PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Frackiewicz J, Ciecierska A, Biatkowska A,
Drywien M, Hamulka J (2024) Hydration status in
adults with metabolic disorders in relation to
socioeconomic, lifestyle and health factors. PLoS
ONE 19(7): e0305540. https://doi.org/10.1371/
journal.pone.0305540

Editor: Paavani Atluri, Bay Area Hospital, North
Bend Medical Center, UNITED STATES

Received: November 7, 2023
Accepted: May 31, 2024
Published: July 5, 2024

Copyright: © 2024 Frackiewicz et al. This is an
open access article distributed under the terms of
the Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information
files.

Funding: The author(s) received no specific
funding for this work.

Competing interests: The authors have declared
that no competing interests exist.

RESEARCH ARTICLE

Hydration status in adults with metabolic
disorders in relation to socioeconomic,
lifestyle and health factors

Joanna Frackiewicz
Jadwiga Hamulka

*, Anna Ciecierska, Agnieszka Biatkowska, Matgorzata Drywien,

Department of Human Nutrition, Institute of Human Nutrition Sciences, Warsaw University of Life Sciences
(WULS-SGGW), Warsaw, Poland

* joanna_frackiewicz@sggw.edu.pl

Abstract

Introduction

Adequate hydration is essential for maintaining the health and functionality of the human
body. This study aimed to examine the association between selected socioeconomic, life-
style, and health factors and the hydration status of adults with metabolic disorders by ana-
lyzing their urine osmolality.

Methods

The study involved 290 adults aged 18—70 years with metabolic disorders. Separate multi-
variate logistic regression models were conducted to evaluate the factors associated with
urine osmolality in tertiles for women and men. Odds Ratios (OR) and 95% Confidence
Intervals (95% Cl) were calculated.

Results

In women, the following factors of urine osmolality were identified in 1% tertile: age
(OR:1.04), physical activity (moderate/high vs. no/low; OR:0.38), and headaches (no vs.
yes; OR:1.55), in 2" tertile: physical activity (moderate/high vs. no/low; OR:2.46) and
fatigue during the day (sometimes vs. never/very rarely; OR:0.45), and in 3" tertile: age
(OR:0.94), professional status (‘l work part-time/I study and | work’ vs. ‘I do not work/I

study’; OR:0.27), fatigue during the day (very often vs. never/very rarely; OR:2.55), and
headaches (no vs. yes; OR:0.44). In men, the following factors of urine osmolality were iden-
tified in 1% tertile: place of residence (city vs. village; OR:2.72) and health assessment (aver-
age vs. poor; OR:0.32).

Conclusion

Different factors affecting urine osmolality have been identified in women and men.
These results highlight the need to implement studies to clarify the relationship between
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socioeconomic, lifestyle and health factors, and hydration status in adults with metabolic
disorders.

Introduction

Water is the main component of the human body; total body water averages about 60% of the
body mass in adult men and 50-55% in women. Therefore, water is a fundamental substance for
the human body because it performs many essential functions. First of all, it is a component of
all cells and body fluids; it is the environment for all biochemical reactions taking place in the
body; it can also be a substrate or product resulting from these reactions. In addition, water plays
a vital role in the body’s thermoregulation and excretion of metabolic end products through
urine. It also serves a protective and moisturizing function and guarantees the preservation of
cognitive performance. Therefore, it is imperative to understand the importance of hydration for
human health, as even a slight degree of dehydration is an undesirable condition [1-4].

Dehydration may result from pathological fluid loss and/or reduced water consumption.
Limited fluid intake can be caused by many factors, including physical limitations such as
reduced mobility or urinary incontinence, social isolation or dementia, and other conditions
[5]. The elderly, hospitalized patients and children are more likely to become dehydrated than
healthy young adults. This may be due to reduced thirst, viral infections, aging of the body,
and the use of diuretics and laxatives [6-8]. Chronic dehydration causes fluid deficits within
cells. Any decrease in the stored body water lowers the plasma volume, which can decrease the
stroke volume and force the body to compensate by raising the heart rate. A lower plasma vol-
ume impacts sweating and blood flow to the skin and, therefore, impedes thermoregulation.
When fluid deficiency exceeds 8%, death can occur. Before it reaches this extreme state, dehy-
dration exhibits various symptoms like depressed mood and headache [9-11].

One of the markers used to assess the hydration status is urine osmolality. Urine osmolality
is the concentration of osmotic solutes present in the urine and depends on two parameters:
the quantity of solutes and the volume of water. Among urinary indicators of hydration status,
urinary osmolality is considered one of the more commonly valid techniques. Moreover, urine
osmolality reflects dehydration more accurately than blood indices [12-14].

Few studies have shown an association between low usual fluid intake and metabolic disor-
ders, including overweight/obesity, hypertension, diabetes, as well as urolithiasis, constipation,
asthma, cardiovascular disease, and some cancers; however, it is not clear if this is a causal rela-
tionship [9, 15, 16]. Observational studies have linked habitual low water intake with increased
future risk for adverse cardiovascular events, and chronic systemic hypohydration is a pro-
posed pathogenic factor for hypertension. While it is currently unclear how chronic reductions
in water intake may predispose individuals to a greater future risk for adverse cardiovascular
events, there is evidence that acute hypohydration impairs vascular function and blood pres-
sure regulation [17]. This is disturbing because cardiovascular disease is the leading cause of
death in the world. Inadequate hydration assessed by urine biomarkers was associated with
elevated BMI and overweight or obesity among adults. This relationship suggests that water, as
an essential nutrient, may deserve greater focus in weight management research and clinical
strategies. It is widely known that obesity is associated with various comorbidities, including
type 2 diabetes, hypertension, coronary artery disease, arterial diseases, and various types of
cancer [18-20]. Water is an important ingredient that can be used in treating and preventing
diabetes and its complications; therefore, it is crucial for people with diabetes to have adequate
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fluid intake [21, 22]. Moreover, adequate hydration status is associated with a lower risk of
chronic kidney diseases or a slower decline in kidney function and a reduced risk of urinary
tract infections, fatal coronary heart disease, and venous thromboembolism [23, 24]. The most
effective and cost-effective approach for preventing kidney stones is still high fluid intake, par-
ticularly water [25].

Dehydration results in a worse quality of life, especially in hospitalized patients; hence early
diagnosis, understanding of the conditions, and implementation of treatment and preventive
measures are very crucial. Consequently, the study aimed to identify socioeconomic, lifestyle,
and health factors that may contribute to an increased risk of dehydration among adults due to
metabolic disorders.

Materials and methods
Study design and participants

The study was conducted among 170 women and 120 men, aged 18-70 years old, with diag-
nosed metabolic disorders. It was designed as a cross-sectional study with convenience sam-
pling. Recruitment lasted from 21/04/2017 to 11/02/2020. The study group was recruited from
patients treated in the Metabolic Diseases Outpatient Clinic of the Czerniakowski Hospital in
Warsaw. Patients came from the Warsaw agglomeration and other towns from the entire terri-
tory of Poland. They were participants diagnosed with the following: diabetes, hypertension,
overweight/obesity, circulatory failure, pressure surges, elevated sugar level, and/or
dyslipidemia.

Inclusion criteria were: age 18-70 years, Caucasian, first consultation at the outpatient
clinic towards the diagnosis of metabolic syndrome, and conscious and handwritten consent
to participate in the study. Exclusion criteria included: lack of consent to participate in the
study, diagnosed acute or chronic renal failure, cancer, irritable bowel syndrome, taking corti-
costeroids, diuretics, and other medications that may affect the results of this study; vomiting,
diarrhea, or fever in the last 3 days or immobilized in a bed or chair, pregnant or breastfeeding,
and missing or incomplete data of participants. Detailed information on sample recruitment
and the methods and procedures used has been published previously [26]. The flowchart
depicting the recruitment and retention of participants throughout the study is shown in Fig 1.

