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ABSTRACT 
Objectives: Proteinuria is one of the diagnostic criteria of preeclampsia (PE). Measurement of 24-hour urine protein is  
the gold standard method for detection of proteinuria in PE. The 24-hour urine sampling is time-consuming, and inconvenient. 

To evaluate the accuracy of protein/creatinine (P/C) ratio in detection of significant proteinuria (> 1 g/24-hours urine) in PE. 

Material and methods: One hundred and ten (110) preeclamptic women were included in this study and admitted for 
blood pressure monitoring, 24-hour urine collection, fetal well-being assessment and spot urine sample for measuring 
of P/C ratio.

After thorough history and clinical examination, routine antenatal investigations were done for the women included 
in the study according to the hospital`s protocol, and to exclude pre-existing chronic renal disease. Twenty-four-hour 
urine collection started on the morning following hospital admission. Spot urine samples were obtained shortly before 
the 24-hour urine collection for measuring of P/C ratio. Collected data statistically analyzed to evaluate the accuracy of 
P/C ratio in detection of significant proteinuria in PE.

Results: The P/C ratio of 1.35 ± 2.54 had 94.4% sensitivity, 94.9% specificity, 97.1% positive predictive value (PPV), 90.2% 
negative predictive value (NPV), and 94.5% overall accuracy in detection of significant proteinuria (> 1 g/24-hour urine) 
in PE.

Conclusions: The P/C ratio of 1.35 ± 2.54 had 94.4% sensitivity, 94.9% specificity, 97.1% PPV, 90.2% NPV, and 94.5% overall 
accuracy in detection of significant proteinuria (> 1 g/24-hour urine) in PE. This study suggests the use of P/C ratio as 
an alternative to 24-hour urine protein to detect significant proteinuria in PE. 
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INTRODUCTION 
Preeclampsia (PE) is a relatively common complication 

in pregnancy concerning 2–10% of all pregnancies, and may 

result in an increase in maternal and fetal mortality [1, 2]

The incidence of PE is greater in developing compared 

to developed countries [3, 4]. The incidence of severe PE 

is 1.3% in Africa and 0.5% in Europe including the United 

Kingdom [5]. 

Proteinuria is one of the main diagnostic criteria of PE 

and its severity [6]. The measurement of proteins in 24-hour 

urine samples is the gold standard method for detection of 

proteinuria in PE [6]. Twenty-four-hour urine sampling is not 

always performed correctly, inconvenient, time-consuming, 

and can delay the diagnosis and treatment [6].

Any methods which may aid earlier detection leading to 

earlier treatment are extremely valuable in clinical terms. As 

an alternative to the 24-hour urine collection method, the 

measurement of protein/creatinine (P/C) ratio in urine to 

detect significant proteinuria in PE can be useful, fast tool 

and easy-to-apply [7, 8].
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Therefore, this prospective comparative study designed 

to evaluate the accuracy of P/C ratio in detection of signifi-

cant proteinuria (> 1 g/24-hours urine) in PE.

Objectives 
This study was designed to evaluate the accuracy of P/C 

ratio in detection of significant proteinuria (> 1 g/24-hour 

urine) in PE.

MATERIAL AND METHODS 
This prospective comparative study was conducted from 

December 2018 until August 2020; after approval of the study, 

and registration as clinical trial (ACTRN12618001910291) [9].

One hundred and ten (110) women between 20– 

–40 years` old, diagnosed as PE after 20 weeks` gestation, 

were admitted for blood pressure monitoring, 24-hour urine 

collection, fetal well-being assessment, and spot mid-stream 

urine sample for measuring of P/C ratio after informed con-

sent in accordance with the Declaration of Helsinki.

PE defined according to the ACOG (American Col-

lege of Obstetricians and Gynecologists) as hypertension,  

and proteinuria developed after 20 weeks` gestation in 

a previously normotensive woman [10]

The gestational age calculated according to the 

last menstrual period and confirmed by an ultrasound 

scan done ≤ 20 weeks` gestation [11].

