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GRAPHICAL ABSTRACT

Prospective Estimating 24-h urinary excretion using spot
study urine measurements in kidney stone formers
v \ 24-h urine collection is recommended in = Can spot urine measurements be
Background % the management of kidney stone disease. It is, F H used to estimate 24-h excretfion
however, difficult to perform in clinical practice. in patients with kidney stones?

Methods Results 24-h urine excretions based on spot
urine samples using prediction model 1

Two centres; ltaly and USA
Urinary parameter Lin’s CCCs with 95% Cl

Patients 218 years with urinary stone disease, n = 74

(,jﬂ Prediction Lin’s CCC
= 24-h urine collection and spot urine measurements for uric 0.66
Eji acid, creatinine, calcium, oxalate, citrate and magnesium ' Oxalate (0.55,0.78)
i | . 0.63
4 predictive urinary creatinine excretion calculations | |  Calcium (0.50, 0.75)
(only results for prediction model 1 presented here) — B
@ Magnesium (0'54'1 0.77)
Prediction model 1
Multiplication of the ratio to the spot urine to () Citrate © ;)5'80290)
measured 24-h urinary creatinine excretion N B
L. 0.52
Lin's concordance correlation coefficients (CCCs) compare prediction models @ Uric acid (0.36, 0.68)

to spot urine samples. Perfect concordance = 1 and no correlation = 0

Spot urine measurements do not replace 24-h collections in this study. Spot urine samples combined with
Conclusion specific indexing techniques (measured or estimated 24h urinary creatinine) may be useful in population-
based research.
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KEY LEARNING POINTS

What is already known about this subject?

kidney stone disease.

What this study adds?
o Correlations varied across individual urine parameters.

What impact this may have on practice or policy?

studies.

o A full metabolic investigation including at least one 24-hour urine collection is recommended for optimal management of

o A 24-hour urine collection is often not performed due to impracticality.
o The role of spot urines in the management of kidney stone disease is not known.

o We compared three approaches to predict 24-hour urine excretion based on spot urines.

o The use of measured or estimated urine creatinine was superior to assuming a given urine creatinine excretion.

o Our data do not support the use of spot urine in the management of kidney stone disease.
« Spot urine samples may be useful for clinical and population-based research.
o Measuring or estimating 24-hour creatinine, rather than assuming 1 g creatinine excretion, will be necessary in future

ABSTRACT

Background. One limitation of the use of 24-hour collection
is impracticality. We analysed the performance of spot urine
measurements to estimate 24-hour excretion in patients with
kidney stones.

Methods. A total of 74 adult patients from two centres
performed a 24-hour urine collection. A sample of the last
micturition was sent for spot urine analysis. Twenty patients
were asked to collect two additional spot urine samples,
one before dinner and the other after dinner. Urinary con-
centrations of creatinine, calcium, oxalate, uric acid, citrate
and magnesium were measured in the 24-hour and each
of the spot urine samples. Four approaches were used to
estimate 24-hour urinary excretion, multiplying the ratio of
the spot urinary analyte to creatinine concentration by (i)
measured 24-hour urinary creatinine excretion (Prediction 1),
(ii) estimated 24-hour urinary creatinine excretion (Prediction
2), (iii) assumed 1-g 24-hour urinary creatinine excretion
(Prediction 3) or (iv) assumed 1.5-g 24-hour urinary creatinine
excretion (Prediction 4). For each parameter we computed
Lin’s concordance correlation coefficients (CCCs), Bland-
Altman plots and 95% limits of agreement.

Results. The performance of estimates obtained with Pre-
diction 1 and Prediction 2 was similar, except for citrate
and uric acid, for which Prediction 2 performed worse. Both
approaches performed moderately well: citrate CCC {0.82
[95% confidence interval (CI) 0.75-0.90]}, oxalate [0.66 (95%
CI 0.55-0.78)], magnesium [0.66 (95% CI 0.54-0.77)], calcium
[0.63 (95% CI 0.50-0.75)] and uric acid [0.52 (95% CI 0.36-
0.68)]. The performance of Predictions 3 and 4 was worse.
Conclusions. Although spot urine samples may hold promise
for clinical and population-based research, at present they have
limited utility in clinical practice. Measuring or estimating 24-
hour creatinine, rather than assuming a given creatinine excre-
tion, will be necessary in future studies of spot urine samples.

