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Abstract
We performed a comprehensive literature review to examine evidence on the effects of hydration on the kidney. By
reducing vasopressin secretion, increasing water intake may
have a beneficial effect on renal function in patients with all
forms of chronic kidney disease (CKD) and in those at risk of
CKD. This potential benefit may be greater when the kidney
is still able to concentrate urine (high fluid intake is contraindicated in dialysis-dependent patients). Increasing water
intake is a well-accepted method for preventing renal calculi, and current evidence suggests that recurrent dehydration and heat stress from extreme occupational conditions is
the most probable cause of an ongoing CKD epidemic in Mesoamerica. In polycystic kidney disease (PKD), increased water intake has been shown to slow renal cyst growth in animals via direct vasopressin suppression, and pharmacologic
blockade of renal vasopressin-V2 receptors has been shown
to slow cyst growth in patients. However, larger clinical trials
are needed to determine if supplemental water can safely
slow the loss of kidney function in PKD patients.
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Introduction

Regulation of body fluid volume by the kidney was
pivotal in the emergence of life forms from water to land.
This control of water homeostasis, which largely depends
on the antidiuretic hormone vasopressin, is an adaptive
response essential for a terrestrial habitat. In the short
term, it ensures an intra-vascular volume for such vital
issues as the flight and fight reaction [1]. However, in the
long term, vasopressin effects on kidney function and
blood pressure may have negative consequences by increasing renal plasma flow, glomerular filtration rate
(GFR) and urinary albumin leakage (the hallmarks of
progressive kidney injury) [2–4]. We examined evidence
for the effects of hydration on plasma levels of vasopressin and kidney function and in patients with chronic kidney disease (CKD), diabetic nephropathy, Mesoamerican
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Search Strategy
A search for relevant articles was performed in
MEDLINE and PubMed without any time limits. The
search terms used were the following: fluid intake, water
intake, water prescription, hydration, chronic kidney disease, CKD, renal failure, kidney failure, end-stage renal disease, renal transplantation, kidney transplantation, vasopressin, kidney function, estimated glomerular filtration
rate, eGFR, diabetic nephropathy, Mesoamerican nephropathy, nephrolithiasis, kidney stones and autosomal
dominant polycystic kidney disease. We also searched the
reference lists of identified articles for additional relevant
articles. All papers reviewed were English language full-text
papers.

Biologic Rationale: An Overview of Animal Studies
with Reference to Potential Mechanisms via
Vasopressin

