker
and was compared with the original version to ensure equivalence between the two versions.
Discrepancies were decided by unanimous agreement. Therefore, the instrument was tested in small
pilot sample of elderly subjects (n = 10) to evaluate its comprehension.
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This instrument was applied in both elderly groups, shortly after the collection of urine samples.
It required the measurement of blood pressure, which was performed using a standardized automated
sphygmomanometer (OMRON® M6 Comfort HEM-7000-E). Systolic blood pressure was measured in
the sitting position and after two minutes while standing. The drop in systolic blood pressure on
standing was considered to be significant if it was at least 20 mmHg. Skin turgor was assessed
pinching the skin on the dorsum of the hand and recording the seconds elapsed for tissue fold to return
to normal. If it had elapsed two seconds or more, skin was considered to present a poor turgor.

A set of four questions regarding the habits of drinking water or other beverages at meals
(“Do you like to drink water?”’; “Do you usually drink at meals?”’; and “If you have several beverages
available, do you usually choose water?”), and the level of carefulness about hydration status
(“Are you concerned about being well hydrated?”’), was added to the original scale of eleven items
from Vivanti et al. [5] and the resulting final scale comprised fifteen dichotomous items (yes or no).
The responses to the items were codified using the criteria of Vivanti (2007) [15]: 1 point was assigned
to items that described the absence of a characteristic or symptom related to dehydration (and no points
if the characteristic or symptom was present). Only item 3, which was initially codified in the opposite
direction of the other items according to the results of Vivanti (2007) [15], was recodified in our
analysis because the answers were in the same direction of the others. The items whose factor loadings
were above 0.4 were selected to estimate a total score for each subscale after factorial analysis [26].

2.5. Statistical Analysis

Descriptive statistics were used to present demographic characteristics. Continuous variables
(age, weight, height and BMI) were described as mean and standard deviation, and categorical
variables (sex and education level) were summarized as counts and percentages. Shapiro-Wilk test was
performed to test variables for normality. Continuous variables were compared between the
institutionalized and non-institutionalized samples using t-test for independent samples, when data
were normally distributed, and Mann-Whitney U test, if data were not normally distributed.
Categorical dichotomous variables were tested using the Chi-square test.

Exploratory factor analysis for dichotomous variables (latent trait models) was performed to make
the decision about the items that significantly contributed to the scale. Extraction method for
exploratory factor analysis was the robust weighted least squares. The factors are the correlated under
oblique geomin rotation. The items whose factor loadings were above 0.4 were selected and the
reliability of the resulting construct was assessed using Cronbach’s Alpha, in the overall sample.
Reliabilities of 0.5 are satisfactory for short dichotomous scales (10—15 items) [27].

Linear regression was used to estimate the association between the construct and the urinary
parameters, in institutionalized and community-dwelling elderly people. Analysis included a crude
model—Model 1, and an adjusted model-—Model 2, adjusted for age and sex.

Statistical analysis was conducted using SPSS Statistical Package® 21.0 (IBM Corporation, 2012,
Armonk, NY, USA). Factorial analysis for dichotomous variables was performed using the software R
3.0.1, and specifically the Itm package. A p-value < 0.05 was considered to indicate statistical significance.
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3. Results and Discussion

This study enrolled 103 elderly individuals (28.2% institutionalized) aged 60-94 years old
(73.7 £ 8.4 years). Socio-demographic data presented in Table 1 showed that the institutionalized
elderly individuals were significantly older than the community-dwellers (82.5 + 7.2 vs. 70.2 + 6.0 years,
p <0.001). Women were in higher proportion both in institutionalized (55.2%) and community-dwelling
elderly subjects (62.2%). Community-dwelling participants reported a higher education attainment, being
41.9% classified with middle school or higher level, compared to 30.0% in the institutionalized group.

Table 1. Participants characteristics.

