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ABSTRACT

Objective To review the spot protein:creatinine ratio and

albumin:creatinine ratio as diagnostic tests for significant

proteinuria in hypertensive pregnant women.

Design Systematic review.

Data sourcesMedline and Embase, the Cochrane Library,

reference lists, and experts.

Review methods Literature search (1980-2007) for

articles of the spot protein:creatinine ratio or albumin:

creatinine ratio in hypertensive pregnancy, with 24 hour

proteinuria as the comparator.

Results 13 studies concerned the spot protein:creatinine

ratio (1214 women with primarily gestational

hypertension). Nine studies reported sensitivity and

specificity for eight cut-off points, median 24 mg/mmol

(range 17-57 mg/mmol; 0.15-0.50 mg/mg). Laboratory

assays were not well described. Diagnostic test

characteristics were recalculated for a cut-off point of

30 mg/mmol. No significant heterogeneity in cut-off

points was found between studies over a range of

proteinuria. Pooled values gave a sensitivity of 83.6%

(95% confidence interval 77.5% to 89.7%), specificity of

76.3% (72.6% to 80.0%), positive likelihood ratio of 3.53

(2.83 to 4.49), and negative likelihood ratio of 0.21 (0.13

to 0.31) (nine studies, 1003 women). Two studies of the

spot albumin:creatinine ratio (225women) found optimal

cut-off points of 2mg/mmol for proteinuria of 0.3 g/day or

more and 27 mg/mmol for albuminuria.

Conclusion The spot protein:creatinine ratio is a

reasonable “rule-out” test for detecting proteinuria of

0.3 g/day or more in hypertensive pregnancy. Information

on use of the albumin:creatinine ratio in these women is

insufficient.

INTRODUCTION

Providers of obstetric care must be familiar with the
diagnosis of pre-eclampsia, the hypertensive condition
associatedwith thehighest riskof adversematernal and
perinatal complications and a condition that affects 2-
5% of pregnancies.1 2 Inclusion of the end organ
complications of pre-eclampsia in its definition is

controversial. It is, however, agreed that women with
gestational hypertension and new proteinuria have
pre-eclampsia. As such, assessing the presence or
absence of significant proteinuria (≥0.3 g/day) repre-
sents a key component in the evaluation of pregnant
women with hypertension by providers of obstetric
care and researchers.
Urine collection over 24 hours is considered the

traditional comparator forquantificationof proteinuria
in pregnancy,when significant proteinuria is defined as
proteinuria of 0.3 g/day or more.1-4 The urine requires
refrigeration and its collection is cumbersome, time
consuming (for women andward staff), and potentially
misleading if collected inaccurately.Also, itmaynot be
possible to complete theurine collectionwhendelivery
occurs, leading to undetermined proteinuria status and
an unsubstantiated diagnosis of pre-eclampsia; less
thanhalf ofwomenadmittedwith pre-eclampsia have a
24 hour urine collection sent for analysis.1 5 Timed
collections delay clinical diagnosis and may result in
prolonged hospital stay when a hypertensive disorder
of pregnancy is being investigated, thereby increasing
patient anxiety and healthcare costs.
Because of the disadvantages of 24 hour urine

collection, alternatives for the diagnosis of proteinuria
in pregnancy have been considered. These include
urinary dipsticks, urine collections over a shorter
period, the urinary spot protein:creatinine ratio, and
the urinary spot albumin:creatinine ratio. The dipstick
is inexpensive, easy to use, and provides a rapid result
but has been shown to have low sensitivity and
specificity for urinary protein excretion over 24
hours.6-10 A few studies (and guidelines from the
national high blood pressure education programme 1)
have proposed using shorter timed urine collections
(two, four, eight, or 12 hours) to diagnosis proteinuria
in pregnancy.11-15 Shorter collections, however, share
someof the limitations and concerns associatedwith 24
hour collection.
The spot protein:creatinine ratio and spot albumin:

creatinine ratio have been well studied and used
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outside pregnancy. The National Kidney Foundation
now recommends these tests (instead of 24 hour urine
collection) to diagnose proteinuria in most situations,
without specific mention of pregnancy.16 The Austra-
lasian Society for the Study of Hypertension in
Pregnancy and the International Society for the Study
ofHypertension inPregnancyhaveproposeduseof the
urinary spot protein:creatinine ratio as an alternative to
24 hour urine collection.34 It is our impression that the
spot protein:creatinine ratio is not widely used for the
diagnosis of proteinuria in pregnant women with
hypertension.
We carried out a systematic review to assess the

accuracy of the spot protein:creatinine ratio and spot
albumin:creatinine ratio compared with 24 hour
urinary collection for the detection of significant
proteinuria in hypertensive pregnant women.

