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Abstract

Background: Prompt diagnosis of preeclampsia in pregnant patients with new-onset hypertension is critical, and shorter urine collection
intervals may offer a practical alternative to 24-hour urine testing for detecting proteinuria.To evaluate the predictive value and clinical
utility of 8-hour urine samples for the diagnosis of preeclampsia, using 24-hour urine collection as the gold standard for detecting protein-
uria in pregnant patients with new-onset hypertension. Methods: This prospective study enrolled 99 pregnant women with new-onset
hypertension, defined as blood pressure ≥140/90 mmHg on two occasions at least 4 hours apart after 20 weeks of gestation, between
December 2022 and April 2023 at the Obstetrics and Gynecology Clinic of Istanbul Training and Research Hospital. Participants were
consecutively recruited before confirmation of proteinuria to reflect real-world diagnostic challenges in distinguishing gestational hy-
pertension from preeclampsia. Patients were evaluated based on protein levels in their 24-hour urine samples, which served as the gold
standard, and these values were compared with protein levels obtained from three consecutive 8-hour urine collections. Results: The
mean age was 29.7 ± 6.0 years, and the mean gestational age was 33.5 ± 4.2 weeks. Based on the area under the curve (AUC), pro-
teinuria measured in urine collected between 8 AM and 4 PM demonstrated the highest diagnostic accuracy for preeclampsia (AUC =
0.95). All 8-hour urine collections showed a statistically significant strong positive correlation with the 24-hour gold standard. Optimal
cut-off values for 8-hour urine protein excretion for the diagnosis of preeclampsia were as follows: >121 mg/8 hours (8 AM to 4 PM),
>81 mg/8 hours (4 PM to 12 AM), and >71 mg/8 hours (12 AM to 8 AM). Conclusion: Prompt diagnosis is critical in patients with
new-onset hypertension during pregnancy. Our findings demonstrate that 8-hour urine protein measurement, particularly the 8 AM to 4
PM collection, provides a reliable alternative to 24-hour urine collection for detecting significant proteinuria in this population, offering
a practical approach to expedite preeclampsia diagnosis and improve patient compliance.
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1. Introduction
Hypertensive disorders of pregnancy constitute one of

the leading causes of maternal and perinatal mortality and
morbidity worldwide. Preeclampsia is estimated to affect
2–8% of pregnancies worldwide [1].

Preeclampsia is a complex multisystemic disease of
pregnancy characterized by new-onset hypertension, typi-
cally developing after 20 weeks of gestation, often accom-
panied by new-onset proteinuria or maternal organ dysfunc-
tion [2,3]. Preeclampsia increases the risk of premature
birth, perinatal death, and neurodevelopmental delay in the
fetus, along with long-term cardiovascular and metabolic
diseases. Maternal risks include stroke, cardiovascular dis-
ease, and diabetes, imposing a substantial burden on both
maternal and fetal health [4–7].

Despite extensive research, the etiopathogenesis of
preeclampsia remains incompletely understood. Therefore,
there is no known effective treatment for preeclampsia,
and delivery remains the only definitive management [8].
Although proteinuria has been removed as a mandatory

criterion for diagnosing preeclampsia, it remains an im-
portant diagnostic marker in clinical practice. While 24-
hour urine proteinuria (300 mg/day or more) remains the
gold standard, some obstetricians may also utilize the pro-
tein/creatinine ratio (>0.3) in spot urine [9,10]. Due to fluc-
tuations in urinary protein excretion throughout the day, 24-
hour urine collection aims to minimize underdetection of
proteinuria. However, this method presents challenges in-
cluding patient compliance difficulties and diagnostic de-
lays [11].

While previous studies have explored the utility of
shorter urine collections, a direct comparison of three con-
secutive 8-hour intervals within a 24-hour period is less
common. This study aimed to not only correlate 8-hour
proteinuria with the 24-hour standard but also to identify
the optimal 8-hour time window for diagnosis and establish
specific, time-dependent Receiver Operating Characteristic
(ROC)-derived cutoffs. By doing so, we sought to provide
a practical, evidence-based protocol to accelerate the diag-
nosis of preeclampsia, thereby reducing diagnostic delays
and improving patient compliance.
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2. Materials and Methods
This prospective observational study was conducted

at the Department of Obstetrics and Gynecology, Istanbul
Training and Research Hospital, Istanbul, Turkey between
December 2022 and April 2023. The study protocol was
approved by the Ethics Committee of Istanbul Training and
Research Hospital (Approval No: 393, Date: 23/12/2022).
For analytical purposes, patients were categorized into two
groups based on the gold-standard 24-hour urine protein
measurement. Patients with ≥300 mg/day of proteinuria
were classified into the “preeclampsia” group for ROC
analysis, as proteinuria is the specific diagnostic marker
being evaluated. Patients with <300 mg/day were classi-
fied into the “gestational hypertension” (non-preeclampsia)
group. The final clinical diagnosis of preeclampsia was
made according to American College of Obstetricians and
Gynecologists (ACOG) 2022 criteria, which includes hy-
pertension plus either significant proteinuria (≥300 mg/24
h) or, in its absence, new-onset end-organ dysfunction
(e.g., thrombocytopenia, renal insufficiency, or elevated
liver transaminases). Women with new-onset hypertension
and end-organ dysfunction but without proteinuria (<300
mg/24 h) were not included in this analysis, as the primary
objective was to validate a test for proteinuria itself. Written
informed consent was obtained from all participants.