Institutionalized Community-Dwelling Total
Characteristics p-value
(n=29) (n=174) (n=103)
Age (years), mean = SD 82.5+7.2 70.2 £6.0 <0.001 * 73.7+8.4
60-79 years 8 (27.6%) 67 (90.5%) <0.001 % 75 (72.8%)
>80 years 21 (72.4%) 7 (9.5%) -- 28 (27.2%)
Sex, n (%)
Male 13 (44.8%) 28 (37.8%) 0.515+% 41 (39.8%)
Female 16 (55.2%) 46 (62.2%) 62 (60.2%)
Score MMSE, median (range) 24 (22, 29) 29 (22, 30) <0.001 " 28 (22, 30)
Education level, n (%)
No schooling 14 (48.3%) 14 (18.9%) 0.002 # 28 (27.2%)
Primary school 15 (51.7%) 29 (39.2%) -- 44 (42.7%)
Middle school 0 (0.0%) 19 (25.7%) -- 19 (18.4%)
Secondary school 0 (0.0%) 6 (8.1%) -- 6 (5.8%)
Higher school 0 (0.0%) 6 (8.1%) -- 6 (5.8%)
BMI (kg/m?), mean + SD 27.8+4.0 27.1+3.7 04107 273+3.8
Underweight (<18.5 kg/m?) 1 (3.4%) 2 (2.7%) 0.644 * 3 (2.9%)
Normal weight (18.5-24.9 kg/m?) 4 (13.8%) 18 (24.3%) -- 22 (21.4%)
Overweight (25.0-29.9 kg/m?) 15 (51.7%) 37 (50.0%) -- 52 (50.5%)
Obesity (=30 kg/m?) 9 (31.0%) 17 (23.0%) -- 26 (25.2%)
Total number of drugs, median (range) 6 (1, 14) 3(0,8) <0.001 " 3(0, 14)
Health condition, n (%)
Hypertension 23 (79.3%) 39 (52.7%) 0.010% 62 (60.2%)
Dyslipidemias 10 (34.5%) 37 (50.5%) 0.123 % 47 (45.6%)
Arthritis 4 (13.8%) 3 (4.1%) 0.075* 7 (6.8%)
Diabetes mellitus 9 (31.0%) 10 (13.5%) 0.037 % 19 (18.4%)
Renal impairment 0 (0.0%) 4 (5.4%) 0.206 * 4 (3.9%)
Alcoholic beverages consumption, 7 (%) 4 (13.8%) 28 (37.8%) 0.014+% 32 (31.1%)
24-h wine consumption (mL), median (range) 8 175 (100, 300) 225 (40, 1250) 0.931" 200 (40, 1250)
24-h alcohol intake (g), median (range) $ 16.1 (9.2, 27.6) 20.7 (3.7, 115.0) 0.934" 18.4(3.7,115.0)

* Mann-Whitney U test; T T-test for independent samples; ¥ Chi-square test; $ 24-h volume of alcoholic
beverages consumed and alcohol intake among drinkers; BMI—Body mass index.
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Anthropometric evaluation showed a similar distribution of BMI categories amongst the
institutionalized and the community-dwelling elderly group. The analysis of health condition data
(Table 1) showed that the institutionalized elderly people took a significantly higher number of
prescription drugs than the community-dwelling subjects (6.6 = 2.9 vs. 3.0 =+ 1.9, p < 0.001) and
showed a higher prevalence of hypertension (79.3% vs. 52.7%, p = 0.010) and diabetes mellitus
(31.0% vs. 13.5%, p=0.037).

Significantly more community-dwellers consumed alcoholic beverages than the institutionalized
elders (13.8% vs. 37.8%, p = 0.014). The only beverage consumed was wine and the mean 24-h
consumption was not different between institutionalized and community-dwelling elderly people who
commonly consumed alcoholic beverages.

Analysis of urine biomarkers is presented in Table 2. The 24-h UOSM and the 24-h urine volume
did not differ significantly between institutionalized and community-dwelling elderly women.
However, community-dwelling men showed a significantly higher 24-h urine volume (1835 mL vs.
1750 mL, p = 0.049 and a significantly lower 24-h UOSM (414 mOsm/kg vs. 564mOsm/kg, p = 0.015)
than the institutionalized men. FWR was also significantly higher in community-dwelling than in
institutionalized elderly men (780 mL/24h vs. 134 mL/24h, p < 0.001). Community-dwelling and
institutionalized participants showed similar renal solute excretion.

Table 2. Urinary parameters of institutionalized and community-dwelling elderly people by sex.

Urinary Parameters Institutionalized Community-dwelling p-value Total
(n=29) (n=174) (n=103)
Males
24-h urine volume, mL 1750 (800, 2100) 1835 (650, 3300) 0.049 " 1790 (650, 3300)
24-h UOSM, mOsm/kg 564 (391, 781) 414 (225, 768) 0.0157 462 (225, 781)

Renal solute excretion, mOsm/24-h 880 (586, 1562) 801 (499, 1262) 0.195" 865 (499, 1562)
Free Water Reserve, mL/24-h 134 (-537,595) 780 (~157,1823)  <0.001* 461 (-537, 1823)

Females
24-h urine volume, mL 1450 (750, 2800) 1750 (760, 3450) 0.927 " 1625 (750, 3450)
24-h UOSM, mOsm/kg 380 (272, 620) 377 (84, 799) 0.129 " 377 (84, 799)
Renal solute excretion, mOsm/24-h 623 (257, 1056) 619 (260, 1073) 0.300 " 621 (257, 1073)
Free Water Reserve, mL/24-h 621 (—1,1184) 720 (207, 2706) 0.147* 706 (—207, 2706)

Values are expressed as median (range); * #-test for independent samples; ¥ Mann-Whitney U test;
UOSM—Urine osmolality.

Factor analysis of the fifteen items led to the exclusion of four items related to physical signs of
dehydration (drop on systolic blood pressure on standing, tongue dryness, reduced skin turgor and
reduced body weight), which presented very low factorial loadings. The factor analysis of the resulting
eleven items (Table 3), showed the existence of two distinct factors, which were named “Pain Score”
and “Hydration Score”.
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Table 3. Factor analysis of the items considered in the Dehydration Screening Tool (DST).