Ethical considerations

The study was conducted according to the Declaration of Helsinki and approved by the Ethics
Committee of the Faculty of Human Nutrition and Consumer Science, Warsaw University of
Life Sciences, Warszawa, Poland (Resolution No. 04p/2017). The study was conducted accord-
ing to the guidelines of the Declaration of Helsinki. Before the interview began, the interviewer
explained the purpose of the study. All participants gave written informed consent to partici-
pate in the study.

Socioeconomicg, lifestyle and health data

General information about the respondents was collected using the survey method. The ques-
tionnaire included questions about sex, age, and selected socioeconomic, lifestyle and health
factors. Respondents were asked about the occurrence of ailments, i.e., fatigue during the day
(yes, no), headaches (yes, no), excessive sweating (yes, no), feeling of fullness and an expanding
abdomen (yes, no), heaviness in the legs (yes, no), swelling of the face and eyelids (yes, no),
hand swelling (yes, no), swelling of the legs and ankles (yes, no), lower urinary tract infections
(yes, no), oliguria (yes, no), very frequent urination (yes, no), and they were asked about
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Including participants due to:

e age > 18 years

o Caucasian

e diagnosis of metabolic diseases

o written consent to participate in the study

Patients of a Hospital Outpatient Clinic in Warsaw
(from entire territory of Poland)

N =450

Recruited sample
after initial medical qualification

N =335

Excluding participants due to:

e age < 18 years (n=4)

e pregnant or breastfeeding (n = 6)

e vomiting, diarrhea, or fever (n = 3)

e serious chronic diseases (e.g. chronic
renal failure, cancer, irritable bowel
syndrome) (n = 6)

e taking corticosteroids, diuretics (n = 14)

Initial sample e immobilized in a bed or chair (n = 2)

N =300

Excluding participants due to:
e missing or incomplete data (n = 1)
e pacemaker and/or implants (n = 2)
e incomplete biochemical data (n = 7)

Final sample

N =290
(170 women and 120 men)

Fig 1. Flowchart: Study design and data collection.

https://doi.org/10.1371/journal.pone.0305540.9001

feeling thirsty frequently (yes, no), possibility of satisfying the thirst (yes, no), and limitations
in the consumption of non-alcoholic beverages (yes, no).

One of the first symptoms of dehydration is thirst. When dehydrated, the human body feels
thirsty and will consume fluids until it feels full. In addition, consumed fluids in the mouth and
throat provide a sensory stimulus to the body that tells it how thirsty it is. Therefore, the study
used a measure of thirst. One of the methods used to determine the subjective measure of thirst is
a 7-point scale on which the feeling of thirst at a given moment or most of the time can be
marked. The person can choose between the following answers 1 - not at all thirsty, 2 - not thirsty,
3 - not very thirsty, 4 - neutral, 5 - thirsty, 6 - very thirsty, 7 - very, very thirsty. The authors used
the thirst scale to make a preliminary assessment of the subjects” hydration status [27].

Non-alcoholic beverages consumption data

The study used the Dietary Habits and Nutrition Beliefs Questionnaire (KomPAN) to assess
the frequency of consumption of selected non-alcoholic beverages [28-30]. Beverages con-
sumption data was collected using a semi-quantitative food frequency questionnaire (FFQ) in
the last three months according to the following categories: never; <1 serving/month; 1-3
servings/month; 1-2 serving/week; 34 servings/week, 5 servings/week; 1 serving/day; 2 serv-
ings/day; > 3 servings/day. Information was collected from the respondents on the frequency
of consumption of non-alcoholic beverages, i.e., tea, coffee, cereal coffee, milk, fermented milk
drinks, cocoa, drinking chocolate, mineral water, pure tap water, juices, non-carbonated fruit
drinks, fruit nectars, sweetened sparkling drinks, tea drinks, cola drinks, energy drinks, iso-
tonic drinks, compotes, diluted syrups, non-alcoholic beers. Subjects completed the FFQ in
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the presence of the same person - a well-trained dietician and hospital staff member. This was
the basis for eliminating errors and standardizing the procedure for completing the question-
naire by all respondents. In addition, direct contact with the dietitian helped to clarify any
doubts about how to complete the questionnaire.

Information on the size of the usually consumed portion was also collected: for a drink - a
150 ml cup, a glass - 250 ml, a 300 ml mug; for dairy products: kefir, buttermilk, yoghurt -
package size; for other beverages - a can, a bottle. Then, the daily beverage intake (ml/d) was
calculated and compared with reference values for an adequate intake (AI = 2000 ml for
women and 2500 ml for men) [31]. In order to estimate the daily consumption of each bever-
ages, data from the FFQ were used, i.e. the frequency of consumption and the consumed por-
tion size (in ml) of each drink [28-30].

Hydration status

The hydration status was tested by measuring urine osmolality (mOsm/kg). Urine samples
were collected on an ongoing basis from 8/05/2017 to 15/02/2020. The collected samples were
coded and their identification was not possible. Urine was collected in the morning, including
discarding the first fraction. Urine samples were secured (marked) and stored frozen (-20°C)
for further analysis [32]. Urine osmolality was determined by a freezing-point osmometer
(cryoscopic method) (Marcel OS3000 osmometer, Warsaw, Poland).

Statistical analysis

The results are reported as means +standard deviation (SD) and range or percentages. Differ-
ences between groups were tested with the Chi-square test (categorical variables) or the
U-Mann-Whitney test (continuous variables). Before statistical analysis, the normality of vari-
able distribution was checked with a Kolmogorov-Smirnov test.

Firstly, according to the urine osmolality, the participants were divided into two groups
based on their hydration statuses as follows: a dehydrated status and normal hydration status.
A dehydrated status was defined as urine osmolality >800 mOsm/kg [33, 34]. In our study, it
was decided to divide urine osmolality into tertiles because different cut-offs for dehydration
have been used in the literature [20, 35-37]. In addition, the study found a relatively small per-
centage of people who were dehydrated after the cut-off >800 mOsm/kg H,O, and the division
into tertiles allowed obtaining three equal groups of subjects. Therefore, to explore the associa-
tions between urine osmolality and selected factors, two logistic regression models (odds
ratios, ORs with 95% confidence intervals, 95% Cls) were calculated: age-adjusted (Model 1)
and multivariate-adjusted (Model 2). Multivariate logistic regression models were conducted
to evaluate factors related to urine osmolality in tertiles. Results were presented by tertiles of
urine osmolality separately for women and men. For women, the cut-off values were <390
mOsm/kg, 390-615 mOsm/kg, and >615 mOsm/kg; for men were <449 mOsm/kg, 449-633
mOsm/kg, and >633.0 mOsm/kg.

Multivariate-adjusted models included selected factors, i.e., the age of participants (contin-
uous variable), level of education (primary/professional, secondary/’I study’, or higher), place
of residence (village, town, or city), professional status (‘I do not work/I study’, ‘I work part-
time/I study and I work’, or ‘T work full-time’), self-reported economic status (very poor/poor,
average, or very good), self-reported physical activity level (no/low, moderate/high), self-
reported health status (poor, average, or good/very good), fatigue during the day (never/very
rarely, sometimes, or very often), headaches (yes, no), smoking cigarettes (yes, no), consump-
tion of non-alcohol beverages (yes, no).
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Results were considered significant when p < 0.05. Data were analyzed with STATISTICA
13.3 computer software (TIBCO Software Inc., StatSoft, USA).

Results

Table 1 shows the characteristics of the study population. Of the 290 individuals, 120 (41.4%)
were men, and 170 (58.6%) were women, adults with diagnosed metabolic disorders. The
mean age was 53.1+12.9 years. We observed that a statistically significant higher number of
men had primary or secondary education than women. We also found that significantly more
women used dietary supplements compared to men. The study found no significant associa-
tion between the mean consumption of non-alcoholic beverages or mean urine osmolality
between women and men.

Daily consumption of non-alcoholic beverages was compared with reference values, and it
was found that significantly more women (77.1%) compared to men (65.0%) consumed ade-
quate water during the day (p = 0.024).

Table 1. Baseline characteristics of the study population.