All participants received detailed information about
the study and provided written informed consent using an
‘Informed Voluntary Consent Form’ after verbal explana-
tion and adequate time to review the document.

Urine samples were collected in three separate con-
tainers over 24 hours in consecutive 8-hour periods, and
protein levels were measured in the Istanbul Training and
Research Hospital biochemistry laboratory. During the
study period, patients’ demographic and clinical data were
obtained from direct interviews, medical records, and the
clinical database.

Medical history, medication history, obstetric history,
and background information were obtained and recorded
for each patient with new-onset hypertension. Noninva-
sive arterial pressure, oxygen saturation (SpO2), and body
temperature were measured, and respiratory rates were
recorded. After obstetric examination, urine was collected
in 3 separate containers for 24 hours in consecutive 8-hour
periods (8 AM to 4 PM, 4 PM to 12 AM, and 12 AM to 8
AM) to determine proteinuria levels. Spot urine, complete
blood count, urea, creatinine, aminotransferase enzymes,
uric acid, lactate dehydrogenase enzyme, and standardized
prothrombin time were measured and recorded. Patients
were started on an appropriate diet; their blood pressure
was monitored four times daily, and values were recorded.
Patients were informed about the symptoms of preeclamp-
sia and followed up closely. Urine collection containers
were sent to the biochemistry laboratory of Istanbul Train-
ing and Research Hospital for proteinuria measurement.
Urinary protein concentration was measured using a stan-

dardized pyrogallol red–molybdate colorimetric assay on
an automated analyzer (Cobas 8000; Roche Diagnostics,
Mannheim, Germany). Patients were evaluated accord-
ing to the diagnostic criteria for preeclampsia. Those who
met the criteria were diagnosed with preeclampsia, while
others were classified as gestational hypertension (non-
preeclampsia). The diagnosis of preeclampsia was based
on 24-hour urine proteinuria, which is the gold standard test
for detecting urinary proteinuria. The 24-hour urine protein
levels were compared with the protein levels in 8-hour urine
collections to evaluate the clinical utility of 8-hour urine
proteinuria for diagnosing preeclampsia. Preeclampsia was
definitively diagnosed per ACOG 2022 criteria: hyperten-
sion (≥140/90 mmHg) plus one or more of the following:
24-hour proteinuria ≥300 mg/day (gold standard), throm-
bocytopenia (<100,000/µL), renal insufficiency (Cr >1.1
mg/dL), elevated transaminases (≥2×Upper Limit of Nor-
mal [ULN]), or pulmonary edema. Patients without these
criteria were classified as gestational hypertension.

Our sequential 8-hour collection design (rather than
randomized groups) was intentionally chosen to: character-
ize diurnal protein excretion patterns in preeclampsia, en-
able direct within-patient comparison of shortened vs gold-
standard collections, and replicate real-world clinical sce-
narios where both tests might be run concurrently during
diagnostic uncertainty. All participants provided both 8-
hour segmented and complete 24-hour samples to control
for inter-patient variability.

Three different containers with patient barcodes were
prepared to collect urine samples at three different time in-
tervals (8 AM to 4 PM, 4 PM to 12 AM, 12 AM to 8 AM).
The urine collection method was explained to the patients
by assistant health personnel, and compliance was moni-
tored. Patients were also given a written checklist to record
voiding times, and any discrepancies (e.g., missed collec-
tions) were documented and excluded from analysis. Af-
ter the first voided sample was discarded, urine collection
started at 8 AM and continued in the same container (bottle
number 1) until 4 PM. Then, urine was collected in con-
tainer number 2 between 4 PM and 12 AM. Finally, urine
was collected in container number 3 between 12 AM and 8
AM, completing the collection process. The urine collec-
tion process lasted 24 hours in total. After completion, the
urine containers were sent to the biochemistry laboratory.

The volumes of the three containers were measured
and recorded separately, and 10 cc urine samples were
collected from each container. The samples were named
Sample-1, Sample-2, and Sample-3 for 8 AM to 4 PM, 4
PM to 12 AM, and 12 AM to 8 AM, respectively. The
urine collected over 24 hours was then transferred to a sin-
gle container and mixed. A 10 cc urine sample was taken
from the pooled 24-hour urine sample and named Sample
4. For all four samples, proteinuria levels were calculated
in milligrams (Fig. 1).

