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ARTICLE INFO ABSTRACT
Keywords: Objective: The 24-h urine protein remains the gold standard to diagnose proteinuria in suspected
Preeclampsia preeclamptic patients. However, this test is time consuming and sometimes inaccurate. In this
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study, we aimed to analyse the correlation between the random urine protein/creatinine ratio
(UPCR) and 24-h urine protein and to explore the clinical value of UPCR in the diagnosis of
preeclampsia.

Method: We retrospectively evaluated 109 pregnant women from our hospital who had hyper-
tensive diseases. They were grouped according to time of urine collection and disease severity to
compare differences in random urine protein, urine creatinine, and UPCR. The correlation be-
tween the UPCR and 24-h urine protein was determined by Pearson’s linear correlation.
Results: We found no statistically significant differences in random urine protein, urine creatinine,
or UPCR among the four time of sampling groups. Further, random urine protein, UPCR, and 24-h
urine protein between the gestational hypertension and preeclampsia groups differed signifi-
cantly (P < 0.001). Correlation analysis showed significant positive correlation between random
urine protein, and 24-h urine protein, and UPCR and 24-h urine protein, with r values of 0.789
and 0.810, respectively. According to the receiver operating characteristic (ROC) curve, the
optimal threshold, sensitivity, specificity, and area under the curve of UPCR for the diagnosis of
preeclampsia were 0.456 g/mmol, 67.8 %, 78.3 %, and 0.747, respectively (95 % confidence
interval [CI], 0.65-0.844).

Conclusion: This study indicated that UPCR is significantly correlated with 24-h urine protein and
is expected to replace the 24-h urine protein test as a diagnostic indicator of preeclampsia.

1. Introduction

Preeclampsia is defined as new-onset hypertension after 20 weeks of gestation combined with proteinuria (>0.3 g/day), or signs
and symptoms of end-organ dysfunction. At present, the incidence of preeclampsia in China is as high as 5-7% [11, which seriously
endangers the health and safety of mothers and infants. As an important clinical indicator, urine protein can reflect renal involvement
and is key to identifying disease development. It is also associated with severe adverse pregnancy outcomes [2,3]. A 24-h urine protein
test is considered the “gold standard” for the quantitative diagnosis of proteinuria. However, the 24-h urine protein test is
time-consuming and may be inaccurate [4]. Patient compliance is often poor, especially in patients with pregnancy-induced
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hypertension (PIH). Therefore, it is of practical clinical significance to seek a simple and accurate method to replace 24-h urine protein
quantification. Among them, the random urine protein/creatinine ratio (UPCR) and random urine protein test have attracted much
attention. However, owing to different detection methods and different time points of specimen collection, the results of the UPCR
random urine protein test, and 24-h urine protein test reported in the literature are not consistent [5]. This study aimed to analyse the
correlation between random urine albumin/creatinine ratio, random urine protein, and 24-h urine protein. Additionally, we aimed to
find a random urine test index that can replace tests requiring 24-h urine collection and to explore the best threshold of this index in the
diagnosis of preeclampsia.

2. Methods
2.1. Study design

This retrospective cohort study included all pregnant women undergoing regular check-ups at the Second Affiliated Hospital of
Wenzhou Medical University in China between January and December 2022. A total of 109 hospitalised pregnant women with hy-
pertensive disorders complicating pregnancy were enrolled: 60 in the gestational hypertension group and 49 in the preeclampsia
group. The diagnostic criteria for hypertensive disorders of pregnancy matched the criteria of the 2015 Chinese Society of Obstetrics
and Gynaecology guidelines [6], which are consistent with the diagnostic criteria of the International Society for the Study of Hy-
pertension in Pregnancy published in 2018 [7]. Exclusion criteria were pregnancy complicated with chronic hypertension, kidney
disease, cardiovascular disease, immune disease, metabolic diseases (gestational diabetes mellitus, thyroid disease, etc.), intrahepatic
cholestasis of pregnancy, multiple pregnancies, and foetal dysplasia. None of the patients took antihypertensive or cardiovascular
drugs before diagnosis.

The urine collection method and precautions are described here in detail. A random urine sample was collected from pregnant
women on admission; midstream urine was collected after cleaning the vulvar secretions. The 24-h urine collection was performed as
follows: patients were instructed to empty the bladder at 7 a.m., and subsequently urine was collected from 7 a.m. that day until 7 a.m.
the next day. All urine samples were collected in large clean containers, and 10 g boric acid for embalming was added immediately
after the first urine sample was left in the container. The 24-h urine was pooled together, 5 mL was taken into a special container, and
the 24-h total urine volume was recorded. Collection of specimens was approved by the ethics committee of our hospital, and informed
consent was obtained from all the patients.

