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Abstract 
Background: Screening for albuminuria is generally recommended 
among patients with hypertension. While the urine dipstick is 
commonly used for screening urine albumin, there is little evidence 
about its diagnostic accuracy among these patients in Thailand. This 
study aimed to assess the diagnostic accuracy of a dipstick in Thai 
hypertensive patients for detecting albuminuria. 
Methods: This study collected the data of 3,067 hypertensive patients, 
with the results of urine dipstick and urine albumin-to-creatinine ratio 
(ACR) from random single spot urine being examined in the same day 
at least once, at Lampang Hospital, Thailand, during 2018. For ACR, a 
reference standard of ≥ 30 mg/g was applied to indicate the presence 
of albuminuria. 
Results: The sensitivity, specificity, positive predictive value (PPV), and 
negative predictive value of the trace result from dipsticks were 
53.6%, 94.5%, 86.5%, and 75.5%, respectively. The area under the 
receiver operating characteristic curve of the dipstick was 0.748. 
Conclusion: Using the dipstick for screening albuminuria among 
hypertensive patients should not be recommended for mass 
screening due to its low sensitivity. In response to high PPV, a trace 
threshold of the dipstick may be used to indicate presence of 
albuminuria.
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Introduction
Strong evidence has indicated that the presence of albuminuria 
in hypertensive patients is associated with the development of 
chronic kidney disease (CKD), which increases the risk of car-
diovascular-related morbidity and mortality1,2. Early detection 
of CKD is important as either angiotensin-converting-enzyme  
inhibitor drugs or angiotensin II receptor blocker drugs can 
be added to a patient’s treatment regimen to slow down the  
progress of the disease and thus reduce all-cause mortality.

Detection of albumin in urine plays an important role in diag-
nosing CKD in the early stages. Regarding the detection of 
albumin in urine, urine albumin-to-creatinine ratio (ACR) has 
widely been recommended to be used in diagnosing albuminu-
ria, which is defined as the amount of urine albumin divided by  
urine creatinine ≥ 30 mg/g [≥ 3 mg/mmol]3,4.

Despite the recommendations, performing ACR in all patients 
with hypertension is not always applicable, particularly in a pri-
mary care unit in rural or outreach areas where the necessitated 
resources may be unavailable. Practically, the urine dipstick  
is a test that has widely been used to identify the presence of  
albumin in the urine due to its low cost and high accessibility.

Although using the urine dipstick is pragmatic, existing litera-
ture has not affirmed the accuracy of the test. Previous research 
has revealed a variety of diagnostic accuracy of the urine  
dipstick, compared with ACR. While some studies suggest 
that the dipstick is inappropriate for screening albuminuria5–8, 
others conclude that trace albuminuria from a dipstick  
can be used to indicate the presence of urine albumin9,10.

Owing to result inconsistencies, it is still arbitrary as to whether 
or not positive findings of albumin from a urine dipstick 
could be used to confirm presence of albuminuria. Addition-
ally, there is as yet no evidence to demonstrate if diagnostic  
results would be consistent across populations. Therefore, this 
study aimed to assess the diagnostic accuracy of a dipstick in  
Thai hypertensive patients for detecting albuminuria.

Methods
Participants
This analysis is based on retrospective data from patients who 
visited Lampang Hospital from January to December 2018. 
The study included patients aged 18 years and over who were 
diagnosed with hypertension, ICD10 code “I10-14”, with the 
results of urine dipstick and ACR from random single spot urine  
being examined in the same day at least once. Laboratory results 
from the last visit were used if multiple results of a urine dip-
stick and ACR on the same day were presented within the same 

patient. Patients with the urine results containing white blood 
cell more than 5–10 cells per high power field were suspected 
of having urinary tract infections, and thus were excluded  
from the study.

This study protocol was approved by the Ethics Committee at 
Lampang Hospital (No.79/62). Consent of the patients to use 
their data in the study was waived by the ethical committee due to  
the retrospective nature of the study.

Reference standard and index test
ACR was a reference standard to indicate the level of urine 
albumin. Evaluation of ACR was performed at Lampang  
Hospital using the immunoturbidimetric essay by AU5800/
DxC700AU. The result of ACR ≥30 mg/g indicates the presence 
of albuminuria11,12.

This study employed the urine dipstick, “URiSCAN 9 SG” 
and the analyzer “URiSCAN SUPER+”, as an index test. 
Interpretation of the results were based on the color changes 
on the indicator tetrabromophenol blue in the presence  
of urine albumin. A positive reaction is indicated by a color  
change to yellow or green, reflecting the albumin results of  
negative, trace, 1+, 2+,3+, and 4+.