Hypertension defined as blood pressure (BP) ≥  

≥ 140/90 mm Hg on two occasions at least four hours apart 

after 20 weeks` gestation in a previously normotensive 

woman or BP ≥ 160/110 mmHg within a short interval (even 

minutes) to facilitate the antihypertensive treatment [10].

Although, the International Society for the Study 

of Hypertension in Pregnancy (ISSHP) concluded that 

there is a general agreement to define PE as severe if 

BP > 160/90 mmHg and there was scarce agreement on 

the amount of proteinuria to define the severity of PE [12].

The ACOG defined proteinuria as ≥ 300 mg/24-hours or 

P/C ratio ≥ 0.3 or dipstick reading +1 (if quantitative methods 

are not available) [10].

Demirci et al., [6] defined PE as BP ≥ 140/90 mm Hg after 

20 weeks` gestation accompanied by new-onset significant 

(remarkable) proteinuria (≥ 300 mg/24-hours) in a previously 

normotensive woman [6].

Exclusion criteria include women > 40 years old, women 

with chronic hypertension (CH), gestational hypertension 

(GH), superimposed PE, diabetes mellitus, urinary tract in-

fection (UTI), pre-existing chronic renal disease affecting 

the urine output (UOP) or urine protein and/or creatinine 

excretion, refused to participate and/or to give consent.

In addition, women with bacteria on urine microscopy or 

premature rupture of membranes, women with > 24-hours 

bed rest (to avoid the effect of postural proteinuria on 

urine-protein excretion), and women practicing heavy or 

vigorous exercise (> 1 hour) on the day of urine collection 

were also excluded from this study.

GH defined as hypertension of new onset after 20 weeks` 

gestation, in a previously normotensive woman, without 

proteinuria or manifestations of PE [13].

CH defined as hypertension that was either diagnosed 

before pregnancy and/or diagnosed before 20 weeks` gesta-

tion and does not resolve by the 12th week postpartum [13].

Superimposed PE defined as CH diagnosed before preg-

nancy and/or before 20 weeks` gestation that complicated 

with proteinuria, and severe PE [13].

After thorough history, and clinical examination, routine 

antenatal investigations were for the women taking part 

in the study according to the hospital`s protocol, and to 

exclude pre-existing chronic renal disease.

Participants were admitted for 24-hours for blood pres-

sure monitoring, fetal well-being assesment (Cardiotocog-

raphy (CTG), detailed fetal ultrasound, and umbilical artery 

Doppler), as well as for 24-hour urine collection, which 

started on the morning following hospital admission. Spot 

mid-stream urine sample obtained (first morning urine sam-

ple) shortly before the 24-hour urine collection for measur-

ing P/C ratio. 

Urinary protein measured by the Biuret colorimetric 

method (Cobas Integra Analyzer, Basel, Switzerland) [14]. 

Urine creatinine measured by the modified Jaffe test (Hitachi 

7170 Autoanalyzer, Tokyo, Japan) [6]. Collected data statisti-

cally analyzed to evaluate the accuracy of P/C ratio in detec-

tion of significant proteinuria (> 1 g/24-hours urine) in PE.

Sample size justification 
The required sample size calculated from the previous 

studies [14, 15], and using G Power software version 3.1.9 for 

sample size calculation, setting α -error probability at 0.05, 

power (1-β error probability) at 0.95%, and effective sample 

size (w) at 0.5. An effective sample ≥ 220 women was needed 

to produce a statistically acceptable figure.

Statistical analysis 
Collected data were statistically analyzed using Sta-

tistical Package for Social Sciences (SPSS): computer soft-

ware version 20 (Chicago, IL, USA). Numerical variables 

were presented as mean and standard deviation (± SD), 

while categorical variables were presented as number (n)  

and percentage (%). Sensitivity: proportional detection of 

individuals with the disease of interest in the population. 