Dehydration Screening Tool (DST) Items Pain Score Hydration
(Factor 1)  Score (Factor 2)
1—Do you ever feel thirsty? 0.383 0.539
2—Did you feel thirsty yesterday? 0.386 0.504
3—Do you have difficulty moving your shoulders, arms or hands? —0.851 —0.007
4— In the past 2 weeks, did pain interfere with your daily activities? 0.987 0.161
5—1In the past 2 weeks did you have problems with pain of any kind? 0.785 0.044
6—1In the last 2 weeks, did you drop something? 0.466 0.037
7—How many times have you had a headache in the past week? 0.569 0.278
8—Do you like to drink water? 0.058 —0.685
9—Do you usually drink at meals? 0.064 —0.189
10—If you have several beverages available, do you usually choose water? 0.038 —-0.585
11—Are you concerned about being well hydrated? 0.197 -0.927

The “Pain Score” showed a Cronbach’s Alpha of 0.66. The following five items composed this
factor: (a) “Do you have difficulty moving your shoulders, arms or hands?”’; (b) “In the past 2 weeks,
did pain interfere with your daily activities?”’; (c) “In the past 2 weeks, did you have problems with
pain of any kind?”; (d) “In the past 2 weeks, did you drop something?”’; and (e) “How many times
have you had a headache in the past week?”.

Regarding the “Hydration Score”, it was composed by five items, all of them being potential
indicators of a good hydration status: (a) “Do you ever feel thirsty?”; (b) “Did you feel thirsty
yesterday?”’; (¢) “Do you like to drink water?”; (d) “If you have several beverages available, do you
usually choose water?”; and (e) “Are you concerned about being well hydrated?”. This factor also
showed a good reliability, since it showed a Cronbach’s Alpha of 0.58. One item was excluded from
both scores (“Do you usually drink at meals?”’) since it showed a loading below 0.4 for the two factors.

3.1. “Pain Score”, “Hydration Score” and Urinary Parameters

The mean total values of each factor (“Hydration Score” and “Pain Score”) are shown in Table 4.
Results showed significant differences between institutionalized and community-dwelling elderly, with
institutionalized subjects showing higher scores. The older group (>80 years) also showed higher
“Hydration Score” and “Pain Score” than the younger group. Women showed significantly higher
“Pain Score” than men (2 vs. 1, p < 0.001), but there were no significant differences between sexes in
what concerns to “Hydration Score”. “Hydration Score” and “Pain Score” were not significantly
different between groups with different education levels and BMI.

The associations between urinary parameters and both the “Pain Score” and the “Hydration Score”
are shown in Table 5. Results are presented in institutionalized and community-dwelling elderly,
considering that significant differences were found in urinary parameters between these groups.

In the total sample, none of the urinary parameters was significantly associated with “Pain Score” or
“Hydration Score”. In the institutionalized elderly group, 24-h urine volume was significantly and
positively associated with “Pain Score” (+*= 0.17, p = 0.026), while 24-h UOSM was significantly and
negatively associated with “Pain Score” (> = 0.25, p = 0.006). FWR was also positively associated
with “Pain Score” in institutionalized elderly people (*= 0.32, p = 0.002). When adjusted for age and
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gender (Model 2), the associations remained significant for 24-h urine volume (#*= 0.24, p = 0.011)

and FWR (> = 046, p =

UOSM (2= 0.46, p = 0.051).

0.012), and lost the significance in what concerns to 24-h

Table 4. “Hydration Score” and “Pain Score” according to socio-demographic variables.

Socio-Demographic Variables n

Hydration Score p-value *

Pain Score p-value

Settings
Institutionalized 29 3(0,5) 3(0,5)
.01 .
Community-dwelling 74 2(0,5) 0.013 1(0,5) 0.003
Age
60-79 years 75 2(0,5) 1(0,5)
> 80 years 28 3(0,5) 0.010 3(0,5) 0.016
Sex
Male 41 2(0, 5) 1(0,4)
Female 62 2(0,5) 0989 L5 000
Education level
No schooling 28 3(0,5) 2(0,5)
11 .14
At least primary level 75 2(0,5) 0.115 1(0,5) 0.145
BMI
<27.0 kg/m’ 52 2(0,5) 1(0,5)
>27.0 kg/m? 51 2(0, 5) 0.793 1(0, 5) 0.774

Values are expressed as median (range); * Mann-Whitney U test; BMI—Body mass index.

Table 5. Relation of “Pain Score” and “Hydration Score” with urinary parameters.

24-h Urine Volume (mL)

Total Sample (» = 103) Institutionalized (n = 29)

Community-Dwelling (n = 74)

B (95% CI) p value B (95% CI) p value B (95% CI) p value
Model 1 *
Pain Score —5.0 (—88.1, 78.2) 0.906 124.0 (15.7,232.3) 0.026 —32.7 (-146.7, 81.2) 0.569
Hydration Score 61.9 (—39.1, 162.8) 0.227 69.4 (—60.3, 199.1) 0.282 123.8 (-20.9, 268.4) 0.092
Model 2
Pain Score 25.1 (—65.9, 116.1) 0.060 155.6 (39.6, 271.6) 0.011 —11.4(—138.4, 115.6) 0.858
Hydration Score ~ 69.5 (=31.5, —170.5) 0.135 75.9 (-62.5,214.2) 0.270 119.8 (—26.7, 266.3) 0.107

24-h Urine Osmolality (mOsm/kg)

Total Sample (» = 103) Institutionalized (n = 29)

Community-dwelling (n = 74)

