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Specific Gravity Improves Identification of Clinically
Significant Quantitative Proteinuria from the Dipstick
Urinalysis
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Key Points

 Urine albumin-to-creatinine ratio and urine protein-to-creatinine ratio are frequently obtained and represent possible tools
for screening for proteinuria and thus early CKD.

» Adding specific gravity to dipstick proteinuria improves the ability to screen patients with clinically significant proteinuria
and can be used to identify patients with early CKD.

Abstract

Background CKD is often underdiagnosed during early stages when GFR is preserved because of underutilization of testing
for quantitative urine albumin-to-creatinine ratio (UACR) or urine protein-to-creatinine ratio (UPCR). Semiquantitative
dipstick proteinuria (DSP) on urinalysis is widely obtained but not accurate for identifying clinically significant proteinuria.

Methods We identified all patients with a urinalysis and UACR or UPCR obtained on the same day at a tertiary referral
center. The accuracy of DSP alone or in combination with specific gravity (SG) against a gold-standard UACR =30 mg/g or
UPCR =0.15 g/g, characterizing clinically significant proteinuria, was evaluated using logistic regression. Models were
internally validated using ten-fold cross-validation. The SG for each DSP above which significant proteinuria is unlikely was
determined.

Results Of 11,229 patients, clinically significant proteinuria was present in 4073 (36%). The area under the receiver-operating
characteristic curve (95% confidence interval) was 0.77 (0.76 to 0.77) using DSP alone and 0.82 (0.82 to 0.83) in combination
with SG (P < 0.001), yielding a specificity of 0.93 (SEM=0.02) and positive likelihood ratio of 9.52 (SEM=0.85). The optimal
SG cutoffs to identify significant proteinuria were =1.0012, 1.0238, and 1.0442 for DSP of trace, 30, and 100 mg/dl,
respectively. At any SG, a DSP =300 mg/dl was extremely likely to represent significant proteinuria.

Conclusions Adding SG to DSP improves recognition of clinically significant proteinuria and can be easily used to identify
patients with early stage CKD who may not have otherwise received a quantified proteinuria measurement for both clinical
and research purposes.
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Introduction

CKD remains frequently underdiagnosed in early stages
when GFR is preserved because of underutilization of
quantitative testing for clinically significant proteinuria
in general practice.!'> However, it is at the early stages
where implementation of interventions that would have
the most impactful effects on outcomes in patients with
CKD become imperative. A urine albumin-to-creatinine
ratio (UACR) and urine protein-to-creatinine ratio
(UPCR) from a random urine sample provide accurate
quantitative results and are less cumbersome to obtain
than 24-hour urine collection.3 Clinically significant pro-
teinuria is defined as a UACR =30 m/g or UPCR =0.15
g/g.! However, there is currently no guideline recom-
mending UACR or UPCR to screen individuals without
known CKD or diabetes. Consequently, proteinuria,
particularly among patients with an eGFR =60 ml/
min per 1.73 m? may remain undiagnosed and
untreated.

Dipstick urinalysis, on the other hand, is widely avail-
able and frequently obtained. Among several colorimetric
assays reported on a dipstick urinalysis is a semiqualita-
tive measure of proteinuria. Unlike quantitative UACR
and UPCR results, interpretation of dipstick proteinuria
(DSP) results depends on the concentration of the urine
sample, which can be approximated by the concomitantly
reported specific gravity (SG). In other words, DSP may be
falsely negative in dilute urine or falsely elevated in very
concentrated urine. Previous studies that evaluated the
relationship of DSP with UACR or UPCR did not consider
the contribution of SG.#% Combining DSP with urine SG
has shown promise as a screening method for proteinuria
in pregnant patients or to identify severe proteinuria,®”
but has not been studied for current guideline-based
thresholds of proteinuria to identify patients with
proteinuria.