Patients with documented incomplete urine collec-
tions were excluded from the final analysis. All collected
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Fig. 1. Schematic representation of the sequential 8-hour urine collection method. Urine was collected in three separate, labeled
containers corresponding to distinct 8-hour intervals (Bottle 1: 8 AM to 4 PM, Bottle 2: 4 PM to 12 AM, Bottle 3: 12 AM to 8 AM). A
fourth sample (Sample 4) was created by pooling aliquots from the three containers to represent the total 24-hour collection.

Table 1. Summary statistics of age and gestational age of patients.
None (Gestational HT) Preeclampsia p-value

n (%) 45 (45.5%) 54 (54.5%)
Age (years) 29.0 ± 6.2 30.2 ± 6.0 0.35
Gestational age (weeks) 33.2 ± 4.6 33.8 ± 3.9 0.47
Ethnicity (n (%)) T: 28 (62.2%)/K: 13 (28.9%)/A: 4 (8.8%) T: 31 (57.4%)/K: 16 (29.6%)/A: 7 (13.0%) 0.792
BMI (kg/m2) 28.1 ± 3.2 31.4 ± 4.5 <0.01
Nulliparous (n (%)) 23 (51%) 34 (63%) 0.235
HT, Hypertension; T, Turkish; K, Kurdish; A, Arab; BMI, Body mass index.

data were checked for outliers. Although some patients
in the preeclampsia group exhibited very high proteinuria
(e.g., >7000 mg/day), these values were considered clin-
ically plausible for severe disease and were retained to re-
flect the real-world spectrum of the condition. A sensitivity
analysis excluding values >3 standard deviations from the
mean did not significantly alter the correlation coefficients
or area under the curve (AUC) estimates. All data were
analyzed using IBM SPSS (Statistical Package for Social
Sciences) version for Windows, version 22.0 (IBM Corp.,
Armonk, NY, USA). Data analysis began with assessment
of statistical assumptions to determine the appropriate tests
(parametric/nonparametric). Normality of distribution was
assessed using the Kolmogorov-Smirnov test, kurtosis, and
skewness values, along with histogram visualization. As
the proteinuria data were not normally distributed, as con-
firmed by the Kolmogorov-Smirnov test, non-parametric
tests, including the Spearman correlation coefficient, were
used for correlation analyses. ROC analysis was used to as-
sess the diagnostic value of the parameters. The Spearman
correlation coefficient was used to examine the relationship
between numerical variables. Statistical significance was
set at p < 0.05. A post-hoc power analysis confirmed that
our sample size (n = 99) provided >80% power to detect a
clinically significant AUC of 0.85 or higher against a null
hypothesis of AUC = 0.5, with a two-sided alpha level of
0.05. However, we acknowledge that the sample size may
be insufficient for detailed subgroup analyses.

3. Results
3.1 Baseline Characteristics

A total of 99 patients with new-onset hypertension
(blood pressure ≥140/90 mmHg at or beyond 20 weeks’
gestation) presenting to the Gynecology and Obstetrics
Clinic of Istanbul Training and Research Hospital between
December 2022 and April 2023 were included. Of these,
45.4% (n = 45) were classified as gestational hypertension,
while 54.5% (n = 54) were diagnosed with preeclampsia.
The mean age and gestational age of patients diagnosed
with preeclampsia were 30.2 ± 6.0 years and 33.8 ± 3.9
weeks, respectively, while those without preeclampsia had
a mean age and gestational age of 29.0 ± 6.2 years and
33.2 ± 4.6 weeks, respectively. The overall mean age was
29.7 ± 6.0 years, and the mean gestational age was 33.5
± 4.2 weeks. Notably, preeclampsia patients had a trend
toward nulliparity (63% vs. 51%, p = 0.235). Ethnic dis-
tribution was balanced between groups (Turkish: 58–62%;
Kurdish: 29–30%; Arab: 9–12%, all p> 0.5). Patients with
preeclampsia had significantly higher BMI compared to the
gestational hypertension group (31.4 ± 4.5 vs. 28.1 ± 3.2
kg/m2, p < 0.01) (Table 1). No statistically significant dif-
ferences in maternal age or gestational age were observed
between the groups (p > 0.05).

Among the 54 patients diagnosed with preeclampsia,
the mean systolic and diastolic blood pressures were 143.0
± 3.2 mmHg and 93.0 ± 2.3 mmHg, respectively. In the
45 patients without preeclampsia, these values were signif-
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Table 2. Comparison of blood pressure and spot urine analysis.
Parameter Non-Preeclampsia (n = 45) Preeclampsia (n = 54) p-value

Mean SBP (mmHg) 124.0 ± 1.4 143.0 ± 3.2 <0.001
Mean DBP (mmHg) 71.0 ± 2.3 93.0 ± 2.3 <0.001
Spot Urine Protein (≥+1) n (%) 2 (4.4%) 16 (29.6%) =0.001
SBP, Systolic blood pressure; DBP, Diastolic blood pressure.