Variables Total Women Men p-value
n =290 n=170 n=120
Age (years) 53.1+12.9% 52.5+13.5 54.0+12.1 0.477¢
56.0° 56.0 56.0
Education (%)
Primary or secondary 23.2 17.1 29.2 0.007¢
Higher 76.9 82.9 70.8
Place of residence (%)
Village 9.3 7.7 10.8 0.644°
Town 15.4 15.8 15.0
City 75.3 76.5 74.2
Physical activity (%)
Non or low 74.6 74.1 75.0 0.312¢
Moderate or high 25.5 25.9 25.0
Economic status (%)
Very poor or poor 10.1 11.0 9.2 0.375¢
Good 52.6 57.7 47.5
Very good 37.3 31.3 43.3
Medicine use (%) 88.9 89.4 88.3 0.772¢
Supplement use (%) 18.3 28.2 8.3 <0.001¢
Special diet (%) 18.8 21.8 15.8 0.208¢
Cigarette smoking (%) 234 23.5 23.3 0.969¢
Non-alcoholic beverages 2849+1165 273441082 3011+1261 0.070¢
(ml/d) 2523 2427 2700
Urine osmolality 544.0+234.0 524.9+231.6 570.4+237.8 0.139¢
(mOsm/kg H,0) 524.0 503.0 563.0
Note:

*Mean + SD (standard deviation)

*Median
“U-Mann-Whitney test
dChi? Pearson test.

https://doi.org/10.1371/journal.pone.0305540.t001
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Table 2 shows diseases associated with metabolic disorders and selected ailments that may
be related to hydration status among participants. We observed statistically significantly more
men diagnosed with diabetes, overweight, or very frequent urination compared to women. A
significant statistical difference was found between men and women, with a higher percentage
of women reporting symptoms such as fatigue, headaches, fullness, abdominal expansion, leg
heaviness, and swelling in the face, hands, legs, and ankles.

The characteristics of the total study sample concerning factors connected with feeling
thirsty and limitation of beverage consumption are presented in Table 3. Statistically, signifi-
cantly more women were thirsty or very thirsty at the moment of data collection compared to
men.

Based on the measurement of urine osmolality, it was found that 14% of the subjects were
dehydrated. Table 4 shows the differences between the hydration status of the respondents
divided into two groups according to their hydration status as follows: a dehydrated status
(>800 mOsm/kg) and normal hydration status (<800 mOsm/kg) and selected socioeconomic,
lifestyle and health factors. It was found that dehydration was characterized by younger people
with an average age of 47.2 compared to people with a normal state of hydration, where the
average age was over 54 years. It was also shown that the percentage of dehydrated people who
declared full-time employment was significantly the highest compared to other professional
statuses (Table 4).

Multivariate-adjusted odds ratios (ORs) of urine osmolality in tertiles by socioeconomic,
lifestyle, and health factors in adults with metabolic disorders are presented in Tables 5 and 6,

Table 2. Diseases and selected ailments among participants (%).

Variables

Diseases
Diabetes
Hypertension
Overweight
Obesity
Circulatory failure
Pressure surges
Elevated sugar
Dyslipidemia
Selected ailments
Fatigue during the day
Headaches
Excessive sweating
Feeling of fullness and an expanding abdomen
Heaviness in the legs
Swelling of the face and eyelids
Hand swelling
Swelling of the legs and ankles
Lower urinary tract infections
Oliguria

Very frequent urination

Note:

Chi? Pearson test.

https://doi.org/10.1371/journal.pone.0305540.t002

Total Women Men p-value®
n=290 n=170 n=120
45.9 39.4 52.5 0.027
65.5 65.9 65.0 0.876
24.4 17.1 31.7 0.003
47.4 46.5 48.3 0.754
12.6 11.8 13.3 0.689
42.0 36.5 47.5 0.060
59.5 54.7 64.2 0.107
4.9 4.7 5.0 0.908
28.7 38.2 19.2 0.007
53.7 60.6 46.7 0.039
51.0 51.2 50.8 0.954
39.8 47.1 32.5 0.013
42.9 52.4 33.3 0.001
14.5 24.7 4.2 <0.001
16.8 25.3 8.3 <0.001
34.8 41.2 28.3 0.045
5.4 6.5 4.2 0.397
5.9 59 5.8 0.986
28.3 22.4 34.2 0.026
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Table 3. Feeling thirsty and limitation of beverages consumption among participants (%).

Variables

Feeling thirsty usually (SCALE)
not at all thirsty/not thirsty
neutral

thirsty or very thirsty

Feeling thirsty for the moment of the data collection (SCALE)

not at all thirsty/not thirsty
neutral
thirsty or very thirsty
Feeling thirsty frequently
Possibility of satisfying the thirst

Limitations in the consumption of beverages

Note:

Chi? Pearson test.

https://doi.org/10.1371/journal.pone.0305540.t003

Total Women Men p-value®
n =290 n=170 n=120

26.2 28.2 24.1 0.659
41.9 429 40.8

31.9 28.9 35.1

46.3 46.0 46.6 0.046
37.0 34.7 39.2

16.7 19.3 14.2

34.1 32.4 35.8 0.453
85.8 84.0 87.5 0.708

4.2 5.9 2.5 0.167

separately for women and men. With increasing age, women were more likely to be in the 1%
tertile of urine osmolality and less likely to be in the 3" tertile of urine osmolality (OR:1.04,
95% CI:1.00-1.07 and OR:0.94, 95% CI:0.91-0.97, respectively). The likelihood of women
being in the 1* (lowest) osmolality tertile was reduced for those who had moderate/high physi-
cal activity (OR:0.38, 95% CI:0.16-0.91) compared to those who had no/low activity (Table 5).
In the same osmolality tercile, women were more likely to report no headaches (OR:1.55, 95%
CI:1.11-3.07) compared to those with headaches. Individuals with moderate to high physical
activity were more likely to be in the 2" osmolality tertile (OR:2.46, 95% CI:1.15-3.29) com-
pared to those with low or no activity. Conversely, those who occasionally experience fatigue
during the day were less likely to be in the 2™ osmolality tertile (OR:0.45, 95% CI:0.17-0.96)
compared to those who never or very rarely experience fatigue during the day. Women who
work part-time/work and study were found to be less likely to be in the 3™ (highest) osmolality
tertile (OR: 0.27, 95% CI: 0.06-0.99) compared to those who do not work/’I study’. Similarly,
those who did not experience headaches were less likely to be in the highest tertile (OR: 0.44,
95% CI: 0.21-0.96) compared to those who reported having headaches. Conversely, women
who experienced frequent fatigue during the day were more likely to be in the 3™ osmolality
tertile (OR: 2.55, 95% CI: 1.69-3.39) than those who never or rarely experienced fatigue during
the day. For men, those who lived in cities were more likely to be in the 1** (lowest) osmolality
tertile (OR: 2.72, 95% CI: 1.05-3.52) compared to those who lived in villages. On the other
hand, those who declared an average health status were less likely to be in the lowest osmolality
tertile (OR: 0.32, 95% CI: 0.10-0.97) compared to those who declared bad health status

(Table 6). Moreover, individuals who perceived their health status as average were more likely
to be in the 3™ (highest) osmolality tertile (OR: 2.25, 95% CI: 1.12-3.29) compared to those
who declared poor health status.

Discussion

This study provides interesting insights regarding socioeconomic, lifestyle, and health factors
related to osmolality urine among adults diagnosed with metabolic disorders aged 18-70. We
did not observe a statistically significant difference in the mean urine osmolality between the
examined women and men. Different factors affecting urine osmolality in tertiles have been
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Table 4. Differences between hydration status and selected socioeconomig, lifestyle and health factors.