Because dipstick urinalysis is widely clinically per-
formed, it may be useful for creating a pragmatic tool
within the electronic health record (EHR) to identify
patients who may benefit from further evaluation and
intervention with a quantitative proteinuria measure-
ment. Accurate identification of patients with early
stage CKD before eGFR decline could enhance early
implementation of interventions, such as angiotensin-
converting enzyme inhibitors, angiotensin receptor
blockers, and sodium-glucose cotransporter 2 inhibitors,
to slow the progression of kidney disease and improve
cardiovascular outcomes.8-!'! This would also allow
more patients with CKD stages 1 and 2 to be easily
identified for research using real-world data, which is
important because these patients are excluded from most
studies that define CKD by eGFR cutoffs alone. There-
fore, we aimed to (1) assess the accuracy of the DSP, SG,
and the combination of the two for identifying patients
with clinically significant quantified proteinuria and (2)
identify the ideal SG cutoff for each DSP value above
which clinically significant proteinuria is unlikely. We
hypothesized that adding SG to DSP would more accu-
rately predict clinically significant proteinuria than DSP
alone.
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Methods
Patient Population

Using a pragmatic diagnostic test study approach, we
used the established National Kidney Disease Education Pro-
gram (NKDEP) recommendations'? as an e-phenotype tool
to identify patients with CKD (eGFR <60 ml/min per
1.73 m? or UACR =30 mg/g or UPCR =0.15 g/g with
two values >90 days apart) using data widely available in
the EHR (EPIC systems, Verona, WI) at the University of
Texas Southwestern Medical Center Clements University
Hospital in Dallas, Texas (Supplemental Table 1). Patients 18
years and older were included if they had a UACR or UPCR
obtained within the same 24-hour period as a dipstick
urinalysis that included DSP and SG between January 1,
2019, and December 31, 2021. For individuals with multiple
dates meeting inclusion criteria during the study period,
only the most recent DSP and UACR/UPCR pair was used
in the analysis. Patient information was deidentified. The
study was approved by the University of Texas Southwest-
ern Institutional Review Board as exempt from human
subjects’ research, including a waiver of informed consent.

Participant Characteristics

Demographics were obtained from the EHR as they were
listed on the date the urinary data were obtained. Individ-
uals were considered as having a comorbidity if the diag-
nosis was listed in the EHR as an active problem and/or
there was an encounter diagnosis within the past 3 years.
eGFR was calculated from the serum creatinine value in the
EHR on the date of collection of the DSP and UPCR/UACR
pair using the 2021 non-race-based CKD Epidemiology
Collaboration Creatinine Equation.’® To maximize external
validity, there were no exclusion criteria related to eGFR,
comorbidities, inpatient or outpatient status, or urologic
surgical history.

Dipstick Urinalysis Measurements

The predictor variables were DSP and SG reported on a
dipstick urinalysis, identified using Logical Observation
Identifier Names and Codes from the NKDEP ePhenotype
(Supplemental Table 1). DSP was reported as negative,
trace, 30, 100, or =300 mg/dl. Negative and trace were
grouped together as a single category for this analysis. Some
values for DSP performed at an outside laboratory were
reported as +, ++, +++, or ++++. These were excluded
because only 4% of the results were reported using these
values.

SG was considered as a continuous variable, reported as a
unit-less value from 1.005 to 1.030. Values reported
as <1.005 were converted to 1.005 and values >1.030 were
converted to 1.030 for the analysis. Some values were re-
ported as less than or greater than a value other than 1.005 or
1.030; for example, if the SG was reported as >1.050, then
1.050 was used, or if the SG was reported as <1.010, then
1.010 was used.

Outcome Variable
Clinically significant proteinuria was defined as
UACR =30 mg/g or UPCR =0.15 g/g. UACR and UPCR
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tests were identified from the EHR using Logical Observa-
tion Identifier Names and Codes from the NKDEP ePheno-
type (Supplemental Table 1).!2 Individuals who met at least
one of these thresholds were coded as meeting criteria for
clinically significant proteinuria. Only UACR and UPCR
values from random urine samples were included. Some
UACR or UPCR results were reported as below a lower
threshold (e.g., <0.1 mg/g). These were considered negative
for clinically significant proteinuria.

