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ABSTRACT

OBJECTIVE: Diabetes insipidus (DI) and primary polydipsia (PP) are characterised by polyu-
ria and polydipsia. It is crucial to differentiate between these two disorders since the treatment 
is different. The aim of this study was to evaluate the diagnostic value of the short and an 
extended variant of the water deprivation test (WDT) and of measuring urinary vasopressin 
(AVP) in patients with polyuria and polydipsia. DESIGN: A retrospective, single-centre study 
based on WDTs performed between 2004 and 2014 including 104 consecutive patients with 
the polyuria-polydipsia syndrome. During a strict water deprivation, weight, urinary osmo-
lality, urinary vasopressin and specific gravity were collected until one of the following was 
reached: i) >3% weight reduction, ii) Urinary specific gravity >1.020 or, urinary osmolality 
>800 mOsm/L, iii) Intolerable adverse symptoms such as excessive thirst. RESULTS: Out of 
104 patients (67 women, 37 men), 21 (20%) were diagnosed with DI and 83 (80%) with PP. The 
median (interquartile range; range) test duration was 14 hours (10-16; 3-36) in patients with 
DI and 18 hours (14-24; 7-48) in patients with PP (P=0.011). Of those diagnosed with PP, 22 
(26%) did not reach urinary specific gravity >1.020 nor urine osmolality >800 mOsm/L. Urine 
AVP did not overlap between patients with PP and patients with central DI. CONCLUSIONS: 
The short WDT is of limited value in the diagnostic work-up of polydipsia and polyuria and a 
partial DI may have been missed in every fourth patient diagnosed with PP. Urinary AVP has 
excellent potential in discriminating PP from central DI.
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INTRODUCTION

The polyuria-polydipsia syndrome is defined by 

chronic diuresis of abnormally large volumes (>30ml/
kg/day) of non-concentrated urine accompanied by 

1 There are three 

or neurogenic, diabetes insipidus (DI) is caused by 
a failure to produce and secrete the antidiuretic hor-
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central and nephrogenic DI thirst, and subsequently 
water intake, are increased in order to reduce the rising 

polyuria syndrome is called primary polydipsia (PP), 
to distinguish it from the secondary polydipsia that 

tends to be reduced due to lower plasma osmolality, 
while urine output is increased in order to prevent 

2-4

It is crucial to accurately determine the aetiol-
ogy of the polyuria-polydipsia syndrome as each 

cornerstone of the diagnostic algorithm is a water 
deprivation test (WDT), often followed by adminis-

-
col, originally developed by Miller et al,5 has been 
used with various modifications in order to assess 
urinary concentrating ability as a function of AVP 

basis of the clinical setting in which DI occurred, as 
well as based on urinary concentrating ability after 

clinical studies, on a small series of patients, have 
been published to validate its utility, as recently 

6

Direct evaluation of AVP activity by measuring 
plasma AVP has not been completely successful in 
exploring the polyuria-polydipsia syndrome because 
of the well-known pre-analytical instability of plasma 

6,7 Nev-
ertheless, measurement of urinary AVP seemed to be 
a promising approach when studied by Dunger et al 
in children,8 and later by Diederich9 et al in adults, 

The aim of this study was to evaluate the clinical 
value of the short WDT, and an extended variant of 
the WDT, as well as to assess the diagnostic poten-
tial of urinary AVP in evaluating patients with the 

MATERIAL AND METHODS

Study design and participants
This was a retrospective, single-centre study based 

on results from 104 consecutive WDTs performed 

to our department for evaluation of polyuria and/or 

such as diabetes mellitus, hypercalcaemia and hypoka-

with the polyuria-polydipsia syndrome, referred for 
WDT, with urine osmolality >800 mOsm/L at baseline 

All patients were followed for up to 12 years after 

were on desmopressin treatment or not, and to any 
residual symptomatology related to the polyuria-

Water deprivation protocol 
The same protocol was used during the entire 

patients were admitted to our ward the day before the 

litres per 24 hours started the test at midnight, while 
those with a reported urine volume >7 litres started the 

the test was strictly prohibited and patients were not 

any duration limits, until one of the following criteria 
-

above 800 mOsm/L (considered to be diagnostic for 
PP), and iii) Intolerable adverse symptoms such as 

urinary specific gravity were measured on every oc-
casion the patient urinated throughout the test and not 
at predefined time points except for additional testing 

and osmolality were measured at baseline, at 8 hours 

osmolality <300 mOsm/Kg and a weight reduction of 
®; Ferring 

intravenously in order to differentiate between central 
-

istration, additional measurements of urine osmolality 
and urinary specific gravity were performed after one 

of PP, DI or partial DI was made with regard to the 
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In addition, urinary AVP was measured at the 
start and at the end of the WDT between 2008 and 