Vasopressin, a small peptide (9 amino acids), is a very
old hormone. Similar peptides exist in worms, mollusks
and insects as well as in lower vertebrates. In humans, its
antidiuretic activity is mainly due to its action on the permeability to water mediated by the V2 receptors (V2Rs)
in renal collecting ducts. The vascular organization surrounding the specialized loop-shaped nephrons favors
the accumulation of concentrated solutes in the renal medulla. Since the collecting ducts traverse the whole cortex
and medulla, water can be extracted from the luminal fluid by osmotic driving force, concentrating urinary solutes
and markedly reducing the urinary flow rate. In the cortical and outer medullary collecting ducts, vasopressin
stimulates sodium reabsorption through the sodium
channel ENaC. This allows more water to be reabsorbed,
but at the expense of a reduced sodium excretion [5]. Vasopressin also increases the permeability to urea in the
terminal inner medullary collecting ducts by activating
the facilitated urea transporter UT-A1. This ensures the
delivery of concentrated urea to the inner medullary interstitium, which can be trapped there by countercurrent
exchanges between the ascending and descending vasa
recta [6, 7]. This is an important feature of the concentrating mechanism because keeping a high urea concentration at the tip of the papilla allows the kidney to concentrate urea in the urine in humans up to 100 times more
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than in the blood. This water economy occurs at the expense of a lesser efficiency in urea excretion (from about
60% at high urine flow rates to about 25–30% at low urine
flow rates) [8, 9].
When urine concentration is stimulated by a selective
agonist of vasopressin V2Rs (dDAVP) in conscious rats,
GFR (measured by inulin clearance) is enhanced, and the
kidney hypertrophied; conversely, GFR is decreased
when vasopressin secretion is reduced by a chronic increase in water intake (fig. 1a) [10]. An influence of urine
concentration on GFR was also observed in 12 healthy
humans studied twice with either high or low hydration
at a 2-week interval in random order. GFR was higher for
every participant in the low hydration protocol (fig. 1b)
[11]. Urinary albumin excretion is dose-dependently and
reversibly increased in normal rats by chronic dDAVP
infusion. In healthy humans, dDAVP infusion for 20 min
also increased albuminuria over the next 2 h [12]. These
studies show that the water economy mediated by vasopressin V2Rs is responsible for a significant hyperfiltration with increased urinary albumin excretion (in rats
and humans) and kidney hypertrophy (rats) features similar to those induced by a high-protein diet [13, 14]. In
humans, ingestion of a protein-rich meal induces an
acute rise in vasopressin secretion and urine osmolality
[3], and chronic high protein intake results in higher vasopressin plasma concentrations [4, 5]. Hyperfiltration is
an adaptive response that limits the rise in plasma urea
induced by protein intake or by the lesser efficiency of
urea excretion in concentrated urine [6, 7]. This adaptation may become deleterious in the long term, especially
if kidney function is already altered [6, 8], as explained
below. For this reason, it may be appropriate to reduce
protein intake (or ingest smaller fractions) in order to
regularize vasopressin secretion.
Bankir et al. [8] hypothesized that a high urine concentration would have the same adverse effects as a highprotein diet. Experiments conducted in rats with 5/6 nephrectomy showed the possible benefit of an increased
fluid intake in CKD. Daily water intake was increased
3-fold by providing food in a water-rich agar gel that reduced vasopressin secretion and urine osmolarity; this induced a significant reduction in proteinuria, kidney hypertrophy, glomerular lesions, interstitial injury and
mortality, compared with 5/6 nephrectomized rats fed
dry food (fig. 2) [15]. To determine if vasopressin also
played a role in the hyperfiltration of diabetes mellitus
(DM) and in diabetic nephropathy, DM was induced by
streptozotocin in Brattleboro rats with diabetes insipidus
(DI) due to a single point deletion in the vasopressin gene
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nephropathy, nephrolithiasis, autosomal dominant polycystic kidney disease (ADPKD) and end-stage kidney
disease.
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Fig. 1. Influence of urine concentration in normal rats and healthy
subjects. a Urine osmolality in normal rats was either increased (by

dDAVP infusion) or decreased (by providing extra drinking water
in a gel food) for 1 week. GFR was measured as inulin clearance
(inulin infused continuously through osmotic minipumps) with
2 × 24-hour urine collection. Each point represents one rat. GFR
was positively and significantly correlated with the intensity of
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healthy volunteers on 2 separate occasions in random order, during which the subjects were submitted to either a high or a low
hydration (4.0 or 0.5 ml/kg body weight every 30 min, respectively). In every subject, GFR was higher during the low hydration
(with presumably high AVP) than the high hydration condition
(with presumably low AVP). Adapted from Bouby et al. [10] and
Anastasio et al. [11] for a and b, respectively.

and in control littermates. Although glycemia increased
to the same extent in both groups, creatinine clearance,
urinary albumin excretion and kidney weight failed to increase in rats with DI (fig. 3) [16]. In rats with normal
vasopressin secretion and streptozotocin-induced DM,
the administration of a selective non-peptide V2R antagonist in food for 3 months prevented the rise in urinary
albumin excretion seen in untreated rats [17]. These studies show that the antidiuretic effects of vasopressin play a
major role in the early manifestations of diabetic nephropathy.
It is well accepted that glomerular hyperfiltration induces a vicious circle that leads to progressive renal damage, as proposed by Brenner [18] (fig. 4). The mechanism
by which vasopressin, via its V2Rs, induces glomerular
hyperfiltration and exerts its adverse effects on the kidney
is not fully elucidated. There are no V2Rs in the glomerulus. The hyperfiltration is likely induced by a reduction in
the tubulo-glomerular feedback control of GFR, secondary to a reduced sodium concentration at the macula densa. It has been proposed that this reduction results from
the complex vasopressin-dependent intrarenal handling
of urea, leading to a greater flow and higher concentration
of urea in the loops of Henle [8]. Vasopressin stimulated
NaCl reabsorption in the thick ascending limb of Henle