B (95% CI) p value B (95% CI) p value B (95% CI) p value
Model 1 *
Pain Score —13.0(-33.4,7.4) 0.208 —459(-77.2,-14.6)  0.006 —6.0 (—32.8, 20.8) 0.658
Hydration Score —19.3 (—44.1, 5.5) 0.126 —15.4(-55.3,24.4) 0.435 —37.4(-70.9, -3.8) 0.029
Model 2
Pain Score —1.1(-22.9, 20.7) 0.921 —29.6 (—59.4,0.1) 0.051 1.3 (-27.2,29.7) 0.929
Hydration Score —19.6 (—43.7,4.5) 0.109 —10.3 (—44.5, 23.8) 0.539 —40.9 (=72.9, —9.0) 0.013

Free Water Reserve (mL/24-h)

Total Sample (n = 103) Institutionalized (n = 29)

Community-dwelling (n = 74)

B (95% CI) p value B (95% CI) p value B (95% CI) p value
Model 1 *
Pain Score 17.4 (—62.8,97.7) 0.668 144.6 (60.4, 228.8) 0.002 11.2 (-98.0, 120.5) 0.838
Hydration Score 67.0 (-30.3, 164.4) 0.175 72.2 (-37.7, 182.0) 0.189 154.7 (18.3,291.1) 0.027
Model 2 ¥
Pain Score 7.5(=79.0,93.9) 0.864 110.1 (26.6, 193.6) 0.012 -1.3 (-122.9, 120.3) 0.983
Hydration Score 79.6 (—15.8, 175.0) 0.101 45.8 (—=54.1, 145.7) 0.354 160.8 (23.1,298.4) 0.023

* Unadjusted model; ¥ Adjusted for age (years) and gender; CI—Confidence interval.
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In community-dwelling subjects, none of the urinary indicators of hydration status was significantly
associated with the “Pain Score”. However, in this group, 24-h UOSM was significantly associated
with the “Hydration Score”, both in the unadjusted (+*= 0.06, p = 0.029) and in the adjusted model
(*=0.18, p = 0.013). The 24-h urine volume did not show significant association with “Hydration
Score” (p = 0.107) among community-dwelling elderly people, but FWR was positively associated
with “Hydration Score” both in the unadjusted (#* = 0.07, p = 0.027) and in the adjusted (+* = 0.08,
p =0.023) models.

Table 6 shows that only six institutionalized and six community-dwelling elderly subjects were
hypohydrated and that there were no significant differences in “Pain Score” and “Hydration Score”
between euhydrated and hypohydrated subjects. However, among institutionalized subjects, those with
“Pain Score” <4 showed a significantly lower FWR, when compared with those with “Pain Score” >4
(244.2 £ 358.1 vs. 765.6 = 343.8 mL/24-h, p = 0.002). Moreover, community-dwelling subjects with
“Hydration Score” <3 showed a significantly lower FWR when compared with those with “Hydration
Score > 3 (1004.9 + 604.4 vs. 673.9 + 613.6, p = 0.031).

Table 6. “Pain Score” and “Hydration Score” in euhydrated and hypohydrated elderly people.

Scores Euhydrated Hypohydrated p-value

Total Sample, n 91 12 --
Pain Score 1(0,5) 1(0,3) 0.280 F
Hydration Score 2(0,5) 2(0,5) 0.290

Institutionalized, n 23 6 -
Pain Score 3(0,5) 1.5 (0, 3) 0.065 *
Hydration Score 3(0,5) 2.5(0,5) 0.670

Community-dwelling, n 68 6 --
Pain Score 1 (0, 5) 1(0,3) 0.623 1
Hydration Score 2(0,5) 1.5(1,2) 0.065

Values are expressed as median (range); * ¢-test for independent samples; " Mann-Whitney U test.
3.2. Discussion

The main achievement of this study was the contribution to the development of a new DST that
could be used in the identification of elders at greater risk of dehydration both in institutionalized and
in community-dwelling populations. Two factors emerged in the validation analysis, which were called
“Hydration Score”, consisting of five questions about thirst sensation and preferences related to fluid
consumption, and “Pain Score”, consisting of five items about mobility and pain. These 10 questions
were considered in the new DST. Although Cronbach’s alpha should be higher than 0.70, considering
the relatively small number of items in each subscale and the sample size, the reliability of both scores
was considered to be acceptable because, according to Kehoe (1995) [27], reliabilities of 0.5 are
satisfactory for short dichotomous scales. The reliability and validity were tested in the overall sample
and not among subpopulations since our main objective was to create and test a tool able to measure
hydration status in elderly individuals regardless their age, other socio-demographic characteristics or
living conditions. In our view, the dehydration construct does not vary between elderly groups, while
the intensity of the dehydration is expected to be different among subgroups. Therefore we opted
to include a relatively heterogeneous sample of 103 elderly individuals, aged 60-94 years,
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with approximately one third institutionalized. However, the resulting constructs did not show
association with urinary parameters in the total sample. Considering the existence of two different
sub-populations, analysis was performed to ascertain the existence of associations in each sub-sample,
adjusting for age and gender to eliminate the possible confound effect of these variables.