Variables Normal hydration status® Dehydrated status” p-value
n =249 n=41
Age (years) 54,1 +12.6° 472+ 134 0.002¢
57.0¢ 48.0

Sex
Women 59.0° 56.1 0.723
Men 41.0 43.9

Education
Primary/professional 229 17.1
Secondary/’T study’ 41.8 53.7 0.357°
Higher 35.3 29.3

Place of residence
Village 8.8 9.8
Town 14.5 215 0.441°
City 76.7 68.3

Professional status
‘T do not work/I study’ 44.6 24.4
‘T work part-time/I study and I work’ 9.2 9.8 0.044"
‘T work-full time’ 46.2 65.9

Economic status
Very poor/poor 10.8 7.3
Average 53.4 53.7 0.768"
Very good 35.7 39.0

Physical activity
No/low 73.9 78.1 0.572
Moderate/high 26.1 21.9

Health status
Poor 17.7 12.2
Average 582 732 0.191
Good/very good 24.1 14.6

Fatigue during the day
Never/very rarely 19.3 17.1
Sometimes 49.8 48.8 0.899°
Very often 30.9 34.2

Headaches
Yes 53.4 63.4 0.233"
No 46.6 36.6

Cigarette smoking
Yes 233 24.4 0.878
No 76.7 75.6

Non-alcoholic beverages
< Median® 49.8 51.2 0.866
> Median 50.2 48.8

Note:

*Urine osmolality < 800 mOsm/kg H,O
Urine osmolality > 800 mOsm/kg H,O

“Mean + SD (standard deviation)
dMedian

°U-Mann-Whitney test

fChi? Pearson test

8Median: 2523 ml.

https://doi.org/10.1371/journal.pone.0305540.t004
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Table 5. The logistic regression of urine osmolality in tertiles and socioeconomic, lifestyle and health factors in women (n = 170).

Variables 1°* Tertile® 2" Tertile® 3" Tertile
Model 1¢ Model 2° Model 1 Model 2 Model 1 Model 2
OR (95% CI)f OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Age (years) 1.03 (1.01-1.06) 1.04 (1.00-1.07) 1.03 (1.01-1.06) 1.02 (0.98-1.06) 0.94 (0.92-0.97) 0.94 (0.91-0.97)
p for trend 0.019 0.033 0.020 0.196 < 0.001 < 0.001
Education
Primary/professional 1.00 1.00 1.00 1.00 1.00 1.00
Secondary/’I study’ 0.67 (0.27-1.66) 0.67 (0.26-1.75) 0.96 (0.40-2.31) 1.02 (0.41-2.52) 1.54 (0.61-3.92) 1.51 (0.53-3.36)
Higher 1.27 (0.50-3.19) | 1.47(0.54-3.97) | 0.70(0.28-1.78) | 0.83(0.31-2.17) | 1.13(0.42-3.01) | 0.81(0.26-2.53)
Place of residence
Village 1.00 1.00 1.00 1.00 1.00 1.00
Town 1.40 (0.30-3.49) 1.38 (0.28-3.83) 1.55(0.38-3.31) 1.37 (0.32-2.82) 0.49 (0.13-1.93) 0.47 (0.10-2.16)
City 1.71 (0.45-3.52) 1.40 (0.35-2.65) 1.15 (0.34-3.95) 0.89 (0.25-3.19) 0.56 (0.18-1.76) 0.79 (0.23-2.76)

Professional status

‘T do not work/I study’

1.00

1.00

1.00

1.00

1.00

1.00

‘T work part-time/I study and I work’

0.56 (0.17-1.91)

1.03 (0.27-3.88)

1.69 (0.57-2.99)

2.29 (0.80-3.07)

0.96 (0.28-3.34)

0.27 (0.06-0.99)*

‘T work full-time’

0.69 (0.35-1.35)

1.20 (0.53-2.74)

0.89 (0.55-1.75)

1.13 (0.51-2.53)

2.11 (1.07-2.77)*

0.81 (0.35-1.89)

Economic status

Very poor/poor 1.00 1.00 1.00 1.00 1.00 1.00

Average 1.36 (0.45-2.09) 1.40 (0.44-2.39) 0.67 (0.24-1.82) 0.67 (0.24-1.85) 1.15 (0.40-2.30) 1.19 (0.37-2.88)

Very good 1.44 (0.45-2.63) | 1.63(0.48-2.56) | 0.77(0.26-2.24) | 0.90(0.30-2.70) | 0.94(0.30-2.90) | 0.73 (0.20-2.64)
Physical activity

No/low 1.00 1.00 1.00 1.00 1.00 1.00

Moderate/high 0.37 (0.16-0.87)* | 0.38 (0.16-0.91)* | 1.86 (1.01-3.76)* | 2.46 (1.15-3.29)* | 1.23 (0.60-2.52) 0.95 (0.42-2.15)
Health status

Poor 1.00 1.00 1.00 1.00 1.00 1.00

Average 0.63 (0.27-1.46) 0.69 (0.29-1.65) 0.83 (0.36-1.89) 0.95 (0.41-2.23) 2.03 (0.79-3.13) 1.69 (0.61-2.66)

Good/very good 0.98 (0.36-2.66) 0.95 (0.34-2.81) 0.76 (0.27-2.10) 0.89 (0.31-2.51) 1.43 (0.47-2.38) 1.17 (0.34-2.03)
Fatigue during the day

Never/very rarely

1.00

1.00

1.00

1.00

1.00

1.00

Sometimes 1.17 (0.45-2.04) | 1.47(0.53-2.07) | 0.45(0.18-0.97)* | 0.45(0.17-0.96)* | 2.20 (1.02-3.49)* | 2.25(0.62-3.18)

Very often 0.86 (0.32-2.32) | 1.01(0.35-2.87) | 0.62(0.24-1.57) | 0.61 (0.23-1.58) | 2.14(1.71-3.45)* | 2.55 (1.69-3.39)*
Headaches

Yes 1.00 1.00 1.00 1.00 1.00 1.00

No 1.62 (1.02-3.11)* | 1.55(1.11-3.07)* 1.35(0.71-2.56) 1.21 (0.62-2.34) 0.44 (0.22-0.88)* | 0.44 (0.21-0.96)*
Cigarette smoking

Yes 1.00 1.00 1.00 1.00 1.00 1.00

No 1.35 (0.62-2.95) 1.43 (0.63-3.21) 0.98 (0.47-2.07) 0.98 (0.46-2.10) 0.77 (0.37-1.61) 0.69 (0.31-1.56)
Non-alcoholic beverages

< Median 1.00 1.00 1.00 1.00 1.00 1.00

> Median 0.76 (0.40-1.46) 0.71 (0.27-1.88) 0.95 (0.51-1.79) 1.30 (0.51-2.35) 1.38 (0.73-2.62) 1.10 (0.39-3.07)
Note:

1% Tertile: < 390 mOsm/kg H,O
P27 Tertile: 390-615 mOsm/kg H,O
<3 Tertile: > 615 mOsm/kg H,O
4Model 1: age-adjusted model

“Model 2: multivariate-adjusted model

fOR: odds ratio; CI: confidence interval; Median: 2427 ml

* p-value < 0.05.

https://doi.org/10.1371/journal.pone.0305540.t005
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Table 6. The logistic regression of urine osmolality in tertiles and socioeconomic, lifestyle and health factors in men (n = 120).

