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The Effects of 6 Months of Increased Water Intake on Blood
Sodium, Glomerular Filtration Rate, Blood Pressure, and Quality
of Life in Elderly (Aged 55–75) Men

Mark G. Spigt, PhD,� J. A. Knottnerus, MD, PhD,� Klaas R. Westerterp, PhD,w

Marcel G. M. Olde Rikkert, MD, PhD,z and C. P. van Schayck, PhD�

OBJECTIVES: To study whether there are any negative or
positive effects of 6 months of increased fluid intake in rea-
sonably healthy elderly men.

DESIGN: Randomized trial.

SETTING: Community-based.

PARTICIPANTS: One hundred forty-one healthy partici-
pants aged 55 to 75.

INTERVENTION: One group was given the advice to in-
crease their daily fluid intake by 1.5 L of water; the other
group was given placebo medication (8 mL inactive syrup
per day).

MEASUREMENTS: At 6 months blood sodium, glomer-
ular filtration rate (GFR), blood pressure, and quality of life
(QOL) were measured. The changes in water turnover were
measured using deuterium.

RESULTS: Most subjects did not manage to increase their
fluid intake by 1.5 L. The average increase in the interven-
tion group was approximately 1 L. Twenty-four-hour water
turnover in the water group was 359 mL (95% confidence
interval 5 171–548) higher than that of the control group at
6-month follow-up. Blood pressure, sodium level, GFR, and
QOL did not change significantly in either group during the
intervention period. In addition, the cases reporting a wors-
ening on the effect measures were equally distributed over
the two study groups.

CONCLUSION: The advice to increase fluid intake by
1.5 L had no negative effects in reasonably healthy men
aged 55 to 75. J Am Geriatr Soc 54:438–443, 2006.

Key words: dehydration; hyponatremia; blood pressure;
water

Dehydration is a common condition affecting older
people,1 and it is assumed to be associated with co-

morbidity such as pressure ulcer,2 constipation,3 urolithia-
sis,4 headache,5 and even bladder,6 colorectal,7 and breast
cancer.8 The chance of dehydration is increased in older
people by reduced intracellular, extracellular, and total-
body water;9,10 a diminished sensation of thirst in response
to a period of fluid restriction; and a reduction of the max-
imal water conservation capacity of the kidney.11

Alternatively, older people seem susceptible to overhy-
dration. It is well documented that, on average, renal func-
tion declines with age due to glomerular sclerosis, which
results in a decrease in cortical mass.12 As a consequence,
mean glomerular filtration rate (GFR) declines. Addition-
ally, there is less-efficient sodium-conserving capacity and a
reduced ability to excrete a surplus water load because of
decline in renal responsiveness to changes in concentration
of antidiuretic hormone, natriuretic peptide, and aldoster-
one.13 It is assumed that these factors make older people
prone to overhydration potentially leading to hypo-
natremia, which may be fatal in severe cases.14,15

In 2001, a study was started on the effects of increased
urine output on bladder function and lower urinary tract
symptoms (LUTS) in elderly men (55–75). The hypothesis
behind this intervention is described elsewhere.16 In short, it
was hypothesized that increasing urine output could trigger
a physiological adaptive response of the bladder, leading to
functional improvement of the bladder muscle, which
might prevent frequently reported symptoms such as weak
stream and incomplete emptying.

Because the increased urine output was achieved
by increasing fluid intake by 1.5 L, there was considerable
debate whether this could do harm in such an elderly pop-
ulation. Searching the literature, it appeared that no long-
term longitudinal data existed on the general health effects
of increased fluid intake in older people.

It is not sound to base reluctance to hydrate in older
people on theory and case reports, particularly if hydration
potentially has positive health effects. Alternatively, it may
well be that decreased renal and hemodynamic function
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make older people prone to overhydration, so that indeed
one should be careful to give hydration advice to this pop-
ulation.17 To investigate whether increasing fluid intake has
a relevant negative effect in older people, general health
effects were monitored during this randomized trial. The
effects on bladder function and LUTS are not part of this
paper.

METHODS

The analysis of the general health effects of increased fluid
intake in older people was part of a randomized trial in
which the effects of increased fluid intake on bladder func-
tion and LUTS were investigated. In this trial, participants
were randomized to advice to increase their daily fluid in-
take by 1.5 L of water or to placebo medication. Both
groups were followed for 6 months.

