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Abstract
Background/objectives To test the diagnostic ability of two combined practical markers for elevated urine osmolality
(underhydration) in free-living adults and children.
Subjects/methods One hundred and one healthy adults (females n= 52, 40 ± 14 y, 1.70 ± 0.95 m, 76.7 ± 17.4 kg, 26.5 ±
5.5 kg/m2) and 210 children (females= 105, 1.49 ± 0.13 m, 43.4 ± 12.6 kg, 19.2 ± 3.2 kg m−2) collected urine for 24-h.
Urine was analyzed for urine osmolality (UOsm), color (UC), while the number of voids (void) was also recorded. Receiver
Operating Characteristic (ROC) analysis was performed for UC, void, and combination of UC and void, to determine
markers’ diagnostic ability for detecting underhydration based on elevated UOsm (UOsm ≥ 800 mmol kg−1).
Results Linear regression analysis revealed that UC was significantly associated with UOsm in both adults (R2= 0.38; P <
0.001) and children (R2= 0.45; P < 0.001). Void was significantly associated with UOsm in both adults (R2= 0.13; P <
0.001) and children (R2= 0.15; P < 0.001). In adults, when UC > 3 and void <7 were combined, the overall diagnostic ability
for underhydration was 97% with sensitivity and specificity of 100% and 88%, respectively. In children, UC > 3 and void <5
had an overall diagnostic ability for underhydration of 89% with sensitivity and specificity of 100% and 62%, respectively.
Conclusions Urine color alone and the combination of urine color with void number can a valid and simple field-measure to
detect underhydration based on elevated urine osmolality.

Introduction

Adequate fluid intake and hydration assessment are vital for
athletic performance and overall health in adults and chil-
dren [1–6]. Although assessment techniques vary, urine
osmolality (UOsm) has been identified as an easy,
laboratory-based hydration assessment technique [4, 7]. To
the public, however, this assessment technique is inacces-
sible as osmometry equipment is costly and not available
for regular hydration assessment.

When a more expedient hydration assessment is bene-
ficial, urine color (UC) has been a practical tool for
assessment of urine concentration and changes body water
in both field and laboratory settings [8, 9]. The ease-of-use
of UC makes it an attractive method for athletic trainers,
clinicians and lay individuals seeking to test their hydration
prior to athletic performance endeavors or to attain optimal
fluid consumption behaviors over normal daily living
[9–11].
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Specifically, Kavouras et al. concluded that a self-
assessed UC of ≥4 based on the 8-point urine color scale
developed [12] was the threshold to diagnose under-
hydration in children [9], and similar work has showed the
validity of UC as a field measure of urine concentration in
adults [11, 13].

Besides UC, urine void number has been suggested as a
user-friendly hydration assessment technique as it requires
no specific equipment or expertise [14, 15]. In a study by
Burchfield et al. subjects classified as euhydrated based on
urine osmolality voided more than underhydrated indivi-
duals over the course of 24-h with an average of five
compared to three voids [14]. This was replicated by Tucker
et al. who concluded that individuals who had a void fre-
quency of 7 produced double the urine volume and had
almost half the UOsm at those with a void frequency of 5
over the course of 24-h [15]. However, no threshold ana-
lysis was conducted to provide the ideal void frequency to
diagnose underhydration.

With UC and void numbers existing as user-friendly
hydration assessment techniques for children and adults, no
specific cutoffs exist to specifically detect underhydration in
either age group. Although both techniques have been
previously investigated separately for their validity in field
hydration assessment, no study has observed the strength of
both techniques when combined in a single assessment.
Therefore, the aim of this study was to examine the diag-
nostic ability of combined UC and void to identify
underhydration.

Methods

This is a secondary analysis based on data collected from
previous studies of 101 healthy adults [9, 16]. The subject
characteristics appear in Table 1. Adult participants, and child
participants’ legal guardians, gave signed informed consent,
while child participants also gave assent. Institutional review
boards at both the University of Arkansas (USA) and Har-
okopio University (Greece) approved the study, respectively. A
medical history questionnaire was used to exclude participants
with conditions that could affect fluid balance.