METHODS

We searched Medline and Embase (January 1980 to
May 2007) using the keywords “spot protein-creati-
nine”, or “protein-to-creatinine ratio”, or “spot albu-
min-creatinine”, or “albumin-to-creatinine ratio”, or
“24-hr albumin collection”, or “microalbuminuria”, or
“urinary microalbumin”, or “24-hour urine collec-
tion”, or “proteinuria”, and the subject headings of
“pregnancy”, “preeclampsia”, or “toxemia”. The
dataset was limited to “human and female”. We
began the search from 1980 because the spot protein:
creatinine ratio and albumin:creatinine ratio were not
used before this time. Other sources included the
Cochrane Library, reference lists of both primary
articles and national and international guidelines for
pregnancy hypertension, and personal communica-
tion with experts in the discipline.
We included diagnostic studies that compared the

urinary spot protein:creatinine ratio or albumin:
creatinine ratio with urinary protein excretion over
24 hours (24 hour proteinuria), among pregnant
women with hypertension (at least 80% of the study
population). We excluded studies that evaluated the
spot protein:creatinine ratio in women with medical
conditions other than hypertension (predominantly
diabetes mellitus), used a reference test other than the
24 hour urine collection (including 24 hour protein:
creatinine ratio), were written in languages other than
English or French, or were only in abstract form.

Validity assessment

As we are not aware of a published validated score for
assessing the quality of diagnostic test studies, we used
the number of standardised criteria met by each paper
on the QUADAS (quality assessment of studies of
diagnostic accuracy in systematic reviews) tool.17

Data abstraction and study characteristics

Two reviewers independently abstracted the data
(AMC and EL, or AMC and LM) and disagreements
were resolved by consensus. We recorded character-
istics of the study (authors, journal, year of publication,
country, study design, objectives, type of medical

centre, and period or duration of the study); character-
istics of the participants (study population, method of
selection, inclusion and exclusion criteria, whether
consecutive cases, number of participants, number of
excluded participants and reasons for exclusion,
personal and medical characteristics of enrolled
women, inpatients compared with outpatients, level
of activity); information on how the diagnostic tests
were carried out and the results (timing of spot protein:
creatinine ratio or albumin:creatinine ratio compared
with 24hoururine collection,methodof assessment for
the completeness of 24 hour urine collection, number
of incomplete collections, prevalence of significant
proteinuria, range of proteinuria, laboratory methods
for measurement of protein and creatinine, and results
of diagnostic test); and methods for assessing the
diagnostic accuracy of the tests and the results
(sensitivity, specificity, positive likelihood ratio, nega-
tive likelihood ratio, method of agreement (for
example, Bland-Altman plots), receiver operating
characteristic curve, area under the curve, and the
proposed diagnostic cut-off point for significant
proteinuria, using a conversion factor of 1.13 to
transform results for the spot protein:creatinine ratio
reported in mg protein/mg creatinine into SI units of
mg/mmol). When positive and negative likelihood
ratios were not available we calculated them from
sensitivity and specificityas follows:positive likelihood
ratio=sensitivity/(1−specificity) and negative likeli-
hood ratio=(1−sensitivity)/specificity. We did not
abstract correlation coefficients or predictive values
(positive and negative), as correlation coefficients do
not reflect agreement between two methods and
predictive values vary according to prevalence of the
studied condition. We contacted authors for missing
information.

Quantitative data synthesis

For each study we descriptively analysed sensitivity,
specificity, likelihood ratios, and area under the curve
for the receiveroperatingcurves, according to reported
cut-off points. To explore whether diagnostic accuracy
differed significantlybetween studieswechose a cut-off
point of 30 mg protein/mmol creatinine.3 From data
provided in thebodyof the articles, tables or graphs,we
used contingency tables to recalculate the diagnostic
test characteristics of sensitivity, specificity, and like-
lihood ratios for as close to a cut-off point of 30 mg/
mmol as possible. When the prevalence of significant
proteinuria was unavailable, we used the median
prevalence from the published studies to generate
contingency tables.
To allow for variation in diagnostic threshold we

