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Maintaining oral hydration in older adults: A systematic review

Dehydration is the most common fluid and electrolyte imbalance in older adults. The objectives were to identify the factors
that increase the risk of dehydration in older adults, how best to assess the risk and manage oral fluid intake. Data sources
included Medline, CINAHL, Cochrane Library, Embase and Current Contents, which were searched until February 2002.
Randomized controlled trials for management of adequate fluid intake were undertaken. Cohort and case control studies
were used for the identification of risk factors for dehydration. Studies of assessment tools for the identification of dehy-
dration were also considered.

Results show that there is no clear determination of the risk factors for dehydration and decreased fluid intake. The rec-
ommended daily intake of fluids should be not less than 1600 mL/24 h in order to ensure adequate hydration. A fluid intake
sheet and urine specific gravity might be the best methods of monitoring daily fluid intake. Regular presentation of fluids
to bedridden older adults can maintain adequate hydration status. In conclusion, more research is required to determine
the optimum method of maintaining adequate oral hydration in older adults.

Key words: aged, dehydration, meta-analysis, nursing care, risk factors.

INTRODUCTION
Dehydration has been reported to be the most common
fluid and electrolyte imbalance in older adults."” In a

study of nursing home residents admitted to hospital with
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hypernatraemic dehydration, the admission rate to one
hospital with this condition was 6.5 per 1000 admissions
and was as high as 22.5 per 1000 admissions at another
hospital.* Hospitalized older adults suffering from dehy-
dration have been reported to have mortality rates as high
as 45%—46%.%°

No absolute definition for dehydration exists. One pro-
posed definition is ‘the rapid weight loss of greater than
3% of body weight’.® Another refers to dehydration as
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arising from one of two water and electrolyte disorders.
The first is water depletion and the other is sodium deple-
tion, where there is a concomitant decrease in water.”® In
biochemical terms, dehydration is most often defined as a
condition in which serum sodium is equal to or greater
than 148 mmol/L and/or the blood urea nitrogen (BUN):
creatinine ratio is greater than or equal to 25.”

Dehydration can be classed into three different catego-
ries: isotonic, hypotonic and hypertonic dehydration.®
Isotonic dehydration occurs when there is a balanced loss
of solutes and water. This can occur during a complete fast
or episodes of vomiting or diarrhoea. Hypotonic dehydra-
tion occurs when sodium is lost at a greater rate than
water resulting in serum sodium concentrations of less
than 135 mmol/L. This situation can result from overuse
of diuretics. Finally, hypertonic dehydration, often
termed hypernatraemia, results when water losses exceed
those of sodium. Hypernatraemia is usually diagnosed by
a serum sodium concentration in excess of 145 mmol/L
and is generally due to excessive water losses such during
a fever, or in iatrogenic cases, by decreased fluid intake. In
fact, in older adults this form of dehydration, in the
absence of any physiological reason, has been described as
an indication of fluid deprivation, even neglect.*

Older adults have been identified as particularly sus-
ceptible to dehydration because of age-related changes.
Decreases in renal perfusion and sensitivity to antidiuretic
hormone (ADH) have been shown in older adults. The
sense of thirst also appears to diminish, even in healthy
older adults.” Combined with mobility problems, confu-
sion or dementia, and pathological conditions such as
hypertension, heart and renal disease, older adults can
become highly sensitive to fluid and electrolyte imbalances.

This paper summarizes the results of a systematic

review aimed at determining the best available research

Table 1 Electronic databases used for literature search

evidence related to maintaining oral hydration in older
adults.

METHODS
Review of the literature
The medical literature was searched to identify relevant
studies and reviews between 1966 and February 2002.
Searches were performed on the databases presented in

Table 1 using the general search terms in Table 2.

Inclusion criteria
Patients
This review considered all studies that included adults
aged over 60 years in an acute care, residential care or

community setting,

Intervention
Interventions of interest were those related to the main-
tenance of oral hydration in older adults. Subcutaneous
fluid replacement, intravenous fluid replacement and fluid
replacement via feeding tubes was excluded because of
the reduced availability of these techniques in the commu-
nity or nursing home setting. The review also included
studies that identified risk factors for poor fluid intake and
dehydration or evaluated assessment tools to assist in

determining fluid intake and fluid status in older adults.