Statistical Analysis

Continuous variables were presented as mean*SD or
median (25th-75th percentile), and categorical variables
were described using count and percentages. To compare
across DSP categories, the Cochran—-Armitage trend test
was used for binary categorical variables, generalized
Pearson chi-square test for nominal categorical variables
with more than two levels, and linear-by-linear association
test for ordinal categorical variables with more than two
levels. We applied the Jonckheere-Terpstra test for con-
tinuous variables. Pairwise comparisons were performed
when the overall test was significant, and the adjustment of
P values for multiple comparisons was based on the Holm
method.

We used a diagnostic test study design and logistic
regression to evaluate the accuracy of urinalysis DSP alone
or in combination with urinalysis SG against a gold-
standard test of UACR =30 mg/g or UPCR =0.15 g/g.
Receiver-operating characteristic curves were generated,
and the areas under the curve (AUC) were compared
using DeLong tests. At each level of DSP, the relationship
between SG and probability of clinically significant pro-
teinuria was plotted and the optimal cutoffs for SG were
obtain on the basis of the J-statistic (Youden index).'4
Odds ratios (ORs) with 95% confidence intervals (Cls)
were reported using negative/trace as the reference
group. Models were internally validated using ten-fold
cross-validation.

Models were tested for multicollinearity using variance
inflation factors, with a variance inflation factor greater
than ten suggesting evidence of multicollinearity.'> Model
evaluation indices contained sensitivity, specificity, posi-
tive predictive value (PPV), negative predictive value
(NPV), positive likelihood ratio (PLR), and negative likeli-
hood ratio (NLR), shown as an average (=SEM) across ten-
fold stratified cross-validation. We used the Youden index
from the receiver-operating characteristic curve analysis to
identify the optimal predicted probability cutoff for pro-
teinuria. We derived mathematic equations to calculate the
predicted probability of proteinuria. The model discrimi-
nation was quantified using AUC, and the model calibra-
tion was accessed with calibration curves.'® Model perfor-
mance in subgroups were also derived, and bootstrap
percentile-based Cls were obtained from 2000 bootstrap
samples. P values obtained from bootstrapping were ad-
justed with the Holm method to adjust familywise error
rate.

Statistical analyses were performed with R software, ver-
sion R-4.1.0 (R Foundation for Statistical Computing,
Vienna, Austria). A two-sided P value < 0.05 was consid-
ered statistically different.

Results
Participant Characteristics

A total of 11,229 participants met inclusion criteria. The
mean (SD) age was 58.3 (17.0) years, and 46% were male
(Table 1). Of the 9756 individuals with available race in-
formation, 6017 (62%) were White and 2502 (26%) were
Black. There were 3090 (28%) with diabetes mellitus and
5756 (51%) with hypertension.

On dipstick urinalysis, 7956 patients (71%) had a DSP
value of negative or trace, 1700 (15%) 30 mg/dl, 1219 (11%)
100 mg/dl, and 354 (3%) =300 mg/dl. The median SG of all
samples was 1.016 (interquartile range, 1.011-1.021). As DSP
increased, the proportion of individuals with diabetes mel-
litus increased (Table 1). All pairwise comparisons were
significant. The proportion with hypertension also increased
as DSP increased (P < 0.05 for each pairwise comparison,
except for DSP =300 mg/dl versus 100 mg/dl, P = 0.17).
Mean (SD) eGER for the entire cohort was 71.8 (31.5) ml/min
per 1.73 m?, with 6122 patients (63%) having an eGFR =60
ml/min per 1.73 m>. As DSP increased, the proportion of
patients with eGFR =60 ml/min per 1.73 m? decreased (all
pairwise P < 0.05).

Of the entire cohort, 4073 (36%) met criteria for clinically
significant proteinuria by UACR or UPCR (Table 2). Of the
5701 participants with a UACR, 1974 (34.6%) had a
value =30 mg/g. Of the 6925 participants with a UPCR,
2677 (38.7%) had a value =0.15 g/g. There were 4073
patients (36.3%) in the full cohort who met the criteria for
clinically significant proteinuria, including 1595 (20%) of the
negative/trace DSP group, 1010 (59%) of those with DSP 30
mg/dl, 1119 (92%) with DSP 100 mg/dl, and 349 (99%) with
DSP =300 mg/dl. All pairwise comparisons were signifi-
cant (P < 0.05).