The two resulting scores showed different associations with urinary parameters in both elderly
populations. The “Hydration Score” did not show any association with urinary parameters in
institutionalized elderly people, while in the community-dwellers, it showed a negative association
with the 24-h urine osmolality (18% of the variance being explained by the adjusted model) and a
positive weak association with FWR (the adjusted model explained only 8% of the variance),
which suggests that “Hydration Score” may have an association with hydration status in
community-dwellers, but not in institutionalized elderly people. The questions composing this score
are mainly related to water intake and do not consider the consumption of other beverages, particularly
the alcoholic beverages, which were consumed by 37.8% of community-dwellers (significantly more
than in institutionalized elderly people). Despite alcohol consumption might be underestimated by
dietary recall, these differences are considerable because drinks containing higher amounts of alcohol
contribute less to improve hydration status [19], but their consumption increases diuresis [20],
and this may be on the basis of the lack of association between the “Hydration Score” and the
24-h urine volume in community-dwellers. Moreover, considering that institutionalized elders are
significantly older, the first two items about thirst composing the “Hydration Score” may contribute for
the difference between community-dwelling and institutionalized elderly people. Thirst sensation had
previously shown to be a bad predictor of hydration status among elderly people [15,28,29], due to the
recognized decline in thirst sensation with aging [28,30-32]. In addition, the items “Do you ever feel
thirsty?” and “Did you feel thirsty yesterday?” can be interpreted in two different forms: on one hand,
elderly individuals who respond “yes” to those questions may drink more to compensate thirst
sensation and consequently be better hydrated or, on the other hand, they can feel thirsty due to a
poorer hydration status. It is difficult to establish a direct relationship between thirst and hydration
status [33]. These results suggest that “Hydration Score” may be useful in the assessment of hydration
status in community-dwelling, but not in institutionalized elderly people.

The “Pain Score” showed an association with hydration status in institutionalized elderly people,
i.e., individuals with a higher “Pain Score” (reflecting more difficulties with pain and mobility) were
more likely to show a better hydration status, characterized by a higher 24-h urine volume, a lower
24-h urine osmolality and a higher FWR. These associations were independent of age and sex, except
in what concerns to the 24-h urine osmolality, which lost the statistical significance in the adjusted
model (p = 0.051). In addition to age and gender, Vivanti (2007) [15] had described that body mass
index might confound the hydration status. Other authors have argued that hydration needs for elderly
people should take in account their body weight [34]. However, in this study, despite BMI was initially
considered to be a confounding variable, this adjustment was disregarded because there were no
significant differences in urinary parameters between individuals with different BMI’s. The adjusted
model of “Pain Score” explained 46% of the variance of FWR, and 24% of the variance of 24-h urine
volume in institutionalized elderly individuals.

Our results regarding “Pain Score” are in agreement with the findings of Vivanti (2007) [15],
who found that the individuals clinically assessed as dehydrated indicated no headaches during the
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previous week, fewer problems with pain of any kind in the past two weeks and less often reported
pain interfering with daily activities. However, there are no other evidences supporting this
relationship and the mechanisms behind them remain unknown. These findings are controversial
because other authors have previously described that mobility impairment was associated with lower
fluid intakes [35-38], but two studies found that nursing home residents with better physical function
were at greater risk of dehydration [39,40]. According to Mentes (2006) [41], they “may reflect
environmental factors in nursing homes, where caregivers may be more attuned to highly dependent
residents who cannot drink independently, leaving those who are able to care for themselves to do so.
Such an approach may not work with residents who are physically functional but cognitively
impaired.” The association in this study between pain absence and a poor hydration status should be
explored, since it could be used in the development of a practical and easy tool to detect
institutionalized elders at greater risk and early prevent dehydration.

Nevertheless, the “Pain Score” did not show any association with urinary parameters in the
community-dwelling elderly people. This can be explained by the fact that this population, namely the
ones enrolled in PA programs, commonly shows fewer problems with pain and mobility than either
those institutionalized (in the present study) or hospitalized (in the study by Vivanti [15]). Pain and
mobility impairments have been identified as predictor factors for institutionalization [42,43].
According to this, an explanation for the difference in the findings between institutionalized and
community-dwelling elderly people may be related to physical activity and this should be explored in
next studies.

Overall, the previously described factors, such as advanced age, the low education level, the high
number of prescription drugs and others, have been considered to be predictive factors for
institutionalization [42] and they can also be putative contributors for the higher risk of dehydration in
institutionalized individuals. The results of the present study regarding urinary parameters confirmed
that community-dwelling elderly men were better hydrated than the institutionalized men, according
the higher 24-h urine volumes, lower 24-h urine osmolality and higher FWR in the community-dwellers.
These results are supported by the findings of Leiper ef al. (2005) [36] who found higher 24-h urine
volumes in community-dwellers when compared to institutionalized elderly people. In the study by
Leiper and colleagues [36], community-dwellers showed an average 24-h urine volume of 1.7 L and
institutionalized elderly people showed mean values of 0.9 to 1.1 L, while in this study the
community-dwellers had mean 24-h urine volumes of 1.8 to 2.0 L and the institutionalized individuals
of 1.6 L. Other studies have shown high prevalences of inadequate fluid intake [34,38,44,45] and
consequently of dehydration among institutionalized elderly people [46,47].