may also contribute to the lower sodium concentration at
the macula densa.
In ADPKD, vasopressin may have the same adverse
effects as in all kidney diseases (as explained above). In
addition, it also exerts a direct adverse effect by stimulating cAMP formation (as second messenger) in its target
cells in the collecting ducts. A number of studies in animal models and human cystic tissue in vitro have shown
that cAMP aggravates the deterioration of kidney function by stimulating the secretion of cyst fluid and cyst
enlargement [19]. For example, when rats with genetic
PKD are crossed with Brattleboro rats with DI (unable to
secrete vasopressin), they do not develop the cystic phenotype, unless they are infused with the V2R agonist
dDAVP [20]. A recent clinical trial has shown the benefits of antagonizing vasopressin’s antidiuretic action in
patients with ADPKD and well-preserved renal function
[21].
The results presented above suggest that reducing vasopressin secretion by increasing water intake or inhibiting vasopressin’s V2R-mediated actions by selective vasopressin antagonists [22, 23] may benefit patients with
all forms of CKD or those at risk of developing CKD. The
benefit should be greater when the kidney is still able to
concentrate urine [8].
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Fig. 2. Influence of urine concentration on urinary protein excretion, blood pressure and glomerulosclerosis in rats with CKD induced by 5/6 nephrectomy. Both groups had drinking water ad
libitum. In addition, urine osmolality was reduced in the ‘+water’
group by providing the daily food in a water-rich agar gel (note
however, that care was taken to adapt the extra water supply so as

not to induce the production of hypo-osmotic urine). Increased
water intake and the resulting lower vasopressin secretion and
lower urine concentration reduced the rise in urinary protein excretion, systolic blood pressure and glomerulosclerosis seen in the
control group. Adapted from Bouby et al. [15].

The Role of Hydration in CKD, Diabetic Nephropathy,
Mesoamerican Nephropathy, Nephrolithiasis,
ADPKD and End-Stage Kidney Disease

cal association between higher creatinine and urine volume
that was observed in this study. This small, observational
study underlines the need to adjust for as many baseline
variables as possible before attributing causality.
Two studies of the same population from the Blue
Mountains region in Australia reached different conclusions on the association between self-reported fluid intake (excluding plain water) and CKD [26, 28]. The first
study consisted of 2 cross-sectional surveys including
2,744 and 2,476 participants who completed a food frequency questionnaire and had baseline measurements of
eGFR [26]. The second study included 1,207 of the 2,744
participants in the first survey who also had measurements of eGFR approximately 10 years later [28]. While
the cross-sectional analyses found an inverse association
between baseline self-reported fluid intake and prevalence of CKD, in the longitudinal analyses in the smaller
sample, fluid intake at baseline was not associated with

Chronic Kidney Disease
Currently, 6 observational studies in humans have reported on the potential role of water and/or fluid intake in
CKD [24–29]. Superficially, these studies appear in conflict;
however, critical analysis suggests a differing view. In a
post-hoc analysis of 581 patients in the Modification of Diet
in Renal Disease study with an eGFR between 25 and 55 ml/
min/1.73 m2, higher urine volume was associated with faster eGFR decline [24]. However, the statistical association
between rising creatinine and urine volume was no longer
seen when participant use of diuretics and antihypertensive
medication was controlled for. Because diuretics can increase urine flow and many anti-hypertensives decrease renal blood flow, their combined use may explain the statisti284
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Fig. 3. Influence of urine concentration on the early manifestations
of diabetic nephropathy. DM was induced by an injection of streptozotocin in Brattleboro rats that cannot secrete vasopressin (no
AVP) and in control Long Evans rats (normal AVP). Sham injected rats served as controls. Although glycemia rose to the same ex-
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tent in the 2 strains of rats, the rise in creatinine clearance and
urinary albumin excretion that were observed in control rats did
not occur in the absence of AVP, and kidney hypertrophy was
much less intense. Adapted from Bardoux et al. [16].
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Fig. 4. A number of experimental studies in

