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The hospital admission rate for dehydration is one of the Agency for Healthcare Research and Quality Prevention’s Quality 
Indicators, which are considered screening tools for potential quality issues. Thus, admission for dehydration may reflect 
the quality of care provided in community settings. Using a case-control design, this study estimated the incidence, risk 
factors, and outcomes of dehydration in adults admitted to the hospital. The overall prevalence rate for three International 
Classification of Diseases codes for dehydration at admission was 0.55%. Cases and controls differed significantly on a 
number of clinical variables at admission, including weight, body mass index, pulse, blood pressure, use of bulk-forming 
laxatives, serum sodium and chloride, and presence of generalized weakness or hemiplegia, edema, diarrhea, vomiting, and 
having nothing by mouth before admission. Mortality rates at 30 and 180 days after discharge were not significantly dif-
ferent between the two groups. Dehydration in community-dwelling adults may delay rehabilitation or result in hospital 
admission. Prevention, monitoring, and management are critical to preventing dehydration-associated problems.

People age 65 and older have more hospital stays than 
any other age group. Older adults make up approxi-
mately 12% of the U.S. population but account for one 
out of three hospital stays (13.2 million hospitaliza-
tions in 2003; Russo & Elixhauser, 2006). Older adults 
also have a high rate of chronic illness. A recent analy-
sis estimated that 65% of the Medicare population 
has two or more chronic conditions (24% have four or 
more conditions; Wolff, Starfield, & Anderson, 2002). 
Similar to the Medicare population, patients treated 
at Veterans Affairs (VA) medical centers are older and 
have multiple chronic conditions (Ashton, Petersen, 
Wray, & Yu, 1998). Having multiple chronic illnesses 
significantly increases the likelihood of incurring an 
inpatient admission for ambulatory care sensitive 
conditions (ACSCs). ACSCs are defined as conditions 
for which timely and effective primary care may help 
reduce the risks of hospitalization by preventing the 
onset of a condition, controlling an acute episodic 
illness, or managing a chronic condition. Examples of 
ACSCs include both chronic illnesses such as diabetes, 
asthma, and heart failure, and acute conditions such 
as pneumonia, urinary tract infections, and dehydra-
tion (Kruzikas et al., 2004).

Rehabilitation nurses provide care for older 
adults across a variety of healthcare settings, in-
cluding outpatient rehabilitation facilities, home 
healthcare agencies, and clinics. People in these 
settings often have multiple chronic conditions 
and functional limitations that are associated with 
an increased risk for development of dehydration 
and subsequent admission. Dehydration is associ-
ated with significantly longer stays in rehabilita-
tion settings (Mukand, Cai, Zielinski, Danish, &  

Berman, 2003), and therefore it may delay rehabilita-
tion or result in hospital admission.

Dehydration is a common water and electrolyte 
disorder, but the clinical outcomes in older adults are 
much more serious than those in younger adults. In 
1991, 6.7% (731,695) of all Medicare hospital admis-
sions had dehydration as one of five diagnoses, and 
1.4% (146,960) of admissions had dehydration as the 
principal diagnosis. Of those admitted with a principal 
diagnosis of dehydration, 18% died within 30 days, 
and an additional 30.6% died within 1 year of being 
hospitalized (Warren et al., 1994). The total amount re-
imbursed to hospitals for treatment of Medicare benefi-
ciaries with dehydration as a principal diagnosis was 
more than $446 million (Warren et al.). More recent 
estimates place the potential savings from avoiding 
dehydration admissions at more than $1 billion (Xiao, 
Barber, & Campbell, 2004). From 1994 through 2000, 
admission rates for dehydration remained stable, rang-
ing from 130 to 134 admissions per 100,000 population. 
However, women were hospitalized for dehydration 
at a higher rate than men (11% higher), and rural resi-
dents were hospitalized at a rate 37% higher than their 
urban counterparts (Kruzikas et al., 2004).