All samples were analysed using a Siemens ADVIA 2400 automatic biochemical analyser. Urine protein was quantified by color-
imetry, and the 24-h urine protein was calculated as urine protein quantity multiplied by the 24-h urine volume. Urine creatinine was
measured using the creatinine enzymatic method, and the UPCR was calculated from random urine protein quantification and urine
creatinine test results. All reagents were obtained from Siemens Medical Diagnostic Products.

2.2. Statistical analysis

Data analysis was performed using the SPSS version 18.0 statistical software for the differences in random urine protein, UPCR, and
24-h urine protein between the two groups using the rank sum test, and the data were expressed as (P25, P75). Pearson’s linear
correlation was used to analyse the correlation of random urine protein, UPCR, and 24-h urine protein. Random urine protein or UPCR
was set as the independent variable, and 24-h urine protein quantification was set as the dependent variable. Bivariate scatter plots
were used to analyse the correlation between the two variables. According to the receiver operating characteristic (ROC) curve, the
maximum Youden index (sensitivity + specificity —1) was used to determine the cut-off value.

3. Results
3.1. Comparison of random urine protein, random urine creatinine, and UPCR according to time grouping

According to the time at which random urine samples was collected after admission, they were divided into four time of sampling
groups as following: 00:00-06:00 (4 cases), 06:00-12:00 (42 cases), 12:00-18:00 (53 cases), and 18:00-24:00 (10 cases). Random
urine protein, random urine creatinine, and UPCR levels did not differ significantly among these four groups (Table 1). Therefore,
urine samples can be randomly collected according to the time pregnant women arrive at the hospital. This procedure was simple and
convenient, and patients’ compliance was good.

Table 1

Comparison of random urine protein, random urine creatinine, and UPCR among the time of sampling groups.
Test items P25-P75 Z value P value
Random urine protein (0.155-1.97) 1.415 0.702
Random urine creatinine (5.45-14.005) 0.458 0.928
UPCR (0.018527-0.1659) 1.680 0.641

UPCR: random urine protein/creatinine ratio.
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3.2. Comparison of random urine protein, urine creatinine, UPCR and 24-h urine protein in groups according to disease severity

The random urine protein, UPCR, and 24-h urine protein levels were compared between the gestational hypertension (60 cases)
and preeclampsia (49 cases) groups, and the difference was statistically significant (P < 0.001). However, there was no significant
difference between the two groups in terms of random urine creatinine levels (Table 2). Therefore, random urine protein, UPCR, and
24-h urine protein levels increased with disease severity.

3.3. Correlation of random urine protein, UPCR, and 24-h urine protein quantification

Correlation analysis of random urine protein and 24-h urine protein showed a significant positive linear correlation (r = 0.789, P <
0.001). There was also a significant positive linear correlation between UPCR and 24-h urine protein levels (r = 0.810, P < 0.001).
However, the correlation between UPCR and 24-h urine protein quantification was better (Fig. 1).

3.4. Optimal threshold of UPCR for the diagnosis of preeclampsia

According to the ROC curve, the optimal threshold of UPCR for the diagnosis of preeclampsia was 0.456 g/mmol, sensitivity was
67.8 %, specificity was 78.3 %, and area under the curve was 0.747 (95 % CI, 0.65-0.844) (Fig. 2).

4. Discussion

Preeclampsia is an idiopathic and common complication of pregnancy, with an incidence of 5-7%, and it is often accompanied by
acute kidney injury [1,8,9]. Urine protein, an important urine biochemical indicator, can reflect renal involvement and is key to
identifying disease development. Studies have shown that urine protein levels are associated with serious adverse pregnancy outcomes
[2,10]. Therefore, the timely and accurate detection of urine protein levels has important clinical significance in the diagnosis of
preeclampsia. The 24-h urine protein assay is considered the “gold standard” for the quantitative determination of urine protein.
However, the 24-h urine collection process is complicated [4], and patient compliance is poor, especially for patients in the third
trimester. Because of the increased frequency of nocturia in the third trimester, a bedpan was placed on the toilet for each collection,
the collected urine was poured into a large container, and the bedpan was cleaned. If pregnant women have high blood pressure,
urination at night may lead to a risk of fainting. Therefore, assistance from family members is required in most cases. Additionally,
there is no preservative or mixing in the collection process, which will lead to inaccuracies in the detection of 24-h urine protein, and
sometimes it needs to be repeated many times to obtain accurate results. Therefore, it is of practical clinical significance to seek a
simple and accurate method that can replace 24-h urine protein quantification.