rats and a few observations in humans suggest that vasopressin increases GFR and albuminuria, thus inducing a vicious circle as
suggested by Brenner [18] for a high protein diet. Adapted from Brenner [18].
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change in eGFR between baseline and last follow-up, although this analysis may have been under-powered. Similarly, a cross-sectional analysis of 3,427 participants in
the US National Health and Nutrition Examination Survey, found that the prevalence of CKD (defined as an
eGFR between 30 and 59 ml/min/1.73 m2) was higher in
those with the lowest total fluid intake (relative to the
highest-intake group) [27]. Although the adjusted OR of
2.5 did not achieve statistical significance, when stratified
by intake of plain water versus other beverages, CKD was
significantly associated with a low intake of plain water
(adjusted OR 2.4, 95% CI 1.1–5.1) but not with other fluids. As noted by the authors, if increased hydration protects the kidney, any beneficial effects may be offset if total fluid consumption comes largely from sugar-sweetened beverages [30, 31]. These observational studies are
subject to selection bias and misclassification bias due to
reliance on self-reported fluid intake.
In a 7-year prospective cohort study of 2,144 participants free of CKD at baseline, decline in kidney function
was significantly slower in those with higher versus lower 24-hour urine volumes [25]. As shown in figure 5,
those with the largest urine volumes (>3 liters/day) were
the least likely to demonstrate mild to moderate renal
decline (1–4.9%/year); adjusted OR 0.66 (95% CI 0.46–
0.94), or rapid renal decline (≥5%/year); adjusted OR
0.46 (95% CI 0.23–0.92). These results were adjusted for
medication use, including diuretics and risk factors for
renal progression. The dose–response relationship of decreasing urine volume and decreasing kidney function in
286
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this fully adjusted prospective model suggests, but does
not prove, causality due to an inability to control for unknown confounders. Finally, in a study 273 patients with
CKD stages 1–4 [29], the risk of dialysis initiation increased with higher urine osmolality (OR 2.04, 95% -CI
1.06–3.92) for each doubling of urine osmolality; adjusted for age, baseline creatinine clearance and diuretic
use). The estimated adjusted cumulative incidence probabilities of dialysis were 15, 24 and 34% in patients with
baseline urine osmolality of 315, 510, 775 mOsm/l. The
authors concluded that urine osmolality in CKD was a
potential modifiable risk factor by provision of supplemental water.
Mesoamerican Nephropathy
Since 2002, a startling excess of CKD has been documented in Central America and Southern Mexico, a phenomenon now termed Mesoamerican nephropathy [32–
37]. Rates of CKD in this region are 13–15 times higher
than in age-matched adults in the United States [38], and
El Salvador currently has the highest mortality rate from
kidney disease in the world [39]. Whereas CKD is typically a disease of the elderly, this Mesoamerican variant
disproportionately affects young men and develops in the
absence of traditional risk factors. Patients present with
elevated serum creatinine, low-grade or no proteinuria
and no known cause of kidney disease. Kidney biopsies
show a progressive tubulointerstitial disease with tubular
atrophy, fibrosis and some signs of glomerular ischemia
[39].
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global implications – occupational heat stress may also
explain an excess of CKD in Sri Lanka, India and Brazil
[50–52]. Scientists are now examining whether extreme
heat affects renal outcomes in vulnerable populations in
Australia, Europe and the United States [53–58].
In general, these observations suggest that higher water intake may preserve renal function; however, it remains unclear whether supplemental water can benefit
patients with CKD. Because urine concentrating capacity
is reduced as renal function declines, some patients with
CKD will have a high 24-hour urine volume but actually
be (slightly) volume depleted with a high vasopressin
concentration, which makes it difficult to isolate the causal effects in observational studies. A randomized controlled trial is needed to definitively answer this question.
In preparation for a larger RCT, we conducted a 6-week
pilot trial to examine the safety and feasibility of asking
adult patients with CKD to increase water intake. In this
pilot trial, we randomly assigned 28 patients with stage 3
CKD to a hydration or control group (2:1). The hydration
group was instructed to increase their water intake by 1.0
or 1.5 liters/day depending on sex, weight and 24-hour
urine osmolality (in addition to usual fluid intake) for
6 weeks. The control group carried on with their usual
intake. We advised a gradual increase in water intake over
2 weeks. During week 1, we instructed participants to
consume 1 cup of water at breakfast, lunch and dinner,
and during week 2, the full amount according to weight,
sex and urine osmolality (details available in BMJ Open
[59, 60]). Briefly, in the hydration group, 24-hour urine
volume increased by 0.7 liters (p = 0.01), while decreasing
by 0.3 liters in the control group (p = 0.07). Copeptin (a
surrogate marker of vasopressin) decreased by 3.6 pmol/l,
from 15.0 to 10.8 pmol/l (p = 0.005), while remaining stable among controls at 19 pmol/l (p = 0.76). Median urine
osmolality at baseline was 430 mOsm/kg and 393 mOsm/
kg in the hydration and control groups, respectively, and
did not change significantly in either group over 6 weeks.
No significant changes in electrolyte composition or
quality of life were observed. A larger randomized controlled trial (currently underway; n = 700) will examine
whether increased fluid intake can slow renal decline and
decrease copeptin concentrations over 1 year of followup (ClinicalTrials.gov NCT0176687).