Specificity: proportional detection of individuals without 

the disease of interest in the population. Positive predictive 

value (PPV): proportion of all individuals with positive tests, 
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who have the disease. Negative predictive value (NPV): 

proportion of all individuals with negative tests, who are 

non-diseased. 

RESULTS 
One hundred and ten (110) preeclamptic women were 

admitted for blood pressure monitoring, 24-hour urine col-

lection, fetal well-being assesment, and spot mid-stream 

urine sample for measuring of P/C ratio. The mean age of 

the studied woman was 27.5 ± 4.2 years, 60.9% (67/110) of 

participants were nulliparous, while 39.1% (43/110) were 

multiparous, and 10.9% of participants had previous his-

tory of PE. 

Regarding the gestational age at diagnosis of PE,  

PE diagnosed at < 34 weeks` in 53.6% (59/110) of par-

ticipants, while it was diagnosed at > 34 weeks` in 46.4% 

(51/110) of them. 

The mean blood urea of the participants was 

12.7 ± 3.9 mg/dL, serum creatinine was 0.83 ± 1.6 mg/dL, 

total serum proteins was 6.7 ± 1.3 g/dL, and serum albumin 

was 4.1 ± 1.6 g/dL. 

The mean 24-hour protein of the participants 

was 1393.5 ± 670 mg/24-hour, spot urine protein was 

157 ± 212 mg/dL, spot urine creatinine was 116 ± 83.5 mg/dL, 

and P/C ratio was 1.35 ± 2.54. Table 1.

The studied women categorized into two groups ac-

cording to 24-hour urine proteins; proteinuria > 1 g/24-hour 

urine, and proteinuria < 1 g/24-hour urine to evaluate  

the accuracy of P/C ratio in detection of significant proteinu-

ria (> 1 g/24-hour urine) in PE. 

In proteinuria > 1 g/24-hour urine group; the P/C ratio 

was true positive (TP) in 94.4% (67/71), and it was false nega-

tive (FN) in 5.6% (4/71), while in proteinuria > 1 g/24-hour 

urine group; the P/C ratio was true negative (TN)  

in 37/39 (94.9%), and it was false positive (FP) in 3/39 (5.1%). 

The P/C ratio of 1.35 ± 2.54 had 94.4% sensitivity, 94.9% 

specificity, 97.1% PPV, 90.2% NPV, and 94.5% overall accu-

racy in detection of significant proteinuria (> 1 g/24-hours 

urine) in PE (Tab. 2).

DISCUSSION 
One hundred and ten (110) preeclamptic women were 

admitted for blood pressure monitoring, 24-hour urine col-

lection, and spot mid-stream urine sample for measuring 

of P/C ratio.

The women participating in the study categorized into 

two groups according to 24-hour urine proteins; proteinu-

ria > 1 g/24-hour urine, and proteinuria < 1 g/24-hour urine 

to evaluate the accuracy of P/C ratio in detection of signifi-

cant proteinuria (> 1 g/24-hour urine) in PE. 

The mean age of the studied woman was 27.5 ± 4.2 years, 

60.9% (67/110) of participants were nulliparous, while 39.1% 

(43/110) were multiparous, and 10.9% of participants had 

previous history of PE.

Regarding the gestational age at diagnosis of PE,  

PE diagnosed at < 34 weeks` in 53.6% (59/110) of par-

Table 1. Characteristic of the studied women, blood urea, creatinine, 
serum and urinary proteins, and P/C ratio  

Variables
Total number of the studied 
women (110 women) 

Maternal age (years) 27.5 ± 4.2

Parity 
  Nulliparous 
  Multiparous 

67/110 (60.9%)
43/110 (39.1%)

History of PE 12/110 (10.9%)

Gestational age (weeks`)
  < 34 weeks` gestation 
  > 34 weeks` gestation 

59/110 (53.6%) 
51/110 (46.4%) 