Study protocol

Subjects were instructed to collect all urine produced over
24-h, in provided opaque containers. The 24-h collection

began with the second void of the day and ended with the
first void of the following morning (that is, 24-h later).
Participants started on the second void as the initial morning
urine sample represents overnight urine accumulation and
may be more reflective of hydration during the previous
24-h [8]. The frequency of voids throughout the 24-h col-
lection period was self-reported by participants by marking
the level of urine on the container with a permanent marker
after each void and recording the time of each void on an
accompanying paper diary. Containers were kept in cool,
dry conditions until returned to researchers within 24-h.
Based on a previous study, UOsm is stable in a room
temperature environment (22 °C) for 24-h [17].

Urine analysis

Urine samples were analyzed upon delivery to the laboratory.
UOsm was measured in duplicate, by freezing point depression
(3D3 Advanced Osmometer, Advanced Instruments, Inc., MA,
USA). UC was determined from an experienced researcher by
comparing the color of the urine sample placed in a clear, glass
15-mL tube against a white background, under fluorescent
lighting, next to an original urine color scale [12]. Last, the void
number was determined by counting the indicator lines and
cross-checked against reported void times marked by the par-
ticipant on the container.

Statistical analysis

A Pearson-product moment correlation was used to assess the
relationship between UC and UOsm and between void number
and UOsm. Receiver Operating Characteristic (ROC) analysis
was performed for UC, void number, and combination of UC
and void number, to determine the markers diagnostic ability
for detecting elevated UOsm [18]. Overall diagnostic ability
was determined by calculating area under the ROC curve
where a value of 0 shows a perfectly inaccurate test and a value
of 1.0 or 100% reflects a perfectly accurate test. No preference
was given to either sensitivity or specificity. Underhydration
was defined as a UOsm measurement ≥800mmol kg−1 based
on previous investigations [2, 9].

Results

Linear regression analysis revealed that UC was sig-
nificantly associated with UOsm in both children (Fig. 1A;

Table 1 Subject characteristics.
Sample size Age, y Height, m Weight, kg BMI Body fat, %

Children 210 (105 female) 11 ± 2 1.49 ± 0.13 43.4 ± 12.6 19.2 ± 3.2 25.2 ± 7.8

Adults 101 (52 female) 40 ± 14 1.70 ± 0.95 76.7 ± 17.4 26.5 ± 5.5 29.9 ± 11.3
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R2= 0.45; P < 0.001) and adults (Fig. 1B; R2= 0.38; P <
0.001). Void number was significantly associated with
UOsm in both children (Fig. 2A; R2= 0.15; P < 0.001) and
adults (Fig. 2B; R2= 0.13; P < 0.001).

The results of the ROC analysis for children and adults
are shown in Table 2. In children, when UC and void were
combined, the overall diagnostic ability to detect under-
hydration was 89% with sensitivity and specificity of 100
and 62%, respectively. In adults, when UC and void were
combined, the overall diagnostic ability was 97% with
sensitivity and specificity of 100 and 88%, respectively.
Figure 3 depicts 24-h UOsm values separated according to
the criterion values for UC and the void number determined
by the ROC analysis for children (Fig. 3A) and adults
(Fig. 3B).

Discussion

The main findings of the current investigation are threefold.
First, as shown previously, laboratory UC ratings from the
24-h collection were strongly positively associated with
UOsm and had a good diagnostic capacity to identify
underhydration. Second, void number displayed a fair
diagnostic capacity to identify underhydration in both kids

and adults. Finally, UC combined with urine void numbers
displayed an excellent ability to detect underhydration in
healthy children and adults.