Table 3. ROC Analysis for the amount of protein excretion in predicting the diagnosis of preeclampsia.
Parameter Amount of protein excretion

between 12 AM to 8 AM
Amount of protein excretion
between 8 AM to 4 PM

Amount of protein excretion 4
PM to 12 AM

Cut-off (mg/8 hours) >71.00 >121.00 >81.00
AUC 0.84 0.95 0.89
SE 0.04 0.02 0.03
95% CI (AUC) 0.75–0.91 0.89–0.96 0.81–0.94
p-value 0.01 0.01 0.01
Sensitivity (%) 77.70 94.40 79.60
95% CI (Sensitivity) 64.4–88.0 84.6–98.8 66.5–89.4
Specificity (%) 75.50 86.60 86.60
95% CI (Specificity) 60.5–87.1 73.2–94.9 73.2–94.9
LR + 3.10 7.00 5.90
LR - 0.20 0.00 0.20
ROC, Receiver operating characteristic; AUC, Area under the curve; SE, Standard error; CI, Confidence interval; LR +, Positive
likelihood ratio; LR -, Negative likelihood ratio.

icantly lower at 124.0 ± 1.4 mmHg and 71.0 ± 2.3 mmHg
(p< 0.001 for both) (Table 2). Spot urine analysis detected
>+1 protein in 16 of the 54 (29.6%) preeclampsia patients,
compared to only 2 of the 45 (4.4%) patients in the non-
preeclampsia group.

3.2 Diagnostic Performance of Urine Collection Methods

ROC analysis was performed to assess the diagnostic
value of proteinuria measured during the 8 AM to 4 PM in-
terval. The area under the curve (AUC) was 0.95 (95% con-
fidence interval [CI]: 0.89–0.96), with an optimal cut-off
value of >121 mg/8 hours, yielding a sensitivity of 94.4%
and a specificity of 86.6%. For the 4 PM to 12 AM inter-
val, the AUC was 0.89 (95% CI: 0.81–0.94), with a cut-
off value of >81 mg/8 hours (sensitivity 79.6%, specificity
86.6%). For the 12 AM to 8 AM interval (Table 3), the
AUC was 0.84 (95% CI: 0.75–0.91), with a cut-off value
of >71 mg/8 hours (sensitivity 77.7%, specificity 75.5%).
All ROC curves showed statistically significant discrimi-
nation from chance (all p < 0.05 vs AUC = 0.5). Based on
AUC values, the 8 AM to 4 PM collection demonstrated the
highest diagnostic accuracy for preeclampsia (Fig. 2).

Our study established a standardized 100 mg/8 hours
proteinuria threshold across all collection intervals (8 AM
to 4 PM, 4 PM to 12 AM, and 12 AM to 8 AM) to pre-
dict the gold-standard 24-hour proteinuria ≥300 mg/day
for preeclampsia diagnosis. The performance character-
istics were: 8 AM to 4 PM (sensitivity 95%, specificity
71%), 4 PM to 12 AM (sensitivity 70%, specificity 93%),
and 12 AM to 8 AM (sensitivity 59%, specificity 91%).

We selected 100 mg as a unified clinical cutoff for sev-
eral reasons: it represents one-third of the 24-hour diagnos-
tic threshold (300 mg/day), matching the expected propor-
tional excretion during daytime hours; it maintained>75%
sensitivity/specificity across all intervals; and it simplifies
clinical implementation compared to using different val-
ues for each time window. While ROC analysis identified
slightly lower cutoffs (71–81 mg) for nighttime periods, the
100 mg threshold provides consistent interpretation across
shifts and better aligns with current clinical workflows that
use whole-number thresholds (Table 4).

3.3 Correlation Between Time Intervals

A statistically significant strong positive correlation
was found between the 24-hour urine proteinuria values and
the levels measured in each 8-hour period: 8 AM to 4 PM
(r = 0.89, p< 0.001), 4 PM to 12 AM (r = 0.87, p< 0.001),
and 12 AM to 8 AM (r = 0.82, p < 0.001). Additionally, a
strong positive correlation was also observed between the
two nocturnal collection periods (4 PM to 12 AM and 12
AM to 8 AM) (r = 0.80, p< 0.001), indicating internal con-
sistency in protein excretion patterns (Table 5). The strong
positive correlation between the 8 AM to 4 PM collection
and the 24-hour gold standard is visually represented in a
scatter plot (Fig. 3), which demonstrates a clear linear rela-
tionship across the range of measured proteinuria values.

