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Abstract

Introduction: Patients with lower urinary tract symptoms (LUTS) can be
subcategorized into polyuria, normal or oliguria groups. Polyuria may be
caused by pathologies including diabetes mellitus (DM), chronic kidney
disease (CKD), diabetes insipidus (DI), or primary polydipsia (PPD). While
fluid restriction is appropriate for some, doing so in all may result in serious
complications. This study investigates the prevalence of these pathologies in
LUTS patients with polyuria.

Materials and Methods: Two databases were retrospectively queried for men
and women who filled out a lower urinary tract symptom score (LUTSS)
questionnaire, 24-h bladder diary (24HBD) and were polyuric (>2.5L/day).
Patients were divided into four groups: poorly controlled DM, DI, an CKD
grade 3 and PPD. One-way analysis of variance compared 24HBD and LUTSS
questionnaires. Pearson correlation examined LUTSS and bother with 24-h
voided volume (24 HVV), maximum voided volume (MVV) and total voids.
Results: Among 814 patients who completed a 24HBD, 176 had polyuria
(22%). Of the patients with complete data, 7.8% had poorly-controlled DM,
3.1% had DI, 4.7% had CKD grade 3% and 84.4% had PPD. Amongst the four
different sub-groups, significant differences were seen in 24 HVV (p < 0.001),
nocturnal urine volume (NUV) (p <0.001), MVV (p =0.003), daytime voids
(p = 0.05), nocturnal polyuria index (NPi) (p < 0.001) and nocturia index (Ni)
(p =0.002). Significance was also seen between LUTSS and bother subscore
(r=0.68, p<0.001), LUTSS and total voids (r=0.29, p=0.001) and bother
sub-score and total voids (r=0.21, p = 0.019).

Conclusions: 22% of patients with LUTS were found to have polyuria based
on a 24HBD. Within this cohort, four sub-populations were identified as being
demonstrating statistically significant differences in 24 HVV, NUV, MVV,
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1 | INTRODUCTION

Patients with lower urinary tract symptoms (LUTS), may
be subcategorized based on their 24-h urinary output into
polyuria, normal or oliguria groups. In prior studies, it
was shown that approximately 25% of patients who
presented with LUTS exhibited polyuria."* These sub-
classifications are important, as they highlight differ-
ences in LUTS patients which affect diagnostic and
treatment paradigms. Patients in whom polyuria is the
primary cause of symptoms will have a different
diagnostic and treatment pathway than one with benign
prostatic hyperplasia (BPH), or other causes.

The differential diagnosis for polyuria is multifaceted.
While usually the result of habitual or health conscious
driven excess water consumption, polyuria may also be
caused by one of several pathologic conditions, including
diabetes mellitus (DM), chronic kidney disease (CKD) or
diabetes insipidus (DI). According to recent center for
disease control and prevention estimates,” DM is
present in approximately 10% of the United States popu-
lation, while CKD is present in about 15% of United
States adults. DI is a much rarer condition, occurring in 1
in 25,000 individuals.” While fluid restriction is an
appropriate treatment for the majority of patients with
polyuria, fluid restriction is contraindicated in conditions
causing obligatory diuresis due to renal concentrating
defects (arginine vasopressin deficiency [central DI] or
resistance [nephrogenic DI]), solute diuresis (uncon-
trolled DM), and may result in serious complications.
This study seeks to investigate the prevalence of these
various pathologic conditions in LUTS patients with
polyuria.

2 | MATERIALS AND METHODS

In this multi-institutional IRB approved study, two
databases were queried to identify patients who com-
pleted a 24-h bladder diary (24HBD) and the lower
urinary tract symptom score (LUTSS) questionnaire on a
mobile app* (beginning in 2014) or paper. The first
database contained patients from two different medical
centers between 2015 and 2021, and the second
contained those seen at a veterans affairs (VA) urology

daytime voids, NPi and Ni. Identifying the underlying etiology of polyuria
should be carried out to safely treat patients with LUTS.