The Heat Stress Hypothesis
Severe heat stress with accompanying water and solute
loss (with repeated volume depletion) can cause ischemic
kidney injury, even in healthy adults [42]. Many scientists
now believe that the most probable cause of Mesoamerican nephropathy is recurrent dehydration and heat stress
from extreme occupational conditions which causes subclinical kidney injury that leads to permanent kidney
damage over time [37, 42–44]. As described in recent field
studies, sugarcane harvesting involves 4–6 h of heavy lifting in extremely hot conditions (temperatures often exceed 35 ° C in the coastal lowlands), and workers typically
lose 2.6 kg in body weight after a day of harvesting [42,
45–47]. Further studies have shown significant increases
in levels of urinary kidney injury biomarkers (including
neutrophil gelatinase-associated lipocalin and interleukin 18) in field workers compared with non-field workers
before and after the harvest season [43, 44]. There is some
evidence that hydrating with electrolyte solutions may
protect against kidney injury among individuals working
in strenuous jobs in hot environments; however, this has
yet to be tested in a clinical trial [43, 44].
Whether heat stress causes CKD directly or in combination with other factors is uncertain. Some hypothesize
that the nephrotoxic effect of heat stress and dehydration
may be compounded by rehydrating with high-fructose
fluids (which may induce renal injury by a polyol fructinase mechanism) [41, 48, 49] or by concurrent use of
non-steroidal anti-inflammatory drugs or other nephrotoxic drugs [47]. The possibility that heat stress may
increase the risk of acute kidney injury and CKD has

Diabetic Nephropathy
A growing body of evidence suggests that supplemental
water may prevent or slow diabetic nephropathy; however,
no clinical trials have been conducted to date. Studies in
diabetic rats have shown that (1) a genetic deficiency of
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This epidemic has a distinct occupational and geographical pattern. The highest rates of CKD are seen
among agricultural workers in the hottest Pacific lowlands
of Nicaragua and El Salvador, where the prevalence of
CKD is 18% compared with 1% in communities at higher
elevations [39]. Sugarcane is a predominant industry in
the coastal lowlands, and it was initially suspected that
pesticides used in sugarcane production might be implicated in this epidemic. However, when Peraza et al. [36]
compared the kidney function of sugarcane workers in
low altitude versus those in high altitude settings, lowland
sugarcane workers were 10 times more likely to have elevated serum creatinine than highland workers (30% (34 of
113) versus 3% (2 of 73), p < 0.001. Other theories advanced to explain this epidemic have included exposure to
contaminated drinking water or alcohol, heavy metals or
infectious agents such as leptospirosis; however, evidence
to date does not support these theories [37, 40, 41].