Variables 1% Tertile® 2" Tertile® 3" Tertile
Model 1 Model 2° Model 1 Model 2 Model 1 Model 2
OR (95% CI)f OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Age (years) 1.05 (1.01-1.08) 1.05 (0.99-1.10) 1.01 (0.98-1.04) 1.00 (0.95-1.04) 0.96 (0.93-0.99) 0.97 (0.93-1.01)
p for trend 0.019 0.081 0.689 0.885 0.007 0.129
Education
Primary/professional 1.00 1.00 1.00 1.00 1.00 1.00
Secondary/’I study’ 1.09 (0.42-2.81) 1.29 (0.49-3.43) 0.75 (0.30-1.88) 0.75 (0.29-1.93) 1.25(0.48-3.27) 1.04 (0.38-2.88)
Higher 1.05(0.40-2.78) | 1.26(0.45-3.57) | 0.64(0.25-1.67) | 0.58 (0.21-1.60) | 1.50(0.57-3.97) | 1.41(0.49-2.07)
Place of residence
Village 1.00 1.00 1.00 1.00 1.00 1.00
Town 1.10 (0.16-3.74) 1.50 (0.20-3.17) 0.33 (0.07-1.48) 0.38 (0.08-1.78) 2.81(0.63-3.61) 1.92 (0.40-3.34)
City 2.40 (1.01-3.28)* 2.72 (1.05-3.52)* 0.41 (0.13-1.34) 0.41 (0.12-1.38) 0.93 (0.26-3.28) 0.87 (0.23-2.28)

Professional status

‘T do not work/I study’

1.00

1.00

1.00

1.00

1.00

1.00

‘T work part-time/I study and I work’

0.57 (0.13-2.47)

0.80 (0.17-2.70)

0.87 (0.22-2.45)

0.77 (0.18-2.21)

2.16 (0.52-3.03)

1.76 (0.38-2.13)

‘T work full-time’

0.62 (0.28-1.39)

1.08 (0.41-2.82)

0.67 (0.30-1.49)

0.66 (0.25-1.72)

2.62 (1.08-3.33)*

1.59 (0.57-2.41)

Economic status

Very poor/poor 1.00 1.00 1.00 1.00 1.00 1.00

Average 0.68 (0.18-2.65) 0.61 (0.15-2.52) 0.81 (0.21-3.11) 0.79 (0.20-3.09) 1.81 (0.43-3.53) 2.30 (0.50-3.73)

Very good 1.01 (0.26-2.89) 1.05 (0.25-2.31) 1.01 (0.26-3.89) 0.96 (0.24-3.74) 0.98 (0.23-2.24) 1.05 (0.22-2.01)
Physical activity

No/low 1.00 1.00 1.00 1.00 1.00 1.00

Moderate/high 0.55(0.21-1.43) 0.70 (0.26-1.91) 0.95 (0.40-2.28) 1.05 (0.42-2.62) 1.78 (0.76-3.18) 1.32 (0.53-2.29)
Health status

Poor 1.00 1.00 1.00 1.00 1.00 1.00

Average 0.37 (0.13-0.98)* | 0.32(0.10-0.97)* 1.11 (0.37-2.32) 1.23 (0.40-2.82) 2.96 (1.08-3.18)* 2.25 (1.12-3.29)*

Good/very good 0.52 (0.16-1.70) 0.53 (0.15-1.85) 0.91 (0.27-2.12) 0.95 (0.27-2.44) 2.62 (0.62-3.04) 2.75 (0.59-3.87)
Fatigue during the day

Never/very rarely 1.00 1.00 1.00 1.00 1.00 1.00

Sometimes 0.96 (0.37-2.48) 1.22 (0.45-3.33) 0.67 (0.27-1.64) 0.68 (0.27-1.73) 1.56 (0.62-3.92) 1.24 (0.45-3.37)

Very often 1.83 (0.60-3.57) 2.03 (0.64-3.48) 0.84 (0.28-2.52) 0.96 (0.31-2.98) 0.58 (0.17-2.04) 0.41 (0.11-1.62)
Headaches

Yes 1.00 1.00 1.00 1.00 1.00 1.00

No 1.64 (0.75-3.57) 1.40 (0.62-3.16) (0.48-2.17) 1.02 (0.45-2.21) | 0.61 (0.28-1.30) 0.73 (0.32-1.66)
Cigarette smoking

Yes 1.00 1.00 1.00 1.00 1.00 1.00

No 1.27 (0.50-3.21) 1.12 (0.42-2.95) 0.75 (0.31-1.79) 0.71 (0.29-1.75) 1.07 (0.44-2.65) 1.34 (0.50-3.56)
Non-alcoholic beverages

< Median 1.00 1.00 1.00 1.00 1.00 1.00

> Median 0.93 (0.43-1.99) 0.76 (0.24-2.44) 1.08 (0.51-2.29) 1.97 (0.62-3.20) 1.00 (0.47-2.14) 0.66 (0.20-2.18)
Note:

1% Tertile: < 449 mOsm/kg H,0

P27 Tertile: 449-633 mOsm/kg H,0
3™ Tertile: > 633 mOsm/kg H,O
4Model 1: age-adjusted model

“Model 2: multivariate-adjusted model

fOR: 0dds ratio; CI: confidence interval; Median: 2700 ml

* p-value < 0.05.

https://doi.org/10.1371/journal.pone.0305540.t006
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identified in women and men. The study demonstrates that in women, the following urine
osmolality factors were identified in the 1** tertile: age, moderate/high physical activity, and no
headaches, in the 2™ tertile: moderate/high physical activity (vs. no/low) and sometimes
fatigue during the day (vs. never/very rarely), and in the 3™ teritle: age, professional status as ‘T
work part-time/I study and I work’ (vs. ‘I do not work/I study’), frequent fatigue during the
day (vs. never/very rarely), and no headaches (vs. yes). In men, the following urine osmolality
factors were identified in the 1* tertile: city as place of residence (vs. village) and average self-
assessment health (vs. bad).

Our findings indicate that mean urine osmolality in adults with metabolic disorders was
544 mOsm/kg H,0. We did not observe a statistically significant difference in the mean urine
osmolality between the examined women and men; however, this value was higher among
men. It has also been confirmed in other studies in different age groups conducted on healthy
individuals and patients, where the typical values ranged from 50 to 1400 mOsm/kg [20, 33-
37]. A healthy, dehydrated individual will have a small amount of highly concentrated urine,
reflected by elevated urine osmolality. On the other hand, someone with a high fluid intake
will produce a large amount of urine, resulting in low urine osmolality. Thus, urine osmolality
reflects the capacity of the kidney to appropriately respond to variations in body water balance
[1, 38]. Several cut-offs of urine osmolality have been proposed to classify subjects according
to their hydration status, such as 500 mOsm/kg [33], 800 mOsm/kg [18] or 850 mOsm/kg [39]
but generally hypohydration is defined as urine osmolality greater than 800 mOsm/kg H,O
[1]. These differences are influenced by unique regional customs involving beverages and food
items and the fact that daily human requirement for water increases as sodium and protein
intakes increase [12]. Although studies have reported on the assessment of hydration status
using urine osmolality in healthy populations, similar assessments are lacking for adults with
metabolic disorders. Yeh et al. found that medical conditions, including diabetes and hyper-
tension were not associated with the level of urine osmolality; only participants with chronic
kidney disease tended to have lower urine osmolality [35].

In this study, we found that as women age, they are more likely to be in the 1** tertile of
urine osmolality and less likely to be in the 3" tertile of urine osmolality. Similarly, Yeh et al.
found that elderly individuals and women tend to have more diluted urine [35]. Their research
showed that for every 10-year increase in age, the likelihood of urine over-dilution increased
by an adjusted odds ratio of 1.10. Likewise, Perinpam et al. found that in multivariable models,
urine osmolality declined with age and remained statistically higher in men than women [36].
However, all older or hospitalized persons should be considered at risk of low-intake dehydra-
tion and encouraged to consume adequate amounts of drinks. Generally, interventions shall
be individualized, comprehensive, and part of a multimodal and multidisciplinary team
approach. A range of effective interventions is available to support adequate nutrition and
hydration in older and hospitalized persons to maintain or improve nutritional status, clinical
course and quality of life. These interventions should be implemented in clinical practice and
routinely used [38].

We discovered that women who worked part-time or worked and studied simultaneously
were less likely to be in the 3™ tertile of urine osmolality. This may be due to the fact that
women who did not work full-time had a greater opportunity to replenish fluids during the
day compared to those in full-time employment who did not have the opportunity to drink
adequate amounts of fluids. Similarly, El-Sharkawy et al. found that the average urine osmolal-
ity was significantly higher at the end of the shift compared to the beginning in people working
full-time [40]. Dehydration in nurses and doctors working in medical and surgical emergency
rooms resulting from lower fluid intake during work, was consequently associated with some
cognitive impairment in these people [40]. However, in the study by Orysiak et al., no
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statistically significant differences in urine osmolality were found between the beginning and
the end of work in men who worked as foresters [41].