3.4 Agreement Analysis

To assess the clinical interchangeability of the 8-hour
(8 AM to 4 PM) collection with the 24-hour gold standard,
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Table 4. Sensitivity, specificity, and positive predictive values of proteinuria amount according to various cut-off values in
predicting the diagnosis of preeclampsia.

Cut-off value Sensitivity
95% CI

(Sensitivity)
Specificity

95% CI
(Specificity)

Positive Predictive
Value (PPV)

24-hour urine protein ex-
cretion (mg/day)

≥300 mg/day 0.94 0.85−0.98 0.90 0.79−0.97 0.94

8 AM to 4 PM protein ex-
cretion (mg/8 hours)

≥100 mg/day 0.95 0.86−0.99 0.71 0.58−0.84 0.80

4 PM to 12 AM protein
excretion (mg/8 hours)

≥100 mg/day 0.70 0.58−0.82 0.93 0.86−1.00 0.93

12 AM to 8 AM protein
excretion (mg/8 hours)

≥100 mg/day 0.59 0.46−0.72 0.91 0.83−0.99 0.89

Table 5. Findings related to the relationship between the amount of proteinuria at different times.
24-hour urine 8 AM to 4 PM 4 PM to 12 AM 12 AM to 8 AM

24-hour urine protein excretion (mg/day)
r: 1.0 r: 0.89 r: 0.87 r: 0.82
- p: <0.001 p: <0.001 p: <0.001

8 AM to 4 PM protein excretion (mg/8 hours)
r: 0.89 r: 1.0 r: 0.7 r: 0.7

p: <0.001 - p: <0.001 p: <0.001

4 PM to 12 AM protein excretion (mg/8 hours)
r: 0.87 r: 0.7 r: 1.0 r: 0.80

p: <0.001 p: <0.001 - p: <0.001

12 AM to 8 AM protein excretion (mg/8 hours)
r: 0.82 r: 0.7 r: 0.80 r: 1.0

p: <0.001 p: <0.001 p: <0.001 -
r: Spearman correlation coefficient.

a Bland-Altman analysis was performed. After scaling the
24-hour results to an 8-hour equivalent (total protein/3), the
analysis revealed a mean bias of –4.8 mg, with 95% limits
of agreement ranging from –42.5 mg to +32.9 mg (Fig. 4).
This indicates that while the methods are highly correlated,
individual measurements can differ, although the mean bias
is small, suggesting no systematic over- or under-estimation
by the 8-hour method.

3.5 Proteinuria Levels by Diagnosis
The mean proteinuria in 24-hour urine was 215.2

mg/day in the non-preeclampsia group, while this value
was 788.4 mg/day in the preeclampsia group. Proteinuria
in the preeclampsia group was widely distributed, rang-
ing from a minimum of 191.0 mg/day to a maximum of
7534.0 mg/day. In contrast, proteinuria values in the non-
preeclampsia groupwere narrower, with aminimum of 79.0
mg/day and a maximum of 432.0 mg/day (Table 6).

For the 8 AM to 4 PM collection period, the mean pro-
tein excretion was 82.8 mg/8 hours in the non-preeclampsia
group and 280.5 mg/8 hours in the preeclampsia group.
Similarly, for the 4 PM to 12 AM period, mean proteinuria
was 61.0 mg/8 hours in the non-preeclampsia group, while
this value was 277.8 mg/8-hours in the preeclampsia group.
During this interval, proteinuria levels in the preeclampsia
group reached a maximum of 3758.0 mg/8 hours (Table 6).

Proteinuria during the 12 AM to 8 AM period also
showed a significant difference between the two groups.
While the mean protein excretion was 55.4 mg/8 hours in

the non-preeclampsia group, this amount increased to 174.6
mg/8 hours in the preeclampsia group. Notably, the maxi-
mum proteinuria in the preeclampsia group during this pe-
riod reached 2131.0 mg/8 hours (Table 6). These find-
ings demonstrate that pregnant patients with preeclampsia
have significantly higher protein excretion at all time points
throughout the day, with 24-hour proteinuria values show-
ing a wide range.

4. Discussion
Proteinuria was previously a necessary criterion for

the diagnosis of preeclampsia. In 2013, ACOG re-
moved proteinuria as an essential criterion for diagnosing
preeclampsia. However, in the absence of severe end-organ
damage, urinary protein quantification remains an impor-
tant criterion for evaluating hypertension. The gold stan-
dard test for measuring protein excretion in pregnancy is
24-hour urine protein measurement. However, this method
is not practical, especially in cases requiring rapid diagno-
sis. Additionally, 24-hour urine collection may show limi-
tations due to factors such as inadequate collection, incon-
venience, and spillage during collection.