assessed statistical heterogeneity between studies using
the Littenberg and Moses regression method.18 In the
absence of heterogeneity, we calculated newmeasures
of diagnostic accuracy using data from each study i as
follows: sensitivityi=true positivei/disease presenti;
specificityi=true negativei/disease absenti; pooled sen-
sitivity=Σ true positivei/Σ disease presenti; pooled
specificity=Σ true negativei/Σ disease absenti; standard
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error of a proportion=[proportion(1−proportion)/
Σni]1/2; pooled positive likelihood ratio=pooled sensi-
tivity/(1−pooled specificity); and pooled negative
likelihood ratio=(1−pooled sensitivity)/pooled
specificity.18 We carried out sensitivity analyses by
excluding studieswhen theydifferedmethodologically
from all or most others (for example, study population
or method for collection of urine samples).

Analyses were carried out using Microsoft Excel
(2002) and GraphPad PRISM 4 software.

RESULTS

The electronic search yielded 1416 citations (figure).
One publication, on the spot protein:creatinine ratio,
was not in English or French and was excluded.19

Twenty four studies were retrieved for further exam-
ination. These included 13 studies on the spot protein:
creatinine ratio (1214 women)w1-13 and two on the spot
albumin:creatinine ratio (225women),w14 w15 published
between 1996 and 2007. Nine studies were excluded
because they enrolled a mixed population of pregnant
women who were not primarily hypertensive (n=
3), 20-22 enrolled only women with proteinuria, 23 over-
lapped with a more recent included study,24 evaluated
the spotprotein:creatinine ratio froma timedcollection
(n=1), 25 reported only on the correlation between the
spot albumin:creatinine ratio and 24 hour urinary
albumin,26 27 or did not study the protein:creatinine
ratio or albumin:creatinine ratio. 28 No additional
articles were retrieved after examining reference lists
and contacting experts.

Spot protein:creatinine ratio

Validity assessment
The quality assessment score ranged from 7 to 12

(table 1) 17; lower scores reflect mainly an incomplete
description of the selection criteria, spectrum of
disease, or how the diagnostic test was executed.
Most of the studies were prospective (n=10) and cross
sectional (n=11). None mentioned how many women
of those eligible were enrolled, and only two stated
recruitment of consecutive, eligible women.w3 w13 Ten
studies stated reasons for withdrawals or exclusion
from analyses.w1 w2 w5-w7 w9-w13 Incomplete pairs of tests
for analysis ranged from11-32% of samples.w1 w4 w10 w12

w13 Reasons stated for incomplete collections included
inadequate collection procedures and delivery.

Characteristics of studies and participants
Studies of the spot protein:creatinine ratio analysed
samples from30-220women (median 75). Thewomen
had gestational hypertension (five studies), gestational
hypertension with proteinuria of + or more (suspected
pre-eclampsia; n=5), or any hypertensive disorder of
pregnancy (n=3). Ten studies enrolled women
admitted to hospital. Two studies excluded women
who needed bed rest.w11 w13 Six studies excluded
women with underlying medical disease such as pre-
existing hypertension, diabetes, or renal diseasew1 w2 w5

w7 w9 w12 and six excluded women with urinary tract
infection or bacteriuria.w1 w6 w7 w9 w11 w12

Diagnostic tests
The prevalence of significant proteinuria (≥0.3 g/day)
varied from 21% to 83% (median 55%, n=11; table 2).
The rangeof 24hourproteinuria varied fromnormal to
nephrotic: 0-26.5 g/day (n=11). Ranges for the spot
protein:creatinine ratio varied from 0-2991 mg/mmol
(n=9).
The timing of the spot protein:creatinine ratio

relative to 24 hour urine collection varied: before
(n=9), after (n=1), before or after (n=1), or during (n=2).
Nine studies stated that the spotprotein:creatinine ratio
wasnot basedon the first voided sampleof theday.w1 w3

w6-w9 w11-w13 In four studies, completeness of the 24 hour
urine collection was assessed by urinary creatinine
excretionw1 w5 w10 w11 or by questioning the women.w13

In one study, urine was collected by a Foley catheter in
89% (196/220) of the women because of vaginal
bleeding (post partum), active labour, or treatment
with magnesium sulphate.w2

Urinary protein and creatinine were measured by
many different laboratory methods (various reagents,
manual or automatedmethods). At least five analytical
methods were used for protein (Biuret,w2 w4 w11 pyro-
gallol red reaction,w6 w7 w10 w12 w13 sulphosalicylic acid,w5

trichloroacetic acid,w1 w9 turbimetric method (not
specified),w3 and benzethonium chloridew8) and at
least two were used for creatinine (modified Jaffé, two
point rate method,w1-w5 w7-w13 and iminohydrolase
reactionsw6).