In our study, we observed that women with moderate or high physical activity were less
likely to be in the st tertile of urine osmolality and more likely to be in the 2™ tertile of urine
osmolality. The reason for this may be related to the body losing water through sweat during
increased physical activity and not replenishing it adequately. As a result, the urine becomes
concentrated, and its osmolality increases. According to Deger et al., among 45 hospital visi-
tors who were interested in participating in the study, it was found that increasing physical
activity led to a significant decrease in osmolality at night and over the 24-hour period [42].
However, there was no significant effect of movement on osmolality during the day. The aver-
age osmolality for the less active group was 550.4 + 248.5 mOsm/kg, while the moderate and
more active groups had averages of 524.0 £ 256.4 mOsm/kg and 477.7 + 237.9 mOsm/kg,
respectively. Nevertheless, there was no significant difference in osmolality between the three
groups [42].

Furthermore, this study found that women who frequently experienced fatigue during the
day were more likely to be in the 3™ tertile of urine osmolality, while those who did not report
headaches were less likely to be in this tertile. Fatigue and headache are typical symptoms of
people who do not drink enough fluids during the day. It is known that insufficient water intake
affects the inadequate hydration status of the human body, which in turn affects cognitive func-
tions and human health and is manifested by fatigue during the day or headaches [43].

The obtained results showed that in men, only two factors affecting urine osmolality were
identified, i.e., place of residence and self-assessment of health status. Men residing in urban
areas were more likely to be in the 1 tertile of urine osmolality. It is possible that men had bet-
ter access to drinks or water dispensers due to their place of residence, which could have con-
tributed to their higher levels of hydration. This situation could also be related to the greater
awareness among urban men of the role of adequate beverage intake during the day. In con-
trast, men of average health were more likely to be in the 3 tertile of urine osmolality than in
the 1% tertile. This could be attributed to the insufficient intake of fluids by some men, which
may have resulted in them feeling marginally worse than reported.

Strengths and limitations of the study

The strength of our results draw attention to urine as a readily available and appropriable bio-
logical material for hydration status. The advantages of measuring urine osmolality, which is
considered the gold standard for assessing urine concentration, are manifold. First, it is a
cheap and non-invasive method that can be used for individuals and large population groups
of different ages. The method enables quick and easy detection of dehydration tendencies as
osmolality rises in conjunction with hypertonic dehydration. In addition, the method is sensi-
tive enough to detect slight changes in hydration status. Although the sample does not cover
the entire territory of Poland, it reflects Poles’ demographic and social diversity. Additionally,
it is crucial to highlight the innovative approach taken in this study, as there are only a few
studies in this field related to people with metabolic disorders.

The findings of this study should also be considered within the context of its limitations.
This study was conducted with a sample of 290 adults, and some may argue that it not sizeable
enough to detect statistical significance. Also, the recruitment methods used in the study did
not allow us to calculate the response rate and the reasons for refusals. Thus, the possibility
that this sample can be biased towards a more responsive group of adults cannot be ruled out.
The research sample is not representative because the study involved people with metabolic
disorders who came to the clinic on their own, therefore our research results cannot be
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generalized to the entire population.. Moreover, the project’s timeline did not include the par-
ticipants’ food intake assessment, and thus, no information on food ingestion is available,
which could be an additional source of water for the test subjects. Non-alcoholic beverage con-
sumption was collected using the FFQ method, which may result in errors regarding the actual
consumption of drinks, but FFQ is a validated and widely used questionnaire.

Conclusions

Our study revealed different selected socioeconomic, lifestyle and health factors affecting urine
osmolality in women and men with diagnosed metabolic disorders. Interestingly, more factors
were detected in the group comprising women than men. These factors can cause low beverage
intake, leading to high osmolality and consequently dehydration, negatively impacting well-
being and quality of life. More insightful and in-depth studies are required to identify the fac-
tors that affect hydration status. In addition, understanding the socioeconomic and health situ-
ation of hospitalized people is essential for formulating preventive plans adequate to their
realities.

Supporting information

S1 Data.
(XLSX)

S1 Checklist. STROBE statement—checklist of items that should be included in reports of
observational studies.
(DOCX)

Author Contributions

Conceptualization: Joanna Frackiewicz, Malgorzata Drywien, Jadwiga Hamulka.
Data curation: Joanna Frackiewicz, Anna Ciecierska, Agnieszka Biatkowska.
Formal analysis: Joanna Frackiewicz, Anna Ciecierska, Agnieszka Biatkowska.
Methodology: Joanna Frackiewicz.

Writing - original draft: Joanna Frackiewicz, Jadwiga Hamulka.

Writing - review & editing: Malgorzata Drywien, Jadwiga Hamulka.

References

1. Baron S, Courbebaisse M, Lepicard EM, Friedlander G. Assessment of hydration status in a large popu-
lation. BrJ Nutr. 2015; 113(1): 147-158. https://doi.org/10.1017/S0007114514003213 PMID:
25418739

2. Biatecka-Debek A, Pietruszka B. The association between hydration status and cognitive function
among free-living elderly volunteers. Aging Clin Exp Res. 2019; 31: 695-703. https://doi.org/10.1007/
s40520-018-1019-5 PMID: 30128663

3. Goodman SPJ, Moreland AT, Marino FE. Maintaining Euhydration Preserves Cognitive Performance,
But Is Not Superior to Hypohydration. J Cogn Enhanc. 2019; 3: 338—348. https://doi.org/10.1007/
s41465-019-00123-w

4. Katz B, Airaghi K, Davy B. Does Hydration Status Influence Executive Function? A Systematic Review J
Acad Nutr Diet. 2021; 121(7), 1284—1305. https://doi.org/10.1016/j.jand.2020.12.021 PMID: 33547031

5. Hooper L, Bunn D, Jimoh FO, Fairweather-Tait SJ. Water-loss dehydration and aging. Mech Ageing
Dev. 2014;136—137: 50-58. https://doi.org/10.1016/j.mad.2013.11.009 PMID: 24333321

6. Taniguchi H, Akiyama M, Gomi |, Kimura M. Development of a pre-dehydration assessment sheet:
research among elderly individuals who regularly visited an elderly-care institution. Nihon Ronen

PLOS ONE | https://doi.org/10.1371/journal.pone.0305540 July 5, 2024 14/16


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0305540.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0305540.s002
https://doi.org/10.1017/S0007114514003213
http://www.ncbi.nlm.nih.gov/pubmed/25418739
https://doi.org/10.1007/s40520-018-1019-5
https://doi.org/10.1007/s40520-018-1019-5
http://www.ncbi.nlm.nih.gov/pubmed/30128663
https://doi.org/10.1007/s41465-019-00123-w
https://doi.org/10.1007/s41465-019-00123-w
https://doi.org/10.1016/j.jand.2020.12.021
http://www.ncbi.nlm.nih.gov/pubmed/33547031
https://doi.org/10.1016/j.mad.2013.11.009
http://www.ncbi.nlm.nih.gov/pubmed/24333321
https://doi.org/10.1371/journal.pone.0305540

PLOS ONE

Hydration ststus in adults with metabolic disorders

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

Igakkai Zasshi. 2015; 52(4): 359-366. (in Japanese). https://doi.org/10.3143/geriatrics.52.359 PMID:
26700775

Santillanes G, Rose E. Evaluation and Management of Dehydration in Children. Emerg Med Clin North
Am. 2018; 36(2): 259-273. https://doi.org/10.1016/j.emc.2017.12.004 PMID: 29622321

Suh H, Kavouras SA. Water intake and hydration state in children. Eur J Nutr. 2019; 58(2): 475—496.
https://doi.org/10.1007/s00394-018-1869-9 PMID: 30506317

Bahouth MN, Gottesman RF, Szanton SL. Primary 'dehydration’ and acute stroke: a systematic
research review. J Neurol. 2018; 265(10): 2167—2181. https://doi.org/10.1007/s00415-018-8799-6
PMID: 29497817

Suchner U, Reudelsterz C, Gog C. How to manage terminal dehydration. Der Anaesthesist 2019; 68:
63-75. https://doi.org/10.1007/s00101-018-0527-1 PMID: 30666341