Models to Predict Clinically Significant Proteinuria

In univariable models, a DSP value of 30 mg/dl compared
with negative/trace was associated with clinically signifi-
cant proteinuria (OR, 5.8; 95% CI, 5.2 to 6.5; P < 0.001).
When SG was added to the model, the OR increased to 9.9
(95% CI, 8.7 to 11.3, P < 0.001). A DSP value of 100 mg/dl
had an OR of 44.6 (95% CI, 36.1 to 55.2) in univariable
analysis and 77.7 (95% CI, 61.7 to 97.8, P < 0.001) when
adjusting for SG. DSP =300 mg/dl had a univariable OR of
278.4 (95% CI, 115.0 to 673.8) in the unadjusted model and
495.9 (95% CI, 202.0 to 1217.3, P < 0.001) in the adjusted
model (Supplemental Figure 1).

The AUC in ten-fold cross-validation models to predict
clinically significant proteinuria was 0.60 (95% CI, 0.56 to
0.61) for SG alone, 0.77 (95% CI, 0.76 to 0.77) for DSP alone,
and 0.82 (0.82 to 0.83) for the combination of DSP and SG
(Figure 1A). The model with both DSP and SG had a sig-
nificantly higher AUC compared with the models using SG
only (P < 0.001) and DSP only (P < 0.001). Calibration
curves show the best calibration for the model including
both SG and DSP to predict clinically significant proteinuria
(Figure 1B). Metrics for models to predict clinically signif-
icant proteinuria are presented in Table 3. The model that
combined the DSP value with SG had a specificity of 0.93
(SEM=0.015) and PLR of 9.52 (SEM=0.847) for predicting
clinically significant proteinuria.
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Table 1. Baseline characteristics overall and by dipstick proteinuria value

- o Overall Negative/Trace 30 mg/dl 100 mg/dl =300 mg/dl

Characteristics, N (%) N=11,229 et s ok ok 4 P Value
Male sex, n/total 1 (%) 5165/11,227 (46.0) 3549/7954 (44.6)* 807 (47.5) 629 (51.6) 180 (50.8) <0.001
Age, yr, mean+SD 58.3+17.0 58.0+16.7'%2¢ 58.9+17.8 59.9+17.4% 57.4+17.4 <0.001
Race, n/total n (%) <0.001%

White 6017/9756 (61.7) 4346/6804 (63.9) 896/1527 (58.7) 623/1103 (56.5) 152/322 (47.2)

Black 2502/9756 (25.6) 1500/6804 (22.0) 492/1527 (32.2) 382/1103 (34.6) 128/322 (39.8)

Asian 844/9756 (8.7) 700/6804 (10.3) 79/1527 (5.2) 49/1103 (4.4) 16/322 (5.0)

American Indian or Alaska Native 49/9756 (0.5) 35/6804 (0.5) 8/1527 (0.5) 5/1103 (0.5) 1/322 (0.3)

Native Hawaiian or Other Pacific Islander 16/9756 (0.2) 11/6804 (0.2) 3/1527 (0.2) 2/1103 (0.2) 0/322 (0.0)

Other 328/9756 (3.4) 212/6804 (3.1) 49/1527 (3.2) 42/1103 (3.8) 25/322 (7.8)
Diabetes mellitus, 1 (%) 3090 (27.5) 1828 (23.0)'<23¢ 591 (34.8)*>¢ 494 (40.5)°° 177 (50.0) <0.001
Hypertension, 1 (%) 5756 (51.3) 3640 (45.8)'c2% 1046 (61.5)*°P 818 (67.1) 252 (71.2) <0.001
CAD, n/total n (%) 1331/6203 (21.5) 803/3932 (20.4) 262/1137 (23.0) 212/867 (24.5) 54/267 (20.2) 0.04
ACEi/ARB, n/total n (%) 3370/6203 (54.3) 2124/3932 (54.0) 624/1137 (54.9) 493/867 (56.9) 129/267 (48.3) 0.9
SG, median (IQR) 1.016 (1.011-1.021) 1.015 (1.011-1.020)*<2<%> 1.019 (1.014-1.025)%>¢ 1.016 (1.012-1.021) 1.016 (1.013, 1.020) <0.001
eGFR, mean=SD, ml/min per 1.73 m* 71.81+31.48 77.49+28.06' > 67.24+33.50*>¢ 51.51+33.57° 39.06+32.46 <0.001
eGFR =60 ml/min per 1.73 m?, n/total 1 (%) 6122/9722 (63.0) 4896/6868 (71.3)'c2e3 808/1463 (55.2)*¢ 352/1065 (33.1)% 66/326 (20.2) <0.001
eGFR cutoffs, ml/min per 1.73 m?, n/total n (%) <0.001°