Diagnostic test results
Two studies reported only correlation coefficients and
are excluded from table 3.w3 w4 The area under the
curve was reported by nine of the 11 remaining studies

Citations excluded (n=1392):
  Studies with inappropriate population, test
    or outcome, reviews, letters (n=1391)
  Not in English or French (n=1)

Studies excluded (n=6): 
  No summary statistic data (n=4)
  Different method (n=2)

Studies excluded (n=9):
  All women were proteinuric (n=1)
  Protein:creatinine ratio in timed collection (n=1)
  Not pregnancy hypertension studies (n=3)
  Overlap (n=1)
  Not ratio (n=1)
  Albumin:creatinine ratio correlation (n=2)

Potentially relevant citations identified
from electronic search (n=1416)

Studies retrieved for further evaluation (n=24)

Studies on protein:creatinine ratio
included in pooled analysis (n=9)

Studies included in systematic review 
(n=13 protein:creatinine ratio, n=2 albumin:creatinine ratio)

Flow of studies through systematic review
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and ranged from 0.82 to 0.97.w1 w2 w7-w13 A cut-off point
for the spot protein:creatinine ratio that maximised
both sensitivity and specificity could be identified for
nineof the 11 studies.No consistencywas found inhow
cut-off points were reported, and units differed widely
(mg/mmol, mg/g, mg/mg, and g/g). Eight cut-off
points were used, with a median of 24 mg/mmol and a
range of 17 to 57 mg/mmol (0.15-0.5 mg/mg). The
median sensitivity was 91% (range 73-97%) and the
median specificity was 90% (range 41-100%). The
median positive likelihood ratio was 9.1 (range 1.54 to
infinity) and the median negative likelihood ratio was
0.14 (range 0.04-0.37). One study presented a Bland-
Altman plot to assess agreement between the spot
protein:creatinine ratio and 24 hour proteinuria and

found good agreement, particularly for a low range of
proteinuria (<0.5 g/day).w8

Quantitative data synthesis
Nine studies had the data necessary for the determina-
tion of a cut-off point of 30 mg/mmol (table 4).w1 w2 w5

w7-w9 w11-w13 Sensitivity and specificity did not seem to be
related to the prevalence of significant proteinuria, or
the range of proteinuria (table 2). No significant
heterogeneity was shown between studies for the new
measures of diagnostic accuracy for the cut-off point of
30 mg/mmol (P=0.94); in these calculations, 0.99 was
used for specificity when reported specificity was
1.00.w9

Summary measures of diagnostic accuracy were:

Table 1 | Studyandpopulationcharacteristicsofhypertensivepregnantwomenwithurineassessedbyspotprotein:creatinineratio

Study
No women*
(No analysed)

Patient status
of women

Type of hypertensive
disorder of pregnancy

included
Gestational
age (weeks) Exclusions QUADAS score

Al et al 2004w1 221 (185) Inpatients Gestational hypertension ≥29 Urinary tract infection or
chronic medical illness,*
severe hypertension

11

Durnwald et al
2003w2

220 Inpatients Suspected pre-eclampsia
(gestational hypertension,
oedema, or new + or more
proteinuria)†

≥24 Chronic medical illness* 9

Jaschevatzky et
al 1990w3

35 Inpatients Pre-eclampsia (gestational
hypertension, oedema, or
new proteinuria)

≥29 NS 8

Neithardt et al
2002w4

36 (30) Inpatients Any hypertensive disorder of
pregnancy (81%), type I
diabetes or nephropathy

Any NS 8

Ramos et al
1999w5

47 Inpatients Gestational hypertension >20 Chronic medical illness,*
multiple pregnancy, preterm,
prelabour rupture of
membranes, stillbirth, or
absent fetus