Description of the Trial

The study population was recruited via 21 general practic-
es. The general practitioners invited their total male pop-
ulation aged 55 to 75 to participate in the study. A screening
questionnaire containing the International Prostate Symp-
tom Score (IPSS; range 0–35),18 questions on comorbidity, a
drink diary, and informed consent documents were en-
closed with the doctor’s invitation. One thousand nine
hundred eleven men who informed consent were screened
for moderate LUTS (IPSS 8–19). The IPSS measures symp-
tom severity of frequently reported LUTS, such as weak
stream, hesitancy, and nocturia. Based on the screening
questionnaire, 1,673 men were excluded. Exclusion criteria
were mild or severe LUTS (IPSS o8 or 419), diabetes
mellitus, Parkinson’s disease, previous surgery of the lower
urinary tract, a history of prostatic or bladder carcinoma,
and the use of medication for LUTS or tricyclic antidepres-
sive agents. In addition, potential participants were exclud-
ed who reported having a fluid intake of more than 2.0 L per
day, who had a renal disease or used diuretics, in whom
prostate cancer was diagnosed (prostate-specific antigen
44.0 and biopsy-confirmed carcinoma), or who had a
blood sodium level less than 130 mmol/L. One hundred
forty-one participants were enrolled in the study.

A person who was otherwise not involved in the ex-
ecution of the study and had no access to the baseline data
generated a random allocation sequence using a computer-
ized random-number generator and randomly assigned the
participants to the two groups. People in the intervention
group were advised to drink an additional three portions of
0.5 L of water spread over the day. To improve adherence to
the intervention, they were supplied with 0.5-L glasses.
People in the control group received placebo medication
(8 mL inactive syrup per day). A person who was not in-
volved in the effect measurements told the participants
which intervention they would receive and kept contact
with the participants during the study by telephone (at 2, 8,
and 18 weeks) to maintain treatment adherence.

The participants were informed that whether it was
possible to prevent LUTS would be investigated. No infor-
mation was given on the specific goal of either intervention
to accomplish blinding for the nature of the interventions
and the hypothesis of this study. It was mentioned that they
would be allocated in a random fashion to one of the in-

terventions and that it was possible that they received an
ineffective intervention for a period of 6 months. All par-
ticipants were fully informed after study termination. The
ethical review board of the University Hospital Maastricht/
University of Maastricht approved the research protocol
and the informed consent procedure.

Measurements

Assessment of Total Body Water and Water Turnover

To measure the hydration status of the participants before
and during the study period and to measure the actual
change in water turnover, the deuterium-labeled water
method was used. This is regarded as the criterion standard
for measuring total body water (TBW) and water turnover
in humans.19,20 After equilibration of a known mass of
deuterium in the body water compartment, TBW can be
calculated by measuring deuterium concentration in urine.
Subsequently, deuterium is eliminated depending on the
rate of water turnover; the more fluid people consume, the
lower the deuterium concentration in urine after a certain
period of time. Accordingly, urine samples from both
groups, taken at different points within 2 weeks (Days 0, 1,
7, and 14), were analyzed. This was done before the base-
line assessment in the hospital and in the final 2 weeks of the
intervention period. Therefore, if participants complied
fully with the intervention, their water turnover would in-
crease by 1.5 L from their baseline level.

Assessment of (Adverse) Effects

If a hydration regime has negative effects on the general
health of older people, it is primarily expected to result in
changes in blood sodium levels, renal function, hemody-
namic function, and (global) quality of life. The effects of
the intervention were assessed at baseline and at the end of
the intervention period (at 6 months). From blood samples,
sodium and creatinine levels were determined. From creati-
nine levels, GFR was estimated using the Cockroft and
Gault formula.21 (For men, GFR 5 ((140–age) � weight)/
(serum creatinine � 72.) (Serum creatinine is in mg/dL, to
convert mmol/L to mg/dL divide by 88.4.) Diastolic and
systolic blood pressure (BP) were measured two times at
each assessment using the oscillometric device Omron
705CP (OMRON Matsusaka Co. Ltd., Matsusaka City,
Mie-Ken, Japan).22 The mean of the two measurements was
calculated. The Medical Outcomes Study 36-item short
form (SF36) was used to monitor (global) quality of life
(QOL).23 The mean score of the different SF36 subscales
was included in the analysis.