Covariates
Demographic characteristics including age and sex were  
collected for use in the analysis. Body mass index was  
calculated by weight in kilograms divided by squared height 
in centimeters13. Glomerular filtration rate (GFR) was  
estimated using the formula eGFR = 141 × min(S

Cr
/κ, 1)α 

× max(S
Cr

/κ, 1)-1.209 × 0.993Age × 1.018 [if female] × 1.159  
[if Black]14. Information about patients’ underlying disease 
of diabetes was obtained from the diagnosis in the hospital’s  
electronic medical record with ICD10 code “E10-14”15.

Statistical analysis
Chi-squared test and t-test were applied to explore the asso-
ciation between the presence of albuminuria from ACR and 
covariates, with a significance level of 0.05. Sensitivity, specifi-
city, positive predictive value, and negative predictive value of  
the dipstick were calculated, with 95% confidence intervals. 
The area under the receiver operating characteristic curve 
was approximated to demonstrate the test performance16.  
Subgroup analyses using the trace threshold of dipstick were  
performed to elucidate the diagnostic accuracy of the test  
among subgroups. Statistical analyses were performed using 
STATA version 1317.

Results
A total of 3,067 hypertensive patients matched the study  
criteria and were included in the analysis (Table 1). Approxi-
mately 39.8% of the samples presented with albuminuria. The 
mean age of the patients was 63.7 year, with ~40% being men.  
Diabetes appeared among 73.7% of the patients; 17.7% of them 
had eGFR <60 ml/min/1.73m2. Albuminuria was present in  
24.5% of those with negative result from the dipsticks.  
Distribution of albumin-creatinine ratios with respect to results  
of urine dipsticks were exhibited in Figure 1.

           Amendments from Version 2
The 2nd version of the manuscript provided additional 
information in the method section for better clarity. Furthermore, 
a reference was revised.

Any further responses from the reviewers can be found at 
the end of the article

REVISED

Page 3 of 21

F1000Research 2021, 9:1244 Last updated: 10 AUG 2022



Figure 1. Distribution of albumin-creatinine ratios stratified by results of dipsticks.

Table 1. Demographic characteristics of the patients.

Characteristics
Albumin-to-creatinine ratio

P-value
<30 mg/g ≥ 30 mg/g

Total, n 1,847 1,220

Gender, n (%)

Male 736 (39.9) 484 (39.7) 0.937

Female 1,111 (60.2) 736 (60.3)

Age years, mean±SD 63.52±10.3 64.0±10.7 0.238

Diabetes, n (%) 1,326 (71.8) 934 (76.6) 0.004

eGFR <60 mL/min/1.73 m2, n (%) 350 (19.0) 194 (15.9) 0.031

Urine albumin results from dipstick, n (%)

Negative 1,745 (94.5) 566 (46.4)

<0.001

Trace 95 (5.1) 275 (22.6)

1+ 7 (.4) 226 (18.5)

2+ 0 (0.0) 120 (9.8)

3+ 0 (0.0) 25 (2.0)

4+ 0 (0.0) 8 (0.7)

Body mass index, mean±SD 25.6±5.1 25.7±4.7 0.592

Table 2 demonstrated the sensitivity, specificity, positive 
and negative predictive values of urine dipstick in detecting  
albuminuria. It is seen that sensitivity of 53.6% was observed 
when the trace threshold was applied, whereas cutoff 
of ≥2+ and higher yields 100% test specificity. The area 

under the receiver operating characteristic curve was 0.7482  
(Figure 2).

Comparing diagnostic accuracy of the dipstick, it appears 
that sensitivity, specificity, along with positive and negative  
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Figure 2. Receiver operating characteristic curve for the performance of dipsticks in detecting albuminuria.

Table 2. Sensitivity, specificity, positive and negative predictive values of urine dipstick to 
detect albuminuria.

Cutoffs Sensitivity (%) Specificity (%) Positive predictive 
value (%)

Negative predictive 
value (%)

≥Negative 100.0 0.0 39.8

≥Trace 53.6 94.5 86.5 75.5

95% CI 50.8-56.4 95% CI 93.3-95.5 95% CI 83.9-88.9 95% CI 73.7-77.3

≥1 31.1 99.6 98.2 68.6

95% CI 28.5-33.1 95% CI 99.2-99.8 95% CI 96.3-99.3 95% CI 66.8-70.4

≥2 12.5 100.0 100.0 63.4

95% CI 10.7-14.5 95% CI 99.8-100.0 95% CI 97.6-100.0 95% CI 61.6-65.1

≥3 2.7 100.0 100.0 60.9

95% CI 1.9-3.8 95% CI 99.8-100.0 95% CI 89.4-100.0 95% CI 59.1-62.6

≥4 0.7 100.0 100.0 60.4

95% CI 0.3-1.3 95% CI 99.8-100.0 95% CI 63.1-100.0 95% CI 58.6-62.1
CI, confidence interval.

predictive values were approximately the same in all subgroups 
(Table 3). 