Blood urea (mg/dL) 12.7 ± 3.9

Serum creatinine (mg/dL) 0.83 ± 1.6  

Total serum proteins (g/dL) 6.7 ± 1.3 

Serum albumin (g/dL) 4.1 ± 1.6

Urinary protein (mg/24-hrs) 1393.5 ± 670 

Spot urine protein (mg/dL) 157 ± 212

Spot urine creatinine (mg/dL) 116 ± 83.5 

Protein/creatinine (P/C) ratio 1.35 ± 2.54

P/C ratio — Protein/creatinine ratio; PE — Preeclampsia

Table 2. Accuracy of the P/C ratio in detection of significant 
proteinuria (> 1 g/24-hours urine) in PE 

Variables
Number of the studied women (110 
women)

Number (%) 

Proteinuria > 1 g/24-hours urine
(71 women) 
True positive (TP)
False negative (FN)

 

67/71 (94.4%)
4/71 (5.6%)

Proteinuria < 1 g/24-hours urine 
(39 women) 
True negative (TN) 
False positive (FP)

 

37/39 (94.9%)
2/39 (5.1%)

Sensitivity 
67 ÷ (67+4) X 
100 = (94.4%)

Specificity 
37 ÷ (37+2) X 
100 = (94.9%)

Positive predictive value (PPV) 
67 ÷ (67+2) X 
100 = (97.1%)

Negative predictive value (NPV) 
37 ÷ (37+4) X 
100 = (90.2%)

Accuracy 
67 + 37 ÷ (67+4+37+2) X 
100 = (94.5%)

P/C ratio — Protein/creatinine ratio; PE — Preeclampsia
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ticipants, while it was diagnosed at > 34 weeks` in 46.4% 

(51/110) of them. 

Demirci et al., studied 211 preeclamptic women  

and found the mean maternal age of their studied women was  

28.2 ± 5.5 years. Fifty-six percent of them were nulliparous 

and 8.5% of them had previous history of PE. Regarding the 

gestational age at the diagnosis of PE, Dermirci et al. [6],  

found that 52.6% of their studied preeclamptic women 

were < 34 weeks`, while 47.4% of them were ≥ 34 weeks`. 

Shahbazian et al., studied 81 preeclamptic women, 

and found the mean maternal age was 26.5 ± 3.6 years, 

and the mean gestational age at diagnosis of PE was 

34.4 ± 4.7 weeks` [14]. 

Abdelazim et al., concluded that women with PE/su-

perimposed PE were significantly younger with low parity 

compared to CH group, and the gestational age at diagnosis 

and delivery of PE/superimposed PE was 35.2 ± 1.3 weeks` 

compared to 37.6 ± 0.9 weeks` for CH group [13]. 

Women with UTI, pre-existing chronic renal disease 

affecting the UOP or urine protein and/or creatinine ex-

cretion were excluded from this study. This explains why 

all participants had normal blood urea, and serum creati-

nine (12.7 ± 3.9 and 0.83 ± 1.6 mg/dL; respectively), nor-

mal total serum proteins, and serum albumin (6.7 ± 1.3  

and 4.1 ± 1.6 g/dL; respectively). 

Similarly, the median serum creatinine was 0.52 mg/dL 

in Shahbazian et al., [14] study, and the mean serum creati-

nine was 0.64 ± 0.4 mg/dL in Demirci et al. [6], study. 

The mean 24-hour protein of the studied women was 

1393.5 ± 670 mg/24-hour urine (1.393 ± 0.67 g/24-hours 

urine), spot urine protein was 157 ± 212 mg/dL, spot 

urine creatinine was 116 ± 83.5 mg/dL, and P/C ratio 

was 1.35 ± 2.54. The mean P/C ratio of 1.35 ± 2.54 had 

94.4% sensitivity, 94.9% specificity, 97.1% PPV, 90.2% NPV,  

and 94.5% overall accuracy in detection of significant pro-

teinuria (> 1 g/24-hour urine) in preeclamptic women. 