lower urinary tract symptoms, nocturia, nocturnal polyuria, polyuria/LUTS, urinary bladder

clinic between 2008 and 2019. All patients included in
the study presented to urologists for initial evaluation of
LUTS. The LUTSS is a validated 14 item questionnaire
scored on a 5-points Likert scale (0-4) which is
comprised of a total score and six sub-scores: storage,
voiding, overactive bladder, incontinence, nocturia, and
bother.® For multiple 24HBD and/or LUTSS, only the
first recorded set was analyzed. LUTSS, when combined
with a 24HBD provides granular data for establishing a
diagnosis of voiding dysfunction, overactive bladder,
incontinence and nocturia. Additional relevant informa-
tion including age, gender, primary clinical diagnosis,
and relevant associated conditions including DM, DI,
CKD, and primary polydipsia (PPD) was obtained from
the electronic medical record. Patients who had
incomplete entries or had inaccurate recording of entries
were excluded.

All patients analyzed in the study met criteria for
polyuria (>2.5L/24 h), a cutoff value based on published
data modified by panel consensus.””® Other criteria for
polyuria have been used as well such as >3 L/day," or
>40—50 ml/kg/24 h,'! which is the threshold for DI. We
have found that most patients with LUTS due to high
intake do not have DI or mellitus/glycosuria, but simply
drink too much fluid for a variety of reasons which may
be investigated by careful history-taking. These patients
often have no structural or functional lower urinary tract
abnormalities and may be treated with counseling alone.
If the threshold for diagnosing polyuria among a
population of LUTS patients was raised, it would likely
miss a great many individuals with no endocrine
abnormality and no lower tract dysfunction, who might
ordinarily be futilely treated with uropharmaceuticals.

Patients were divided into four groups based on
secondary clinical diagnosis: poorly controlled DM (PC-
DM), DI, CKD 2 grade 3 and PPD. Patient groups were
not mutually exclusive. Only patients from the VA
database had data on level of DM control, CKD grade 3
and presence of hypertension (HTN). Patients were
classified as having well-controlled or poorly-controlled
DM according to the guidelines set by the American
Diabetes Association for target Alc levels in nonpregnant
adults. The 2020 Standards of Medical Care in Diabetes
outlines a target Alc goal of <7%.'” Patients with an
HbAlc level of greater than 7% and/or those with
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glycosuria were therefore regarded as poorly-controlled
DM, while those with an HbAlc level of equal to or less
than 7% without glycosuria were considered to have well-
controlled DM. Well-controlled diabetics were excluded
from sub-group analysis, reflecting a desire to portray the
most accurate representation of patients who may be
harmed by fluid restriction as a primary treatment for
polyuria. Individuals with CKD were selected based on
grade determined from estimated glomerular filtration
rate (eGFR) values, and only those with grades 3 and 4
were included. These selection criteria were used to
reflect patients with more severe disease and concurrent
polyuria symptoms.

PPD is usually divided into two categories: dipsogenic
(an intrinsic thirst disorder) and psychogenic. In PPD,
polyuria is driven by excess fluid intake, rarely due to
abnormally increased thirst (dipsogenic) and more
commonly due to compulsive water drinking or due to
a patient's belief of positive health benefits (behavioral).'?
With other forms of polyuria, excessive output is driven
by either renal disease or endocrinopathy. However, in
the context of this study, we use the term PPD to define
polyuria in patients without a secondary diagnosis of
DM, DI, or CKD and, thus, include those with a
behaviorally induced excess urine production due to
commensurately excessive fluid intake.

Data was analyzed using SPSS software version 28
(SPSS Inc.), utilizing a one-way analysis of variance (AN-
OVA) to compare the four groups across data derived
from 24HBD and LUTSS questionnaire. Pearson correla-
tion was run examining the relationship between LUTSS
and bother with 24 HVV, maximum voided volume
(MVV) and total voids. A p-value of £0.05 was considered
significant. In addition, the prevalence of <2 nocturia
episodes and presence of HTN among PC-DM, DI, CKD
grade 3, and PPD patients was examined.

*WeShare® Uro by Symptelligence Medical Informat-
ics LLC.