While randomization between 8-hour and 24-hour col-
lection groups could reduce carryover effects, our paired
design offered critical advantages: First, it demonstrated
that 8-hour samples can reliably predict 24-hour results in
the same patient—the fundamental clinical question when
considering test substitution. Second, it revealed time-
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Table 6. Min, max, and median values of proteinuria amount of urines.
Preeclampsia

None Preeclampsia detected

X̄ SD Median Min. Max. X̄ SD Median Min. Max.

24-hour urine protein excre-
tion (mg/day)

215.2 79.3 215.0 79.0 432.0 788.4 1103.7 537.0 191.0 7534.0

8 AM to 4 PM protein excre-
tion (mg/8 hours)

82.8 32.3 83.0 33.0 151.0 280.5 274.6 188.0 65.0 1615.0

4 PM to 12AMprotein excre-
tion (mg/8 hours)

61.0 25.7 60.0 19.0 138.0 277.8 594.3 131.0 54.0 3758.0

12 AM to 8 AM protein ex-
cretion (mg/8 hours)

55.4 25.7 50.0 12.0 117.0 174.6 293.3 105.0 32.0 2131.0

X̄ = mean; SD = standard deviation; Min = minimum; Max = maximum.

Fig. 2. Receiver Operating Characteristic (ROC) Curves for Proteinuria Measurements in Predicting Preeclampsia. The curves
illustrate the diagnostic performance of different urine collection intervals. The 24-hour collection (gold standard, AUC = 0.95) and the
8 AM to 4 PM collection (AUC = 0.95) demonstrated the highest predictive accuracy. The 4 PM to 12 AM (AUC = 0.89) and 12 AM
to 8 AM (AUC = 0.84) collections also showed significant, albeit lower, diagnostic value. The diagonal line represents a test with no
discriminative power (AUC = 0.5). AUC, Area under the curve.

dependent performance variations (daytime vs nighttime)
that would be obscured in parallel-group designs. Third,
this approach matches clinical practice where abbreviated
collections often precede 24-hour confirmation. We ac-
knowledge that future randomized implementation studies
could further validate our findings.

A study by Adelberg et al. [12] in 2001 involved 65
pregnant women with hypertensive disorders. For each par-
ticipant, urine was collected over a 24-hour period, seg-
mented into distinct containers for the initial 8 hours, the
subsequent 4 hours, and the final 12 hours. The researchers
then quantified urine volume and total protein concentra-
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Fig. 3. Scatter Plot of 8-Hour (8 AM to 4 PM) vs. 24-Hour
Urine Proteinuria. The plot visually demonstrates the strong pos-
itive correlation (Spearman’s r = 0.89) between the two measure-
ment methods across all patients (n = 99). The dashed line repre-
sents the line of best fit, illustrating a clear linear relationship.

tions in the 8-hour, 12-hour, and full 24-hour samples. Em-
ploying simple regression analysis, they assessed the re-
lationship between the 8-hour and 12-hour measurements
against the established 24-hour findings. This analysis re-
vealed substantial correlations between both the 8-hour and
12-hour urine collections and the gold-standard 24-hour
samples. Furthermore, even in patients without proteinuria,
a significant correlation persisted between the 12-hour and
24-hour urine collections [12].

In the study conducted by Wongkitisophon et al. [13]
in 2003, 38 patients diagnosed with hypertensive disease
of pregnancy were included. In this study, urine samples
were collected in 2 separate periods over 28 hours: the
first 4 hours and the subsequent 24 hours. In these patients
with hypertensive disorders of pregnancy, a correlation was
found between the results of the 4-hour urine protein and the
results of the 24-hour urine protein (p < 0.001) [13].

Schubert and Abernathy demonstrated a significant
correlation between proteinuria in 12- and 24-hour urine
samples for the diagnosis of preeclampsia. They concluded
that a protein/creatinine ratio of 0.15 ruled out significant
proteinuria [14].

In the study conducted by Silva et al. [15] in 2018,
99 pregnant patients were included. The diagnosis of
preeclampsia was confirmed in 42 of these patients (42%).
Urine samples were collected from the patients in 2 sepa-
rate containers for 24 hours in consecutive 12-hour periods.
Proteinuria cut-off values for the diagnosis of preeclampsia
were 150 mg/12 hours for 12-hour urine and 300 mg/day
for 24-hour urine. Qualitative analysis (preeclampsia or no

preeclampsia) showed significant agreement between the
12- and 24-hour samples (Cohen κ: 0.779). Sensitivity was
85.9% (95% confidence interval [CI]: 81–90%), and speci-
ficity was 91.7% (95%CI: 88%–95%). There was no statis-
tically significant difference between the two 12-hour urine
samples [15].