Outcomes
The primary outcomes of interest were those related to
the identification of dehydration and the maintenance of

hydration or the reversal of dehydration.

Eligible study designs
The review considered any randomized control trial that

evaluated management strategies to ensure adequate fluid

Electronic database

Time period

Medline (Silverplatter)
Embase (Embase.com)

Current Contents (Ovid)

Cochrane Library: including Cochrane Database of Systematic Reviews, Database of Abstracts of Reviews of Effectiveness

1966-2/2002
1966-2/2002
1993-2/2002
Issue 1, 2002

(DARE), Cochrane Controlled Trials Register, Health Technology Assessment Database, NHS Economic Evaluation

Database
CINAHL (Silverplatter)

1969-2/2002
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Table 2 Search terms used for electronic databases

Area of enquiry Search terms

All headings MeSH

Randomized controlled trial, controlled clinical trial, randomized controlled trials, random allocation,

double-blind method, single-blind method, clinical trial, clinical trials, research design, comparative

study, evaluation studies, follow-up studies, prospective studies, cohort studies, dehydration, aged

Text words

Clin*, trial*, singl*, doubl*, trebl*, tripl*, blind*, mask*, random*, control*, prospectiv¥, dehydration,

hydration, fluid* aged, elderly

* These words are truncated to include all possible variations of the root word.

intake in older people. Cohort and case control studies
were included for the identification of risk factors of dehy-
dration in older adults. Studies that evaluated assessment
tools for the identification of dehydration in older adults

were also considered for inclusion in this review.

Assessment of methodological quality
The methodological quality of randomized control trials
(RCT)was assessed using a checklist which was based on
the work of the Cochrane Collaboration!'® and Centre for
Reviews and Dissemination.'" Methodological quality of
cohort and case control studies was assessed using a

checklist developed for observational studies.

Data extraction and analysis

Data was extracted using a data extraction tool that was
developed specifically for this review. For RCTs, evaluat-
ing the effectiveness of interventions where possible, odds
ratios (for categorical outcome data) or standardized
mean differences (for continuous data) and their 95% con-
fidence intervals were calculated for each included study.
Due to the heterogeneity of studies, statistical pooling was
not appropriate or possible and the findings were summa-
rized in narrative form.

For cohort studies and case control studies that focused
on the identification of risk factors, the risk factors were
listed and no statistical summary of data was attempted.
For studies evaluating assessment tools, sensitivity, speci-
ficity, positive predictive value and negative predictive

value were listed when data was available.

RESULTS

Only 17 articles met the criteria for inclusion in this

review. !> 28

Risk factors for dehydration and/or
decreased fluid intake
The first step in addressing the problem of dehydration in
the elderly is to identify what characteristics, or risk fac-
tors, are most likely to be associated with a higher risk of
dehydration and/or fluid intake. Possible risk factors that
were most frequently cited were age, mobility/functional
ability, gender, visual impairment, speaking ability, incon-

tinence and number of ingestion sessions.

Age

Tables 3 and 4 show that conclusions regarding the effect
of age on risk of dehydration were found to be variable
and dependent on the location of the patient. Dehydrated
nursing home residents were significantly older than their
adequately hydrated counterparts.®?® In contrast, there
was no significant difference in age between dehydrated
and normal elderly patients admitted to an emergency
ward, 20,2324

Age as a risk factor for decreased fluid intake was con-
tradictory, with one group of nursing home residents

1617 while

showing an inverse re]ationship with fluid intake
another group was found to have similar fluid intakes in

under-and over-85 years age groups.‘4

Mobility/functional ability
Bedridden nursing home residents were determined to be
significantly more likely to be dehydrated than more
mobile residents.”® However, in reality, subjects that were
dependent for assistance with eating had similar fluid
intake levels as independent residents and had significantly
higher water intake when compared to subjects requiring
only some assistance. '*'”Visual impairment also had a pos-

itive correlation with adequate fluid intake because staff
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Table 4 Comparison of risk factors in hydrated and dehydrated older adults regarding fluid intake

Study Risk factor

Comparison groups

Outcome

Fluid intake

Low fluid intake (< 76% RDI)

Independent

Some assistance Dependent OR (95% CI)