9

Robert et al
1997w6

71 Inpatients Gestational hypertension ≥24 Bacteriuria or diuretic use 9

Rodriguez-
Thompson et al
2001w7

138 NS Any hypertensive disorder of
pregnancy, diabetes mellitus
(3%)

≥29 Urinary tract infection or
chronic medical illness*

9

Saudan et al
1997w8

100 Inpatients and
outpatients

Any hypertensive disorder of
pregnancy

NS NS 7

Taherian et al
2006w9

100 NS Suspected pre-eclampsia
(gestational hypertension,
≥160/110 mm Hg, + or more
proteinuria or oedema)

>20 Urinary tract infection,
chronic medical illness,* or
haematuria

11

Valerio et al
2005w10

85 (75) Inpatients Gestational hypertension >20 Stillbirth,prelabour ruptureof
membranes, gestational age
≥41 weeks

12

Wheeler et al
2007w11

154 (126) Inpatients Suspected pre-eclampsia
(gestational hypertension,
worsening hypertension, or +
or more proteinuria)

>20 Bacteriuria, bed rest for more
than 24 hours

11

Yamasmit et al
2004w12

55 (42) Inpatients Suspected pre-eclampsia
(gestational or pre-existing
hypertension with new + or
more proteinuria)

≥29 Urinary tract infection or
chronic medical illness*

12

Young et al
1996w13

66 (45) Inpatients Gestational hypertension ≥29 Previous diagnosis of
“pregnancy induced
hypertension,” or bed rest at
home or in hospital for more
than 36 hours

10

QUADAS=quality assessment of studies of diagnostic accuracy in systematic reviews based on 14 criteria of study quality; NS=not specified.
*Including chronic (pre-existing) hypertension, pregestational diabetes mellitus, or chronic renal disease.

†Women who were post partum or had vaginal bleeding of another cause and had urine collected through a urinary catheter.
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sensitivity 83.6% (95% confidence interval 77.5% to
89.7%), specificity 76.3% (72.6% to 80.0%), positive
likelihood ratio 3.53 (2.83 to 4.49), and negative
likelihood ratio 0.21 (0.13 to 0.31) (1003 women).
When the prevalence of significant proteinuria was
varied from 0.25 to 0.75 for one study without known
prevalence the pooled sensitivities and specificities did
not differ.w8 Exclusion of one studyw2 that used a
catheter for urine collection resulted in a pooled
sensitivity of 84.8% (78.7% to 90.8%) and pooled
specificity of 79.1% (75.3% to 82.8%); results that were
similar (809 women). The assays used to measure
protein or creatinine were not described in sufficient
detail to allow for an analysis of the impact of
laboratory methods on the results.

Spot albumin:creatinine ratio

The two included studies of the spot albumin:
creatinine ratio were considered of good quality
when the tool for quality of studies on diagnostic tests
was used.17 A total of 225 women were referred to an
obstetric day unit with gestational hypertensionw15 or
any pregnancy hypertension.w14 Seventy seven (45%)
womenhadproteinuriaof 0.3 g/dayormore.w15The24
hour urinary albumin excretion ranged from 0-11.2 g/
day and spot albumin:creatinine ratio from 0.3-
640 mg/mmol.w14 Diagnostic accuracy for the spot

albumin:creatinine ratiowas excellentwhencompared
with 24 hour proteinuria (cut-off point 2 mg/mmol,
sensitivity 94%, specificity 94%, positive likelihood
ratio 15.7, negative likelihood ratio 0.06)w15 or with 24
hour albuminuria (cut-off point 27mg/mmol, sensitiv-
ity 95%, specificity 100%, positive likelihood ratio
infinity, negative likelihood ratio 0.05).w14 It was not
possible to pool the study results for the spot albumin:
creatinine ratio because of the different standards used
for comparison.

DISCUSSION

The quantification of proteinuria is central to the
investigation of hypertensive pregnant women. Rele-
vant Australasian and international guidelines advo-
cate useof the spot protein:creatinine ratio.3 4The test is
available from any laboratory that determines protein
and creatinine concentrations on 24 hour urine
collections.