Biochemical analyses
Serum and urine osmolality were measured by 

depression of the freezing point method (2400 Osmom-

0-400 mOsm/kg H2

mOsm/kg H2

-

ml, standardised at 20°C (ALLA France, Chemillé en 

at a temperature other than the standard temperature 
for the hydrometer, the reading would be in error due 
to the change in volume of the hydrometer between 

-
rections were made according to the manufacturer’s 

(Baylis), final dilution 1/72 000 (until June 4, 2010), 
or a final dilution 1/80 000 (from June 15, 2010) in 

in the same manner was performed after addition 
-

thesised using a modified chloramine-T method,10 

-
bation at room temperature for 30 min, addition of 

precipitate measured in a gamma counter [automatic 

connected with an immunoassay software programme 

for internal control samples with a concentration of 

Ethical considerations
The study was approved by the Ethics Commit-

Statistical methods
All statistical analyses were performed with SPSS, 

median [interquartile range (IQR)] for continuous 

Regarding urinary AVP concentrations and duration 
of the WDT in the PP and DI group, respectively, 

2 test was used for 

(ROC) analysis of urine osmolality was performed 
in order to identify the cut-offs that give the best 

RESULTS

Subjects characteristics
The cohort consisted of 104 consecutive patients, 

There was no difference in the reported fluid intake 
prior to the WDT between patients later diagnosed 
with DI as compared to patients later diagnosed with 

and serum sodium levels were higher, whereas urine 
osmolality and urinary specific gravity were lower in 

Water deprivation test, DI versus PP

central DI in whom the most common cause was 
iatrogenic DI following transsphenoidal pituitary 
surgery (n=5), or other pituitary lesions [hypophysitis 
(n=2), Langerhans histiocytosis (n=2), Wegener’s 
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Table 1. 
All

n=104
Diabetes Insipidus

n=21
Primary Polydipsia

n=83
P

DI versus PP
Sex, F/M 64/40 11/10 56/27
Age, years 43 (30-59) 53 (41-66) 40 (29-51) 0.006
Reported fluid intake, L/day
Serum osmolality at WDT start, mOsm/Kg 295 (290-298) 298 (297-304) 295 (290-298) 0.002
Serum sodium at WDT start, mmol/L 141 (140-144) 144 (143-146) 141 (140-143) <0.001

338 (170-491) 171 (110-369) 333 (171-476) 0.010
0.004

P

Figure 1. Box plots (median, interquartile range, 5th and 95th percentile) showing: A) Reported fluid intake prior to the WDT, B) 

granulomatosis (n=1), posttraumatic (n=1), unknown 

The median (IQR; range) time to termination of 
the test was 14 hours (10-16; 3-36) in patients with 

DI and 18 hours (14-24; 7-48) in patients with PP 
(P

-
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Table 2.  
All

n=104
Diabetes Insipidus

n=21
Primary Polydipsia

n=83
P

DI versus PP
Duration of WDT, hours 0.010

9 (9) 4 (19) 5 (6)
0.017

Serum osmolality at WDT end, mOsm/Kg 198 (193-302) 305 (301-311) 297 (292-300) <0.001
Maximum urine osmolality, mOsm/kg 744 (595-850) 286 (158-462) 802 (704-886) <0.001
Maximum urinary specific gravity, g/ml <0.001
Serum Sodium at WDT end, mmol/L 142 (140-144) 146 (144-151) 141 (140-144) <0.001

30 (10-40) 70 (40-100) 30 (10-40) <0.001

Figure 2. Box plots (median, interquartile range, 5th and 95th percentile) showing: A) Duration of the water deprivation test (WDT), 

termination of the test within 8 hours, of whom 4 -
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serum sodium and urine output volume were higher in 
patients with DI than in those with PP, whereas urine 

ROC analysis was performed for calculation of 
the cut-off values of urine osmolality that best differ-

gave the best predictive value for DI diagnosis [area 
P 

All patients with PP had urine osmolality >400 

fourth patient with urine osmolality <710 mOsm/

When the cut-off value was set even higher at 800 

capacity greater than 800 mOsm/kg), but the sensitivity 

other patient with urinary concentrating capacity of 

Urinary AVP at the start and the end of WDT

Patients with central DI had lower urinary AVP than 
patients with PP, both at the start and at the end of the 

of the WDT could discriminate central DI [median 

AVP concentrations comparable with patients with 

Follow-up of the clinical diagnosis

All patients diagnosed with DI (n=21) were still on 

-

DISCUSSION

This study, the largest series on WDTs performed 
at a single study centre, demonstrates the limited value 

the patients with DI met the diagnostic criteria within 

received the diagnosis of PP did not reach the cut-
off of 800 mOsm/kg in urine osmolality, despite an 
unlimited duration of the WDT, for up to 48 hours 