=90
60-89
45-59
3044
15-29
<15

3161/9722 (32.5)
2961/9722 (30.5)
1389/9722 (14.3)
1131/9722 (11.6)
746/9722 (7.7)
334/9722 (3.4)

2518/6868 (36.7)

2378/6868 (34.6)
985/6868 (14.3)
642/6868 (9.3)

299/6868 (4.4)
46/6868 (0.7)

439/1463 (30.0)
369/1463 (25.2)
202/1463 (13.8)
219/1463 (15.0)
159/1463 (10.9)
75/1463 (5.1)

168/1065 (15.8)
184/1065 (17.3)
170/1065 (16.0)
209/1065 (19.6)
200/1065 (18.8)
134/1065 (12.6)

36/326 (11.0)
30/326 (9.2)
32/326 (9.8)
61/326 (18.7)
88/326 (27.0)
79/326 (24.2)

To compare across dipstick proteinuria categories, we used the Cochran-Armitage trend test for binary categorical variables, generalized Pearson chi-square test for the nominal categorical variable with more than two
levels and linear-by-linear association test for ordinal categorical variable with more than two levels. We applied the Jonckheere-Terpstra test for continuous variables. Pairwise comparisons among negative or trace, 30,
100, and =300 mg/dl were performed when the overall test was significant, and the adjustment to P values was based on the Holm method. Pairwise for race value and GFR cutoffs are for overall differences. ACEi/ARB,
angiotensin-converting enzyme inhibitors/angiotensin receptor blockers; CAD, coronary artery disease; IQR, interquartile range; SG, specific gravity; UACR, urine albumin-to-creatinine ratio; UPCR, urine protein-to-

creatinine ratio.

Pairwise comparison between negative/trace and 30 mg/dl: '*P < 0.05, bp < 0.01, P < 0.001.
Pairwise comparison between negative/trace and 100 mg/dl: *P < 0.05, P < 0.01, P < 0.001.
Pairwise comparison between negative/trace and =300 mg/dl: **P < 0.05, *®*P < 0.01, *P < 0.001.
Pairwise comparison between 30 and 100 mg/dl: **P < 0.05, P < 0.01, *“P < 0.001.

Pairwise comparison between 30 and =300 mg/dL: P < 0.05, °*P < 0.01, >P < 0.001.

Pairwise comparison between 100 and =300 mg/dl: **P < 0.05, ®®P < 0.01, ®P < 0.001.

“Pairwise comparison for overall race variable: 1c, 2¢, 3¢, 5c¢, 6a.
PPairwise comparison for overall eGFR cutoffs: 1c, 2¢, 3c, 4c, 5¢, 6¢
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Table 2. Urine protein-to-creatinine ratio and urine albumin-to-creatinine ratio cutoffs by dipstick proteinuria category
. DSP=Negative/ DSP=30 DSP=100 DSP==300
A\l Patients Trace mg/dl mg/dl mg/dl o
UPCR/UACR Value " /To,tal n=7956 n=1700 n=1219 n==354 P Value
N (%) n/Total n/Total n/Total n/Total u
? N (%) N (%) N (%) N (%)
UPCR =0.15 g/g 2677/6925 884/4573 671/1146 846/926 276/280 <0.001
(38.7) (19.3)te2e3e (58.6)% (91.4)% (98.6)
UPCR<0.15 g/g 4248/6925 3689/4573 (80.7)  475/1146 (41.4)  80/926 (8.6) 4/280 (1.4)
(61.3)
UACR =30 mg/g 1974/5701 863/4222 504/839 489/521 118/119 <0.001
(34.6) (20.4)te2e3¢ (60.1)%e5¢ (93.9)% (99.2)
UACR<30 mg/g 3727/5701 3359/4222 (79.6)  335/839 (39.9) 32/521 (6.1) 1/119 (0.8)
(65.4)
UPCR =0.15 g/g or 4073/11,229 1595/7256 1010/1700 1119/1219 349/354 <0.001
UACR =30 mg/g (36.3) (200123 (59.4)%5e (91.8)° (98.6)
Neither UPCR =0.15 g/g 7156/11,229  6361/7256 (80.0)  690/1700 (40.6) 100/1219 5/354 (1.4)
or UACR =30 mg/g (63.7) (8.2)

