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ABSTRACT

Objective: To evaluate a correlation between first-void morning urinary protein to creatinine ratio
(UPCR) and 24-hour urine protein in pregnant women suspected of preeclampsia.

Materials and Methods: A total of 40 pregnant women suspected of preeclampsia were enrolled and
admitted for 24-hour urine collection. Collected urine was divided into 2 parts, first-void morning
urine and the remaining. First-void morning UPCR was determined and 24-hour urine protein
was calculated by a combination of protein from both specimens. Significant proteinuria was
diagnosed if the total 24-hour urine protein was greater than 300 mg. A correlation between
first-void morning UPCR and 24-hour urine protein was estimated using Pearson product-moment
correlation coefficient (r).

Results: Mean age was 31.0 + 7.0 years and mean gestational age was 33.2 + 4.6 weeks.
Eight patients (20%) had significant proteinuria and were diagnosed as preeclampsia. A
correlation between first-void morning UPCR and 24-hour urine protein showed a significant
positive correlation with coefficient (r) of 0.76, p < 0.001. At the cut-off value of 0.3, first-void
morning UPCR had sensitivity of 87.5% (95% CI 46.7 — 99.3) specificity of 96.9% (95% CI 82.0
—99.8) for diagnosis of significant proteinuria.

Conclusions: First-void morning UPCR significantly correlated with 24-hour urine protein. It should
be considered as an alternative method for detecting significant proteinuria in women suspected
of preeclampsia.
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Introduction

Preeclampsia is a serious complication during
pregnancy. It complicates about 2% to 8% of all
pregnancies and, together with eclampsia; it causes
10% to 15% of overall maternal death, especially in low
resource countries™®. This syndrome diagnosed by a
combination of a new onset of hypertension (systolic
blood pressure = 140 mmHg and diastolic blood
pressure = 90 mmHg) and significant proteinuria (= 300
mg in 24 hours) after 20 weeks’ gestation in a previous
normotensive pregnant woman®@#. lts pathogenesis is
related to poor placentation and excessive maternal
intravascular systemic inflammatory response. As a
result, it finally causes generalized endothelial
dysfunction and increased vascular reactivity® 4. In
general, the gold standard is based on a collection of
total 24 hours urinary protein®. However, this collection
could be disturbed by many factors, for example,
physiological changes of the urinary tract, daily physical
activity and an upright or active posture®”. These
factors result in an incomplete collection, even a
collection from an indwelling Foley’s catheter as
well as time consuming and less comfortable to
patients® 9,

Many researchers discovered various alternative
methods to substitute a collection of 24 hours urine
protein. Urine dipstick = 1+ is widely used to diagnose
significant proteinuria. Many studies, however,
concluded that this method has a poor quality because
of its high false positive and false negative result(%,
A collection of urine protein to creatinine ratio (UPCR)
is another alternative method for prediction of significant
proteinuria. Some previous studies concluded that spot
or random UPCR is valuable especially in ambulatory
patients because it showed high correlation with 24
hours urine protein and can be used as a rule out test
for significant proteinuria'. However, some studies
did not support this method because of its poor
prediction and poor quality unless in extreme value of
proteinuria®2%, The data from meta-analysis showed
insufficient evidences whether this method should be
used in clinical practice®". First-void morning UPCR is
preferable for detection of significant proteinuria in
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various areas of medicine, but the data is still lacking
in obstetrics”. It could be explained that a long period
of time overnight and independent from upright posture
provided a large amount of protein in the first-void
morning urine which could reflect to 24 hours urine
protein. The purpose of this study is to demonstrate a
correlation between first-void morning UPCR and 24
hours urine protein in pregnancy with suspected
preeclampsia.

Materials and methods

After an approval from the Siriraj Institute Review
Board (SIRB), the study was launched between June
and December 2013.

Inclusion criteria included inpatient pregnant
women who aged over 18 years old and suspected of
preeclampsia from a new onset of hypertension after
20 weeks’ gestation with or without positive urine
dipstick. All patients were admitted for diagnosis of
significant proteinuria by a collection of 24 hours urine.
Patients with congenital renal anomalies, dependence
on drugs that impaired renal function and known
medical diseases involving renal function, for example,
chronic renal disease or diabetic nephropathy, were
excluded. All participants were counseled and written
informed consent.