Figure 3. Box plots (median, interquartile range, 5th and 95th percentile) of urinary arginine-vasopressin (AVP) concentration at the 
start (left) and at the end (right) of the water deprivation test (WDT) in patients with primary polydipsia and central diabetes insipidus, 
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the cohort, with possible partial DI, may have been 

The polyuria-polydipsia syndrome still remains 

efforts have been made to develop new methods to 
improve the accuracy of the diagnostic work-up, for 
instance measurements of direct AVP or copeptin, the 

6 Although the test 
has been used for decades, convincing cut-off levels 
that would add to the test’s ability to differentiate be-
tween different aetiologies of the polyuria-polydipsia 
syndrome, in particular milder forms of DI and PP, are 

to date have evaluated the urine concentrating capacity 
after the administration of hypertonic solutions and 

11-13 

Very few studies have validated the clinical util-

criteria were used as in the current study (with the 
exception that the duration of the test was limited to 
16 hours), aiming at diagnosing DI or PP in 50 patients 

14 Without 
taking AVP measurements into account, the authors 

reference diagnosis was based on clinical informa-

study by de Fost et al, the diagnostic performance 
of WDT was evaluated prospectively in 40 patients 
with polyuria, followed for up to 18 years after the 

15 The authors achieved a 

the urine osmolality cut-off to 680 mOsm/kg com-

It is obvious that the real challenge in clinical 
praxis is to discriminate PP from partial DI and the 
present study confirms the pitfalls in the currently 

the variables analysed with the WDT can be used to 

agreement with Fost et al,15 lowering the threshold 

of urine osmolality to 710 mOsm/kg safely rules out 

of patients with PP may still have urine osmolality 
below the cut-off of 710 mOsm/kg and can therefore 

On the other hand, in our cohort urinary AVP 
showed a remarkable diagnostic capacity to dis-
criminate PP from central DI, including patients 

showed a promising performance of urinary AVP in 
both polyuric disorders,16 as in normal subjects,17 by 
testing it in both children8,18 and adults,9 this vari-

As previously demonstrated, contrary to plasma 
AVP, urinary AVP is more stable19 and exists in 
much higher concentrations than in plasma8,17,16 so 
that even less-sensitive RIAs are equally adequate 

9 Thus, our results are in full agreement 
with those of Diederich et al9 and the authors of the 
current report suggest taking the measurement of 
urinary AVP into account when assessing the vari-

The underlying mechanisms of the various disorders 
behind the polyuria-polydipsia syndrome contribute in 
the overlapping phenotypes in terms of symptoms and 
biochemical response to the WDT, thus making the 

partial DI have still a considerable capacity to pro-
duce AVP under severe dehydration, whereas patients 
with acquired nephrogenic DI can have incomplete 

1 Furthermore, patients with partial 
DI may present with normal urine concentrations, 
especially those with decreased glomerular filtration 

3,20 On the other hand, the chronic water diuresis 
in patients with PP may result in a “washout” of the 
renal medullar concentrating gradient and a down-
regulation of the expressed aquaporin 2 channels and 
can, in this way, decrease the urinary concentration 

21-23

The major strength of the present report is the 
large number of WDTs included, all performed by the 
same experienced nurse at a single centre, using the 

the spectrum of the different underlying diagnoses 
was fairly wide, providing a clear patient-oriented 
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of the study are the retrospective design and that 
the follow-up of the clinical diagnosis was limited 
to reviewing the medical journals available in our 

DI were included in the present cohort since the vast 
majority of central DI diagnoses in our clinic were 
made in the clinical setting of postoperative pituitary 

addition, AVP or copeptin concentrations in serum 

aim of the study was to evaluate the diagnostic value 
of the WDT in terms of urine concentrating capac-
ity and urine AVP, and in that regard no additional 

In conclusion, the short WDT is of limited value in 
the diagnostic work-up of patients with the polyuria-
polydipsia syndrome when the evaluation is based 

test duration for up to 48 hours, a partial DI may have 

excellent diagnostic power in fully discriminating 
PP from all forms of central DI and could be useful 
in the diagnostic work-up of the polyuria-polydipsia 

order to further evaluate the clinical relevance of 
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