The hospital admission rate for dehydration is one 
of the Agency for Healthcare Research and Quality 
Prevention’s Quality Indicators, which are considered 
screening tools for potential quality problems. Thus, 
admission for dehydration may reflect the quality of 
care provided in community settings. Prevention of 
dehydration in ambulatory settings requires knowl-
edge of the risk factors for and signs and symptoms  
of dehydration in order to prevent its occurrence,  
institute early treatment, and prevent progression to 
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more severe dehydration, which may necessitate 
expensive and potentially avoidable hospitalization. 
However, most work to date has focused on dehydra-
tion in long-term care settings (Culp et al., 2004; Kay-
ser-Jones, 2006; Kayser-Jones, Schell, Porter, Barbaccia, 
& Shaw, 1999; Mentes, 2006b; Mentes & Culp, 2003). 
The purpose of this study was to describe prevalence 
estimates and patient factors (predisposing factors, 
signs and symptoms, and mortality) associated with 
hospital admission for a principal diagnosis of three 
dehydration codes: 276.0, hyperosmolality or hyperna-
tremia; 276.1, hypo-osmolality or hyponatremia; and 
276.5, volume depletion (Weinberg & Minaker, 1995).

Background
Dehydration is believed to be prevalent in older 
adults (Chidester & Spangler, 1997; Hoffman, 1991; 
Kositzke, 1990). However, no absolute definition of 
dehydration exists (Hodgkinson, Evans, & Wood, 
2003; Weinberg & Minaker, 1995), and proposed 
definitions of dehydration vary. One definition 
includes rapid weight loss of more than 3% of body 
weight, serum sodium greater than 148 mmol/L, 
and blood urea nitrogen (BUN)/creatinine ratio 
greater than or equal to 25 (Hodgkinson et al.). 
Stookey, Pieper, and Cohen (2005) defined dehy-
dration using the BUN/creatinine ratio, serum 
sodium, orthostatic blood pressure, and plasma 
osmolality. Although many define dehydration 
using the BUN/creatinine ratio, this ratio can be 
altered by mechanisms unrelated to dehydration 
(Robinson & Weber, 2004).

Determining the presence of dehydration involves 
assessing the patient’s history, clinical signs, and labora-
tory data. Risk factors for dehydration include age (i.e., 
very young or old), although this assertion is controver-
sial (Hodgkinson et al., 2003). Mobility and functional 
disability (including cognitive impairment) may be risk 
factors, primarily because dependent people are more 
likely to need assistance with eating and fluid intake 
(Hodgkinson et al.). Gender may be a risk factor, but 
there are conflicting opinions about whether females 
(Stookey et al., 2005) or males (Weinberg & Minaker, 
1995) are at higher risk. Race may be related to increased 
risk, but the mechanism is unclear (Stookey et al.). In-
continence can be a risk factor for dehydration, in part 
because of a conscious decision by incontinent people 
to limit fluid intake (Hodgkinson et al.). Other risk fac-
tors include number of chronic illnesses, number of 
medications, number of opportunities for fluid intake, 
institutionalization (Hodgkinson et al.), vomiting and 
diarrhea, acute infections, and depression.

Though not uncommon, dehydration can be dif-
ficult to diagnose (Robinson & Weber, 2004; Thomas, 
Tariq, Makhdomm, Haddad, & Moinuddin, 2004). 

One reason it is difficult to diagnose is that such things 
as medication side effects and symptoms associated 
with acute illnesses (e.g., infection) may cause similar 
symptoms (Feinsod et al., 2004). In patients presenting 
to the emergency room, signs of dehydration include 
sunken eyes, dry tongue with longitudinal furrows, dry 
mucous membranes of the mouth, upper body muscle 
weakness, speech difficulties, and confusion (Gross 
et al., 1992), although there is disagreement about the 
validity of these indicators (Robinson & Weber). Other 
symptoms include pronounced orthostatic blood pres-
sure and tachycardia (Gross et al.; Robinson & Weber). 
Light-headedness and orthostasis may indicate volume 
depletion (Mange et al., 1997). Thirst may be an indicator 
of acute dehydration (Mange et al.), but thirst sensation 
may be blunted in older adults (Kenney & Chiu, 2001).