Arca KN, Halker Singh RB. Dehydration and Headache. Curr Pain Headache Rep. 2021; 25(8): 56.
https://doi.org/10.1007/s11916-021-00966-z PMID: 34268642

Armstrong LE. Assessing hydration status: the elusive gold standard. J Am Coll Nutr. 2007; 26(5 Suppl.
5): 575-584. https://doi.org/10.1080/07315724.2007.10719661 PMID: 17921468

Kamel KS, Halperin ML. Use of Urine Electrolytes and Urine Osmolality in the Clinical Diagnosis of
Fluid, Electrolytes, and Acid-Base Disorders. Kidney Int Rep. 2021; 6(5): 1211-1224. https://doi.org/10.
1016/j.ekir.2021.02.003 PMID: 34013099

uras A, Kocijan VC, Rade A, Lipovec R, Ostroski |, Biljak VR, et al. Serum and urine osmolality: 8 hours,
24 hours and 1-month sample stability. Scand J Clin Lab Invest. 2022; 82(4): 283-289. https://doi.org/
10.1080/00365513.2022.2079094 PMID: 35654415

Maughan RJ. Hydration, morbidity, and mortality in vulnerable populations. Nutr Rev. 2012; 70: 152—
155. https://doi.org/10.1111/j.1753-4887.2012.00531.x PMID: 23121352

Low S, Ng TP, Lim CL, Ang SF, Moh A, Wang J. et al. Higher ratio of extracellular water to total body
water was associated with reduced cognitive function in type 2 diabetes. J Diabetes. 2021; 13(3): 222—
231. https://doi.org/10.1111/1753-0407.13104 PMID: 32786001

Watso JC, Farquhar WB. Nutrients. Hydration Status and Cardiovascular Function. 2019; 11(8): 1866.
https://doi.org/10.3390/nu11081866 PMID: 31405195

Chang T, Ravi N, Plegue MA, Sonneville KR, Davis MM. Inadequate hydration, BMI, and obesity
among us adults: NHANES 2009-2012. Ann Fam Med. 2016; 14(4): 320-324. https://doi.org/10.1370/
afm.1951 PMID: 27401419

Rosinger AY, Lawman HG, Akinbami LJ, Ogden CL. The role of obesity in the relation between total
water intake and urine osmolality in us adults, 2009-2012. Am J Clin Nutr. 2016; 104(6): 1554—1561.
https://doi.org/10.3945/ajcn.116.137414 PMID: 27935519

Padrzo P, Sousa AS, Guerra RS, Alvares L, Santos A, Borges N, et al. A Cross-Sectional Study on the
Association between 24-h Urine Osmolality and Weight Status in Older Adults. Nutrients. 2017; 9(11):
1272. https://doi.org/10.3390/nu9111272 PMID: 29165353

Zhang J, Ren Z, Zhang Q, Zhang R, Zhang C, Liu J. Lower hydration status increased diabetic retinopa-
thy among middle-aged adults and older adults: Results from NHANES 2005-2008. Front Public Health
2022; 10: 1023747. https://doi.org/10.3389/fpubh.2022.1023747 PMID: 36388275

Kalra S, Kalra S, Agrawal N, Kapoor N. Water and Diabetes: Prevention and Cure. J Pak Med Assoc.
2023; 73(2): 426—427. https://doi.org/10.47391/JPMA.11-23 PMID: 36800745

Johnson RJ, Sanchez-Lozada LG, Newman LS, Lanaspa MA, Diaz HF, Lemery J. Climate Change and
the Kidney. Ann Nutr Metab. 2019; 74(Suppl. 3): 38—44. https://doi.org/10.1159/000500344 PMID:
31203298

Dizdar OS, Yesiltepe A, Dondurmaci E, Ozkan E, Kog A, Gunal Al. Hydration status and blood pressure
variability in primary hypertensive patients. Nefrologia 2020; 40(5): 522-530. https://doi.org/10.1016/j.
nefro.2020.02.002 PMID: 32536454

Nerbass FB, Pecoits-Filho R, Calice-Silva V. The Environmental Role of Hydration in Kidney Health and
Disease. In: Silva Junior GB, Ferreiro Fuentes A, Nangaku M, Remuzzi G, Ronco C, editors. Nephrol-
ogy and Public Health Worldwide. Contrib Nephrol. Basel, Karger; 2021, 199. pp. 252-265. https://doi.
org/10.1159/000517712 PMID: 34348261

Biatkowska A, Gornicka M, Zielinska-Pukos MA, Hamulka J. Associations between Dietary Patterns,
Anthropometric and Cardiometabolic Indices and the Number of MetS Components in Polish Adults
with Metabolic Disorders. Nutrients 2023; 15: 2237. https://doi.org/10.3390/nu15102237 PMID:
37242120

Millard-Stafford M, Wendland DM, O’Dea NK, Norman TL. Thirst and hydration status in everyday life.
Nutr Rev. 2012; 70(Suppl. 2): 147—-151. https://doi.org/10.1111/j.1753-4887.2012.00527.x PMID:
23121351

PLOS ONE | https://doi.org/10.1371/journal.pone.0305540 July 5, 2024 15/16


https://doi.org/10.3143/geriatrics.52.359
http://www.ncbi.nlm.nih.gov/pubmed/26700775
https://doi.org/10.1016/j.emc.2017.12.004
http://www.ncbi.nlm.nih.gov/pubmed/29622321
https://doi.org/10.1007/s00394-018-1869-9
http://www.ncbi.nlm.nih.gov/pubmed/30506317
https://doi.org/10.1007/s00415-018-8799-6
http://www.ncbi.nlm.nih.gov/pubmed/29497817
https://doi.org/10.1007/s00101-018-0527-1
http://www.ncbi.nlm.nih.gov/pubmed/30666341
https://doi.org/10.1007/s11916-021-00966-z
http://www.ncbi.nlm.nih.gov/pubmed/34268642
https://doi.org/10.1080/07315724.2007.10719661
http://www.ncbi.nlm.nih.gov/pubmed/17921468
https://doi.org/10.1016/j.ekir.2021.02.003
https://doi.org/10.1016/j.ekir.2021.02.003
http://www.ncbi.nlm.nih.gov/pubmed/34013099
https://doi.org/10.1080/00365513.2022.2079094
https://doi.org/10.1080/00365513.2022.2079094
http://www.ncbi.nlm.nih.gov/pubmed/35654415
https://doi.org/10.1111/j.1753-4887.2012.00531.x
http://www.ncbi.nlm.nih.gov/pubmed/23121352
https://doi.org/10.1111/1753-0407.13104
http://www.ncbi.nlm.nih.gov/pubmed/32786001
https://doi.org/10.3390/nu11081866
http://www.ncbi.nlm.nih.gov/pubmed/31405195
https://doi.org/10.1370/afm.1951
https://doi.org/10.1370/afm.1951
http://www.ncbi.nlm.nih.gov/pubmed/27401419
https://doi.org/10.3945/ajcn.116.137414
http://www.ncbi.nlm.nih.gov/pubmed/27935519
https://doi.org/10.3390/nu9111272
http://www.ncbi.nlm.nih.gov/pubmed/29165353
https://doi.org/10.3389/fpubh.2022.1023747
http://www.ncbi.nlm.nih.gov/pubmed/36388275
https://doi.org/10.47391/JPMA.11-23
http://www.ncbi.nlm.nih.gov/pubmed/36800745
https://doi.org/10.1159/000500344
http://www.ncbi.nlm.nih.gov/pubmed/31203298
https://doi.org/10.1016/j.nefro.2020.02.002
https://doi.org/10.1016/j.nefro.2020.02.002
http://www.ncbi.nlm.nih.gov/pubmed/32536454
https://doi.org/10.1159/000517712
https://doi.org/10.1159/000517712
http://www.ncbi.nlm.nih.gov/pubmed/34348261
https://doi.org/10.3390/nu15102237
http://www.ncbi.nlm.nih.gov/pubmed/37242120
https://doi.org/10.1111/j.1753-4887.2012.00527.x
http://www.ncbi.nlm.nih.gov/pubmed/23121351
https://doi.org/10.1371/journal.pone.0305540

PLOS ONE

Hydration ststus in adults with metabolic disorders

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

Kowalkowska J, Wadolowska L, Czarnocinska J, Czlapla-Matyasik M, Galinski G, Jezewska-Zychowicz
M, et al. Reproducibility of a Questionnaire for Dietary Habits, Lifestyle and Nutrition Knowledge
Assessment (KomPAN) in Polish Adolescents and Adults. Nutrients. 2018; 10(12): 1845. https://doi.
org/10.3390/nu10121845 PMID: 30513711

Dietary Habits and Nutrition Beliefs Questionnaire and the Manual for Developing of Nutritional Data
KomPAN [Kwestionariusz do Badania Pogladéw i Zwyczajéw Zywieniowych Oraz Procedura Opraco-
wania Danych (KomPAN®). Committee of Human Nutrition Science. Polish Academy of Science. War-
saw. 2014. (in Polish). Available from: http://www.knozc.pan.pl/.