3 | RESULTS

A summary of the patient population is displayed in
Figure 1 along with corresponding inclusion/exclusion
criteria. Of the 146 men and women with polyuria who
completed a 24HBD and LUTSS Questionnaire, 7.8% had
PC-DM, 3.1% had DI, 4.7% had CKD grade 3 and 84.4%
had PPD. Of the 6 CKD patients, 1 was followed for
suspected DI, although a diagnosis was never confirmed.
Out of 28 diabetic patients, 18 were excluded from
further analysis, 10 due to a lack of complete information
on diabetic control and 8 due to our a priori exclusion of
well controlled diabetics. Thus, subgroup percentages

were calculated from a total of 128 polyuria patients.
Additionally, all 10 poorly controlled diabetics main-
tained a diagnosis of DM before the discovery of polyuria
by a urologist, and 9 of 10 were on medications for
diabetic control at the time of polyuria diagnosis.

Amongst the four different sub-groups (PC-DM, DI,
CKD-3, and PPD), statistically significant differences
were seen in one-way ANOVA measurements of 24 h
voided volume (24 HVV) (3564.3, 5107.5, 4195.8, 3330.0,
respectively, p < 0.001), nocturnal urine volume (NUV)
(1494.6, 1287.6, 1746.4, 711.9 respectively, p<0.001),
MVV (669.9, 693.8, 772.5, 479.6 respectively, p = 0.003),
daytime voids (7.5, 12.0, 7.6, 11.0 respectively, p = 0.05),
nocturnal polyuria index (NPi) (0.41, 0.28, 0.42, 0.22
respectively, p < 0.001), nocturia index (Ni) (2.3, 1.8, 2.5,
1.8 respectively, p =0.002). The prevalence of nocturia
<2 amongst all polyuria patients was 41%, amongst
patients with concomitant PC-DM was 38%, amongst
patients with DI was 25%, amongst patients with CKD
Grade 3 was 20% and amongst patients with PPD was
44%. Additionally, of the 55 patients who had data on
hypertensive status available, the prevalence of HTN
amongst all was 64%, amongst those with PC-DM was
90%, amongst those with DI was 67%, amongst those
with CKD grade 3 was 83% and amongst those with PPD
was 57%.

Symptoms play a large role in guiding the manage-
ment for males with LUTS. As a result, we explored the
relationship between LUTSS and 24HBD. Pearson
correlation was run and there was a significant relation-
ship between LUTSS and bother score (r=0.68 and
p=<0.001), LUTSS and total voids (r=0.29 and
p=0.001) and bother and total voids (r=0.21 and
p =0.019). The above data is summarized in Table 1.

4 | DISCUSSION

Recent studies have documented that approximately 25%
of patients with LUTS referred to urologists have
polyuria,”* yet none of the guidelines specifically address
the diagnosis and treatment of polyuria in these patients.
The 2021 american urological association (AUA) guide-
lines for the management of BPH estimates the preva-
lence of BPH at approximately 60% in men at age 60 and
80% in men at age 80."* Additionally, the guideline
document states, “because BPH is nearly ubiquitous and
because LUTS in men is commonly associated with and/
or caused by BPE/BPO, a compromise terminology is
often used referring to ‘LUTS most likely associated with
BPE/BPO and BPH’, or ‘LUTS secondary to BPH’.” While
the panel does state that with extensive evaluation, some
men will be found to have other causes contributing to
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814 Total Patients Completed
24HBD (Mean Age 54 SD 17)

Excluded 638 Patients

With 24HVV < 2500
ml/day

Excluded 30 Patients

Without LUTSS
Questionnaire

146 Patients With Complete HBD and
LUTSS Questionnaire
(Mean Age 57 SD 15)

108 Patients With Primary
Polydipsia

28 Patients With DM

10 Patients With
Poorly Controlled
DM DM

17 Patients With HTN

8 Patients With
Well-Controlled

6 Patients With 4 Patients
CKD Grade 3 With DI
10 Patients With 5 Patients 2 Patients
Control With HTN With HTN
Indeterminate DM

9 Patients with
HTN

FIGURE 1
insipidus; DM, diabetes mellitus; HTN, hypertension.