Gaspar (1988, 1999) Mobility/functional ability ~ 23/43

25/40 4/16 Independent vs. dependent
0.29 (0.06,1.18)

Some assistance vs. dependent

0.20 (0.04, 0.84)

N, number of participants; RDI, recommended daily intake; WMD, weighted mean difference; r, Pearson’s ratio; OR, odds ratio; SD,

standard deviation.

anticipated the needs of subjects with this deficit. This was
also found to be the case with subjects who had speech dif-
ficulties or evidence of drooling. This suggests that patients
most at risk of dehydration are actually semidependent
patients that appear to be capable of obtaining their own
fluids but are not able to in practice.

However, other research of patients of a long-term care
unit, a psychogeriatric unit and a geriatric admission unit,
has suggested that there is an inverse relationship between
dependency level and fluid intake, that is, the more
dependent the subject, the lower the fluid intake. '

Gender
Gender as a risk factor of dehydration or decreased fluid
intake is also an unresolved issue. Female nursing home
residents have been suggested to be dehydrated more
often than males; however, the evidence does not sup-
port this claim.”® Female nursing home patients were
more likely to have a lower percentage of water intake
than males.'® In contrast, elderly male patients (68—90
years), in both a Long-Term Care Unit and a Geriatric
Admission Unit, received less fluid intake than elderly
female patients while males in a psychogeriatric unit
appeared to receive more.” However, the differences

were not signiﬁcant.

Incontinence
In an examination of incontinence in elderly long-term
care or nursing home residents, incontinence was not
found to be a risk factor for dehydration.”® However, it

was a risk factor for significantly lower fluid intake com-

pared to continent subjects."? It has been suggested that
the reason for decreased fluid intake in incontinent
patients is the conscious decision by the patient to limit

fluid intake to reduce periods of incontinence.

Mental status

Mental status as a risk factor for dehydration was mea-
sured for elderly subjects admitted to a hospital emer-
gency ward.”* Mental scores were found to be inversely
correlated to the level of dehydration encountered in
these patients (r=—0.36, P<0.01). It has been acknowl-
edged that when patients with decreased mentation were
excluded from trials, many of the patients suffering from
dehydration were eliminated.”

Patients in long-term care who were assessed by the
Cognitive Assessment Scale as confused, were found to
have significantly lower intakes of fluids over a 24 h period
than lucid patients.” In contrast, monitoring total fluid
and food intake for three days in elderly nursing home res-
idents found no correlation between cognitive ability and
total fluid intake.!*

Other risk factors

Single small observational studies have also hinted at other
risk factors for dehydration and/or decreased fluid intake
such as the number of diseases present, number of
medications, number of ingestion periods and
institutionalization.

The presence of multiple diseases and/or medications
put elderly nursing home residents at risk for dehydra-

tion.° Bcing institutionalized was identified as a risk fac-
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tor for reduced fluid intake as nursing home residents had
significantly lower fluid intakes compared to matched
elders 1iving in the cornrnunity.12

The number of available times for fluid ingestion was
positively correlated with actual fluid intake. In general, it
was determined that if fluids were made available to eld-
erly residents or patients, then the more likely they were
to drink higher volumes of fluids.'*"”

Finally, discussion papers have discussed other possible
risk factors for dehydration such as difficulty in cating and
drinking, vomiting and diarrhoea, acute infection, multi-
ple chronic diseases, depression and loss of interest in self-
care.>!*2°31 However, none of these factors has been ade-

quately assessed.

Assessment
The next stage of any management of hydration is to be
able to identify individuals at high risk of dehydration and
institute prevention interventions. Tools that assess gen-
eral fluid intake to determine if patients are meeting their
recommended daily intake (RDI) or identify the possibil-
ity of dehydration were poorly evaluated.

Measurement of fluid intake

An in-house Intake/Situation Modifier Sheet (used to
determine the actual fluid intake of patients and any sit-
uations that would affect that intake) was used in evalu-
ating the fluid intake of nursing home residents.'®'” The
tool was determined to have an inter-rater reliability of
0.94. The validity, sensitivity or specificity of this tool
was not reported and therefore it is difficult to recom-
mend this tool for use. However, the tool did deter-
mine that only 8% of subjects met or exceeded their
calculated RDI of fluids and indicated that half of sub-
jects were ingesting less than 76% of their RDI of
fluids.