Keywords: calcium, nephrolithiasis, oxalate, potassium, uric
acid, urine composition
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INTRODUCTION

Kidney stone disease is a common condition, with an estimated
prevalence of 8-9% [1, 2] and substantial recurrence rates [3,
4]. Kidney stone formation, although not yet completely un-
derstood, can be attributed to both genetic and environmental
factors [5, 6]. One key element that is endorsed by major inter-
national guidelines [7, 8] in the diagnostic workup as well as in
the clinical management of patients affected with kidney stones
is the metabolic evaluation, which includes 24-hour urine
collection for the determination of parameters such as volume,
pH, calcium, oxalate, citrate, uric acid, potassium and magne-
sium. A full metabolic evaluation provides a number of advan-
tages, including the possibility to diagnose or suspect certain
conditions that could benefit from specific treatment (such as
cystinuria or primary hyperoxaluria), to assess the patient’s ad-
herence to medical/dietary advice and to obtain summary esti-
mates of the urinary supersaturations through dedicated soft-
ware [9-12], which in turn may be used to inform the risk of
stone recurrence [13, 14]. Nevertheless, data regarding actual
implementation of 24-hour urine collections in clinical prac-
tice are conflicting [ 15-18] and one of the perceived limitations
for its use, in addition to imprecision and incompleteness, is
the impracticality of collecting urine throughout the day [19].
Another potential limitation of 24-hour urine collections is in
the field of clinical and epidemiological research, where collec-
tions are seldom implemented but spot urine samples are often
avaijlable. To examine whether all urine has to be collected dur-
ing the 24-hour period, we analysed the performance of spot
urine measurements to estimate 24-hour excretion in patients
with KS.

MATERIALS AND METHODS
Study population

Adult patients (age >18 years) with urinary stone disease
were recruited from two centres (BioHealth Italia, Torino,
Italy and Tufts University School of Medicine, Maine Medical
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Table 1. Characteristics of the study population

Characteristics Overall (N = 74)

Torino sample (n = 54)

Tufts sample (n = 20)

Age (years), mean (SD) 46.7 (12.3)
Female, n (%) 25 (34)
Weight (kg), mean (SD) 77.7 (21.4)
BMI (kg/m?), mean (SD) 26.3 (6.1)
Potassium citrate, 7 (%) 14 (19)
Thiazides, n (%) 10 (14)
Stone composition, 7 (%)
CaOx 18 (24)
CaP 4(5)
Mixed CaOx/CaP 18 (24)
Other 4 (5)
Not known 50 (68)

Creatinine (mg/24 hour), median (IQR)
Oxalate (mg/24 hour), median (IQR)
Calcium (mg/24 hour), median (IQR)
Magnesium (mg/24 hour), median (IQR)
Citrate (mg/24 hour), median (IQR)
Uric acid (mg/24 hour), median (IQR)

1511 (1210-1933)
34.7 (24.8-44.5)
165 (101-219)
94 (68-121)
507 (338-718)
551 (437-696)

SS CaOx-median (IQR) 4.6 (2.6-7.0)
SS CaP, median (IQR) 0.7 (0.2-1.7)
SS UA, median (IQR) 0.4 (0.2-1.0)

44.5 (12.0) 52.7 (11.2)
15 (28) 10 (50)
74.4 (18.5) 86.5 (26.2)
25.1 (4.9) 29.8 (7.6)
10 (19) 4(20)
0(0) 10 (50)

8 (15) 8 (40)
2(4) 1(5)

10 (19) 7 (35)
4(7) 0(0)
30 (56) 4(20)

1455 (1210-1933)
35.5 (27.5-45.3)
163 (89-242)
94 (68-119)
507 (357-702)
527 (437-683)

1706 (1178-1908)
33.1 (23.0-41.0)
171 (134-203)
92 (69-141)
501 (327-750)
599 (450-728)

4.8 (2.2-7.8) 4.3 (3.1-5.9)
0.7 (0.2-2.5) 0.7 (0.3-1.1)
0.4 (0.3-0.9) 0.4 (0.1-1.1)

BMI, body mass index; CaOx, calcium oxalate; CaP, calcium phosphate; SS, supersaturation; UA, uric acid.

Table 2. Performance of different approaches to predict 24-hour urine excretion based on spot urine samples

Bias (mg/24 hour)

95% LoA (mg/24 hour)

Variable Lin’s CCC 95% CI
Oxalate
Prediction 1 0.66 0.55-0.78
Prediction 2 0.63 0.52-0.74
Prediction 3 04857 0.35-0.62
Prediction 4 0.62 0.48-0.76
Calcium
Prediction 1 0.63 0.50-0.75
Prediction 2 063" 0.49-0.77
Prediction 3 047" 0.31-0.62
Prediction 4 0.54 0.38-0.70
Magnesium
Prediction 1 0.66 0.54-0.77
Prediction 2 0.66"" 0.52-0.78
Prediction 3 0.31>" 0.15-0.47
Prediction 4 0.41 0.22-0.60
Citrate
Prediction 1 0.82 0.75-0.90
Prediction 2 0.67" 0.54-0.79
Prediction 3 0.48%7%"" 0.35-0.61
Prediction 4 0.64" 0.51-0.77
Uric acid
Prediction 1 0.52 0.36-0.68
Prediction 2 0.30" 0.10-0.49
Prediction 3 0.05>"" 0-0.16
Prediction 4 0.09" 0-0.31