To characterize the hydration status, we used the concept of FWR [9] calculated from the 24-h urine
osmolality, which is considered an appropriate marker of hydration status [25], and no significant
differences in scores (Pain Score and Hydration Score) were found when comparing hypohydrated and
euhydrated subjects. Based in this result, the scores seem to be associated with different levels of
euhydration, but do not allow the identification of hypohydrated older people. In an attempt to develop
a useful tool for hydration assessment in older people, future studies should include other questions,
such as more specific questions about drinking habits, and other physical signs, such as axillary
moisture, which has been recently described to be a good marker of hydration status [48,49].
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Moreover, next studies should also involve larger samples, particularly including a larger number of
subjects in a hypohydrated state.

Almost all of the items from the DST used in the present study were based on previous work
developed by Vivanti et al. (2010) [5]. The authors applied this instrument in older people admitted in
rehabilitative care units of metropolitan hospitals and found that tongue dryness was the parameter that
showed the better combination of sensibility and specificity for dehydration detection. They concluded
that the assessment of tongue dryness was a simple and quick method, which could be used in
individuals with minimal cognitive and physical capacity. However, in the present study our results led
to the exclusion of tongue dryness and other three physical signs (postural hypotension, reduced skin
turgor, and low body weight). Other authors had previously concluded that physical signs are not
useful in the assessment of dehydration in the elderly [31,48,50,51] because they are generally
associated with common physiologic age-related changes or with conditions that are more prevalent in
elderly individuals, such as polymedication or chronic diseases. Moreover, physical signs of
dehydration may be absent or misleading in older people [50]. Recent evidence has supported the use
of axillary moisture as a physical sign that is easy to assess hydration status in older people admitted to
hospitals [48,49]. However, the validation of its use in community-dwellers and institutionalized
elderly people is lacking. The majority of the previous studies regarding physical signs that showed
positive outcomes were performed in clinical settings, where the degree of dehydration is expected to
be more accentuated. In non-clinical settings, severe dehydration should be prevented and early stages
of mild dehydration should be detected. In these stages, physical signs of dehydration may be absent.

4. Conclusions

The factor analysis in this study resulted in two subscales, one of them—the “Hydration Score”—Being
inversely associated with urine osmolality, but not in institutionalized elderly people, and the other—The
“Pain Score”—Showing a significant association with urinary parameters in the institutionalized
elderly group. Despite the resulting scales do not allow the identification of hypohydrated elderly
people, they showed significant associations with hydration status in the studied populations. This is a
promising finding to be considered in future studies oriented to further contribute to the identification
of a simple, easy and practical method to identify the elders at greater risk of dehydration in
non-clinical settings, particularly in those environments where more objective methods cannot be used,
due to low economic resources. Moreover, our findings could also contribute to the identification of
a tool that could be easy to apply by anyone, without the need of special skills.

Nevertheless, limitations of the study should be recognized. First, we have a convenience and
reduced sample size, which did not allow the extrapolation of the results to all elderly individuals.
Second, our findings need replication. Furthermore, the cross-sectional nature of this study precludes
us from inferring an underlying relationship between the behaviors measured by DST and urinary
parameters. The strengths of this study include an important topic area less studied, particularly in the
elderly, and therefore provides information that can be further developed in future studies.



Int. J. Environ. Kes. Public Health 2015, 12 2714

Acknowledgments

The authors acknowledge the grants from the European Hydration Institute and the Young Research
Group from the University of Porto—Investigacdo Jovem da Universidade do Porto—for the financial
support for this study. This elderly community project belongs to CIAFEL (PEst-OE/SAU/UI0617/2011).

Author Contributions

Authorship: Susana Rodrigues, Joana Silva, Patricia Padrao, Carla Lopes, Joana Carvalho, Isabel
Carmo e Pedro Moreira were responsible for the conception and design of the study; Susana
Rodrigues, Joana Silva e Catia Inacio were responsible for the collection of data; Susana Rodrigues,
Milton Severo, Patricia Padrao, Carla Lopes, Isabel Carmo e Pedro Moreira were responsible for the
interpretation of data; Susana Rodrigues, Patricia Padrdo, Carla Lopes, Isabel Carmo e Pedro Moreira
drafted the manuscript; and all authors reviewed and approved the final version of the manuscript.

Conflicts of Interest
The authors declare no conflict of interest.
References

1. Maughan, R.J. Hydration, morbidity, and mortality in vulnerable populations. Nutr. Rev. 2012, 70,
S152-S155.

Manz, F. Hydration and disease. J. Amer. Coll. Nutr. 2007, 26, S535-S541.

3. Vivanti, A.; Harvey, K.; Ash, S.; Battistutta, D. Clinical assessment of dehydration in older people
admitted to hospital: What are the strongest indicators? Arch. Gerontol. Geriatr. 2008, 47, 340-355.

4. Bunn, D.; Jimoh, F.; Wilsher, S.H.; Hooper, L. Increasing fluid intake and reducing dehydration
risk in older people living in long-term care: A systematic review. J. Amer. Med. Dir. Assn. 20185,
16,101-113.