Discussion
Existing studies have manifested a wide range of positive  
predictive values (PPVs) of urine dipsticks among patients 
with hypertension, ranging from 27 to 826,18. However, none 
have been conducted in a Thai population. Results of this  
study, exploring the diagnostic accuracy of the dipstick in a  
Thai population, not only illustrates the outcomes in this  
specific population, but can also be used in comparison with  

results from other populations for a better understanding of test 
accuracy.

Previous research has documented the differences in sen-
sitivity and specificity of the dipstick across populations. 
A Japanese study showed sensitivity, specificity, and PPV 
of 37.1%, 97.3%, and 71.4%, respectively10. Another study  
conducted in Australian adults showed sensitivity, specifi-
city, and PPV of 69.4%, 86.8%, and 27.1%, respectively6. One  
possible explanation for the difference in diagnostic accuracy 
of the dipstick was owing to differences in the characteristics 
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Table 3. Diagnostic performance of the urine dipstick result of trace and higher 
for detection of albumin-to-creatinine ratio ≥ 30 mg/g.

Characteristics Sensitivity (%) Specificity (%) PPV (%) NPV (%)

All samples 53.6 94.5 86.5 75.5

Gender

Male 54.6 94.2 86.0 75.9

Female 53.0 94.7 86.9 75.6

Age group, years

<60 52.6 93.8 84.7 75.3

≥60 54.1 94.8 87.5 75.6

Diabetes

Yes 54.2 94.3 87.1 74.5

No 51.8 94.8 84.6 78.1

eGFR category

≥60 mL/min/1.73 m2 54.4 94.3 86.8 75.1

<60 mL/min/1.73 m2 49.5 95.1 85.0 77.3

Body mass index category

<23 56.1 93.3 83.6 77.8

≥23 52.6 95.0 87.9 74.5
PPV, positive predictive value; NPV, negative predictive value

of the populations7. The other study points out variation in the  
calibration of the dipstick as another explanation for differ-
ences between populations8. Compared with previous reports, 
diagnostic parameters shown in this study affirms variation 
in diagnostic performance of the dipstick across populations.  
This implies that the assessment of dipstick performance should  
be recommended for different populations.

It should be noted that false positive results of the dipstick  
could come from highly alkaline urine and contamination of 
antiseptics. Moreover, urine specimens used in this study came 
from random spot urine collection, which may be subjected 
to false positive results. Likewise, false negative results may  
have occurred due to excessive hydration before collecting the 
urine specimen, which leads to a decrease in concentration of 
urine albumin and subsequently a smaller chance of detecting  
albuminuria.

Such low sensitivity of 53% from the urine dipstick  
indicates that almost half of the patients with albuminuria  
cannot be identified using just the urine dipstick. It is also  
seen that among patients with a negative albumin result from 
the dipstick, albuminuria was found in nearly a quarter of them. 
This outcome well aligns with previous studies asserting low  
sensitivity of the dipstick in detecting albuminuria5,8,10. Given 

strong evidence indicating the high probability of cases being  
undetected, using the dipstick alone should not be recom-
mended for use in screening of albuminuria among hypertensive  
patients.

Results from the study revealed a rather high predictability 
of the dipstick in detecting urine albumin. Concerning the  
dipstick cutoffs, applying the trace threshold yields a PPV of 
86.5%, compared with 98.2% and 100% using the 1+ and 2+  
thresholds, respectively. Though a rather high chance of predicting 
albuminuria once hypertensive patients have these results of 
trace or higher from the dipstick, it should be borne in mind that  
albuminuria may be overly diagnosed with the application of  
the trace threshold, compared with using the higher cutoffs.

Although excellent PPV can be achieved when employing 
higher thresholds of the dipstick, drawbacks remain when the 
recommendation for using the high threshold is applied due 
to fewer patients being applicable. Considering the trade-off  
between PPV and applicability of the dipstick results, the trace 
threshold may be recommended for indicating the presence  
of albuminuria in hypertensive patients.