To compare across dipstick proteinuria categories, we used the Cochran—Armitage trend test for binary categorical variables, gen-

eralized Pearson chi-square test for the nominal categorical variable with more than two levels, and linear-by-linear association test for
ordinal categorical variable with more than two levels. We applied the Jonckheere-Terpstra test for continuous variables. Pairwise
comparisons among negative or trace, 30, 100, and =300 mg/dl were performed for gold-standard proteinuria cutoffs when the overall
test was significant, and the adjustment to P values was based on the Holm method. DSP, dipstick proteinuria; UACR, urine albumin-to-

creatinine ratio; UPCR, urine protein-to-creatinine ratio.

Pairwise comparison between negative/trace and 30 mg/dl: 2P < 0.05, PP < 0.01, 1P < 0.001.
Pairwise comparison between negative/trace and 100 mg/dl: 2ap < .05, 2PP < 0.01, 2°P < 0.001.
Pairwise comparison between negative/trace and =300 mg/dl: 3P < 0.05, **P < 0.01, 3P < 0.001.
Pairwise comparison between 30 and 100 mg/dl: 2P < 0.05, 4P < 0.01, 4P < 0.001.

Pairwise comparison between 30 and =300 mg/dl: 5P < 0.05, *°P < 0.01, 5P < 0.001.

Pairwise comparison between 100 and =300 mg/dl: 2P < 0.05, ®*P < 0.01, *°P < 0.001.

We developed an equation to determine the probability of
clinically significant proteinuria using both the DSP and SG.
A value of 1 is entered into the equation to specify the
patient’s DSP value, and 0 is entered for all other DSP
values:

Logit (Proteinuria)=101.287 + 2.294 (DSP=30) + 4.352

(DSP=100) + 6.206 (DSP =300) — 101.203 X specific gravity

1

Predicted probability of proteznur1a=1 o X Logit (Proreimria)

Optimal Cutoffs for SG

The SG cutoff needed to predict clinically significant pro-
teinuria on the basis of the ] statistic for each DSP value is
illustrated in Figure 1C. The optimal SG for each DSP level is
represented as the point where the curve intersects the J-
index line. For a DSP of 30 mg/dl, a SG of =1.0238 is needed.
A SG =1.0442 is optimal for samples with DSP 100 mg/dl.
The optimal SG cutoff value for DSP =300 mg/dl is 1.060.
Because this value is higher than the upper reported limit for
SG, at any SG, a DSP value =300 mg/dl is extremely likely
to represent clinically significant proteinuria.

Validation in Subgroups

Performance metrics of the model to predict clinically
significant proteinuria using both DSP and SG were
assessed in various subgroups (Figure 2). There were no

significant differences in the sensitivity, specificity, PLR,
and NLR of the model in patients with or without diabetes
or in patients with or without hypertension. The PPV was
higher in patients with diabetes (0.90, 95% CI, 0.80 to 0.92)
than in those with no diabetes (0.84, 95% CI, 0.64 to 0.86,
P = 0.03). The NPV was higher in those without diabetes
(0.82, 95% CI, 0.82 to 0.85), than in those with diabetes
(0.71, 95% CI, 0.70 to 0.75, P < 0.001). Similarly, the PPV
was higher in those with hypertension (0.89, 95% CI, 0.86 to
0.92) compared with those with no hypertension (0.64, 95%
CI, 0.52 to 0.84, P = 0.002), and the NPV was higher in
those without hypertension (0.84, 95% CI, 0.83 to 0.0.87,
P < 0.001).