Laboratory indicators most frequently used to deter-
mine dehydration are the hematological indices, includ-
ing serum sodium greater than 148 mmol/L, BUN/
creatinine ratio of 25 or more, and serum osmolality 
greater than 295 mOsm/kg (Hodgkinson et al., 2003). 
BUN is a gross index of urea excretion that may increase 
in older adults when their kidneys cannot concentrate 
urine adequately. Likewise, increased creatinine may 
indicate impaired kidney function. Thus, an increase of 
both BUN and creatinine indicates kidney dysfunction. 
However, an increase in the BUN/creatinine ratio may 
signal chronic dehydration because urea, reabsorbed 
through the distal tubule, is more sensitive to dehydra-
tion than creatinine, which is reabsorbed in the proximal 
tubule. Because dehydration refers largely to intracel-
lular water deficits, plasma osmolality is considered the 
gold standard measurement. Because plasma sodium 
is the major determinant of plasma osmolality, it serves 
as a marker for the diagnosis of dehydration (Mange et 
al., 1997; Thomas et al., 2004).

Urinary indices (e.g., urine color, specific gravity, 
osmolality) are considered less reliable indicators of 
dehydration because they do not correlate with the 
hematological indices (Weinberg & Minaker, 1995). 
In older adults with age-related decline in urinary-
concentrating ability, neither urine osmolality nor 
urine-specific gravity can be used as a gold standard. 
These changes may represent the body’s response to 
dehydration, that is, the downstream manifestation of 
compensatory responses to an already existing dehy-
dration, or may represent early predictors or precur-
sors of hypohydration (Francesconi et al., 1987; Mentes 
et al., 2000; Mentes, Wakefield, & Culp, 2006).

Outcomes of dehydration include hospital admission, 
functional decline (e.g., delirium; Foreman, Wakefield, 
Culp, & Milisen, 2001; Inouye et al., 1999; Reyes-Ortiz, 
1997; Wakefield, Mentes, Diggelmann, & Culp, 2002), 
and death. Mortality estimates in patients hospitalized 
with hypernatremia are as high as 41% (Chassagne, 
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Druesne, Capet, Menard, & Bercoff, 2006; Molaschi et 
al., 1997; Palevsky, Bhagrath, & Greenberg, 1996).

Methods
This study used a case-control design. In this 
design, subjects with the disease or condition of 
interest (cases) and those without the disease or 
condition (controls) were selected. The proportions 
of subjects who had risk factors and outcomes of 
interest in the two groups were determined and 
compared (Liberatos, Link, & Kelsey, 1988).

Subjects and Setting
Before data collection, the study was approved by 
the University of Iowa institutional review board, 
which serves the Iowa City VA Medical Center. The 
center provides outpatient and inpatient medical, 
surgical, psychiatric, and neurological care to more 
than 36,000 veterans residing in eastern Iowa and 
western Illinois. It serves as a referral center for 
several specialty services.

Medical records of patients admitted to the hospital 
between 1995 and 2000 were eligible for inclusion. The 
VA Patient Treatment File was used to generate a list 
of records. The Patient Treatment File is a VA database 
containing records of all hospital admissions to VA fa-
cilities. Because there is no agreed-upon definition of 
dehydration, for this study a case was defined as a 
patient with one of three International Classification of 
Diseases, Ninth Revision, Clinical Modification (ICD-
9-CM) codes as the principal diagnosis (i.e., reason for 
admission). The three principal diagnosis ICD-9-CM 
codes were 276.0, hyperosmolality or hypernatremia; 
276.1, hypo-osmolality or hyponatremia; and 276.5, 
volume depletion (Weinberg & Minaker, 1995).