Demirci et al., found that the P/C ratio of 0.45% cor-

responds to 24-hour proteinuria of 300 mg/24 hours 

with 74.4% sensitivity, 94.2% specificity, 98.1% PPV,  

and 47.6% NPV, while the P/C ratio of 0.9 corresponds to 

24-hour proteinuria of 1000 mg/24 hours with 91% sen-

sitivity, 95.4% specificity, 95.2% PPV, and 91.2% NPV, and 

P/C ratio of 1.16 corresponds to 24-hour proteinuria of 

2000 mg/24 hours with 95.8% sensitivity, 85.1% specificity, 

78.4% PPV, and 97.3% NPV [6].

Shahbazian et al., found that the mean 24-hours pro-

tein of preeclamptic women was 1790 ± 0.80 mg/24-hours,  

and mean P/C ratio was 1.84 ± 0.91 [14]. 

Shahbazian et al., concluded that the P/C ratio of 

0.20 corresponds to 300 mg/24 hour urine protein with 

high accuracy (91.2% sensitivity, 87.8% specificity, 94.4% 

PPV and 96.8% NPV), and spot P/C ratio < 0.19 could exclude 

PE with 100% sensitivity [14].

In addition, Wheeler et al., found that the P/C ratio of 

0.21, 0.46, 0.82, and 3.0 corresponds to 300, 1000, 2000,  

and 5000 mg/24 hour-urine protein, respectively [15].

Although a recent meta-analysis concluded that  

the optimum threshold for P/C ratio to detect significant 

proteinuria is between 0.30 and 0.35 [16], Demirci et al., 

found that a spot P/C ratio > 0.9 strongly predicts significant 

proteinuria > 1 g/24-hour urine with 91% sensitivity, 95.4% 

specificity, 95.2% PPV, and 91.2% NPV [6]. In addition, this 

study found the P/C ratio of 1.35 ± 2.54 had 94.4% sensi-

tivity, 94.9% specificity, 97.1% PPV, 90.2% NPV, and 94.5% 

overall accuracy in detection of significant proteinuria [> 1 g  

(1.393 g/24-hour urine)] in PE. 

The National Kidney Foundation Guidelines suggested 

the spot urine samples to detect and monitor proteinuria 

in adults [7], and the 24-hour urine sampling is not always 

performed correctly, inconvenient, and time-consuming [6].

Morales et al., also reported the potential error in de-

tecting proteinuria in spot urine sample does not exceed  

the error in collecting the 24-hour urine sample [17].

Moreover, the 24-hour protein can be calculated from 

the P/C ratio in spot urine sample using the following equa-

tion: 24-hour urine protein in grams = 0.81 X P/C ratio + 0.3. 

This study found that the P/C ratio of 1.35 ± 2.54 had 

94.4% sensitivity, 94.9% specificity, 97.1% PPV, 90.2% NPV, 

and 94.5% overall accuracy in detection of significant pro-

teinuria (> 1 g/24-hour urine) in PE. The high predictive 

value of the P/C ratio in detection of significant proteinuria 

in this study can be explained by the strict exclusion criteria 

of the study. 

This study suggests the use of P/C ratio as an alternative 

to 24-hour urine protein to detect significant proteinuria 

in PE. 

The absence of regular pregnancy controls, and women 

refused to participate and/or give consent were the limita-

tions faced during this study. 

This study was the first registered study designed to 

evaluate the accuracy of P/C ratio in detection of significant 

proteinuria (> 1 g/24-hour urine) in PE. 

CONCLUSIONS
The P/C ratio of 1.35 ± 2.54 had 94.4% sensitivity, 94.9% 

specificity, 97.1% PPV, 90.2% NPV, and 94.5% overall accu-

racy in detection of significant proteinuria (> 1 g/24-hour 

urine) in PE. This study suggests the use of P/C ratio as 

an alternative to 24-hour urine protein to detect significant 

proteinuria in PE. 
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