their symptoms, they only stress the importance for a
more definitive diagnosis “as treatments being consid-
ered specifically for BPO become more invasive and
risky.” These statements imply that in men, LUTS may
be primarily assumed to be associated with BPH, and
that this is often thought to be due to underlying
anatomic obstruction, namely BPO. However, it has been
reported that a significant portion of those presenting
with LUTS may actually be suffering from polyuria, and
it is likely that, in many, the polyuria is the primary
cause of their symptoms.’ Additionally, the AUA guide-
line for diagnosis and treatment of overactive bladder
(OAB) in adults, which is conventionally thought to be a
leading component of LUTS in females, recommends
investigating other causes which may mimic symptoms

Summary of patient population with corresponding inclusion/exclusion criteria. CKD, chronic kidney disease; DI, diabetes

of OAB, namely excess fluid intake.'” Therefore, an
investigation into causes of polyuria, a major conse-
quence of excess fluid intake, is warranted.

The 2021 AUA guidelines for the surgical manage-
ment of BPH do not recommend the routine use of
bladder diaries in the initial workup of men with LUTS.
The 2014 guideline panel did recommend use of bladder
diaries for men experiencing > 2 nocturia episodes. Data
from the present study, however, show that 41% of
polyuria patients did not experience > 2 nocturnal voids.
Therefore, based on the current and past AUA guide-
lines, failure to utilize bladder diaries in the initial
workup of patients with LUTS would fail to identify 18%
—41% of these polyuria patients who may benefit from a
polyuria specific treatment pathway. The data in the past
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TABLE 1 Phenotypes of polyuria patients
Poorly Controlled Diabetes CKD Primary
Diabetes Mellitus Insipidus Grade 3 Polydipsia
n=10/28" n=4 n==6 n =108
(7.8%) (3.1%) (4.7%) (8 4.4%) p Value
Age 64.3 60.5 68.3 56.2 0.08
24 HVV (ml/24 h) 3564.3 5107.5 4195.8 3330.0 <0.001°
NUV 1494.6 1287.6 1746.4 711.9 <0.001°
MVV (ml) 669.9 693.8 772.5 479.6 0.003°
Daytime voids 7.5 12.0 7.6 11.0 0.05°
Nighttime voids 2.1 2.3 3.2 2.1 0.707
Total voids 9.6 14.3 10.8 13.1 0.159
UPG 2.6 2.7 2.3 2.3 0.635
NPi 0.41 0.28 0.42 0.22 <0.001°
Ni 23 1.8 25 1.0 0.002°
LUTSS
Total score 23.6 23.0 29.0 23.7 0.580
Bother score 2.2 2.5 2.7 2.2 0.781

Abbreviations: MVV, Maximum Voided Volume; NI, Nocturia Index; NPI, Nocturia Polyuria Index; NUV, Nocturnal Urine Volume; UPG, Urge Perception

Grade; VV, Voided Volume.
#Poorly controlled diabetics represent 10/28 total diabetic patients;

Denotes statistical significance.

and present studies reinforce the appropriateness of
phenotyping patients based on urinary output and
exploring polyuria specific algorithms for patient
management.

Polyuria patients with LUTS may simply experience
symptoms due to excess fluid intake. However, restricting
fluids in a patient with underlying pathologic conditions
like DM, DI, or CKD could be very harmful and result in
severe dehydration, electrolyte imbalances, coma and even
death.>'® Determination of the root causes of polyuria
necessitates an exploration of the physiological mechanism
behind their current disease etiology.

DM may cause an osmotic diuresis, as excess blood
glucose cannot be properly reabsorbed by the kidneys
and is excreted in the urine.'”'® Water passively follows
and results in increased urine production. In uncon-
trolled DM, the osmotic diuresis caused by hyper-
glycemia further concentrates blood glucose as water is
excreted in urine along with excess glucose, expressed as
symptoms of polydipsia and polyuria. The loss of renal
homeostatic mechanisms results in further dehydration,
hypovolemia and diabetic complications as hyper-
glycemia worsens which can be greatly exacerbated with
fluid restriction.'®"”