Statistical Analysis

It was discovered later that three subjects had a baseline
IPSS score above the maximum of 19 points (scores of 20,
21, and 22, respectively). They were allocated in error, but
because this criterion was not essential for the research
question, they were not excluded from the statistical anal-
ysis.

The baseline differences between the two age sub-
groups (55–65 and 66–75) were analyzed using independ-
ent-sample t test. The linear relationship between age and
baseline characteristics was analyzed using linear regres-
sion. For the estimation of the treatment effect, multiple
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linear regression analyses (analysis of covariance) were per-
formed in which the follow-up measurement was used as
the outcome variable, the intervention type as a predictive
variable, and the baseline score of that outcome variable
and age as covariates.24 As a per-protocol analysis, the
analysis was subsequently performed without the subjects
in the experimental intervention group, who had not in-
creased their water turnover above the median (interven-
tion group) level. In addition, the linear relationship
between the effect measures and actual increase in water
turnover (linear regression) was studied. The possible
harmful effects of increased water intake were further in-
vestigated by selecting the worst 20% of cases on each effect
parameter, after which the distribution of these cases be-
tween the water and control group was analyzed. As an
exploratory analysis, possible effect modification of age and
GFR was analyzed by performing a stratified analysis of
treatment effect for these subgroups. The analysis was per-
formed in SPSS (SPSS Inc., Chicago, IL). Ninety-five percent
confidence intervals (CIs) were determined, and a two-
tailed P-valueo.05 was considered statistically significant.

RESULTS

Baseline Characteristics

At baseline, the elderly subgroup (66–75) had a statistically
significantly lower 24-hour water turnover than the young-
er subgroup (55–65) (Table 1). GFR and blood sodium level
were also statistically significantly lower in the older sub-
jects. Age was statistically significantly related to a decrease
in TBW, 24-hour water turnover, and GFR. Systolic BP was
statistically significantly greater with older age.

Effects of Increased Fluid Intake

Table 2 shows the effects of increased fluid intake. If par-
ticipants in the experimental group had complied perfectly
with the intervention, their water turnover would have in-
creased by 1.5 L, but most subjects did not increase their
fluid intake by 1.5 L, as is shown by the average increase of

1.0 L. Twenty-four-hour water turnover in the water group
was 359 mL higher than in the control group at 6-month
follow-up.

TBW, BP, blood sodium level, serum creatinine level,
GFR, and QOL remained constant in both groups during
the intervention period. Excluding the nonadherent
participants from the water group (24-hour water
turnover increase less than the median of 955 mL) from
the analysis did not influence the results significantly (data
not shown).

In addition, there was no statistically significant rela-
tionship between changes in water turnover and changes in
effect (coefficients for 1-L increase in water turnover
(mean � standard error): diastolic BP 5 0.8 � 1.4 mmHg,
systolic BP 5 5 � 3 mmHg, creatinine 5 1.3 � 1.7 mmol/L,
GFR 5 � 1.7 � 1.6 mL/min, sodium 5 � 0.7 � 0.4 mmol/
L, SF36 score 5 3 � 2).

Distribution of Worst Cases

The cases reporting a relatively large worsening on the ef-
fect measures were equally distributed over the two study
groups (Table 3), and a blood sodium level less than
130 mmol/L did not occur during the study period.

Effect Modification by Age and GFR

The stratified analyses for age revealed that the effects of
increased water intake were not different for the elderly
subgroup (66–75) than for the younger subgroup (55–65)
(data not shown).

Stratification on GFR (oor �80 mL/min) appeared to
modify the effect of increased water intake but only on BP.
Diastolic and systolic BP decreased significantly in men in
the intervention group with a GFR lower than 80 mL/min.
At 6 months, the effect of water was determined to be
� 5.6 mmHg (P 5.002, 95% confidence interval
(CI) 5 � 9.1 to �2.1) for diastolic BP and �8.6 mmHg
(P 5.03, 95% CI 5 �16.3 to � 0.9) for systolic BP. The
data appeared consistent, because, in a subgroup with high
(baseline) BP and low GFR, the size of the effect increased,

Table 1. Baseline Characteristics for Different Age Groups, the Differences Between These Groups and the Estimated
Effect of Age

Characteristic

Age

Difference
Between

Means (SE)

Estimated
Effect of 1-Year

Increase in Age (SE)�

55–65 (n 5 89) 66–75 (n 5 52)