We identified 13 studies (1214 women) of the spot
protein:creatinine ratio used in hypertensive pregnant
women. Eight different cut-off points were published,
which seemed to be quite different, in part because of
the variability in the units used for cut-off points for
urinary protein andurinary creatinine:mg/mmol,mg/
g,mg/mg, andg/g.Thiswas further complicatedby the
different populations of pregnant women, including

Table 2 | Proteinuria and diagnostic test characteristics for spot protein:creatinine ratio in hypertensive pregnantwomen

Study
% (No) of women
with proteinuria*

Range of 24
hour

proteinuria (g/
day)

Criteria for adequacy of 24
hour urine collection

Timing of spot
protein:creatinine
ratio relative to 24

hour urine

First voided
morning urine

tested

Spot protein:
creatinine ratio
range (mg/

mmol)

Al et al 2004w1 21 (39/185) 0-8.2† Urinary creatinine ≥10 mg/
kg/day

Before (morning) No 0-667†

Durnwald et al
2003w2†

76 (168/220) 0-19† NS Before NS 0-2991

Jaschevatzky et al
1990w3

NS 0.1-9.7† NS After No 15.2-9552.5

Neithardt et al
2002w4

83 (25/30) 0.20-26.5 NS During (morning) NS 10-2124

Ramos et al 1999w5 55 (26/47) 0.24-22.3 Urinary creatinine >0.8 g/
day

Before NS NS

Robert et al 1997w6 41 (29/71) 0.03-12.6 NS During No NS

Rodriguez-
Thompson et al
2001w7

50 (69/138) 0-2† NS Before No 0-170†

Saudan et al 1997w8 NS NS NS Before (usually
morning)

No NS

Taherianet al 2006w9 73 (73/100) 0.1-8.2† NS Before No 33.9-9186.9

Valerio et al 2005w10 51 (38/75) 0-15† Urinary creatinine ≥0.6 g/
day

Before (serially§) NS 0-9200†

Wheeler et al
2007w11

54 (68/126) 0.06-10.8 Urinary creatinine >1 g/day
with urine volume >1 l/day

Before No 1.1-1661

Yamasmit et al
2004w12

69(29/42) 0.70-6.3 NS Before No 8-741

Young et al 1996w13 58 (26/45) 0.10-0.8† Maternal report Before (66%), after
(34%)

No 8-103†

NS=not specified.
*0.3 g/day or more.

†Range abstracted from figure.

‡Urinary catheter was used in 89% of women because they had vaginal bleeding, were post partum, were in active labour, or were taking magnesium

sulphate.

§At 8 am to 2 pm, 2 pm to 8 pm, 8 pm to 2 am, and 2 am to 8 am.
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normotensive women. In this review we included
studies that focused only on women with a hyperten-
sive disorder of pregnancy, in whom we believe the
spot protein:creatinine ratio has the greatest potential
use.
The sensitivities and specificities in the studies of the

spot protein:creatinine ratio varied, as expected, by
chance alone. We compared diagnostic accuracy
results using a cut-off point of 30 mg/mmol for the
spot protein:creatinine ratio, as recommended in
published guidelines.3 4 The pooled results were not
sensitive to the range of proteinuria ormethod of urine
collection. Overall, the positive likelihood ratio was
poor to fair. The negative likelihood ratio, however,
was fair to good, suggesting that a spot protein:
creatinine ratioof less than30mg/mmol is a reasonable
“rule-out” test for proteinuria of 0.3 g/day or more.
Albumin specific assays are used extensively outside

pregnancy for detection of “microalbuminuria”—that
is, 0.03-0.3 g/day—because albumin assays are more
specific than total urinary protein for kidney disease as
a result of diabetes mellitus or hypertension.16 We
identified two studies (225 women) that examined use

of the spot albumin:creatinine ratio in pregnancy. The
test was excellent at diagnosing proteinuria or albumi-
nuria of 0.3 g/day or more but data are too limited to
advocate use of the test in pregnancy.

Strengths and weaknesses of the review

The strengths of our review include our focus on
primarily hypertensive pregnant women and pregnant
women admitted to hospital (either as inpatients or
outpatients in a day assessment unit) who reflect those
seen in clinical practice for evaluation of proteinuria.
These women had a wide range of proteinuria and a
spectrum of pregnancy hypertension seen in clinical
practice. We reported favourable diagnostic test
characteristics for a cut-off point of 30 mg/mmol, as
recommended by international societies.3 4 One study
documented no significant change in results when
serial urine specimens were analysed over 24 hours.w10

Our review has limitations. Firstly, we excluded one
article published in a language other than English or
French.29 Secondly,we excluded abstracts as theywere
unlikely to provide sufficient detail necessary for the
review. Thirdly, we have discussed the focus of