In hypernatremic dehydration (ICD code 276.0), 
water losses are greater than sodium losses. Charac-
teristics include hypernatremia (serum sodium levels 
greater than 145 mmol/L) and hyperosmolality (serum 
osmolality greater than 300 mmol/kg). This type is 
commonly caused by fever and an inability to increase 
oral intake. In hypo-osmolality or hyponatremia (ICD 
code 276.1), sodium loss exceeds water loss, reflected by 
serum sodium levels less than 135 mmol/L and hypo-
osmolality (serum osmolality less than 280 mmol/kg). 
This type may be a result of overuse of diuretics causing 
excess sodium loss, as in patients with heart failure 
(Gupta & Neyses, 2005; Oren, 2005). The third type, 
hypovolemia or volume depletion (ICD code 276.5), 
results from balanced loss of water and sodium. This 
type is commonly associated with a complete fast or 
prolonged vomiting and diarrhea. Combinations of 
these three types can also occur (e.g., continuing di-
uretics while a patient has diarrhea).

Control patient records were randomly selected from 
all admissions without one of these three ICD-9-CM 

codes listed (either at admission or during a hospital 
stay). Control patient records were matched to cases 
using three variables: age within 5 years, ward loca-
tion, and admission month (within the same year).

Data Collection
Two abstractors, one physician and one clinical 
pharmacist, reviewed all study records using an 
investigator-developed chart abstraction tool that 
included 77 items reflecting demographic data, 
predisposing factors, and signs and symptoms of 
dehydration (Table 1). Items on the chart abstrac-
tion tool were based on a conceptual model (Figure 
1) derived from a review of literature (Mentes et al., 
2000) and clinical knowledge of dehydration.

The time period selected for the record review 
overlapped with the initial implementation of the 
electronic medical record in the VA, so both paper 
and electronic records were used in the review. Re-
viewers had access to the complete medical record, 
but the data for this study focused on information 
available for up to 72 hours before admission (i.e., 
data recorded in the admission history) and for the 
first 24 hours after the index admission to the hospi-
tal. In the case of multiple data points (e.g., multiple 
laboratory values in the first 24 hours after admis-
sion), the data point closest to hospital admission 
time was selected.

After initial training on the abstraction tool, inter-
rater reliability between the two reviewers was estab-
lished by having each abstractor individually review 
10 records. These ratings were compared and each 
item was discussed (e.g., deciding where to find data 
when they were recorded multiple times, clarifying 
meaning of each item). The abstractors then reviewed 
50 records, and the investigators again met to discuss 
ratings and modify the instrument to improve clarity. 
Periodic interrater reliability checks were conducted 
throughout data collection.

Once all data were collected, the data set was 
checked for out-of-range values and missing data. For 
the laboratory data, ranges were reviewed by a medi-
cal technologist and pathologist. Out-of-range values 
were verified by rereview of the medical record. To the 
extent they were available, missing data were identi-
fied by a rereview of the record. Data for deaths were 
obtained by merging the data set with data files at the 
VA Austin Automation Center using the Beneficiary 
Identification Records Locator Subsystem, a Veterans 
Benefits Administration database containing records 
of all beneficiaries, including veterans whose survivors 
applied for death benefits.

All data were analyzed using Statistical Analysis 
Software version 9.1. Student’s t test was used to com-
pare continuous variables (and Levine’s test for unequal 
variances where appropriate); Pearson’s chi-square was 
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used to compare categorical variables. Records were 
grouped under each ICD-9 code, and each group was 
compared separately to the control group data. Be-
cause the medical records did not contain complete 
information for every variable of interest, we elimi-
nated from the analysis variables for which data were 
missing for more than 25% of subjects. For example, 
the amount of urine output in the 72 hours before 
admission was generally not available. Therefore, re-
sults are reported for a subset of variables from the 
record review.

Results
During the 6-year study, there were 27,242 hospital 
admissions; 149 patients were admitted with one of 
three study ICD-9-CM codes as the reason for admis-
sion, resulting in an overall admission prevalence rate 
of 0.55%. Of the 149 patients, 4 (2.7%) had a principal 
diagnosis code of 276.0, 28 (18.8%) had a code of 
276.1, and 117 (78.5%) had a code of 276.5. From 
the 149 admissions, data were obtained for 93 cases 
(62%). Records not reviewed include 40 records that 
were transferred elsewhere, 15 records that could not 
be located (patients admitted before implementation 
of the electronic record), and 1 restricted record. We 
obtained data for 91 control patients. The majority of 
the patients (88%) were admitted to medical units, 
with 10% admitted to surgical units and less than 1% 
admitted to the palliative care unit (unit location was 
missing for two subjects).