Based on our management protocol, suspected
preeclamptic patients were advised to admission for
monitoring of blood pressure and collection of 24 hours
urine protein. All urine voided within 24 hours were
collected and were separate into 2 portions which were
the first-void morning urine, or “A’ portion and its
remaining or “B” portion. After complete 24 hours
collection, both specimens (A and B portion) were sent
separately and immediately to the standard clinical
laboratory center by the ISO 15189. The urine protein
was tested by turbidimetric benzethonium chloride
method and the urine creatinine was tested by
enzymatic method. Both tests were controlled their
precision by within-run and between-run coefficient of
variation (CV). The cost of both tests is similar and the
turn-around time is usually within 1 hour. First-void
morning UPCR from ‘X’ portion was reported within 1
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decimal place. Twenty-four hours urine protein was
calculated by a combination of protein from first-void
morning urine and their remaining (Total protein from
A and B portion). The significant proteinuria was
diagnosed if the total 24 hours urine was more than 300
mg. All data were collected and analyzed by IBM SPSS
Statistics Desktop for window version 18.

Characteristics of study population were reported
as means, standard deviation, number and percentage.
A correlation between first-void morning UPCR and 24
hours urine protein was calculated and reported by
Pearson product-moment correlation coefficient (r). An
accuracy of first-void morning UPCR using an
appropriate cut-off level was reported. P-value of more
than 0.05 revealed statistical significant.

The sample size was calculated according to the

Table 1. Characteristic of study population (N = 40)

following formula

The data from the pilot study in 10 cases of
suspected preeclampsia showed that a correlation
coefficient (p) between first-void morning UPCR and
24 hours urine protein was 0.48. Type 1 error (a) was
0.05 and type 2 error () was 0.1. As a result, a total
sample size plus 20 percentage of error was about 40
cases.

Mean (SD) N (%)
Age (years) 31 (7)
BMI (kg/m?) 27.8 (6.9)
Gestational age (weeks gestation) 33.2 (4.6)
24 hour urine protein (mg) 230.1 (169)
Blood pressure on diagnosis
Systolic blood pressure (mmHg) 149.1(13.4)
Diastolic blood pressure (mmHg) 93 (9.9)
Parity
0 28 (70)
=1 12 (30)
BMI*
Underweight (<18.5 kg/m?) 2 (5)
Normal (18.5-23 kg/m?) 12 (30)
Overweight (23-27.5 kg/m?) 7 (17.5)
Obese (>27.5 kg/m?) 19 (475)
Smoking
Yes 38 (95)
no 2 (5)

* WHO Appropriate body-mass index for Asian populations©"
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Table 2. Characteristic of preeclamptic patients (N = 8)

Case Systolic blood Diastolic blood Urine dipstick 24 hours urine First-void

pressure pressure protein morning UPCR*
(mmHg) (mmHg) (mg)

1 155 79 2+ 852.40 0.3

2 170 100 trace 741.60 0.7

3 150 90 trace 598.10 0.3

4 140 90 negative 391.20 0.3

5 139 97 trace 377.30 0.3

6 160 100 negative 372.70 0.3

7 170 110 negative 352.20 0.5

8 144 98 1+ 300.70 0.1

*each measured as mg/dl

Table 3. An accuracy of first-void morning UPCR for diagnosis of preeclampsia (N=40)

24 hours urine protein

First-void morning UPCR*
>0.3
<0.3

> 300 mg

< 300 mg
1
31

*each measured as mg/dl

Sensitivity 87.5% (95% Cl: 46.7 — 99.3), Specificity 96.9% (95% CI: 82.0 — 99.8), PPV 87.5% (95% CI: 46.7
—99.3), NPV 96.9% (95% CI: 82.0 — 99.8), LR+ =28.1, LR-=0.13

Results

A total of 40 suspected preeclamptic patients
who reached the inclusion criteria were all enrolled.
Table 1 revealed baseline characteristic of study
population. Majority was obese women (47.5%),
nulliparous (70%) and non-smoker (95%). Only 8
patients (20%) of all admission were diagnosed as
preeclampsia. The correlation coefficient (r) between
first-void morning UPCR and 24 hours urine protein
showed a strong correlation (r = 0.76, p < 0.01). Figure
1 demonstrated the scatter plot between both of them.
The table 2 showed characteristic of all preeclamptic
patients. Only 2 patients (25%) had positive urine
dipstick. Regard to first-void morning UPCR, 7 of 8
patients (87.5%) showed UPCR of 0.3 or more. Only
one patient who had 24 hours urine protein overlay on
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the line (300.7 mg) did not have a high level of first-void
morning UPCR.