-3.0 —48.7-42.6 58.1
—4.9 —56.1-46.2 50.0
—15.6 —50.7-19.6 29.7
—4.0 —46.6-38.7 47.3
19 —191-229 44.6
—4 —184-176 44.6
—52 —227-123 36.5
12 —201-226 37.8

15 —79-109 51.4

3 —80-87 51.4
—28 —119-63 35.1
8 —97-113 37.8
—38 —374-297 73.0
=77 —497-344 55.4
—200 —616-216 40.5
—25 —525-474 47.3
—52 —484-380 60.8
—94 —587-398 59.5
—237 —709-234 24.3
—61 —623-501 55.4

“P < 0.05 versus Prediction 1; P < 0.05 versus Prediction 2; P < 0.05 versus Prediction 4.

Center, Portland, ME, USA) from October 2013 to September
2014. In both centres, patients were instructed to perform a
complete 24-hour urine collection on their free diet, starting
from the second micturition of a given day and including
the first of the subsequent day. A sample of the latter, which
was collected in the fasting state, was taken for spot urine
analysis. In the Tufts study population, patients were also
asked to collect two additional spot urine samples, one before
dinner (preprandial) and the other after dinner (postprandial).

Estimating 24-hour urinary excretion

Demographic and clinical data, including age, sex, weight and
height, were obtained for each patient. All study participants
were white. Institutional review board approval was obtained
locally from each study centre.

Laboratory methods

Urinary concentrations of creatinine, calcium, oxalate,
uric acid, citrate and magnesium were measured on both
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FIGURE 1: Correspondence between estimated and measured excretions. The black solid line represents the line of identity. All values expressed

in mg/24 hour.

24-hour and spot urine samples. Daily urinary excretions were
computed by multiplying the urinary concentration of each
analyte by the urine volume over 24 hour. Urine samples from
the Tufts population were analysed by Litholink, whereas those
from the Torino group were analysed at the laboratory of
Mauriziano Hospital [20].

Statistical analysis

Variables were summarized as mean [standard deviation
(SD)] or median [interquartile range (IQR)] and categorical
variables as frequencies (percentages). Three approaches were
used to estimate 24-hour urinary excretion, multiplying the ra-
tio of the spot urinary analyte to creatinine concentration by (i)
measured 24-hour urinary creatinine excretion (Prediction 1),
(ii) estimated 24-hour urinary creatinine excretion (Prediction
2), (ili) assumed 1-g 24-hour urinary creatinine excretion
(Prediction 3) or (iv) assumed 1.5-g 24-hour urinary creatinine
excretion (Prediction 4). Of note, Prediction 1 represents
the highest information that could be obtained from spot
urine samples, since it employs measured urinary creatinine
excretion. Estimated 24-hour urinary creatinine was obtained
from the equation developed by Ix et al. (equation ‘D’) [21],
which was previously found to have the best performance
among published equations for estimation of urinary creati-
nine excretion [22].

To explore the performance of each approach in estimating
24-hour urinary excretion, for each urinary parameter, we
computed Lin’s concordance correlation coefficients (CCCs)
with 95% confidence intervals (CIs). The Lin’s CCC, compared
with other approaches such as Pearson’s correlation coefficient,
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provides a metric of both covariation and correspondence,
hence it is a superior approach to quantify the performance
of an estimation method against a continuous gold standard
[23, 24]. CCCs obtained from different approaches were
compared for statistical differences by bootstrapping with 500
replications. Bland-Altman plots and 95% limits of agreement
(LoAs) were also generated, as well as an accuracy of 30% (P30;
percentage of predicted excretion within 30% of measured
excretion). Bias was computed as the difference between the
estimated and the measured value for each parameter. The
same approach was applied to establish the performance of
morning fasting, preprandial and postprandial samples and
combinations thereof in the Tufts sample. For this subanalysis,
24-hour urinary excretions were estimated using Prediction 1.

For all analyses, a two-tailed P-value <0.05 was considered
statistically significant. All analyses were performed using Stata
16.0 (StataCorp, College Station, TX, USA). The CONCORD
module was used to obtain Lin’s CCC.