Overall, the mean age of the sample was 65 years 
(SD = 11.7 years), and, consistent with the population, 
100% of patients were male. Because so few patients 
were identified with code 276.0, these subjects were 
deleted from further analysis. Demographic data for 
the three analyzed groups (controls and subjects with 
admission codes 276.1 and 276.5) are shown in Table 2. 
Reflecting the demographics of the population treated 
at this hospital, most patients were Caucasian. Most pa-
tients in the control group were admitted for the major 
diagnostic categories of circulatory system (24.2%), neo-
plasms (12.1%), nervous system (11%), and digestive 
system (9.9%).

Hyponatremic Group (ICD Code 276.1)
Compared with control patients, patients admitted 
for code 276.1 as the principal diagnosis were less 
likely to live at home before admission (76.5% vs. 
95.5%, p = .007); were less likely to be married (23.4% 
vs. 50%, p = .04; Table 2); had significantly lower tem-
perature (36.2˚C compared with 36.7˚C in controls), 
sodium (119.1 mEq/L compared with 136.9 mEq/L 
in controls), chloride (81.5 mmol/L compared with 
99.8 mmol/L in controls), and urine-specific gravity 
(1.009 compared with 1.019 in controls; Table 3); and 

Table 1. Data Collection Variables (continued)

Demographic Data
Age
Gender
Race
Marital status
Height
Weight
Usual place of residence

History and Physical Findings
Vital signs on admission
Alcohol history
Smoking history
Weight loss in past 30 days
Skin turgor
Membrane hydration (oral mucosa)
Edema
Draining wounds or pressure ulcer
Permanent drains
In the past 30 days, has the patient had

upper respiratory infection
urinary tract infection
chemotherapy
radiation
dialysis
tracheostomy
oxygen therapy

Mental Status
Communication or comprehension difficulty
Swallowing problems
Dentition
Needs to be fed or needs help with eating
Activity and mobility level
Disability (hemiplegia, generalized weakness)

Food and Fluid Intake and Output History (up to 72 hours before admission)
Usual diet
Oral intake
Intravenous fluid intake
Fluid restriction
No food or tube feedings in past 72 hours
Feeding tube
Urine output
Urinary continence
Diarrhea
Constipation
Vomiting

Laboratory (first lab drawn at admission or within first 24 hours)
Sodium
Potassium
Chloride
Total carbon dioxide
Glucose
Blood urea nitrogen
Creatinine
Calcium
White blood cell count
Plasma osmolality
Urine-specific gravity
Urine osmolality
Urine sodium
Urine potassium
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were significantly more likely to be constipated (40% 
compared with 12.1% in controls), have generalized 
weakness, paraplegia, or hemiplegia (64.7% compared 
with 13.6% in controls), have altered urine output 
(increased or decreased; 50% compared with 9.1% 
of controls), and be taking thiazide diuretics (18.8% 
compared with 2.3% of controls; Table 4). The mean 
sodium and chloride values in the cases were below 
normal values (using sodium 135–145 mEq/L and 
chloride 95–107 mmol/L as normal ranges). Mortal-
ity rates at 30 and 180 days after discharge were not 
significantly different from those of control patients 
(Table 5).