The table 3 showed an accuracy of first-void
morning UPCR when using the cutoff point of 0.3.
Sensitivity, specificity, positive predictive value (PPV)
and negative predictive value (NPV) were 87.5% (95%
Cl:0.47 - 0.99), 96.9% (95% CI:0.82 - 1.0), 87.5% (95%
Cl: 0.47 - 0.99) and 96.9% (95% CI: 0.82 - 1.0),
respectively. Positive and negative likelihood ratios were
28.1 and 0.13, respectively.
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Fig. 1. Correlation between the first-void morning UPCR and 24 hours urine protein (N=40), r=0.76

Discussion

Preeclampsia is the leading cause of maternal
mortality and morbidity, especially in developing
countries. Significant proteinuria is still a crucial
criterion for the diagnosis of preeclampsia®?2. The gold
standard is a collection of 24 hours urinary protein®.
However, this method is cumbersome, time consuming
and uncomfortable to patients. As a result, many
investigators attempted to find out a substitute method
to identify significant proteinuria. Urine dipstick was
found to be ineffective because of its low accuracy('2,
This study confirms that urine dipstick is unreliable to
diagnose significant proteinuria because only one-fifth
of preeclamptic patients (20%) had a positive result.
Random or spot urine protein to creatinine ratio (UPCR)
has a significant correlation and was found to be value
but was still inconclusive to use in clinical practice®@".

This study focused on the first-void morning
UPCR as an alternative method for the diagnosis of
significant proteinuria and demonstrated a significant
strong correlation between first-void morning UPCR
and 24-hour urine protein among women suspected of
preeclampsia (r = 0.76, p < 0.001). The result was
similar to other studies. Ruggenenti P, et al concluded
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that spot morning UPCR is simple, reliable and
inexpensive to predict proteinuria in non-diabetic
patients with chronic nephropathies®®. Similar to the
study of Morales JV, et al, they found a high significant
correlation between morning UPCR and 24 hours urine
protein (r > 0.9) in all patients that range from normal
to serious impaired renal function®. Salesi M, et al
also studied in patients with lupus nephritis and
concluded that morning UPCR is significant correlated
with 24 hours urine protein (r = 0.83, p < 0.0001)@,
They supported the use of morning UPCR as a valuable
predict severity of lupus nephritis. The strength of our
study is that it is an initial trial that concentrated the role
of using first-void morning UPCR in the prediction of
significant proteinuria in obstetric patients. Regard to
the result, it could be confirmed that this test is possible
to use as an acceptable alternative to diagnose
significant proteinuria.

The accuracy of first-void morning UPCR is
superior to a spot UPCR and other time. Besides of
posture independence, this test is not only timed but
also duration related specificity. Depending on
glomerular infiltration rate, previous study by Kristal B,
et al supported that UPCR is higher in the morning

Pariyaeksut P, et al. First-void Morning Urinary Protein to Creatinine 177

Ratio (UPCR) vs 24 Hours Urinary Protein



rather than in the evening and could be used as a
screening or a follow-up method of proteinuria®®.
Moreover, a long duration of urine collection (4, 8 or
12-hour urine collection) had a correlation with 24 hours
urine protein and, because of its high accuracy; these
could be used as a substitute of 24 hours urine
protein@”39. Qur study showed only 20% of suspected
patients was diagnosed as preeclampsia while the
remaining wasted their time in the hospital for 24 hours
urine collection. Although the cost and turn-around
time of both tests are similar, those at risk women would
need no admission and waste their time in the hospital
for urine protein collection, the diagnosis could be made
earlier as an outpatient and treatment would not be
delayed. In addition, the method could possibly be used
for follow-up disease progression as well.