Kowalkowska J, Wadolowska L. The 72-ltem Semi-Quantitative Food Frequency Questionnaire (72-
Iltem SQ-FFQ) for Polish Young Adults: Reproducibility and Relative Validity. Nutrients. 2022; 14(13):
2696. https://doi.org/10.3390/nu14132696 PMID: 35807876

Jarosz M, Rychlik E, Sto$ K, Charzewska J, editors. Nutrition standards for the Polish population and
their application. National Institute of Public Health - National Institute of Hygiene [Normy zywienia dla
populaciji Polski i ich zastosowanie. Narodowy Instytut Zdrowia Publicznego—Panstwowy Zakfad
Higieny]. Warsaw. 2020. (in Polish). Available from: https://www.pzh.gov.pl/wpcontent/uploads/2020/
12/Normy_zywienia_2020web-1.pdf.

Kostelnik SB, Davy KP, Hedrick VE, Thomas DT, Davy BM. The Validity of Urine Color as a Hydration
Biomarker within the General Adult Population and Athletes: A Systematic Review. J Am Coll Nutr.
2021; 40(2): 172—179. https://doi.org/10.1080/07315724.2020.1750073 PMID: 32330109

Perrier ET, Buendia-Jimenez I, Vecchio M, Armstrong L, Tack I, Klein A. Twenty-four-hour urine osmo-
lality as a physiological index of adequate water intake. Dis Markers. 2015; 2015: 231063. https://doi.
org/10.1155/2015/231063 PMID: 25866433

Suh H, Summers LG, Seal AD, Colburn AT, Mauromoustakos A, Perrier ET, et al. Afternoon urine
osmolality is equivalent to 24 h for hydration assessment in healthy children. Eur J Clin Nutr. 2020; 74
(6): 884—890. https://doi.org/10.1038/s41430-019-0519-5 PMID: 31624367

Yeh HC, Lin YS, Kuo CC, Weidemann D, Weaver V, Fadrowski J, et al. Urine osmolality in the US popu-
lation: Implications for environmental biomonitoring. Environ Res. 2015; 136: 482—490. https://doi.org/
10.1016/j.envres.2014.09.009 PMID: 25460670

Perinpam M, Ware EB, Smith JA, Turner ST, Kardia SLR, Lieske JC. Key influence of sex on urine vol-
ume and osmolality. Biol Sex Differ. 2016; 7: 12. https://doi.org/10.1186/s13293-016-0063-0 PMID:
26865949

Willis-Gray M, Wu JM, Markland A. Urinary incontinence and hydration: A population-based analysis.
Neurourol Urodyn. 2018; 37: 200-205. https://doi.org/10.1002/nau.23274 PMID: 28419531

Volkert D, Beck AM, Cederholm T, Cruz-Jentoft A, Hooper L, Kiesswetter E, et al. ESPEN practical
guideline: Clinical nutrition and hydration in geriatrics. Clin Nutr. 2022; 41(4): 958—989. https://doi.org/
10.1016/j.cInu.2022.01.024 PMID: 35306388

Cheuvront SN, Mufioz CX, Kenefick RW. The void in using urine concentration to assess population
fluid intake adequacy or hydration status. Am J Clin Nutr. 2016; 104(3): 553-556. https://doi.org/10.
3945/ajcn.115.129858 PMID: 27465376

El-Sharkawy AM, Bragg D, Watson P, Neal K, Sahota O, Maughan RJ, et al. Hydration amongst nurses
and doctors on-call (the HANDS on prospective cohort study). Clin Nutr. 2016; 35(4): 935-942. https:/
doi.org/10.1016/j.cInu.2015.07.007 PMID: 26216194

Orysiak J, Miynarczyk M, Tomaszewski P. Hydration Status in Men Working in Different Thermal Envi-
ronments: A Pilot Study. Int J Environ Res. Public Health 2022; 19(9): 5627. https://doi.org/10.3390/
ijerph19095627 PMID: 35565019

Deger M, Kapila V, Denys MA, Aridogan IA, Everaet K, Herve F. The impact of movement, physical
activity and position on urine production: A pilot study. Int J Clin Pract. 2021; 75(11): e14743. https://doi.
org/10.1111/ijcp.14743 PMID: 34424590

Nakamura Y, Watanabe H, Tanaka A, Yasui M, Nishihira J, Murayama N. Effect of Increased Daily
Water Intake and Hydration on Health in Japanese Adults. Nutrients 2020; 12(4): 1191. https://doi.org/
10.3390/nu12041191 PMID: 32340375

PLOS ONE | https://doi.org/10.1371/journal.pone.0305540 July 5, 2024 16/16


https://doi.org/10.3390/nu10121845
https://doi.org/10.3390/nu10121845
http://www.ncbi.nlm.nih.gov/pubmed/30513711
http://www.knozc.pan.pl/
https://doi.org/10.3390/nu14132696
http://www.ncbi.nlm.nih.gov/pubmed/35807876
https://www.pzh.gov.pl/wpcontent/uploads/2020/12/Normy_zywienia_2020web-1.pdf
https://www.pzh.gov.pl/wpcontent/uploads/2020/12/Normy_zywienia_2020web-1.pdf
https://doi.org/10.1080/07315724.2020.1750073
http://www.ncbi.nlm.nih.gov/pubmed/32330109
https://doi.org/10.1155/2015/231063
https://doi.org/10.1155/2015/231063
http://www.ncbi.nlm.nih.gov/pubmed/25866433
https://doi.org/10.1038/s41430-019-0519-5
http://www.ncbi.nlm.nih.gov/pubmed/31624367
https://doi.org/10.1016/j.envres.2014.09.009
https://doi.org/10.1016/j.envres.2014.09.009
http://www.ncbi.nlm.nih.gov/pubmed/25460670
https://doi.org/10.1186/s13293-016-0063-0
http://www.ncbi.nlm.nih.gov/pubmed/26865949
https://doi.org/10.1002/nau.23274
http://www.ncbi.nlm.nih.gov/pubmed/28419531
https://doi.org/10.1016/j.clnu.2022.01.024
https://doi.org/10.1016/j.clnu.2022.01.024
http://www.ncbi.nlm.nih.gov/pubmed/35306388
https://doi.org/10.3945/ajcn.115.129858
https://doi.org/10.3945/ajcn.115.129858
http://www.ncbi.nlm.nih.gov/pubmed/27465376
https://doi.org/10.1016/j.clnu.2015.07.007
https://doi.org/10.1016/j.clnu.2015.07.007
http://www.ncbi.nlm.nih.gov/pubmed/26216194
https://doi.org/10.3390/ijerph19095627
https://doi.org/10.3390/ijerph19095627
http://www.ncbi.nlm.nih.gov/pubmed/35565019
https://doi.org/10.1111/ijcp.14743
https://doi.org/10.1111/ijcp.14743
http://www.ncbi.nlm.nih.gov/pubmed/34424590
https://doi.org/10.3390/nu12041191
https://doi.org/10.3390/nu12041191
http://www.ncbi.nlm.nih.gov/pubmed/32340375
https://doi.org/10.1371/journal.pone.0305540