Nephrolithiasis
Increasing water intake is a well-accepted method for
reducing the recurrence of kidney stones. The American
Urological Association and American College of Physicians both recommend increasing water intake to achieve
a urine volume of at least 2.0–2.5 liters/day to prevent recurrent kidney stones [65, 66]. Higher water intake is
thought to protect against stone formation by increasing
urine volume and flow rate, which lowers the supersaturation of calcium oxalate, calcium phosphate and uric
acid [65, 67, 68]. Of note, several studies have demonstrated effect modification by fluid type, where high intake of sugar-sweetened beverages is associated with an
increased risk for stone formation, possibly due to the
high fructose content, which has been shown to increase
urinary excretion of calcium, oxalate and uric acid [69–
72].
Autosomal Dominant Polycystic Kidney Disease
ADPKD is the most common inherited kidney disease
leading to end-stage kidney disease. ADPKD is characterized by the gradual expansion of kidney cysts, with enlargement of the kidneys, measured by the total kidney
volume (TKV). Kidney enlargement is continuous and
quantifiable by MRI and is associated with a more rapid
loss of kidney function [73]. Kidney volumes above 1,500
ml, at baseline follow-up, are associated with a declining
GFR of approximately 5 ml/min/year, with TKV increasing more in patients with ADPKD1 compared to those
with ADPKD2 [73]. In a more recent study, baseline height
adjusted TKV ≥600 ml/m, in patients with preserved kid288
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ney function, predicted the risk of progression to CKD
(GFR >60 ml/min/1.73 m2) over 1 year of follow-up [74].
In ADPKD, renal cysts originate from the epithelia of
the nephrons and renal collecting system and are lined by
a single layer of cells that have higher rates of cellular proliferation. Abnormalities in gene expression, cell polarity,
fluid secretion, apoptosis and extracellular matrix have
been described in ADPKD [75]. Arginine vasopressin
(AVP) stimulates the production of c-AMP in the distal
and collecting tubules by binding to AVP-V2Rs. Blocking
the effects of AVP and thereby decreasing c-AMP levels
by means of high water intake or genetic elimination of
vasopressin or use of an AVP-V2R antagonist attenuates
kidney enlargement and kidney functional deterioration
in animal models [20, 76]. A large randomized control
trial of Tolvaptan (n = 1,445), an AVP-V2R antagonist,
reported a significant slowing in the increase in TKV and
decline in kidney function in patients with ADPKD [21].
It has been hypothesized that ingestion of supplemental
water sufficient to cause a water diuresis would lower the
plasma level of AVP, accomplishing the same renal action
as blocking the V2Rs [77, 78]. Advantages and disadvantages of strategies to reduce the impact of vasopressin on
kidney function are summarized in table 1 [8]. In the
CRISP study, baseline copeptin levels, a surrogate for
AVP levels, were independently associated with disease
progression in early ADPKD [79]. Additionally, a recent
study in rodents shows a central role for AVP and cAMP
in promoting kidney enlargement and reducing renal
function in PKD [76]. Water intake was increased in a rat
model of PKD to physiologically suppress AVP and its
effect on renal morphology, cellular mechanism and
function. In these rats, increased water intake reduced
urinary AVP excretion, and urine osmolality fell below
290 mOsmol/kg H2O. High water intake was associated
with reduced renal expression of AVP V2Rs, reduced kidney/body weight ratio and improved renal function. A
pilot clinical study recently determined the amount of additional water needed to achieve a urine osmolality target
based on the urine osmolar excretion in ADPKD patients
with normal renal function [77]. During the 2-week
study, urine volume and osmolality were measured, and
additional water intake was adjusted in order to achieve
a urine osmolality goal of 285 ± 45 mOsm/kg H2O. These
adjustments resulted in water intake in the range of
2,400–3,000 ml per 24 h. Although this study was of short
duration, it did demonstrate that increasing water intake
in ADPKD patients was feasible. A recent small study in
ADPKD patients, comparing high versus ‘free intake’ of
water reduced urine osmolality to 329 in the high and 523
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vasopressin prevents hyperfiltration and reduces proteinuria and (2) vasopressin V2R antagonists block albuminuria [16, 17]. In humans, a vasopressin V2R agonist decreases urine flow rate, increases urine electrolyte concentration and triples albumin excretion rates [12]. Several
epidemiologic studies have noted an association between
copeptin levels (a surrogate marker of vasopressin) and
microalbuminuria, the hallmark of diabetic nephropathy
[61, 62]. Furthermore, in a study of 3,000 participants with
diabetic nephropathy, albuminuria and plasma copeptin
were independently associated with renal decline and endstage renal disease [63]. Finally, in a study of 1,328 type II
diabetics, higher plasma copeptin concentration was associated with greater albuminuria and eGFR decline over 6.5
years of follow-up [64]. These studies provide the rationale
to examine whether diabetic nephropathy can be prevented or slowed by reducing vasopressin activity through increased water intake or a V2R antagonist.

Table 1. Advantages and disadvantages of strategies to reduce the impact of vasopressin on kidney function (reproduced from Bankir et al. [8])

Outcome

Increase fluid intake

V2R antagonist

Patient behavior

Voluntary frequent drinking

Taking a pill

Adherence to treatment

Poor (difficult to drink without thirst) Good (easy)