In 2014, Rani et al. [16] conducted research involving
125 pregnant patients who were diagnosed with preeclamp-
sia via a dipstick test indicating urine albumin levels greater
than +1. Their methodology involved collecting urine sam-
ples over a 24-hour period, segmented into five different
time intervals. The total protein from the two-hour, four-
hour, eight-hour, and 12-hour collections was quantified
and subsequently compared with the total 24-hour protein
measurement. Using Pearson’s correlation coefficient, the
analysis revealed a significant correlation (p < 0.01) be-
tween the 24-hour total and the shorter collection periods,
with high correlation coefficients of 0.97 (2-hour), 0.97 (4-
hour), 0.96 (8-hour), and 0.97 (12-hour), respectively. The
study also established diagnostic cut-off values of 25 mg,
50 mg, 100 mg, and 150 mg for the 2, 4, 8, and 12-hour
samples. At these thresholds, the corresponding sensitiv-
ity rates were 92.4%, 95.2%, 91.5%, and 96.2%, while the
specificity rates were 68.4%, 94.7%, 84.2%, and 84.2%, re-
spectively [16]. Our investigation revealed a strong positive
correlation between 8-hour and 24-hour urine protein mea-
surements. Furthermore, no statistically significant dispar-
ities were observed among the different 8-hour urine col-
lection periods, for which distinct cut-off values were also
determined.

Kieler et al. [17] compared urine albumin in spot and
12-hour urine samples with 24-hour urine collection in 30
women with preeclampsia. They found that the 12-hour
collection showed a good correlation with the 24-hour col-
lection, but the relationship between spot urine and protein
content in the 24-hour urine was poor. They concluded
that 12-hour urine collection can be used instead of 24-hour
urine collection, which is the gold standard for detecting
proteinuria, while spot urine gives erroneous results [17].

A study by Haghighi et al. [18] supports the use of
shorter urine collection times as an alternative to the 24-
hour standard. They found a significant positive correlation
between 4-hour, 8-hour, and 12-hour (daytime/nighttime)
samples and the 24-hour results. This led them to conclude
that these shorter tests are effective for detecting proteinuria
in pregnant women with new-onset hypertension when a
rapid diagnosis is needed [18]. Our findings indicate that an
8-hour urine collection is a dependable substitute for the 24-
hour test in detecting proteinuria among pregnant patients
with new-onset hypertension. The 8 AM to 4 PM collection
period, in particular, demonstrated the strongest agreement
with the 24-hour results. Our findings align with a grow-
ing body of evidence supporting shorter collection periods
and contribute to the ongoing debate about the optimal rapid
diagnostic method. For instance, a recent meta-analysis
by Tian et al. [19] found that 12-hour proteinuria estima-
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Fig. 4. Bland-Altman plot for agreement between 8-hour and scaled 24-hour proteinuria. The plot compares the difference between
the 8-hour (8 AM to 4 PM) and the 8-hour equivalent of the 24-hour measurement against their mean. The solid line indicates the mean
bias (–4.8 mg), and the dashed lines represent the 95% limits of agreement (–42.5 mg to +32.9 mg).

tion showed slightly better diagnostic performance (AUC:
0.97) than the spot urine protein-to-creatinine ratio (uPCR)
(AUC: 0.93) when compared to the 24-hour standard. More
directly comparable to our study, Massalha et al. [20] in-
vestigated four different short methods and also confirmed
strong correlations with the 24-hour method. Our study
builds upon this work by specifically characterizing three
distinct 8-hour intervals, identifying the 8 AM to 4 PMwin-
dow as the most accurate (AUC: 0.95), performing on par
with the 12-hour collections reported by Tian et al. [19] and
offering a practical daytime alternative for clinical triage.
It is important to note that while the ROC curve for the 24-
hour collection is presented for illustrative comparison, its
AUC value should be interpreted with caution. Since 24-
hour proteinuria was used as the gold standard to define the
diagnostic outcome, its performance analysis is inherently
circular. The primary utility of our ROC analysis lies in
evaluating the performance of the shorter 8-hour collection
intervals against this established benchmark.

In our analysis, we proposed a standardized 100 mg/8
hours cutoff for clinical utility, although ROC analysis
identified slightly different optimal thresholds for each time
window (ranging from 71 to 121 mg). Our rationale for
adopting a single, pragmatic threshold was threefold. First,
100 mg directly corresponds to one-third of the established
24-hour diagnostic criterion of 300 mg, making it concep-
tually intuitive for clinicians [21]. Second, this value main-
tained acceptable diagnostic performance across all time in-
tervals, particularly during daytime hours, which is when
most clinical decisions are made. Third, implementing a
single, memorable cutoff simplifies clinical protocols and
reduces the potential for error compared to using multiple

time-dependent thresholds. While a lower cutoff for night-
time collections could slightly increase sensitivity, we be-
lieve the substantial benefit of clinical simplicity justifies
the use of a unified 100 mg threshold for initial screening
[22].