RESULTS

The final study sample included 74 patients, whose charac-
teristics are reported in Table 1. Overall, the two samples
were relatively homogeneous, except for a larger proportion of
females and higher body weight and body mass index (BMI)
in the Tufts sample. Urine chemistries were comparable across
samples, except for higher urinary creatinine in the Tufts
sample.

Estimated urinary creatinine excretion exhibited a Lin’s
CCCof0.62 (95% CI 0.49-0.75), bias —132 mg (95% CI —828-
564 mg) and P30 79.7%. In contrast, assuming a daily

P. M. Ferraro et al.



excretion of 1 g was rather imprecise: the median difference
between measured and assumed urinary creatinine excretion
was 511 mg (IQR 210-933), with 49 patients (65.3%) showing
values of measured creatinine excretion below [1 patient
(1.4%)] or above [48 patients (64.9%)] the 30% assumed
creatinine excretion.

Values and comparisons of Lin’s CCC across different
estimation approaches are reported in Table 2. Overall, the
performance of estimates obtained with Predictions 1 and
2 was similar for all parameters, except for citrate and uric
acid, for which Prediction 2 performed significantly worse.
In general, both estimation approaches performed adequately
well in predicting 24-hour urinary excretion, especially for
citrate (CCC 0.82 and 0.67 for Prediction 1 and 2, respectively)
and with the exception of uric acid (CCC 0.52 and 0.30
for Prediction 1 and 2, respectively). The performance of
Prediction 3 was consistently worse compared with the other
approaches, whereas Prediction 4 had similar performance for
some parameters and worse for others. Analysis of bias and
P30 was generally consistent with the CCC analysis, showing
larger absolute differences and accuracy between estimated
and measured values for the Prediction 3 approach, whereas
when using Prediction 2 the bias for oxalate was 4.9 mg, for
calcium 4 mg, for magnesium 3 mg, for citrate 77 mg and
for uric acid 94 mg. The correspondence between estimated
and measured excretions is shown in Figure 1 and the Bland-
Altman plots are shown in Figures 2-6.

The analysis of performance of spot urine samples taken
at different times in the Tufts sample is reported in Table
3 (24-hour urinary excretions all estimated using Prediction
1, measured 24-hour urinary creatinine excretion). Overall,
there were no major differences except for postprandial oxalate
and citrate, which performed worse; in general, postprandial
samples tended to perform numerically worse compared with
fasting morning and preprandial samples except for uric acid.
No noticeable differences were observed in performance when
using various combinations or averages of the three spot
samples.

DISCUSSION

In our study we examined the performance of spot urine
samples in providing information usually obtained from
24-hour urine collections in stone formers. We found that
indexing spot urine concentrations to a known or estimated
value of 24-hour urinary creatinine excretion substantially
increased performance for most parameters compared with
assuming a 24-hour urinary creatinine excretion of 1 g. The
improved performance was observed for some parameters
assuming 1.5-g 24-hour urinary creatinine excretion compared
with 1 g; since the average urine creatinine excretion in our
population was closer to 1.5 g than to 1 g, the increase in
performance for Prediction 4 compared with Prediction 3
shows that a more accurate estimation of urine creatinine
(Prediction 2) is a superior approach to assuming a given
excretion (Predictions 3 and 4).

The rationale for our effort stems from the fact that a
full metabolic investigation, despite being recommended by

Estimating 24-hour urinary excretion
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FIGURE 2: Bland-Altman plots showing the difference between
measured and estimated urinary oxalate excretion plotted against the
mean.

major international guidelines [7, 8], is often not requested
by treating physicians or not performed by patients because
of the difficulty in collecting urine for a 24-hour period.
Furthermore, if 24-hour urines are under- or overcollected,
results become unreliable. The magnitude of the CCCs and
the Bland-Altman data do not suggest that the approach used
in our study would be able to be used in direct clinical care
of patients with kidney stones. However, these CCCs suggest
that spot urine samples scaled to measured or estimated 24-
hour urinary creatinine may be a useful resource in large
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FIGURE 3: Bland-Altman plots showing the difference between
measured and estimated urinary calcium excretion plotted against
the mean.

population-based studies examining lithogenic factors such as
exposure or outcome.