Volume Depletion Group (ICD Code 276.5)
Compared with control patients, patients admit-
ted for the code 276.5 as the principal diagnosis 
had significantly lower weight (76.6 kg compared 
with 87.9 kg in controls), body mass index (24.4 
compared with 27.8 in controls), systolic (124 mm 
Hg compared with 140 mm Hg in controls) and 
diastolic (68 mm Hg compared with 73 mm Hg 
in controls) blood pressure, sodium (133.7 mEq/L 
compared with 136.9 mEq/L in controls), chloride 
(96.1 mmol/L compared with 99.8 mmol/L in con-
trols), and higher pulse rate (85 compared with 79 
in controls; Table 3). Cases were significantly more 
likely to have generalized weakness, paraplegia, 
or hemiplegia (47.8% compared with 13.6% in con-
trols), diarrhea (22.9% compared with 5.5% in con-
trols), vomiting (46.5% compared with 12.1% in 
controls), having nothing by mouth (NPO) before 
admission (12.5% compared with 3.3% in con-
trols), and taking a bulk-forming laxative (11.6% 

compared with 1.2% in controls; Table 4). Cases 
were less likely to have edema (13.9% compared 
with 38.5 % in controls; Table 4). Mortality rates at 30 
and 180 days after discharge were not significantly 
different from those of control patients (Table 5).

Discussion
The admission rate for one of the three diagnosis 
codes in this population was a small percentage 
of all hospital admissions. Compared with control 

Table 1. Data Collection Variables (continued)

Medications on Admission
Central nervous system

Benzodiazepine derivatives
Sedatives and hypnotics
Tricyclic antidepressants
Monoamine oxidase inhibitors
Antidepressants, other
Phenothiazine and related antipsychotics

Antipsychotics
Lithium salts
Amphetamines
Amphetamine-like stimulants

Diuretics
Thiazides
Loop diuretics
Carbonic anhydrase inhibitors
Potassium sparing
Diuretics, other

Laxatives
Bulk-forming laxatives
Hyperosmotic laxatives
Lubricant laxatives
Stimulant laxatives
Stool softeners
Laxatives, other

Figure 1. Conceptual Model Guiding Data Collection
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patients, patients admitted with hypo-osmolality 
or hyponatremia (276.1) had lower temperature, 
sodium (outside the range of normal), chloride (out-
side the range of normal), and urine-specific gravity 
and were significantly more likely to be constipated, 
have generalized weakness, have altered urine out-
put, and be taking thiazide diuretics. Because thi-
azide diuretics inhibit reabsorption of sodium and 
chloride, this group of patients may have developed 
hyponatremia associated with use of diuretics.

Patients admitted with volume depletion (276.5) had 
lower weight, body mass index, blood pressure, sodium, 
and chloride, and higher pulse rates. They were also 
more likely to have generalized weakness, diarrhea, or 
vomiting, been NPO before admission, and be taking 
a bulk-forming laxative and were less likely to have 
edema. It is possible these patients were experiencing 
acute volume depletion (e.g., associated with vomit-
ing and diarrhea). Acute dehydration, the most likely 
cause of admission in this group, is a loss of water and 
sodium, often caused by vomiting, diarrhea, sweating, 
blood loss, or fluid accumulation in body spaces where 
it cannot be drawn back into circulation. In contrast, 

chronic dehydration is a fluid imbalance of a longer pe-
riod; in older adults it is usually caused by insufficient 
fluid intake and occurs most commonly in long-term 
care or in unsupervised community-dwelling adults. 
Chronic dehydration causes fluid deficits in the cells, 
leading to altered absorption of medications, delirium, 
weakness, fatigue, exacerbation of medical conditions, 
and increased risk of death. The consequences of a 
chronically underhydrated state are delirium, urinary 
and respiratory infections, falls, constipation, and medi-
cation toxicity, all of which could precipitate a prevent-
able hospitalization indirectly related to dehydration.

Almost none of the patients in this population were 
admitted for hypernatremia. In a previously published 
study, hypernatremia accounted for 0.2% of all admis-
sions. In that study, compared with patients who de-
veloped hypernatremia after admission (iatrogenic), 
patients admitted to the hospital with hypernatremia 
(using a cutoff score of serum sodium greater than 150 
mmol/L) were significantly older and more likely to be 
admitted from a nursing home (Palevsky et al., 1996). 
Hypernatremia is associated with a lack of access to free 
water (Chassagne et al., 2006; Palevsky et al.), so the low 

Table 2. Sample Demographics

Controls  
(n = 91)

Hypo-Osmolality or 
Hyponatremia (276.1) (n = 17)

Volume Depletion 
(276.5) (n = 72)

Mean age in years (SD) 65.0% (10.2) 69.2% (9.3) 64.4% (12.0)
Male 100.0% 100.0% 100.0%
Caucasian 95.6% 94.1% 100.0%
Married 50.0% 23.5%1 53.5%
Usual residence (home) 95.5% 76.5%2 90.0%

1p = .04; 2p = .007.