5. Vivanti, A.; Harvey, K.; Ash, S. Developing a quick and practical screen to improve the identification
of poor hydration in geriatric and rehabilitative care. Arch. Gerontol. Geriatr. 2010, 50, 156—164.

6. Baron, S.; Courbebaisse, M.; Lepicard, E.M.; Friedlander, G. Assessment of hydration status in
a large population. Brit. J. Nutr. 2015, 113, 147-158.

7.  Shirreffs, S.M. Markers of hydration status. Eur. J. Clin. Nutr. 2003, 57, S6-S9.

8. Goldberg, L.R.; Heiss, C.J.; Parsons, S.D.; Foley, A.S.; Mefferd, A.S.; Hollinger, D.; Parham, D.F_;
Patterson, J. Hydration in older adults: The contribution of bioelectrical impedance analysis. Int.
J. Speech lang. Pathol. 2014, 16, 273-281.

9. Manz, F.; Wentz, A. 24-h hydration status: parameters, epidemiology and recommendations.
FEur. J. Clin. Nutr. 2003, 57, S10-S18.

10. Lancaster, K.J.; Smiciklas-Wright, H.; Heller, D.A.; Ahern, F.M.; Jensen, G. Dehydration in Black
and White older adults using diuretics. Ann. Epidemiol. 2003, 13, 525-529.

11. Wotton, K.; Crannitch, K.; Munt, R. Prevalence, risk factors and strategies to prevent dehydration
in older adults. Contemp. Nurse 2008, 31, 44—56.



Int. J. Environ. Kes. Public Health 2015, 12 2715

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Morgado, J.; Rocha, C.S.; Maruta, C.; Guerreiro, M.; Martins, [.P. New normative values of
Mini-mental state examination. Sinapse 2009, 9, 10-16.

Folstein, M.F.; Folstein, S.E.; McHugh, P.R. “Mini-mental state”. A practical method for grading
the cognitive state of patients for the clinician. J. Psychiatr. Res. 1975, 12, 189-198.

Liu, L.; Ikeda, K.; Yamori, Y. Inverse relationship between urinary markers of animal protein
intake and blood pressure in Chinese: Results from the WHO cardiovascular diseases and
alimentary comparison (CARDIAC) study. Int. J. Epidemiol. 2002, 31, 227-233.

Vivanti, A. Screening and Identification of Dehydration in Older People Admitted to a Geriatric
and Rehabilitation Unit. Ph.D. Dissertation/Thesis, Queensland University of Technology,
Queensland, Australia, 2007.

Sanchez-Garcia, S.; Garcia-Pena, C.; Duque-Lopez, M.X.; Juarez-Cedillo, T.; Cortes-Nunez, A.R.;
Reyes-Beaman, S. Anthropometric measures and nutritional status in a healthy elderly population.
BMC Public Health 2007, 7, doi:10.1186/1471-2458-7-2.

Obesity: Preventing and Managing the Global Epidemic. Report of a WHO Consultation; World
Health Organization: Geneva, Switzerland, 2000; Volume 894, pp. 1-253.

Physical Status: The Use and Interpretation of Anthropometry. Report of a WHO Expert
Committee; Health Organization: Geneva, Switzerland, 1995; Volume 854, pp. 1-452.

Shirreffs, S.M.; Maughan, R.J. Restoration of fluid balance after exercise-induced dehydration:
Effects of alcohol consumption. J. Appl. Physiol. 1997, 83, 1152—1158.

Hobson, R.M.; Maughan, R.J. Hydration status and the diuretic action of a small dose of alcohol.
Alcohol Alcohol. 2010, 45, 366-373.

Rombo, M.M.; Silveira, D.; Martins, 1.; Cruz, A. Modelos Fotogrdficos para Inquéritos
Alimentares; Centro de Estudos de Nutricao do Instituto Nacional de Saude Dr. Ricardo Jorge:
Lisbon, Portugal, 1996. (In Portuguese)

INSA: Tabela da Composi¢do dos Alimentos; Instituto Nacional de Saude Dr. Ricardo Jorge:
Lisbon, Portugal, 2006. (In Portuguese)

Armstrong, L.E. Assessing hydration status: the elusive gold standard. J. Amer. Coll. Nutr. 2007,
26, S575-S584.

Manz, F.; Wentz, A. Hydration status in the United States and Germany. Nutr. Rev. 2005, 63,
S55-S62.

Mangz, F.; Johner, S.A.; Wentz, A.; Boeing, H.; Remer, T. Water balance throughout the adult life
span in a German population. Brit. J. Nutr. 2012, 107, 1673-1681.

Stevens, J. Applied Multivariate Statistics for the Social Sciences, 2nd ed.; Hillsdale, N.J., Ed.;
Lawrence Erlbaum Associates: London, UK,1992.

Basic Item Analysis for Multiple-Choice Tests; ERIC Clearinghouse on Assessment and Evaluation.
Available online: http://ericae.net/digests/tm9511.htm (accessed on 27 February 2015).

Phillips, P.A.; Rolls, B.J.; Ledingham, J.G.; Forsling, M.L.; Morton, J.J.; Crowe, M.J;
Wollner, L. Reduced thirst after water deprivation in healthy elderly men. N. Engl. J. Med. 1984,
311,753-759.

