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Summary. Background: Full urineanalysis is a simple and in expensive test that can be easily performed in
almost all laboratories and provides extremely useful information. This study aimed to examine whether
urinary pH has any prognostic role in respect of mortality in intensive care unit (ICU) patients. Mezhods:In
this study, a retrospective examination of patients hospitalized in the Internal Diseases Intensive Care Unit
between 2017-2018 at thelnvestigators’ Hospital was performed. A total of 2100 patients were excluded, of
which 563 met at least one of the exclusion criteria. Resu/ts: Age, the total length of hospital stay (TLSH),
and mortality were significantly higher in the pH < 5.5 group (p<0.001). In the multivariate logistic regression
analysis, the age (p < 0001, OR = 0.978), TLSH (p < 0001, OR = 0.932), and urinary pH (p < 0.05, OR =
0.718) levels were determined as independent risk factors associated with mortality. Conclusion: The pHvalue
in general ICU patients was evaluated in respect of mortality could be an independent risk factor for morbid-

ity and mortality.
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Introduction

Full urine analysis is a simple and inexpensive test
that can be easily performed in almost all laboratories
and provides extremely useful information. Full urine
analysis can be applied in dipstick form or with micro-
scopic and chemical methods, and test results are ob-
tained in a very short time. Full urine analysis provides
important information about the presence and activity
of renal disease and is an important adjuvant test in
the diagnosis of urinary infection. Urine pH shows the
ability of the kidney to express normal hydrogenion
concentration in the plasma and extracellular fluid.
Normal urine pH varies between 4.5 and 8, and is gen-
erally 6. Very few studies have been conducted related
to the changes in urine pH, and those published in the
literature have shown variations in pH according to in-
fections, metabolic syndrome,diet, exercise and gender
(1-5). However, to our knowledge, there has been no
previous study that has examined urine pH according
to mortality.

Assuming that it is necessary to have urine pH in
the normal range for a body working in normal physiol-
ogy, it can be expected that the urine pH of patients in
the Intensive Care Unit (ICU) will be deteriorated sec-
ondary to the pathology. The aim of the researchers; It is
a simple and expensive test that can be easily performed
in almost any laboratory with complete urine analysis
and provides extremely useful information. This study
aimed to examine whether urine pH has any prognostic
role in terms of mortality in intensive care unit patients.

Materials and Methods

Approval for the study was granted by the Lo-
cal Ethics Committee. A retrospective examination
was made of patients in the Internal Medicine ICU
in our hospital between 2017 and 2018. Exclusion
criteria were the absence of laboratory and/or clinical
data, less than 24 hours of hospitalization, and acute or
chronic renal failure. A total of 2100 patients were re-
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viewed, and 563 patients were excluded from the study
by applying exclusion criteria,and 1537 patients were
included in the study (Fig. 1). All laboratory data and
clinical results were obtained from patient records in
our hospital database.

Statistical Analysis

Statistical analyses of the data obtained in the
study were made using SPSS v. 22.0 software (Sta-
tistical PackageforSocialSciences) and R soft ware
(V.3.2.0, R Foundation for Statistical Computing,
Vienna, Austria, http://www.r-project.org/). Variables
were stated as mean * standard deviation (SD), and
categorical variables as number (n) and percentage
(%). The patients were categorized according to the
urinary pH levels as Low pH for those with <5.5 and
High pH for thos ewith>5.5, taking 5.5 as the refer-
ence value of the 50 th percentile of urinary pH. In the
comparison between the groups of continuous vari-
ables, the Student’s t-test or the Mann Whitney U-
test was applied according to whether the distribution
was normal or not. In the comparison of categorical
variables between groups, the Chi-square test was ap-
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Figurel. Flow chart of patient selection

plied. To determine the independent predictive vari-
ables of mortality, forward step wise multivariate logis-
tic regression analysis was applied, including all of the
variables determined as p<0.1 in the univariate analysis
and the results were presented showing the OddsRatio
(OR) and Confidence Interval (CI). For all the tests, a

value of p<0.05 was accepted as statistically significant.

Results

In our tudy, the pH < 5.5 group contained 911
patients, and the pH> 5.5 group contained 626 pa-
tients. Eight-hundred-two (52.2%) of the patients
were male,and 735 (47.8%) were women. The mean
age was calculated as 67.5 + 18.4. There was no differ-
ence between both groups in terms of gender (p>0.05).
Age, length of hospital stay, and mortality were signifi-
cantly higher in the pH < 5.5 group (p<0.001). The ba-
sal demographic, clinical characteristics of both groups
are shown in Table 1 and Figure 2. In the sub-group
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Fig 2. Comparisons of ICU mortality rate among patients with
different urinary Ph level

Table 1.Comparison of demographic and clinical variables between urinary pH range

Variables Total Total (n=1537) pH <5.5(n=911) pH >5.5(n=626) P

Sex (male, %) 802(52.2) 471(30.6) 331(21.5) 0.651
Age (years) 73(18-111) 75(18-111) 64.21(18-98) <0.001
TLSH (Day) 5(1-90) 10.5(1-90) 6.7(1-86) <0.001
Non-survivors (%) 439(28.6) 308(20) 131(8.5) <0.001

TLSH: Total length of stay
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analysis for urinary pH and mortality, mortality rates
decreased between the 5 and 7 urinary pH levels in the
form of a trend (Fig. 3).