To understand whether urine protein production fluctuated throughout the day and whether the biochemical indicators related to
random urine were affected by time point, the random urine samples were divided into four groups according to the time of urine
collection after admission. The results showed no statistically significant differences in the random urine protein, random urine
creatinine, or UPCR among the four time of sampling groups. Therefore, random urine does not need to be collected at a specific time
point; and it can be collected in pregnant women with PIH at any time after admission to the hospital. This is not only very convenient
for patients to comply with but also greatly shortens the length of time required for urine protein detection; therefore providing the
necessary diagnostic basis for timely clinical diagnosis of preeclampsia. In this study, the comparison between the gestational hy-
pertension group and preeclampsia group showed that there were significant differences in the random urine protein, UPCR, and 24-h
urine protein (P < 0.001), but there was no significant difference in the random urine creatinine between the two groups. Therefore,
the random urine protein and UPCR in patients with preeclampsia are significantly higher than those in patients with gestational
hypertension, thereby suggesting that random urine protein and UPCR have a good correlation with the severity of the disease and can
be further used as diagnostic indicators to predict preeclampsia.

Owing to different detection methods, the results of quantitative correlation between UPCR, random urine protein, and 24-h urine
protein reported in foreign literature are inconsistent, and the correlation coefficient ranges from 0.600 to 0.099 [5,11,12]. As early as
2002, the Clinical Practice Guidelines for Chronic Kidney Disease and Dialysis of the American Nephrology Association recommended
UPCR instead of 24-h urine protein quantification [13,14]. However, previous studies suggested that 24-h urine creatinine excretion
varies greatly and is affected by individual, diet, muscle volume, exercise status, renal function level, and other factors. In some
diseases, such as hyperthyroidism and acromegaly, loss of muscle volume can reduce urine creatinine excretion. Diabetic nephropathy
and hypothyroidism increase urine creatinine excretion [15]. The instability of urine creatinine excretion can lead to inaccuracy in the
measurement of UPCR during the monitoring and evaluation of urine protein. Therefore, in this study, random urine protein and UPCR

Table 2
Comparison of random urine protein, random urine creatinine, UPCR, and 24-h urine protein according to disease severity.

Random urine protein (P25-P75) Random urine creatinine (P25-P75) UPCR (P25-P75) 24-h urine protein (P25-P75)

Gestational hypertension (0.122, 0.56) (5.38, 13.76) (0.016, 0.052) (0.16, 0.44)
Preeclampsia (0.225, 7.75) (5.56, 15.195) (0.03, 0.908) (0.345, 5.44)
V4 —4.353 —-0.615 —4.429 —5.045

P <0.001 0.538 <0.001 <0.001
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Fig. 1. Scatter plot of random urine protein, UPCR, and 24-h urine protein.
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Fig. 2. Areas under ROC curve were 0.747 (95 % CI, 0.65-0.844).

were introduced, and a correlation analysis was carried out between random urine protein and 24-h urine protein. The results showed
a significant positive linear correlation between random urine protein and 24-h urine protein as well as between UPCR and 24-h urine
protein, with r values of 0.789 and 0.810, respectively. Notably, the correlation between UPCR and 24-h urine protein quantification
was stronger than that between random urine protein and 24-h urine protein. In this study, owing to the small number of cases with
24-h urine protein >3 g/24 h, the correlation between random urine protein, UPCR, and 24-h urine protein quantification began to
fluctuate. In future studies, the sample size should be increased, and especially include more patients with high 24-h urine protein
quantification.

The correlation between UPCR and 24-h urine protein quantification was stronger than that between random urine protein and 24-
h urine protein; therefore, we further constructed the ROC curve of UPCR and 24-h urine protein quantification to predict pre-
eclampsia. This study found that the optimal threshold of UPCR for the diagnosis of preeclampsia was 0.456 g/mmol, sensitivity was
67.8 %, specificity was 78.3 %, and area under the curve was 0.747 (95 % CI, 0.65-0.844). There was no statistically significant
difference between the ROC curves for UPCR and 24-h urine protein quantification. Therefore, UPCR was found to have good pre-
dictive value in the diagnosis of preeclampsia. Early assessment of target organ involvement and prediction of preeclampsia com-
plications are particularly important for improving maternal and infant outcomes. Therefore, it is necessary to obtain timely and
accurate urine protein secretion data in clinical practice. UPCR is not only simple to perform but also greatly reduces the time required
for preeclampsia specimen collection, which increases the possibility of timely diagnosis and evaluation of preeclampsia. Some studies
have found that UPCR may have good application value in the risk prediction of preeclampsia. Therefore, UPCR can be considered as a
predictive method for the clinical severity of preeclampsia and adverse maternal and infant outcomes [16,17].

5. Conclusions

The results of this study suggest that random UPCR in patients with preeclampsia has a significant correlation with 24-h urine
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pro

tein quantification and has the advantages of being fast, simple, and accurate. Simultaneously, UPCR is expected to replace 24-h

urine protein quantification as a diagnostic index for preeclampsia. The best UPCR cut-off value for the diagnosis of preeclampsia was
0.456.
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