The sensitivity of the model did not differ in those with
an eGFR =60 ml/min per 1.73 m? and those with an
eGFR <60 ml/min per 1.73 m?. However, the specificity,
PPV, and PLR were higher in those with eGFR <60 ml/min
per 1.73 m?, and the NPV and NLR were higher in those
with eGFR =60 ml/min per 1.73 m?. Performance metrics
by more granular eGFR group cutoffs for the model con-
taining DSP alone are reported in Supplemental Table 2A
and for the model containing DSP and SG in Supplemental
Table 2B.

Discussion

In this diverse cohort of 11,229 individuals, incorporating
SG increased the predictive ability of DSP to accurately
identify individuals with clinically significant proteinuria.
From our model, we created an equation using urinalysis
results that can be easily used to determine a patient’s
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Figure 1. Performance of specific gravity plus dipstick proteinuria over dipstick proteinuria alone for the prediction of clinically significant
proteinuria. (A) Receiver operator characteristic curves and (B) calibration curves of SG, DSP, and SG and DSP for the outcome of clinically
significant proteinuria. Calibration curves indicate the predicted probability of clinically significant proteinuria, treated as a continuous
variable, relative to the observed probability. *DSP and SG compared with SG P value < 0.001. ** DSP and SG compared with DSP alone P
value < 0.001. (C) SG cutoffs to predict gold standard proteinuria for each level of DSP results calculated on the basis of the J-statistic. AUC,
areas under the curve; DSP, dipstick proteinuria; SG, specific gravity.

Table 3. Ten-fold cross-validation metrics for clinically significant proteinuria models

Metric

Mean*=SEM DSP SG DSP+SG
AUC 0.765*0.003 0.596£0.006 0.824+0.005
Sensitivity 0.608-0.006 0.619+0.028 0.597+0.017
Specificity 0.889+0.003 0.558+0.025 0.926+0.015
PPV 0.757%0.005 0.444+0.004 0.832+0.019
NPV 0.800x0.003 0.722+0.006 0.802*0.005
PLR 5.513+0.161 1.406+0.023 9.52+0.847
NLR 0.441+0.007 0.677+0.022 0.434+0.013

AUC, areas under the curve; DSP, dipstick proteinuria; NLR, negative likelihood ratio; NPV, negative predictive value; PLR, positive
likelihood ratio; PPV, positive predictive value; SG, specific gravity.
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Figure 2. Model performance metrics for detecting proteinuria from DSP and SG in cohort subpopulations. Metrics include sensitivity,
specificity, PPV, NPV, PLR, and NLR with corresponding 95% CI. Subpopulations include eGFR <60 ml/min per 1.73 m?, eGFR =60 ml/min
per 1.73 m?, hypertension, no hypertension, diabetes, and no diabetes. ***P < 0.001, **P < 0.01, *P < 0.05. Cl, confidence interval; NLR,
negative likelihood ratio; NPV, negative predictive value; PLR, positive likelihood ratio; PPV, positive predictive value.

probability for having clinically significant proteinuria. We
found that a DSP =300 virtually always indicates clinically
significant proteinuria, a DSP of 30 or 100 is affected by SG
but often indicative of clinically significant proteinuria,
and a DSP of negative/trace is typically NS. We
reported a cutoff of SG for each DSP category at which
clinically significant proteinuria is likely, balancing the sen-
sitivity and specificity, but depending on the clinical
context, a more sensitive or specific cutoff may be warran-
ted. This method can more accurately classify patients
with a likely false-positive DSP because of concentrated
urine and those who warrant further screening, which
has important implications for identifying patients with
early stage CKD in both clinical care and research settings.

These patients can then be targeted for early interventions,
such as initiation of angiotensin-converting enzyme inhib-
itor/angiotensin receptor blocker and sodium-glucose
cotransporter 2 inhibitor, to improve cardiovascular and
kidney outcomes.