Table 4 | Newsummarymeasuresofdiagnosticaccuracyforsinglecut-offpoint forurinaryspotprotein:creatineratioforproteinuria

in hypertensive pregnantwomen

Study
New cut-off point (mg/

mmol) New sensitivity (%) New specificity (%)

New likelihood ratio

Positive Negative

Al et al 2004w1 22.6 80 74 3.08 0.27

Durnwald et al 2003w2 33.9 81.0 55.8 1.83 0.34

Ramos et al 1999w5 30 94 80 4.7 0.08

Rodriguez-Thompson et al
2001w7

30 83 71 2.86 0.24

Saudan et al 1997w8 30 93 92 11.63 0.08

Taherian et al 2006w9 22.6 80.8 100 Infinity 0.19

Wheeler et al 2007w11 23.7 86.8 77.6 3.88 0.17

Yamasmit et al 2004w12 31.6 93.1 92.3 12.09 0.07

Young et al 1996w13 28.3 65 82 3.61 0.43

Table 3 | Reportedcut-offpointsandsummarymeasuresofdiagnosticaccuracy instudiesofurinaryspotprotein:creatinineratio in

hypertensive pregnant women

Study

Reported cut-off point
Sensitivity

(%)
Specificity

(%)

Area under receiver
operating curve (95%

CI*)

Likelihood ratio

mg/mg mg/mmol Positive Negative

Al et al 2004w1 0.19 21 85.0 73.0 0.86 (0.80 to 0.93) 3.15 0.21

Durnwald et al 2003w2 0.39 44 72.6 73.1 0.80 2.70 0.37

Ramos et al 1999w5 0.5 57 96.0 96.0 — 24.00 0.04

Robert et al 1997w6 — — 93.0 90.0 — 9.30 0.08

Rodriguez-Thompson et al
2001w7

0.19 21 90.0 70.0 0.91 (0.87 to 0.96) 3.00 0.14

Saudan et al 1997w8 0.27 30 93.0 92.0 0.82 11.63 0.08

Taherian et al 2006w9 0.18 20 86.3 100 0.94 (0.88 to 0.98) Infinity 0.14

Valerio et al 2005w10 — — 91.0 90.0 0.97† 9.1 0.10

Wheeler et al 2007w11 0.21 24 86.8 77.6 0.82 3.88 0.17

Yamasmit et al 2004w12 0.25 28 96.6 92.3 0.93 12.55 0.04

Young et al 1996w13 0.15 17 91.0 41.0 0.86 1.54 0.22

*When available.

†Morning urine (8 am to 2 pm).
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included studies on inpatients; inadequate reporting of
completeness of 24 hour urine collection and its use as
the traditional comparator for diagnosing proteinuria;
and variable laboratory assays for urinary protein,
albumin, and creatinine (particularly for urine from
pregnant women with its specific proteins that may
interfere with immunoassays). Despite these limita-
tions we found no significant heterogeneity between
studies in diagnostic accuracy of the spot protein:
creatinine ratio. Finally, when we assessed study
quality we often found an inadequate description of
selection criteria, spectrum of disease, and how the
diagnostic test was executed; the standards for the
reporting of diagnostic accuracy studies initiative has
recently been published and should improve the
quality of diagnostic test studies.30

We were unable to identify any formal economic
evaluation of the spot protein:creatinine ratio or the
albumin:creatinine ratio in hypertensive disorders of
pregnancy. Although measurement of albumin is
generally more expensive than measurement of
protein, techniques have been developed to measure
albumin in the clinic setting.10 Among pregnant
outpatients with underlying renal disease a nearly
four-fold decrease in cost was reported with use of the
spot protein:creatinine ratio and the Cockcroft-Gault
formula (to estimate creatinine clearance, not validated
for pregnancy) compared with the 24 hour urine
collection for proteinuria and creatinine clearance.22 31