What is clear from evaluated research is that there are
several different RDIs for fluid intake that are used to
compare against actual intake. To date, a single RDI has
not been identified. However, numerous studies have used
1600 mL/m’/24 h'®'7 or 1500 mL/24h as the RDI for
their subjects.'”'*!*2¢ Determination of adequate fluid
intake is dependent upon the RDI measure used. When
nursing home residents had their actual daily intake com-
pared with three standardized calculations of RDI, "* actual
intake was not significantly different than the RDI recom-
mended by Standard 1, but significantly higher than Stan-
dard 2, and significantly lower than Standard 3 (Table 5):
1. Standard 1: RDI 30 mL/kg body weight.

2. Standard 2: 1 mL fluid/kCal consumed.
3. Standard 3:

(a) 100 mL/kg for first 10 kg

(b) 50mL/kg for next 10kg.

(c) 15mL/kg for the remainder of weight.

It was also observed that the fluids received with med-
ications were found to be essential to many subjects attain-
ing their RDL

Assessment of dehydration
There is a need to assess dehydration at the bedside using
available clinical measures. The majority of the following
assessment tools were compared to the accepted bio-
chemical measures of dehydration. A BUN : creatinine
ratio > 25 and/or a serum sodium concentration of

148 mmol/L was acknowledged as dehydration.

OBRA MDS evaluation
The Omnibus Budget Reconciliation Act (OBRA) Mini-
mum Data Set (MDS) has been used in the U.S.A as a
check sheet for health history and examines any recent
changes in health status.”” Part of the form focuses on fluid

intake and hydration and highlights any triggers for risk of

Table 5 Assessment of hydration status in comparison with recommended daily intake standards'*

Fluid intake (mL, mean * SD)
RDI standard 3

Actual intake (N=40) RDI standard 1 RDI standard 2

Outcome

WMD (95% CI)

1632£573 1754 £383 1399+£342

20771192

Actual vs. standard 1 —122.0 (33.7, 94.9).
Actual vs. standard 2 233.0 (22.9, 443.0).
Actual vs. standard 3 —445.0 (—635.2, —254.7)

N, number of participants; SD, standard deviation; RDI, recommended daily intake; WMD, weighted mean difference; CI, confidence

interval.
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dehydration. This form does not definitively identify sub-
jects suffering dehydration but it is used as a screening tool

only to highlight the possibility for further investigation.

Axillary moisture
This method, to determine the skin moisture content, was
compared to a biochemical assessment of dehydration
(BUN: creatinine ratio and plasma and urine osmolali-
ties).?® This tool was determined to be 80% reliable
between assessors. However, the sensitivity of the tool
(the percentage of dehydrated patients determined to
have dry skin) was only 50% (Table 6). The specificity was
82% (patients not dehydrated identified as having moist
skin). Positive predictive value was 45% (percentage of
subjects who were determined to have dry skin who were
dehydrated). The negative predictive value was 84% (per-
centage of subjects who were determined to have moist
skin who were not dehydrated). Therefore, the tool pro-
vides reproducible results but can identify only half of
patients who are dehydrated and can eliminate 82% of

patients who are not dehydrated.

Table 6 Assessment of hydration status using axillary

moisture?®

Biochemical hydration status

Observer grading of Dechydrated Not Outcome
hydration status dehydrated
Dry 10 12 Sensitivity 50%
Moist 10 54 Specificity 82%
PPV 45%
NPV 84%

PPV, positive predictive value; NPV, negative predictive value.

Intraocular pressure
No correlation between intraocular pressure measured by
a tonometer, and changes in serum osmolality or urea

concentration, have been found.?

Febrile episodes
One or more febrile episodes (37.8°C if taken orally and
38.3°C if taken rectally), may be an indicator of impend-
ing or existing dehydration (Table 7).”!

Clinical evaluation
When a specific 38 item dehydration assessment tool was
used by nurses on elderly emergency ward patients, clin-
ical indicators including longitudinal tongue furrows,
sunken eyes, dry mucous membranes, upper body muscle
weakness, speech difficulty and confusion, were found to
be indicators of dehydration when compared with a bio-
chemical assessment.?® A physician evaluation that incor-
porated biochemical tests was found to identify all
dehydrated patients but to overestimate the number of

dehydrated patients (Table 9).