Regard to ACOG 2013, the diagnosis of
preeclampsia includes high blood pressure and
proteinuria or a new onset of end organ damage
(thrombocytopenia, renal insufficiency, liver failure,
pulmonary edema, and cerebral or visual symptom)
without proteinuria®?. In addition, protein to creatinine
ratio of greater than or equal to 0.3 is still valuable in
this recommendation. Similar to this study, we founded
a value of first-void morning UPCR of 0.3 in a majority
of cases (87.5%). When we used this value as a cut-off
point for diagnosis of preeclampsia, it showed a high
level of sensitivity, specificity, positive and negative
predictive value. Moreover, the results of the study
also showed that positive and negative likelihood ratios
were 28.1 and 0.13, respectively. This helps confirming
that there is a great chance of having significant
proteinuria when first-void UPCR is > 0.3 and much
less chance when the test result is < 0.3. A low level
of first-void morning UPCR was found in the only one
patient who exactly had 300.7 mg of 24 hours urine
protein. This could be inferred that first-void morning
UPCR is not sensitive to detect an early onset of
significant proteinuria.

Some limitations of this study are, firstly, the time
interval overnight before a collection of first-void
morning urine had not been observed and some
patients might even urinate during the night. Therefore,
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this could be a variation among patients. However, this
is a similar situation when we use this test as a tool in
real clinical practice, especially at an antenatal care
clinic. This study showed only the beneficence of the
first-void morning UPCR as a predictor of significant
proteinuria for the diagnosis of preeclampsia. It did not
focus to an efficacy of this test in the diagnosis of the
severity of preeclampsia as well as the usefulness of
the test to differential diagnosis from other diseases.
Further study is needed. Another limitation is the small
number of sample size, which could result in less valid
estimates, especially diagnostic test performance
values. Therefore, it was not possible to present the
ROC curve for an appropriate cut-off value in this study.
However, the initial sample size calculation was based
on the correlation of first-void morning UPCR and 24-
hour urine protein, which had 90% power to detect such
correlation and its specificity as well as negative
predictive value was very high and reliable (96.9% and
95% CI: 0.82- 1.0). Further study with larger samples
should be conducted to evaluate the usefulness of first-
void morning UPCR in clinical practice.

In conclusion, the first-void morning UPCR
significantly correlated with 24-hour urine protein
(r=0.76, p < 0.001). It should be considered as an
alternative method for detecting significant proteinuria
in suspected cases of preeclampsia.

Acknowledgement
This study was supported by Siriraj Routine to
Research (R2R) fund.

References

1. Duley L. The global impact of pre-eclampsia and
eclampsia. Semin Perinatol 2009;33:130-7.

2. Ghulmiyyah L, Sibai B. Maternal mortality from
preeclampsia/eclampsia. Semin Perinatol 2012;36:56-9.

3.  Sibai B, Dekker G, Kupferminc M. Pre-eclampsia. Lancet
2005;365:785-99.

4.  Steegers EA, von Dadelszen P, Duvekot JJ, Pijnenborg
R. Pre-eclampsia. Lancet 2010;376:631-44.

5. Lindheimer MD, Kanter D. Interpreting abnormal
proteinuria in pregnancy: the need for a more
pathophysiological approach. Obstet Gynecol
2010;115:365-75.

6. Misiani R, Marchesi D, Tiraboschi G, Gualandris L, Pagni

VOL. 22, NO. 4, OCTOBER 2014



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

VOL. 22, NO. 4, OCTOBER 2014

R, Goglio A, et al. Urinary albumin excretion in normal
pregnancy and pregnancy-induced hypertension.
Nephron 1991;59:416-22.

Naderi AS, Reilly RF. Primary care approach to
proteinuria. J Am Board Fam Med 2008;21:569-74.
Cote AM, Firoz T, Mattman A, Lam EM, von Dadelszen
P, Magee LA. The 24-hour urine collection: gold standard
or historical practice? Am J Obstet Gynecol 2008;199:625
el-6.

Lindow SW, Davey DA. The variability of urinary protein
and creatinine excretion in patients with gestational
proteinuric hypertension. Br J Obstet Gynaecol
1992;99:869-72.

Lindheimer MD, Taler SJ, Cunningham FG. Hypertension
in pregnancy. J Am Soc Hypertens 2010;4:68-78.
Waugh JJ, Clark TJ, Divakaran TG, Khan KS, Kilby MD.
Accuracy of urinalysis dipstick techniques in predicting
significant proteinuria in pregnancy. Obstet Gynecol
2004;103:769-77.