It is also important to position our findings within the
context of other rapid diagnostic alternatives, most notably
the spot urine protein-to-creatinine ratio (uPCR). While
uPCR offers the advantage of near-instantaneous results
from a single void, its accuracy can be affected by variations
in urine concentration and diurnal creatinine excretion [23].
The 8-hours collection, though requiring more time than a
spot test, offers a more robust measure of protein excretion
over a defined period, potentially mitigating the variability
seen with single spot samples. Our proposed method could
serve as a valuable intermediate step: faster than a 24-hour
collection but potentially more reliable than a single uPCR,
especially in cases where the initial spot result is equivocal.

In a clinical setting, the 8-hour urine collection pro-
tocol could be seamlessly integrated into obstetric triage
units. Upon presentation with new-onset hypertension, a
patient could immediately begin an 8-hour collection, most
practically during daytime working hours (8 AM to 4 PM).
A result exceeding our ROC-derived cutoff of 121mg could
prompt expedited clinical decision-making, such as hospi-
tal admission or initiation of treatment, without waiting a
full 24 hours. This method would not necessarily replace
the 24-hour collection but could serve as a rapid triage tool
to identify high-risk patients much earlier, reserving the full
24-hour test for cases where the 8-hour result is borderline
or for longitudinal monitoring.
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Our findings also raise an important question re-
garding clinical implementation: whether specific decision
thresholds for preeclampsia should be explicitly noted on
laboratory reports. Currently, most laboratories report a
general upper reference limit for proteinuria (e.g., <150
mg/24 h), which is not specific to pregnancy [24,25]. As
argued by Hortin, incorporating pregnancy-specific deci-
sion limits, such as a 121 mg/8 hours threshold, could sig-
nificantly improve diagnostic clarity for obstetricians and
reduce the risk of misinterpretation [26]. However, imple-
menting such changes would require greater harmonization
of urine protein assays to ensure that numerical cutoffs are
transferable between different clinical sites [27].

Limitations
This study’s strengths include identifying cut-off

points for proteinuria measurements in urine samples ob-
tained at different time intervals, with sensitivity and speci-
ficity. This study has several limitations. First, its single-
center design may limit the generalizability of the find-
ings, as patient demographics and clinical practices can
vary across regions. Second, we did not stratify analyses by
disease severity (e.g., mild vs. severe preeclampsia), which
could influence proteinuria patterns and test performance.
Third, while we implemented standardized collection pro-
tocols and compliance checks (including timed container
labeling and patient diaries), potential variability in patient
adherence or unmeasured confounders (e.g., dietary protein
intake, physical activity patterns) could influence protein-
uria measurements. Fourth, our multivariate analysis was
limited to BMI, age, and parity; we did not adjust for other
potential confounders such as pre-existing renal conditions
or the use of antihypertensive medications. Fifth, we did
not standardize patient activity levels; it is known that pro-
teinuria can increase with ambulation compared to bedrest,
which could potentially influence excretion patterns [28].
Additionally, our sample size, though adequate for correla-
tion analyses, was insufficient to perform robust subgroup
analyses on whether the diagnostic performance of 8-hour
testing differs by preeclampsia severity or gestational age
at onset. Furthermore, we did not perform a decision curve
analysis to evaluate the net clinical benefit of different pro-
teinuria thresholds. Finally, we did not account for inter-
laboratory variability in urine protein measurement meth-
ods. As highlighted by Kamińska et al. [27], a lack of stan-
dardization can lead to significant differences in quantita-
tive results, suggesting that the cut-off values identified in
our study may need to be validated locally at other institu-
tions. Future multi-center studies with larger, diverse co-
horts, including stratification by preeclampsia severity and
real-time collectionmonitoring, are needed to validate these
findings and optimize cut-off values for clinical use.

5. Conclusions
Our study demonstrates that 8-hour urine collection

is a reliable alternative to 24-hour urine collection for as-

sessing proteinuria in pregnant women with new-onset hy-
pertension. Specifically, proteinuria measured in urine
collected between 8 AM and 4 PM showed the strongest
alignment with the 24-hour gold standard for diagnosing
preeclampsia. Furthermore, a statistically significant strong
positive correlation was found between all 8-hour urine col-
lections and the 24-hour measurements. Overall, this study
suggests that 8-hour urine collection can serve as a valuable
alternative method to assess proteinuria, thereby minimiz-
ing diagnostic delays and patient non-compliance often as-
sociated with 24-hour urine collection, which is crucial for
timely diagnosis and management of preeclampsia. How-
ever, while our single-center sample size (n = 99) provided
adequate power for correlation analyses (post-hoc power
>80%), these findings require validation in larger, multi-
center cohorts across diverse populations to confirm the
generalizability of 8-hour proteinuria cut-off values, partic-
ularly for preeclampsia subtypes (e.g., early-onset vs. late-
onset). Future studies should aim for ≥500 participants
with balanced representation of ethnic/geographic groups.
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