Table 3. Comparison of Admission Characteristics (Means) of Controls 
and Cases by Dehydration Type (Continuous Variables)

Controls 
(n = 91)

Hypo-Osmolality 
or Hyponatremia 
(276.1) (n = 17) p

Volume Depletion 
(276.5) (n = 72) p

Weight (kg) 87.9 76.6 ns 76.6 .002
Body mass index 27.8 24.3 ns 24.4 .002
Temperature (°C) 36.7 36.2 .04 36.7 ns
Pulse 79 82 ns 85 .030
Systolic blood pressure  
(mm Hg) 140 143 ns 124 <.0001
Diastolic blood pressure  
(mm Hg) 73 73 ns 68 .029
Sodium (mEq/L) 136.9 119.1 <.0001 133.7 .001
Chloride (mmol/L) 99.8 81.5 <.0001 96.1 .001
Blood urea nitrogen (mg/dl) 25.9 24.0 ns 33.5 ns
Creatinine (mg/dl) 1.7 1.1 ns 1.8 ns
Blood urea  
nitrogen/creatinine ratio 18.4 19.5 ns 20.7 ns
White blood cell count 9.4524 10.681 ns 9.4471 ns
Urine-specific gravity 1.0186 1.009 .007 1.0149 ns
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rate in our study may reflect the population (i.e., most 
were admitted from home). Increased mortality is associ-
ated with hypernatremia, and we found no evidence of 
increased mortality in our sample.

From 1995 to 2000, the percentage of patients admit-
ted for dehydration increased from 0.3% to 0.8%. This is 
a lower percentage than that reported by Warren and col-
leagues (1994; 1.4%) for Medicare admissions. Although 
the percentage admitted increased in a linear fashion over 
time, over this same period the total number of hospital 
admissions decreased. Thus, the rate of increase is prob-
ably due to the VA’s efforts to shift from a system focused 
on inpatient care to one focused on improved manage-
ment in outpatient care, resulting in only the sickest pa-
tients being admitted, as opposed to a true increase in the 
prevalence of admissions for dehydration.

Limitations
There are several limitations to this study. The most 
salient limitation is using existing medical records as 
the data source. In particular, missing data are a con-
cern. It is unknown whether data are missing because 
the patient did not exhibit a characteristic, the patient 
did not report the symptom (e.g., history of alcohol 
use), or the clinician did not recognize or record the 
symptom. Furthermore, it is not possible to validate 
the information contained in the record (Krowchuk, 
Moore, & Richardson, 1995). It is possible there were 
unrecognized cases of dehydration in the group of 
control patients (misclassification bias). Although 
cases and controls were matched on several variables, 
a measure of severity of illness was not used.

The sample was male and limited to patients treated 
in a VA facility. Regarding gender differences, women 

have a lower total body fluid to body weight ratio than 
men (Mentes, 2006a). Studies reporting gender differ-
ences in dehydration have mixed findings. In a study 
assessing hydration status in nursing home residents, 
estimated creatinine clearance levels were lower in 
women, and only 33% of women in the sample had 
adequate renal function, compared with 58% of men 
(Mentes et al., 2006). Using a large epidemiologic da-
tabase, other investigators found the prevalence of 
hypertonicity, an indicator of cell dehydration, to be 
significantly higher in men; those with hypertonicity 
were more likely to exhibit clinical signs of dehydration, 
such as elevated creatinine and BUN/creatinine ratios 
(Stookey, 2005). Using separate large national databases, 
investigators have reported higher hospitalization rates 
for dehydration in men (Warren et al., 1994) and women 
(Kruzikas et al., 2004; Xiao et al., 2004).