Biochemical assessment of dehydration
When biochemical tests such as haematocrit and serum
osmolality were compared with a test of urine specific
gravity, only the BUN:creatinine ratio was determined to

be an accurate indicator of early dehydration (Table 8).'

Management of hydration
When the food and fluid intake of totally dependent nurs-
ing home residents was measured against the body posi-
tion (standing or sitting) of the feeder, it was concluded
that the position had no effect.®
In the only study that attempted to address the issue of
improving the hydration of non-ambulatory nursing home

residents, presenting fluids directly into the hands of res-

Table 7 Assessment of hydration status using febrile episodes as an indicator?!

Outcome Number of patients Result

Febrile Non-febrile RR (95% CI)
BUN/Cr (>25) 9/40 2/37 3.8 (0.9, 16.5)
Serum sodium (> 146 mmol/L) 10/40 1/37 9.2 (1.2, 68.8)
Impaired oral intake 11/40 0/37 10.0 (1.4, 77.1)

BUN, blood urea nitrogen; RR, relative risk; CI; confidence interval.
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idents every 1.5h throughout the waking day was deter-
mined to significantly improve hydration (as measured by
urine specific gravity) when compared to normal care by

the institution.??

DISCUSSION
Despite the high risk of dchydration in the cldcrly popu-
lation of western countries, very little quality research has
been performed to determine the risk factors for dehy-
dration, the best assessment tool(s) to identify risk or the
presence of dehydration, or ultimately, the management of
hydration status in this population. The majority of studies
identified in the systematic review found shortcomings in
research design and poor data reporting. Most studies were
observational or non-randomized and presented little in
the way of validated data. Therefore, any of the following
conclusions must be regarded with caution until higher-

quality research can be performed to verify the results.

Risk factors
The most discussed risk factor was age. Interestingly,

despite age restrictions being imposed on the inclu-

Table 8 Assessment of hydration status using physician rating25

Biochemical hydration status

Physician grading  Dechydrated  Not Outcome
of dehydration dehydrated
Mild to severe 13 23 Sensitivity 100%
dehydration
No dehydration 0 2 Specificity 9%
PPV 36%
NPV 100%

PPV, positive predictive value; NPV, negative predictive value.

sion criteria for the review, no study identified had
involved subjects under the age of 60 years. The
results of these studies were contradictory. Several
studies determined that increased age was a risk fac-

20,23

tor for dehydration while in other studies, notably

emergency department admissions, age was not a risk
factor.?4%

When fluid intake of older adult subjects was exam-
ined, again the results were contradictory. It was assumed
that fluid intake would be a good surrogate indicator of
dehydration as adequate intake, under standard physio-
logic conditions, would prevent dehydration. One study
determined that age was inversely related to fluid

16,17 and another found no correlation.*

intake

Patient mobility and functional capability as a risk fac-
tor of both dehydration and decreased fluid intake was also
examined in several studies. It would be expected that
more dependent, older people would be at risk of dehy-
dration because of reliance on others for presentation of
fluids. This was found to be the case in one study with
higher prevalence of dehydration.” However, in a further
study it was discovered that significantly more dependent
residents had high fluid intakes in comparison to semi-
independent and fully-independent residents.'®'” The
authors suggested that dependent residents are easily
identifiable by clinical staft as requiring assistance and
therefore are provided with ample opportunity to drink.
Apparently, the subjects most at risk of dehydration
because of decreased fluid intake might be the semi-
independent residents. These residents appear capable
enough to obtain fluids when they so desire but for one
reason or another are actually incapable of doing so.