In DI, there are two distinct forms: Central (CDI), in
which there is inadequate production of ADH, and

nephrogenic (NDI), in which the kidneys cannot
properly respond to ADH.” In both cases, the result is
increased production of dilute urine. CDI may be
hereditary or acquired, although the majority of cases
are acquired. Causes of acquired CDI include prior head
trauma, neurosurgery, brain tumors, or autoimmune,
inflammatory and vascular issues involving the brain.*
Congenital causes of NDI result from hereditary muta-
tions in AQP2/V2R genes, symptoms commonly present-
ing early in childhood.” Adults generally present with the
acquired form of NDI which may be drug induced, most
commonly due to lithium toxicity. In rat models of CKD,
a similar downregulation of AVPR2 and AQP2 genes was
seen.” In DI, the danger of fluid restriction is highlighted
by the effects of the water deprivation test, where
hypotonic polyuria persists despite restriction of fluids,
and, on a prolonged basis, may result in hypovolemia
and hypernatremia. Severe hypernatremia is a serious
consequence which may lead to seizures, coma and
death. All DI patients in the present study were identified
as having NDI as a result of lithium renal toxicity. The
possibility of concomitant DI was investigated in the
CKD patients within this study due to their polyuric
output, however, upon further inquiry into their medical
records, only one patient was explicitly followed for
potential DI, but a diagnosis was never confirmed.
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PPD results in prolonged excessive fluid intake and is
usually classified as either psychogenic or dipsogenic, but
to this classification, we add a 3rd category—behavioral.
Psychogenic polydipsia, which was first noted in schizo-
phrenic patients,”® is largely seen in schizoaffective
disorder, bipolar disorder, and psychotic depression.*
Behavioral polydipsia often stems from the perception
that it is healthy to drink even and beyond what thirst
dictates—“8 glasses per day (1920 mL).”'>**** Add to
this, the obligatory water intake that is part of the solid
food component of the average diet and practically
everyone would have polyuria.

Dipsogenic polydipsia is seen in patients with disease
in the hypothalamus, thus affecting the thirst mecha-
nism. Fluid consumption in these patients will result in
increased urine production, but rarely causes hypona-
tremia.>® There is no established treatment protocol for
patients with PPD,"* and fluid restriction may not be
adequate due to issues of noncompliance. Unfortunately,
our database did not classify patients according to the
schemata that was just described, so patients were
classified as having PPD when no concurrent secondary
diagnosis could be identified.

Our findings have several important clinical implica-
tions. The first is that there is a large cohort of patients
who present with LUTS who have concurrent polyuria
(22% in the present series) and this has been corrobo-
rated by a number of other studies."”” Additionally,
polyuria patients fall into distinct pathologic phenotypes
characterized by abnormal 24 HVV, NUV, MVV, daytime
voids, NPi, and Ni. While a physician may be inclined to
fluid restrict a patient presenting with polyuria, doing so
in someone with DM, DI, or CKD could cause patient
harm. Of note, the discovery of polyuria in patients of
this cohort did not illuminate any previously
undiagnosed conditions of uncontrolled DM, DI, or
CKD. Therefore, inquiry into a patient's medical history
for one of these conditions seems to be sufficient before
pursuing treatment for polyuria via fluid restriction. The
presence of these subclassifications within the polyuria
cohort, however, highlights the necessity of developing
more specific treatment algorithms for those in whom
fluid restriction is contraindicated.

There are a number of weaknesses of the present
study including its retrospective nature. Additionally,
only 55 of the 146 patients had data regarding DM
control, CKD grade and presence of HTN, limiting the
ability of the study to fully classify all patients within
these particular categories. For grade of CKD, eGFR was
the sole determinant. However, the accuracy of GFR-
estimating equations to identify progression of kidney
disease has been called into question given biological
variability of its main determinant (serum creatinine)

Hoarpurolosy WILEY

and lack of prospective studies of the ability of GFR-
estimating equations to monitor progression.>’

5 | CONCLUSION

In this series 814 patients referred for evaluation of
LUTS, 22% were found to have polyuria based on a
24HBD. Within this cohort, approximately 10% had
conditions that could cause serious harm if empiric fluid
restriction is recommended including DI and PC-DM.
Further, in some patients the polyuria was the sole cause
of LUTS; there was no underlying lower urinary tract
abnormalities. These findings magnify the importance
identifying polyuria as a cause of LUTS as it may alter
treatment options available for each patient.
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