These findings further establish UC as a reliable tool for
assessing hydration. Originally established to observe acute
changes in hydration with adult athletes exercising in the heat
[12], UC has been used in investigations observing high and
low fluid volumes in normal daily living conditions [13] and

Fig. 1 Internal regression analysis of urine color as a predictor of
urine osmolality. A Children. B Adults. The shading of gray indicates
the number of observations. The darker the shade, the more observa-
tions made for that specific point. Shaded quadrant identifies obser-
vations that had urine color threshold to identify underhydration.

Fig. 2 Internal regression analysis of urine void number as a
predictor of urine osmolality. A Children. B Adults. The shading of
gray indicates the number of observations. The darker the shade, the
more observations made for that specific point. Shaded quadrant
identifies observations that had urine void number threshold to identify
underhydration.

Table 2 Receiver operating characteristic analysis evaluating UC and
void (UOsm ≥ 800 mmol kg−1).

Threshold AUC Sensitivity Specificity

Children (n= 210)

UC 3 87% 98% 58%

Void 5 67% 63% 27%

UC & Void 89% 100% 62%

Adults (n= 101)

UC 3 93% 100% 67%

Void 7 87% 100% 65%

UC & Void 97% 100% 88%
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has been established as a valid marker of urine concentration in
pregnant and lactating women [11]. Our results support these
previous findings by replicating the relationship between UC
and UOsm in children and adults. The diagnostic ability of UC
to identify underhydration was examined, and a threshold value
of ≥3 was observed, as seen previously [9], with strong sen-
sitivity concluding UC can identify underhydration defined as a
UC ≥ 3.

This investigation is also the first to observe void num-
bers as a reliable tool when combined with urine color for
assessing hydration in children. Previous research has
shown that urine volume directly correlates with hydration
status [15]. When the bladder reaches 40–50% capacity,
certain regions of the brain increase the urge to void [19]. In
healthy individuals, an increase in fluid intake will lead to
increased urine formation and, logically, a greater number
of voids. Our results support previous investigations
[14, 15] showing a strong correlation between UOsm and
void. What is unique about the present study is the obser-
vance that children and adults require different void num-
bers to detect underhydration (children ≥ 5; adults ≥7),

despite children displaying a weaker diagnostic ability of
67%. Anatomically, functional bladder capacity increases
with age from childhood [(years of age+ 2) × 30 ml] to
adulthood (300–400 ml) which mathematically shows a
similar functional capacity [20].

The simplicity of UC and void number allow individuals
to assess their hydration daily. Unique to the present
investigation was the use of ROC analysis to not only
identify cutoffs for underhydration for the variables but to
also group the two assessment techniques and test the
strength of using both, together. This allows the strength of
one variable to compensate for the weakness in another. In
the present study, children using void numbers had an
overall weaker diagnostic ability (67%) compared to UC’s
diagnostic ability (87%). However, when the two were
combined to one assessment tool, the overall diagnostic
ability was greater than UC alone. The ability to identify
underhydration was stronger as well, despite not being
given a specific cut-off. This similar trend can also be seen
in adults.

The present study is not without limitations. Although
the present study did not directly compare the void and
color differences of children and adults, the same urine
concentration cutoff of UOsm ≥800 mmol kg−1 was used
for both groups. The authors used the cutoff of UOsm
≥800 mmol kg−1 as it has been previously used as a cutoff
for inadequate hydration in children [2, 9] and adults [21].
However, previous literature has discussed concentration
abilities that differ across age groups and sexes [22]. In
cross-sectional studies in healthy adolescents and adults
ranging in age from 15 y to about 65 y, mean UOsm
decreased by 3.5 mmol kg−1 y−1 in the USA [23] and
4.4–4.9 mmol kg−1 y−1 in the UK [24]. This should be
taken into consideration for future studies either comparing
UOsm between children and adults or using a specific cutoff
point to identify underhydration.

In conclusion, as previously shown using urine color
provides a valid field technique for assessing hydration in
children and adults. Combining urine color and void num-
bers for a single diagnostic tool produces a stronger ability
to detect underhydration, showed by elevated 24-h urine
osmolality.
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