Yamada T, Kojima T, Akaishi R, Ishikawa S, Takeda M,
Kawaguchi S, et al. Problems in methods for the
detection of significant proteinuria in pregnancy. J Obstet
Gynaecol Res 2014;40:161-6.

Cade T, Gilbert SA, Polyakov A, Hotchin A. The accuracy
of spot urinary protein-to-creatinine ratio in confirming
proteinuria in pre-eclampsia. Aust N Z J Obstet Gynaecol
2012;52:179-82.

Park JH, Chung D, Cho HY, Kim YH, Son GH, Park YW,
et al. Random urine protein/creatinine ratio readily
predicts proteinuria in preeclampsia. Obstet Gynecol Sci
2013;56:8-14.

Roudsari FV, Ayati S, Ayatollahi H, Shakeri MT. Protein/
creatinine ratio on random urine samples for prediction
of proteinuria in preeclampsia. Hypertens Pregnancy
2012;31:240-2.

Wilkinson C, Lappin D, Vellinga A, Heneghan HM,
O’Hara R, Monaghan J. Spot urinary protein analysis
for excluding significant proteinuria in pregnancy. J
Obstet Gynaecol 2013;33:24-7.

Yamasmit W, Wongkitisophon K, Charoenvidhya D,
Uerpairojkit B, Chaithongwongwatthana S. Correlation
between random urinary protein-to-creatinine ratio and
quantitation of 24-hour proteinuria in preeclampsia. J
Med Assoc Thai 2003;86:69-73.

Durnwald C, Mercer B. A prospective comparison of total
protein/creatinine ratio versus 24-hour urine protein in
women with suspected preeclampsia. Am J Obstet
Gynecol 2003;189:848-52.

Kayatas S, Erdogdu E, Cakar E, YilmazerV, Arinkan SA,
Dayicioglu VE. Comparison of 24-hour urinary protein
and protein-to-creatinine ratio in women with
preeclampsia. Eur J Obstet Gynecol Reprod Biol
2013;170:368-71.

Stout MJ, Scifres CM, Stamilio DM. Diagnostic utility of
urine protein-to-creatinine ratio for identifying proteinuria
in pregnancy. J Matern Fetal Neonatal Med 2013;26:66-
70.

Morris RK, Riley RD, Doug M, Deeks JJ, Kilby MD.
Diagnostic accuracy of spot urinary protein and albumin

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

to creatinine ratios for detection of significant proteinuria
or adverse pregnancy outcome in patients with
suspected pre-eclampsia: systematic review and meta-
analysis. BMJ 2012;345:e4342.

Hypertension in pregnancy. Report of the American
College of Obstetricians and Gynecologists’ Task Force
on Hypertension in Pregnancy. Obstet Gynecol
2013;122:1122-31.

Ruggenenti P, Gaspari F, Perna A, Remuzzi G. Cross
sectional longitudinal study of spot morning urine
protein:creatinine ratio, 24 hour urine protein excretion
rate, glomerular filtration rate, and end stage renal failure
in chronic renal disease in patients without diabetes.
BMJ 1998;316:504-9.

Morales JV, Weber R, Wagner MB, Barros EJ. Is morning
urinary protein/creatinine ratio a reliable estimator of
24-hour proteinuria in patients with glomerulonephritis
and different levels of renal function? J Nephrol
2004;17:666-72.

Salesi M, Karimifar M, Farajzadegan Z, Esalatmanesh
K, Khosravi S, Fallahi P, et al. The protein-creatinine ratio
in spot morning urine samples and 24-h urinary protein
excretion in patients with systemic lupus erythematosus.
Rheumatol Int 2009;29:503-7.

Kristal B, Shasha SM, Labin L, Cohen A. Estimation of
quantitative proteinuria by using the protein-creatinine
ratio in random urine samples. Am J Nephrol 1988;8:198-
203.