Mean � Standard Deviation

24-hour water turnover, mL 3,075 � 592 2,858 � 509 � 217 (103)w � 30 (9)w

Total body water, L 43 � 5 42 � 5 � 1.5 (0.8) � 0.3 (0.1)w

Diastolic blood pressure, mmHg 93 � 11 91 � 12 � 1 (2) 0.04 (0.2)
Systolic blood pressure, mmHg 158 � 22 169 � 22 5 (4) 1.0 (0.4)w

Serum creatinine, mmol/L 91 � 14 91 � 13 0.5 (2.3) � 0.09 (0.2)
Glomerular filtration rate, mL/min 87 � 16 77 � 14 � 10 (3)w � 1.3 (0.3)w

Blood sodium, mmol/L 138 � 3 137 � 3 � 1.1 (0.5)w � 0.09 (0.05)
Quality of lifez 73 � 16 77 � 12 5 (3) 0.4 (0.3)

�The estimated effect was determined using regression analysis.
wPo.05.
zMedical Outcomes Study 36-item Short Form score.
SE 5 standard error.
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and the effect remained statistically significant even in this
small subgroup (diastolic BP 5 � 7 mmHg, P 5.03, 95%
CI 5 �13 to �1; systolic BP 5 � 18 mmHg, P 5.005,
95% CI 5 �30 to � 6).

DISCUSSION

Negative and positive effects of hydration are often pre-
sumed, but surprisingly little scientific evidence exists on
the long-term effects of hydration, especially in the ‘‘aver-
age’’ elderly individual. This study provided a unique op-
portunity to study the general health effects and potential
adverse effects of hydration in older people.

At baseline, there was a statistically significant negative
relationship between age and TBW and between age and
24-hour water turnover. Others have reported the observed
decrease in TBW with increasing age, which is assumed to
be largely determined by a decrease in fat free mass.25 A
decrease in water turnover with increasing age confirms the
findings of a previous study.25 Several factors, such as a
reduced physical activity level26 and reduced beverage in-
take,11,25 might explain the lower water turnover in older
people. Whether reduced water turnover has any causal
relationship with other age-related negative changes in the
human body is unknown. It is also unknown whether in-
fluencing these factors by increasing fluid intake has a pos-
itive effect.

The advice to increase fluid intake by 1.5 L had no
negative effects in this study. Neither were there differences
in the distribution of adverse events between the control
and experimental groups. In addition, in the long term, the

Table 2. The Effects of Increased Water Intake

Outcome Parameters

Water
(n 5 70)

Control
(n 5 71)

Estimated Effect of Water
(95% Confidence Interval)�

Mean � Standard
Deviation

24-hour water turnover, mL
Baseline 3,034 � 631 2,950 � 498
Six months 4,036 � 988 3,628 � 764 359 (171–548)w

Total body water, L
Baseline 42 � 4 43 � 5
Six months 42 � 4 43 � 5 0.2 (� 0.4–0.8)

Diastolic blood pressure, mmHg
Baseline 92 � 11 92 � 11
Six months 89 � 12 90 � 11 � 0.9 (� 3.7–2.0)

Systolic blood pressure, mmHg
Baseline 166 � 22 165 � 23
Six months 159 � 25 161 � 24 � 2.4 (� 8.0–3.2)

Serum creatinine, mmol/L
Baseline 91 � 12 91 � 14
Six months 91 � 12 92 � 16 � 1.5 (� 4.8–1.9)

Glomerular filtration rate, mL/min
Baseline 82 � 16 85 � 16
Six months 81 � 16 85 � 19 � 0.1 (� 3.2–2.9)

Blood sodium, mmol/L
Baseline 137 � 3 138 � 3
Six months 138 � 3 138 � 3 � 0.2 (� 1.1–0.6)

Quality of lifez

Baseline 74 � 14 74 � 15
Six months 74 � 14 73 � 15 1.1 (� 2.4–4.8)

�The estimated effect was determined using regression analysis, in which differences in baseline score and age were adjusted for.
wPo.05.
zMedical Outcomes Study 36-item Short Form score.