The results of the univariate analysis applied to de-
termine the predictors of mortality are shown in Table
2. With the aim of determining in dependent predic-
tors of mortality, an analysis was made of an advanced
stage risk model including these variables. In the mul-
tivariate logistic regression analysis, age (p <0.0001,
OR =0.978), TLSH (p <0.0001, OR = 0.932) and uri-
nary pH (p<0.05, OR= 0.718) levels were determined
as independent risk factors associated with mortality.

Discussion
The chemical properties and amount of urine are

important in showing the normal physiological func-
tioning of the body and in showing renal perfusion.

¥ = 0.061299 x* —0.85276 x +3.1364
R*=095268, p =0.010204
04
£
=
E 03
=
=
Q
02 -
e =]
01 ] I ] I I ]

Fh

ICLI M artality ()
o
5]

These properties of urineare affected by the parameters
that affect renal perfusion, which include arterial blood
pressure, changes in blood pH, hypoxia,and hypercap-
nia (6).

For the cellular functions of the body to be able
to have an optimal course, the pH of the body flu-
ids must be kept within a certain range. The normal
range of urine pH is 4.5-8, with a pH<6 indicating
acidic urine, and pH > 7 indicating alkaline urine (7).
Although urine pH and serum pH are controlled by
similar mechanisms, the pH of urine through out 24 h
is approximately 6 (8).

In the current study, there was no gender differ-
ence relative to the urine pH groups, but a previous
study that compared genders reported that the urine
pH of females was higher than that of males, and al-
though the difference could not be attributed to differ-
ences in diet, it was suggested that it could be related
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Figure 3.The sub-group analysis for urinary pH and mortality rate

Table 2.Univariate odds ratios of variables for predicting ICU mortality and independent predictors of ICU mortality by multivariate

logistic regression analysis

Univariate odds ratios Multivariate odds ratios
Variables Oddsratio 95% CI P Oddsratio 95% CI P
Sex (male) 0.974 0,780-1,215 0,815 - - -
Age (years) 0.973 0.966-0,980 <0,001 0.978 0.970-0.986 <0,001
TLSH (Day) 0,924 0,912-0,937 <0,001 0,932 0,919-0,944 <0,001
Urinary Ph 0,518 0,409-0.656 <0,001 0.718 0.556-0.927 0.011

TLSH = Total length of stay
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to the different absorption of nutrient anions in males
and females (9).

Acidic urine is known to have an irritation ef-
fect on the uroepithelium(10). A previous study that
monitored symptoms of the urinary tract showed a
regression of symptoms following alkalization of the
urine with oral sodium bicarbonate (11), but in an-
other study, it was reported that a change in pH did
not greatly change the symptom score (1).

There has been a recent increase in studies related
to urine pH and metabolic syndrome. It is well-known
that insulin resistance has a fundamental role in all of
the diseases (dyslipidemia, hyperglycemia, hyperten-
sion, obesity) that metabolic syndrome (MS). By ac-
celerating endothelial dysfunction and the atheroscle-
rosis process, these diseases and insulin resistance can
cause that progress to high mortality, such as coronary
artery disease, stroke, and peripheral vascular disease.
In a study in Korea, a relationship between low urine
and MS was confirmed in a Korean population(2).
Similarly, in Japan, a relationship between low urine
pH and MS has been recorded,and it has also been
shown that with an increase in MS characteristics,
there was a progressive decrease in pH. Thus, it was
concluded that the examination of fasting urine pH
could be a practical screening tool for MS (12-13).

In these large studies that have correlated MS
with low urine pH, MS is included among the indica-
tions for admittance of the majority of patientsto ICU,
with atherosclerotic disease and diagnoses associated
with complications of these diseases. As this group of
patients constitutes the vast majority of ICU patients,
the finding of patients in the current study determined
with low urine pH could shedlight on there being a
low pH before admittance to the ICU.

Accordingto a 2004 study, GFR <60 ml/min/1.73m?
is accepted as an independent risk factor for hospitali-
zation and cardiovascular events (14), and in a study in
2012, grade 3 chronic renal disease was foundto be higher
in patients with fasting urine pH of 5.0~5.5 compared to
those with pH of 6.5-7.0 over a mean 7-year follow-up
(15). In another study, low urine pH was reported to be
a useful marker in predicting the onset of renovascular
deterioration in diabetic patients and the view that it was
strongly correlated with intrarenal oxidative stress sup-
ported this result (16). From the results of these two large

studies, it can be concluded that low urine pH increases
the risk of chronic renal failure and, secondary to this,
increases length of stay in hospital and the rate of cardio-
vascular events.

Limitations

As a result of the fact that there were few stud-
ies on urine pH and no publications associated with
intensive care unit mortality in literature, reference
chapter of this study was limited as we had to refer to
past publications.

Conclusions

As a result of the study, several previous studies
have shown a relationship between low urine pH and
MS, chronic renal failure, and there foreall atheroscle-
rotic diseases (cerebral events, cardiovascular events).
In this study, the urine pH values of all patients in the
Internal Diseases Intensive Care Unit ICU were eval-
uated regardless of the diagnosis of presentation, and
the finding of significantly higher TLSH and mortal-
ity rates in patients with low urine pH suggested that
this may be an independent risk.
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