All data were collected from records in one VA 
medical center, so findings may be biased by the ad-
mission polices and medical practice approach in that 
setting. Furthermore, compared with the general pop-
ulation, patients seen at VA facilities have higher rates 
of chronic illness such as diabetes (Pogach et al., 1998) 
and therefore may be at higher risk for dehydration.

Implications for Rehabilitation Nursing
Why is it important to recognize dehydration? Dehy-
dration is associated with a number of major adverse 
outcomes, including delirium (Mentes et al., 1998) and 
death. Dehydration can affect medication metabolism, 
resulting in potential adverse drug events. Risk factors 
for dehydration and several geriatric syndromes are 
similar. For example, risk factors for delirium include 
age, severe illness, dementia, physical frailty, infection, 

Table 4. Comparison of Admission Characteristics of Controls Cases by 
Dehydration Type (Categorical Variables)

Controls 
(n = 91)

Hypo-Osmolality 
or Hyponatremia 
(276.1) (n = 17) p

Volume 
Depletion 

(276.5) (n = 72) p
Constipation 12.1% 40.0% .006 10.3% ns
Disability (generalized weak-
ness, hemiplegia)

13.6% 64.7% <.0001 47.8% <.0001

Urine output altered 
(increased or decreased)

9.1% 50.0% <.001 20.4% ns

Edema (yes) 38.5% 35.3% ns 13.9% .001
Diarrhea (yes) 5.5% 0.0% ns 22.9% .001
Vomit 12.1% 5.9% ns 46.5% <.0001
NPO 3.3% 0.0% ns 12.5% .034
Thiazides 2.3% 18.8% .005 5.8% ns
Bulk-forming laxatives 1.2% 0.0% ns 11.6% .006

Table 5. 30-Day and 6-Month Mortality by Status

Controls
Hypo-Osmolality or 

Hyponatremia (276.1) p
Volume 

Depletion (276.5) p
30 days after discharge 4.4% (4) 5.9% (1) ns 1.4% (1) ns

6 months after discharge 15.4% (14) 11.8% (2) ns 16.7% (12) ns
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dehydration, polypharmacy, and renal impairment 
(Foreman et al., 2001). Risk factors for falls include 
advanced age, chronic disease, muscle weakness, and 
altered mental status (Perell et al., 2001). Patients with 
dehydration in this study had higher rates of muscle 
weakness and hemiplegia. Although there is some 
controversy and lack of agreement on what consti-
tutes adequate fluid intake in older adults (Culp, 
Mentes, & Wakefield, 2003; Gaspar, 1999; Valtin, 
2002), prevention includes simple measures such as 
ensuring adequate fluid intake and careful attention 
to medications. Medication monitoring is especially 
important for patients taking medications known to 
affect fluid balance (i.e., diuretics). Prevention, moni-
toring, and management are critical to preventing 
dehydration-associated problems.

Despite the risk of dehydration in older popula-
tions, very little research has addressed the risk factors 
for and clinically reliable indicators defining dehy-
dration. Increasingly, electronic records are being 
implemented in healthcare settings. To the extent that 
documentation is more standardized in an electronic 
record (e.g., use of templates for admission assessment 
data and progress notes), future studies using elec-
tronic patient record data across multiple sites may 
allow greater insight into risk factors for and indica-
tors of dehydration. People residing in rural areas have 
higher rates of admission for dehydration (Kruzikas 
et al., 2004). Thus, using remote monitoring (e.g., tele-
health) for at-risk frail older adults (i.e., those living 
alone, those with hemiplegia) should be investigated 
as a means for closer monitoring of at-risk people who 
have limited access to healthcare services (Buckwalter, 
Davis, Wakefield, Kienzle, & Murray, 2002). Using a 
urine color chart should be further investigated as a 

tool for community-dwelling older adults to monitor 
for dehydration (Mentes et al., 2006; Wakefield et al., 
2002). Finally, nursing interventions tailored for the 
individual’s risk factors (e.g., medication manage-
ment, fluid management) must be tested for efficacy 
(Wakefield, 2008).
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