Given the potential impact of using spot urines in lieu
of a complete metabolic evaluation in clinical practice, it
is not surprising that previous attempts have been made to
investigate the topic. For example, our group investigated
the correlation between urinary supersaturations obtained
from timed urine samples and 24-hour urine collections
in healthy subjects, finding differential diurnal variations
for calcium oxalate, uric acid and brushite [25]. With re-
gard to spot urine analysis, Itami et al. [26] analysed the
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FIGURE 4: Bland-Altman plots showing the difference between
measured and estimated urinary magnesium excretion plotted
against the mean.

correlation between spot oxalate:creatinine ratio and 24-
hour oxalate excretion in the urine of children with and
without primary hyperoxaluria, reporting a high correlation.
Conversely, Hashmi et al. [27] found a poor correlation
between those parameters in adult patients with kidney stones.
Urine calcium measured in spot samples, especially from a
fasting first morning sample, was found to correlate relatively
well with daily excretions in a sample of healthy children [28],
whereas in adult healthy women, Ilich et al. [29] analysed
the correlations for calcium, magnesium, sodium, potassium,
zinc and creatinine and found correlation coefficients ranging

P. M. Ferraro et al.
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FIGURE 5: Bland-Altman plots showing the difference between
measured and estimated urinary citrate excretion plotted against the
mean.

from 0.22 for creatinine to 0.64 for zinc. However, our study
is the first comprehensive exploration in stone formers—who
have been reported to have peculiar fasting, postprandial,
and/or circadian patterns of urinary excretions compared with
non-stone formers [30-32]—and we could also examine the
differential value of spot urines obtained at different times of
day.

A potential field of application of our findings is in
clinical and epidemiological research. Whereas the poten-
tial benefits and harms of applying one of the proposed
equations to the individual patient warrant further studies

Estimating 24-hour urinary excretion
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FIGURE 6: Bland-Altman plots showing the difference between
measured and estimated urinary uric acid excretion plotted against
the mean.

with larger samples, we believe that applying Prediction
2 to cohort studies without available 24-hour collections
would yield more accurate estimates compared with assuming
1 g/day urinary creatinine excretion. The prediction could
also be used in clinical trials as an enrichment tool to
select participants who should undergo a 24-hour urine
collection.

Our study has several strengths, including the enrolment
of patients from two centres with different types of stones
(calcium, uric acid and mixed stones), all elements expected
to improve the generalizability of our findings. Rather than
simply indexing for urine creatinine assuming a daily excretion
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Table 3. Performance of spot urine samples taken at different times to predict 24-hour urine excretions (Tufts sample; n = 20 participants)

Bias (mg/24 hour)

95% LoA (mg/24 hour)

Variables Lin’s CCC
Oxalate
Morning fasting 0.71 0.50-0.92
Preprandial 0.96 0.92-0.99
Postprandial 0.40* 0.09-0.72
Calcium
Morning fasting 0.80 0.66-0.95
Preprandial 0.63 0.39-0.87
Postprandial 0.44 0.11-0.77
Magnesium
Morning fasting 0.87 0.75-0.98
Preprandial 0.84 0.71-0.97
Postprandial 0.78 0.62-0.95
Citrate
Morning fasting 0.90 0.81-0.98
Preprandial 0.86 0.74-0.97
Postprandial 0.81% 0.66-0.96
Uric acid
Morning fasting 0.67 0.42-0.92
Preprandial 0.74 0.54-0.93
Postprandial 0.78 0.64-0.93

—-1.7 —24.8-21.5 75.0
1.0 —9.6-11.5 95.0
=7a> —37.9-23.0 70.0
—18 —116-79 75.0
=7 —163-150 60.0
—6 —210-158 35.0
—13 —63-37 60.0
—6 —68-56 65.0
1 —78-80 60.0
—10 —237-217 85.0
27 —281-334 95.0
—98 —383-187 65.0
—14 —329-301 75.0
—64 —293-166 85.0
—85 —326-155 70.0

P < 0.05 versus morning fasting. Prediction 1 was used to estimate 24-hour urinary excretions.

of 1 g, we compared different indexing techniques based
on known 24-hour urine values or estimation by validated
equations [22]. Furthermore, we could leverage information
from multiple spot urine samples, at least in a subgroup of
the study. Finally, we used a rigorous approach with the use
of an optimal metric of comparison: Lin’s CCC [23]. Of note,
most previous studies used either the Pearson or Spearman
correlation coefficient.

Our study also has limitations, including the relatively small
sample size, especially for the analysis of multiple spot urines,
and the lack of patients from ancestries other than Caucasian.
Finally, we did not have repeated measurements for the same
participant over time, which could be useful to determine
whether absolute or relative changes in 24-hour urine excretion
can be adequately captured by spot urines.

In conclusion, spot urine samples combined with specific
indexing techniques may be useful in population-based studies
of urinary stone disease. Our data do not suggest at present that
spot urine samples can replace 24-hour collections for direct
patient care. Future studies in this area will need to employ
measured or estimated 24-hour urinary creatinine rather than
assuming a given creatinine excretion.
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