Gross, C.R.; Lindquist, R.D.; Woolley, A.C.; Granieri, R.; Allard, K.; Webster, B. Clinical
indicators of dehydration severity in elderly patients. J. Emerg. Med. 1992, 10, 267-274.



Int. J. Environ. Kes. Public Health 2015, 12 2716

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

44,

45.

46.

47.

Kenney, W.L.; Chiu, P. Influence of age on thirst and fluid intake. Med. Sci. Sport. Exerc. 2001,
33, 1524-1532.

Rosler, A.; Lehmann, F.; Krause, T.; Wirth, R.; von Renteln-Kruse, W. Nutritional and hydration
status in elderly subjects: Clinical rating vs. bioimpedance analysis. Arch. Gerontol. Geriatr.
2010, 50, 81-85.

Popkin, B.M.; D’Anci, K.E.; Rosenberg, [.H. Water, hydration, and health. Nutr. Rev. 2010, 68,
439-458.

Millard-Stafford, M.; Wendland, D.M.; O’Dea, N.K.; Norman, T.L. Thirst and hydration status in
everyday life. Nutr. Rev. 2012, 70, S147-S151.

Gaspar, P.M. Comparison of four standards for determining adequate water intake of nursing
home residents. Res. Theory Nurs. Pract. 2011, 25, 11-22.

Lavizzo-Mourey, R.; Johnson, J.; Stolley, P. Risk factors for dehydration among elderly nursing
home residents. J. Amer. Geriatr. Soc. 1988, 36, 213-218.

Leiper, J.B.; Seonaid Primrose, C.; Primrose, W.R.; Phillimore, J.; Maughan, R.J. A comparison
of water turnover in older people in community and institutional settings. J. Nutr. Health Aging
2005, 9, 189-193.

Kayser-Jones, J.; Schell, E.S.; Porter, C.; Barbaccia, J.C.; Shaw, H. Factors contributing to
dehydration in nursing homes: inadequate staffing and lack of professional supervision. J. Amer.
Geriatr. Soc. 1999, 47, 1187-1194.

Spangler, A.A.; Chidester, J.C. Age, dependency and other factors influencing fluid intake by
long term care residents. J. Nutr. Elder. 1999, 18, 21-35.

Gaspar, P.M. Water intake of nursing home residents. J. Gerontol. Nurs. 1999, 25, 23-29.

Mentes, J.C.; Culp, K. Reducing hydration-linked events in nursing home residents. Clin. Nurs. Res.
2003, 72,210-225.

Mentes, J. Oral hydration in older adults: Greater awareness is needed in preventing, recognizing,
and treating dehydration. Amer. J. Nurs. 2006, 106, 40—49.

Luppa, M.; Luck, T.; Weyerer, S.; Konig, H.H.; Brahler, E.; Riedel-Heller, S.G. Prediction of
institutionalization in the elderly: A systematic review. Age Ageing 2010, 39, 31-38.

Luppa, M.; Riedel-Heller, S.G.; Luck, T.; Wiese, B.; van den Bussche, H.; Haller, F.; Sauder, M.;
Mosch, E.; Pentzek, M.; Wollny, A.; et al. Age-related predictors of institutionalization: Results
of the German study on ageing, cognition and dementia in primary care patients (AgeCoDe).
Soc. Psychiat. Psychiatr. Epidemiol. 2012, 47, 263-270.

Wu, S.J.; Wang, H.H.; Yeh, S.H.; Wang, Y.H.; Yang, Y.M. Hydration status of nursing home
residents in Taiwan: A cross-sectional study. J. Adv. Nurs. 2011, 67, 583-590.

Chidester, J.C.; Spangler, A.A. Fluid intake in the institutionalized elderly. J. Amer. Diet. Assn.
1997, 97, 23-28.

Presse, N.; Ferland, G. Risk factors contributing to insufficient water intake in elderly living in
nursing homes and long-term care units: a review of the literature. Can. J. Diet. Pract. Res. 2010,
71, 94-99.

Mentes, J.C. A typology of oral hydration problems exhibited by frail nursing home residents.
J. Gerontol. Nurs. 2006, 32, 13—19.



Int. J. Environ. Kes. Public Health 2015, 12 2717

48.

49.

50.

51.

Shimizu, M.; Kinoshita, K.; Hattori, K.; Ota, Y.; Kanai, T.; Kobayashi, H.; Tokuda, Y. Physical
signs of dehydration in the elderly. Intern. Med. 2012, 51, 1207-1210.

Kinoshita, K.; Hattori, K.; Ota, Y.; Kanai, T.; Shimizu, M.; Kobayashi, H.; Tokuda, Y.
The measurement of axillary moisture for the assessment of dehydration among older patients:
A pilot study. Exp. Gerontol. 2013, 48, 255-258.

Weinberg, A.D.; Minaker, K.L. Dehydration. Evaluation and management in older adults. Council
on Scientific Affairs, American Medical Association. JAMA 1995, 274, 1552—-1556.

Bennett, J.A.; Thomas, V.; Riegel, B. Unrecognized chronic dehydration in older adults:
Examining prevalence rate and risk factors. J. Gerontol. Nurs. 2004, 30, 22-28.

© 2015 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 license

(http://creativecommons.org/licenses/by/4.0/).