Table 3. Distribution of Selected Adverse Effects Between
the Two Study Groups

Worst 20%

Water
(n 5 70)

Control
(n 5 71)

n (%)

Diastolic blood pressure
(44 mmHg increase)

14 (21) 15 (22)

Systolic blood pressure
(46 mmHg increase)

15 (23) 14 (21)

Serum creatinine (46 mmol/L
increase)

15 (22) 14 (20)

Glomerular filtration rate
(46.00 mL/min decrease)

13 (21) 12 (18)

Quality of life (47.36-point
decrease)�

9 (15) 15 (23)

Note: There were no statistically significant differences between the two study
groups.
�Medical Outcomes Study 36-item Short Form score.
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older subgroup (65–75) was found to be as able to cope
with the increased water intake as the younger individuals
(55–65). Therefore, the advice to increase fluid intake by
1.5 L can be safely given to reasonably healthy elderly men
aged 55 to 75. Safety is not guaranteed in patients with
known renal disorders, with a blood sodium level less than
130 mmol/L, with a high (self-reported) prior fluid intake,
or with evident cardiac decompensation, because they were
not included in this study. In such a population, extra pre-
cautionary measures should be taken to monitor possible
overhydration. In addition, too-large increases in water in-
take (e.g., 5–10 L/d) will probably be harmful, especially in
an elderly population and in cases of malnutrition. Fur-
thermore, because this study addressed men with possible
prostatic-related LUTS, no elderly women were included.
This limits the generalizability of the results to the female
population. On average, women have less TBW than man.
Therefore, the same amount of consumed fluid will lead to
larger relative changes in hydration. This may make them
more vulnerable to overhydration.

Whether beneficial effects are to be expected of in-
creased fluid intake remains poorly investigated. Some au-
thors state that older people are susceptible to dehydration
and claim significant morbidity due to reduced water in-
take.2,27 Others have raised doubts about the need for extra
hydration. For instance, one study17 concluded that there is
no reason to encourage elderly people to drink more fluids.
In a large cohort study, they observed few differences in
general health measures between people with high self-re-
ported fluid intakes and those with low fluid intake. The
current study examined the safety of increasing the fluid
intake in elderly men. Because no harmful effects were ob-
served, doctors can decide for themselves whether to rec-
ommend increased fluid intake to prevent, for example,
constipation. As regards future research on this topic, it is
important that potential positive and negative effects be
studied in randomized rather than observational studies.
This way, confounders and unblinded evaluations are not
likely to bias the observations and following recommenda-
tions.

One topic that needs further investigation is the effect
of increased fluid intake on diastolic and systolic BP. In this
study, beneficial effects were observed in a subgroup of
persons with low GFR. Some research has been performed
on the short-term effects of increased fluid intake on BP.
This research has shown that BP increases temporarily as a
result of increased fluid intake.28 In addition, the relation-
ship between decreased renal function and high BP is
known,29 although as far as the authors know, a possible
positive effect of long-term increased fluid intake on hy-
pertension has not been addressed before. It was hypoth-
esized that a different physiological adaptation to
overhydration subsequently leading to decreased peripher-
al resistance mediated the decline in BP in subjects with
decreased renal function. Some caution is required, because
this observation is based on subgroup analyses. Future
studies in clinically relevant populations (patients with hy-
pertension and low GFR) are needed to verify these results
and to investigate the underlying physiological mechanism.

Finally, increasing fluid intake and achieving a large
contrast between study groups is difficult. In this study, a
mean contrast of approximately 350 mL per 24 hours was

achieved, which was lower than the 1.5 liters that the in-
tervention group had been requested to increase their intake
by. Poor blinding and contamination are risks, because wa-
ter is impossible to copy into a placebo, and any subject
hearing of promising new advice could easily implement
this in his daily life. This was solved by using an unusual
design in which a placebo control group and partial in-
formed consent were used (informed about the content but
not the idea behind the interventions). Because the control
group was blind to the rationale of drinking more water and
had their own intervention (syrup), it was assumed that the
extremely hot summer of 2003 caused the increase in water
turnover in the placebo group. The mean ambient temper-
ature during the follow up measurements was 20.91C
(range 17.3–24.61C), whereas 17.61C is normal for that
period. Consequently, the control group had a much higher
fluid intake than at baseline, reducing the contrast between
the two groups. The issue of blinding and possible contam-
ination has been discussed at length elsewhere.30

CONCLUSION

The advice to increase fluid intake by 1.5 L had no negative
long-term effects on hemodynamic outcome measures or on
quality of life in reasonably healthy men aged 55 to 75.
Future studies should further investigate the relationship
between age, age-related physiological changes, and de-
creased water turnover. In addition, potential positive ef-
fects, on, for example, BP in patients with decreased GFR,
should be studied more carefully.
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