Plasma osmolality

Decreased

Increased

Vasopressin secretion and plasma level

Decreased

Increased

Vasopressin effects mediated by other
receptors (V1aR and V1bR)*

Reduced

Enhanced

Possible side effects

Aversion to water, frequent need to
urinate, risk of hyponatraemia

Thirst, frequent need to
urinate, risk of dehydration

Financial costs

None

High

mOsm/kg H2O in the free water-intake group [80]. The
high fluid-intake group had significantly lower copeptin
levels compared with the control group; however, there
was no significant difference in eGFR nor TKV at 1 year,
as might be expected due to the small number of participants (n = 34) and relatively short follow-up. Theoretically, it may be reasonable to recommend modestly increasing the amount of solute free water evenly through
the day, for patients with ADPKD to decrease plasma
AVP levels and mitigate the action of cAMP on cyst size
and resultant loss of kidney function. Clearly larger RCTs
are needed to determine if the role of supplemental water
can safely slow the loss of kidney function in patients with
ADPKD.
End-Stage Kidney Disease
Although increased hydration and reduced vasopressin secretion appear to slow renal progression in patients with CKD, over-hydration can be detrimental to
patients with end-stage kidney disease [81]. When the
kidneys fail, renal replacement therapy is required to remove toxins and fluid and negative consequences can
result from chronic fluid overload and high fluid removal during dialysis [82, 83]. Chronic fluid overload in dialysis patients can lead to hypertension and left ventricular hypertrophy, which is associated with cardiovascular morbidity and mortality [84]. Removing more than
2 liters during hemodialysis can also lead to myocardial
stunning, which may increase the risk for cardiovascular
morbidity and mortality [85, 86]. To avoid this, both so-

dium and fluid restriction in dialysis patients is recommended [87].
By contrast, 1 year after kidney transplantation, total
body water is significantly reduced and the proportion of
body fat is significantly increased relative to that during
dialysis [88]. For this reason, some transplant centers recommend that recipients increase hydration after renal
transplantation to slow renal progression. Studies have
shown that a higher copeptin concentration is associated
with faster renal decline after kidney transplantation [89].
However, the effect of increased hydration in kidney
transplant recipients is unclear. Only a few small studies
have examined the relationship between post-transplant
hydration and allograft outcomes in transplant recipients. In 2 prospective observational studies by Gordon et
al. [90, 91], 88 renal transplant recipients were recruited
2 months after they had received renal allografts and were
followed for 12 months. Greater fluid intake was associated with improved graft function [91]; however, only
35% of prior participants reported drinking the recommended 3 liters of fluid daily [90].
The sub-study of the Angiontensin II Blockade for
Chronic Allograft Nephropathy (ABCAN) trial (n = 153)
hypothesized that increased fluid intake as ascertained by
urine output may adversely affect graft outcome [92]. The
ABCAN trial is a randomized controlled trial to assess the
benefit of an angiotensin II blocker in preventing cortical
interstitial fibrosis after renal transplantation in patients
with serum creatinine level <222 μmol/l (2.5 mg/dl). In a
post-hoc analysis, the study population was divided into
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V1aR = Vasopressin V1a receptor; V1bR = vasopressin V1b receptor.
* Note that enhanced V1aR-mediated actions may not be harmful as is usually feared.

3 groups based on their 24-hour urine volume at baseline:
1.73, 1.73–2.56 and >2.56 liters/day; however, no associations were seen with interstitial volume doubling or endstage kidney disease. In a small trial of pediatric renal
transplant patients (20 each arm) [93], interactive water
bottles were used to calculate personal hydration needs
and to track fluid consumption throughout the day.
While hydration status improved significantly in the water-bottle group, no differences in renal function were observed. Finally, in a small trial of renal transplant recipients randomized to drink 2 liters/day (n = 33) versus 4
liters/day (n = 29), no difference in eGFR was seen after
12 months [94]. However, the absence of an association
between urine volume and osmolality suggests low adherence to fluid intake intervention. Taken together, these
studies are equivocal as to whether supplemental water
intake is beneficial in kidney transplant recipients; however, most trials were underpowered or failed to demonstrate separation between groups in fluid intake. Larger
sufficiently powered randomized control trials with objective and verifiable assessments of fluid intake and adherence are needed to assess the potential benefit of supplemental water in renal transplant populations.

Conclusions

kidney is still able to concentrate urine. Several observational studies have reported positive associations between
increased water intake (or high urine volume) and preservation of renal function, and high water intake is a wellaccepted method for preventing renal calculi. By contrast,
high water intake is contraindicated in dialysis-dependent patients and the role of higher water intake in kidney
transplant recipients is unclear. In PKD, increased water
intake has been shown to slow renal cyst growth in animals via direct vasopressin suppression, and pharmacologic blockade of renal vasopressin-V2Rs has been shown
to slow cyst growth in patients. Taken together, these
studies support the exploration of a potential therapeutic
role for increased hydration in CKD, diabetic nephropathy, Mesoamerican nephropathy, PKD and renal transplantation in well-designed randomized controlled trials.
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