Other potential costs for 24 hour urine collection
include admission to hospital (versus same day testing
using the spot protein:creatinine ratio or spot albumin:
creatinine ratio), laboratory handling time, and greater
nursing supervision.
Perhaps the most important limitation of the

literature on which this review is based was the status
of the 24 hour urine collection as the standard against
which all other tests of proteinuria were compared.
Outside pregnancy the 24 hour urine collection has
well documented problems with completeness, time-
liness, and ease of performance. In pregnancy, how-
ever, problems are increased by the physiological
dilation of the ureters (which can hold up to 200 ml of
urine) and incomplete bladder emptying as a result of
the enlarging uterus, both of which may cause
significant collection errors.32 These errors can be
avoided by adequate hydration to maintain urine flow
(500ml fluid to generate a urine flowof>6ml/min) and
standardisationof the technique at thebeginning (urine
discard) and end of the collection (lying in left lateral
recumbency for 45 minutes to remove any partial
obstruction of the ureters related to supine or upright
posture). Ideally a urinary catheter would be placed,
which is impractical, relatively invasive, and may lead
to infection. All things considered, these measures to
tackle pregnancy specific problems with the 24 hour
urine collection are impractical and not generalisable,
particularly in the outpatient setting.
It follows from these limitations of the 24 hour urine

collection in pregnancy that it should not be the
standard against which new measures are evaluated.

The error to which the spot urine sample is susceptible
—that is, the potential mild diurnal variation in protein
excretion—is likely to be far outweighed by the error
associatedwith 24 hour urine collection. Alternatively,
investigators should move directly to validation of the
spot protein:creatinine ratio and spot albumin:creati-
nine ratio against adverse pregnancy outcomes.

Meaning of the review

The results of this review show that the spot protein:
creatinine ratio is a reasonable “rule-out” test for
proteinuria of 0.3 g/day or more, among otherwise
healthy women with gestational hypertension with or
without proteinuria ondipstick.Althoughwe excluded
women with renal disease, the two relevant studies12 22

were included in a 2003 review that examined
pregnancy as a subgroup, and came to a similar
conclusion.33 Of the 13 included studies in our review,
nine did not use the first voided urine sample for the
spot protein:creatinine ratio, suggesting that the test is
useful throughout the day.Although amorning sample
after the first voided urine specimen has been shown to
more likely reflect the 24 hour proteinuria outside
pregnancy,34 studies in pregnancy have been incon-
sistent in their finding of a diurnal variation of
proteinuria,11 13 35 and no significant effect of urine
specimen timing was seen in pregnancy when serial
samples for protein:creatinine ratiowere analysedover
24 hours.w10

The spot protein:creatinine ratio is convenient and
timely when laboratories carry out daily analysis of
protein and creatinine. As such, womenmay be able to
avoid being admitted to hospital for assessment of
proteinuria and be reassessed easily if there are
recurrent clinical concerns about evolution of disease.
Proteinuria is, however, but one piece of the diagnostic
puzzle for suspected pre-eclampsia, for which there are
otherdiagnostic criteria and clinical considerations (for
example, other maternal end organ dysfunction and
fetal wellbeing). Also, serious complications (including
eclampsia) may occur in the absence of proteinuria.36

We do not advocate use of the spot protein:
creatinine ratio or spot albumin:creatinine ratio for
monitoring or quantifying proteinuria in pregnancy.
Only at extremes have higher compared with lower
levels of proteinuria been associated with higher
maternal or perinatal mortality or morbidity,37-41 and
quantification of proteinuria has not predicted short
termmaternal renal failure or ongoing proteinuria.40-43

The spot protein:creatinine ratio has not been reliable
for quantifying proteinuria either outside or during
pregnancy.35 44

Unanswered questions and future research

Since the late 1990s many studies have favourably
compared the spot urinary protein:creatinine ratio
with 24 hour proteinuria, but the spot protein:
creatinine ratio has not been widely adopted in
obstetric practice.Reasons for this need to be explored.
Reasonsmay include: the nine published cut-off points
in fourunits (making it challenging tohavea “gestalt”of
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the literature); that only the international and Austra-
lasian societies for the study of hypertension in
pregnancy have published a cut-off point of 30 mg/
mmol for diagnosis of significant proteinuria; and the
inherently conservative and medicolegal perspective
of obstetric care providers who must not miss a
diagnosis of pre-eclampsia and will, therefore, be
resistant to abandoning the traditional comparator
without robust and compelling evidence.

We have a particular need for information about the
validity of the spot protein:creatinine cut-off point of
30 mg/mmol for detection of adverse pregnancy
outcomes, among inpatients and outpatients with
suspected pre-eclampsia. Future research should also
deal with the impact on test performance of the timing
of the spot protein:creatinine ratio and use of various
protein and creatinine assays for pregnancy urine, as
well as the accuracy of formulas for estimation of
creatinine clearance in pregnancy with decreased use
of the 24 hour urine collection.
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