Prior studies have evaluated the accuracy of using DSP to
identify clinically significant proteinuria.*®1718 Most of
these studies did not factor in the SG,*>17.18 and most prior
studies used high proteinuria thresholds as their outcomes,
such as UACR =300 mg/g, which were higher than the
current guideline recommendations that we used in our
study."!® One prior model incorporated both DSP and SG
to identify patients with a UPCR =500 mg/g (0.5 g/g).°
They concluded that if a patient had a DSP value of trace or
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higher, the probability of overt proteinuria increased as SG
decreased, but did not further quantify this relationship. We
built on this concept by determining the SG cutoff at which
each DSP value could identify clinically significant protein-
uria and creating a clinically useful equation.

We also evaluated our model in several subgroups. There
were no differences in sensitivity in subgroups by hyper-
tension, diabetes, or eGFR. The specificity was slightly
higher in those with an eGFR <60 compared with =60,
but otherwise was not different between the subgroups. The
model was highly specific in all subgroups, indicating low
rates of false-positive results. Compared with a meta-
analysis evaluating the estimation of UACR from DSP alone,
our results showed similar sensitivity but higher specificity,
likely because the inclusion of SG in our study excludes
individuals with positive DSP due to a highly concentrated
urine sample rather than the presence of clinically significant
proteinuria.* Differences in the PPV and NPV between
subgroups were likely because of higher prevalence of clin-
ically significant proteinuria in those with underlying di-
abetes, hypertension, or eGFR <60. The PLR and NLR,
which do not depend on prevalence, only differed by eGFR
subgroups, such that the PLR was higher and the NLR was
lower in those with eGFR <60. Although the PPVs for DSP
plus SG were modest for individuals with eGFR >60 ml/
min per 1.73 m? the NPVs were high, suggesting that
individuals with preserved GFR will likely not have clini-
cally significant proteinuria after a negative test result.

This study has several strengths. In addition to a large and
diverse sample, we obtained clinical information to examine
model performance in subgroups. We adapted our data to
create clinically useful tools that can be used by providers
and researchers. The formulas developed could be incorpo-
rated into the EHR to calculate the probability of clinically
significant proteinuria using the commonly obtained urine
dipstick protein and SG. Then, an EHR flag could automat-
ically identify patients needing a quantitative measurement
of proteinuria or for EHR-driven clinical research. The EHR
could also be leveraged to reflexively order a UACR or
UPCR for patients with a DSP and SG suggestive of clini-
cally significant proteinuria.

There are also important limitations. We included a con-
venience EHR-derived sample, which may select for indi-
viduals at higher risk of proteinuria for whom the provider
determined that a UACR or UPCR test was indicated. The
study was not limited to individuals who had urine studies
conducted on a single sample. Although we included di-
verse patients from a large urban academic center, this
analysis was performed at a single site that reports the
semiquantitative DSP results as negative, trace, 30, 100,
or =300 mg/dl. Other centers may report DSP in different
ways and the degree of standardization of these tests be-
tween laboratories is unclear, which would need to be
separately evaluated and incorporated into our equation
in future studies to expand the clinical implementability of
our findings. Other factors can affect SG, such as hematuria,
AKI, or a dilution/concentrating defect. The use of diagno-
sis codes to identify comorbidities leaves the possibility that
some comorbidities may have been missed. Although we
used ten-fold internal cross-validation, future studies
should explore external validation of these results to

858 Kidney360

improve generalizability, especially in targeted populations
such as those with preserved eGFR.

In a large, diverse cohort of individuals with both a
dipstick urinalysis and UPCR or UACR obtained within
the same 24-hour period, adding the SG to the DSP accu-
rately predicted clinically significant proteinuria using
guideline-based definitions. The model performed well in
important subpopulations of patients. We calculated a
threshold of SG above which urine would be too concen-
trated for the DSP to indicate clinically significant protein-
uria and developed an easy-to-use equation for providers,
EHR developers, and researchers. These tools require only
information from a dipstick urinalysis, allowing them to be
easily used by clinicians to screen patients for proteinuria
and by researchers to identify patients with early CKD who
may not have otherwise received a quantified measurement
of proteinuria.
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