Adelberg AM, Miller J, Doerzbacher M, Lambers DS.
Correlation of quantitative protein measurements in 8-,
12-, and 24-hour urine samples for the diagnosis of
preeclampsia. Am J Obstet Gynecol 2001;185:804-7.
Rinehart BK, Terrone DA, Larmon JE, Perry KG, Jr.,
Martin RW, Martin JN, Jr. A 12-hour urine collection
accurately assesses proteinuria in the hospitalized
hypertensive gravida. J Perinatol 1999;19:556-8.
Wongkitisophon K, Phupong V, Yamasmit W, Pansin P,
Tannirandorn Y, Charoenvidhya D. Correlation of 4- and
24-hour urine protein in women with initially diagnosed
hypertensive disorders in pregnancy. J Med Assoc Thai
2003;86:529-34.

Silprasert S PC, Manusirivithaya S, Wiriyasirivaj B. A
Six-Hour Urinary Protein-Creatinine Ratio for Predicting
Significant Proteinuria in Preeclampsia. Thai J Obstet
Gynaecol 2009;17:30-6.

WHO Expert Consultation. Appropriate body-mass index
for Asian populations and its implications for policy and
intervention strategies. Lancet 2004;363:157-63.

Pariyaeksut P, et al. First-void Morning Urinary Protein to Creatinine 179

Ratio (UPCR) vs 24 Hours Urinary Protein



o o o ] o 1 = ' o PP & o o 2 %
ANNANNUST=UINDRT1dulLsANsaATIaNn it LITaa192ATIUSNURIA LU UAD UL TIUASTAL
o d’; i % [~ a
Tsauluilagnas 24 aludluansA9ATSANAIREN1IASS LI UN -

=

waWrun Ussnangs, AsAN AAUSTAUNGY, A150 ABTENA, AFNIUA USYSURTYAS

o I’ p o o o ) e . S 4 A aa 4 o & o o P
angiseada:  amANdNUsIEINeardIulLsauseaientululaa19sAusnAIA e uRR T WAz TEAL LA
luilaanay 24 Falualuanissnssinasdenioems i

=1 o a aca o = ~ o oal o @ Aa e o =
LATENNALAZTELUELIRIAE! n3AnE lLaRTFNATIANANAEN19EATI LN Azl N NeLIaINe =AU 1751154
TTaa9e 24 $alud 47491 40 7981 IaevinnaiusFuamstlaanas 24 $alud uazuiNtaaozeamiiy 2 491 As 1Tag19zAfasn
NAIAULDUAD T ASTTAA1IZ AU UADIIUNA f«vvnu”uﬁﬁﬂﬂﬁi7031/)’”\7@@\7@014@'\791?0@1/1Nﬁ@oﬂjﬁﬁnVigﬁ@m:‘o@mﬂ”ﬁlimw
lsiusieaseiiiulutlaaizafusnvasauueuseudianiaaiicdiuusnuasszaulsiululaaias 24 daluaainaasin
yav1ladsanIdan n1sadasen1alsausa lutlaaseeviliadriny 1 finnuriresulsaululaaas 24 Faluesaus 300
Jaansnaulyl anusiannsaa laisasediulUAruoninaduLseAns A g (r)

NAMSANWY  BIRANTENEITFaNaAEYINAY 31.0 + 7.0 1 uazengassliadt evgidnsanadeinmy 33.2 £ 4.6 a1
~ o o o a o o o o o | Ao o o P aa o 1 @
ansaaAsIiatuay 8 mavraAnufasas 20 araanulseavullsauialulaarazedvduedrrnyuaslaiunisatasednuy

cw A o o & ' e ' a4 A aa 4 o o o =

AT MUY ANANTUE 72 INenTdulLsAuReATIeNBW luiTaa19e AT snvasAKueuAR T uasszaL L sauluiTaanas
24 9119 7L 0.76 (p < 0.01) side [F7sauaTieniu lulaaiazafausnuasauueuna g1y 0.3 wlunaailun1733ade

eavltlsiuialuilaarazeselidAgwuandmaulafesas 87.5 (AAudeadusasas 95 il 46.7 — 99.3) uaslAau
FUNIEFREAL 96.9 (ANANNITaNLFREAL 95 1WA 82 - 99.8)
agl  enmdlsAuseasiendululaaiosaiousniasauueuneuidnudniusivssaulsdulutlaanis 24 alus
aeNAEd AN INana uazamisaiansan [idunaden lunisasaamazaulysiuia lutlaaaseeaivadAgyduiuass
Aamssrinaadaninza s iiuis

180 Thai J Obstet Gynaecol VOL. 22, NO. 4, OCTOBER 2014