No evidence strongly supported gender as a risk
factor, 13:16:20
Incontinence was not proven to be a risk factor of dehy-

dration. Interestingly, reduced intake of fluids by inconti-

Table9 Indicators of dehydration status compared to using urine specific gravity as an indicator

Urine speciﬁc gravity

Measure Specific gravity > 1.03 (N)

Specific gravity < 1.03 (N) Outcome OR (95% CI)

47.7%3.2 (186)
290.8%6.0 (186)
13.6%3.1 (185)

Haematocrit
Serum osmolality (mOsm/kg)

Serum urea/ creatinine

48.1%2.2 (49)
291.3+5.5 (48)
14.944.0 (49)

—0.4(—1.3,0.5)
—0.5 (=2.4,1.4)
—1.3(=23,-0.2)

N, number of participants; mOsm/kg, milli osmoles per kilogram; OR, odds ratio; CI, confidence interval.
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nent older adults might be due to a voluntary decision by
the person in an attempt to reduce the likelihood of an
incontinent episode.'?

Finally, one study concluded that being an institution-
alized older person led to an increased risk of a signifi-
cantly lower fluid intake compared to older adults residing
in the communuty."” In a discussion paper,* it has been
suggested that the decreased fluid intake in institutional-
ized older adults is actually a sign of neglect by the clinical
staff.

Assessment

In order to assess the adequacy of fluid intake of study sub-
jects, most studies included in this review compared
actual patient intake of fluids with some predetermined
value of the RDI. This RDI value varied somewhat from
study to study but, in general, was identified as cither
1500 mL fluids/24 h'>31%% or 1600mL fluids/m’ of
body surface area/24h.'®"” The generally accepted
method for measuring fluid intake is simply to chart total
fluids ingested over a 24 h period.''*'” However, a prob-
lem arises when a particular RDI for fluids is chosen. The
determination of whether a subject is receiving adequate
fluids can be dependent upon the RDI calculation or value
that is chosen. This was displayed in a study where three
different RDI values were compared to actual fluid
intake." Dependent upon the RDI chosen, actual fluid
intake of nursing home residents was cither lower, the
same as, or higher than the RDI.

Assessment of dehydration was primarily performed
using biochemical measures such as BUN : creatinine
ratios, serum sodium and haematocrit values. However,
these are not results that can be independently evaluated
at the bedside by nursing staff as they require time for
analysis. Therefore, other studies evaluated dehydration by
available clinical indicators and compared their accuracy
with the biochemical benchmark values.?!25:28:32

According to corresponding biochemical determina-
tion of dehydration, measurement of axillary moisture
was only able to identify 50% of dehydrated subjects,”
intraocular pressure was not a useful measure’? and febrile
episodes in older adults might be an indicator of impend-
ing or existing dehydration.”" A physicians’ rating tool was
found to overestimate the number of subjects suffering
from dehydration but was still reliant on biochemical tests
for final scoring.”® Finally, a hydration examination looking
for clinical signs of dehydration at the bedside found that

the appearance of a dry tongue and mucous membranes,

sunken eyes, evidence of confusion and weakness were all
indicators of dehydration.

Interestingly, in a study of army personnel on exercise,
urine specific gravity was used as the benchmark to deter-
mine the accuracy of other biochemical tests to identify
patients with dehydration.”® Only an increase in the
BUN:creatinine ratio was found to be correlated with an
increase in urine specific gravity.

Importantly, it was discovered that a significant propor-
tion of nursing home subjects’ fluids were obtained when
receiving medication, so if not for this source, most of the
subjects would fall short of their RDI. ¢!

Management
Only two studies on management of hydration in older
adults satisfied the inclusion criteria in this review. In an
unusual study, the position of the feeder (standing or sit-
ting) made no significant difference to the fluid intake of
dependent nursing home residents.'® Using urine specific
gravity as the benchmark, a single crossover RCT deter-
mined that simply offering fluids every 1.5h throughout
the waking day to bedridden residents maintained hydra-
tion at a significantly higher level than three hourly bed
checks with no prompting of residents to drink fluids.”
However, this study was small and did not address the
issue of patients who are uncooperative and refuse to
drink. In these cases, more invasive methods might be

required.

CONCLUSION
Despite the available research, there is no clear determi-
nation of the risk factors for dehydration and decreased
oral fluid intake. However, there is common agreement in
the research literature that the recommended daily oral
intake of fluids should be not less than 1600 mL/24h in
order to assure adequate hydration. A simple oral fluid
intake sheet and/or a bedside urine specific gravity test
might be the best methods of monitoring daily fluid
intake. What seems most logical is that the regular pre-
sentation of fluids to bedridden and semidependent older

adults can help to maintain adequate hydration status.
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