Even though the KDIGO guidelines3 have recommended the use 
of ACR to indicate the presence of albuminuria, this is proven 
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to be rather costly and not readily available in some regions. 
Limitations, regarding the availability and costs of ACR, may 
arise when considering the application of ACR for routine  
screening of hypertensive patients. Nonetheless, evidence has 
demonstrated a low sensitivity of urine dipsticks, which should 
not be recommended for screening albuminuria. Hence, ACR is 
deemed the option for screening albuminuria in the setting where  
resources are available.

Conclusion
While existing evidence is controversial to whether the urine 
dipstick should be recommended for screening albuminuria 
in hypertensive patients, results from this study demonstrated 
that the dipstick has such low sensitivity in detecting albumin 
in urine in the Thai population. These results suggest  
that the urine dipstick not be recommended for screening  
urine albumin in patients with hypertension. In contrast, results of 
trace or higher yields high PPV, indicates a very high possibility  
of the presence of microalbuminuria.

Data availability
Underlying data
Figshare: Diagnostic Accuracy of a Urine Dipstick for Detecting  
Albuminuria in Hypertensive Patients, http://www.doi.org/ 
10.6084/m9.figshare.1265171619.

Reporting guidelines
Figshare: STARD checklist for “Diagnostic Accuracy of a Urine 
Dipstick for Detecting Albuminuria in Hypertensive Patients”, 
http://doi.org/10.6084/m9.figshare.1267315420.

Data are available under the terms of the Creative Commons  
Attribution 4.0 International license (CC-BY 4.0).

Acknowledgements
The authors would like to thank Dr.Thanawat Vongchaiudom-
choke, nephrologist, and Dr.Napat Phetkub for their valuable  
comments.

References

1. 	 Iseki K, Ikemiya Y, Iseki C, et al.: Proteinuria and the risk of developing end-
stage renal disease. Kidney Int. 2003; 63(4): 1468–74.  
PubMed Abstract | Publisher Full Text 

2. 	 Hemmelgarn BR, Manns BJ, Lloyd A, et al.: Relation between kidney function, 
proteinuria, and adverse outcomes. JAMA. 2010; 303(5): 423–29.  
PubMed Abstract | Publisher Full Text 

3. 	 Kerry Willis P, Cheung M, Slifer S: Kidney international supplements. 2013; 3(1).  
Reference Source

4. 	 The Renal Association: CKD stages. 2019. 
5. 	 Zeller A, Sigle JP, Battegay E, et al.: Value of a standard urinary dipstick 

test for detecting microalbuminuria in patients with newly diagnosed 
hypertension. Swiss Med Wkly. 2005; 135(3–4): 57–61.  
PubMed Abstract 

6. 	 White SL, Yu R, Craig JC, et al.: Diagnostic accuracy of urine dipsticks for 
detection of albuminuria in the general community. Am J Kidney Dis. 2011; 
58(1): 19–28.  
PubMed Abstract | Publisher Full Text 

7. 	 Koeda Y, Tanaka F, Segawa T, et al.: Comparison between urine albumin-
to-creatinine ratio and urine protein dipstick testing for prevalence 
and ability to predict the risk for chronic kidney disease in the general 
population (Iwate-KENCO study): a prospective community-based cohort 
study. BMC Nephrol. 2016; 17(1): 46.  
PubMed Abstract | Publisher Full Text | Free Full Text 

8. 	 Park JI, Baek H, Kim BR, et al.: Comparison of urine dipstick and albumin: 
creatinine ratio for chronic kidney disease screening: A population-based 
study. PLoS One. 2017; 12(2): e0171106.  
PubMed Abstract | Publisher Full Text | Free Full Text 

9. 	 Sam R, Shaykh M, Pegoraro A, et al.: The significance of trace proteinuria. Am 
J Nephrol. 2003; 23(6): 438–41.  
PubMed Abstract | Publisher Full Text 

10. 	 Konta T, Hao Z, Takasaki S, et al.: Clinical utility of trace proteinuria for 
microalbuminuria screening in the general population. Clin Exp Nephrol. 
2007; 11(1): 51–55.  
PubMed Abstract | Publisher Full Text 

11. 	 Palaniappan L, Carnethon M, Fortmann SP: Association between 
microalbuminuria and the metabolic syndrome: NHANES III. Am J Hypertens. 
2003; 16(11 Pt 1): 952–58.  
PubMed Abstract | Publisher Full Text 

12. 	 Toto RD: Microalbuminuria: definition, detection, and clinical significance.  
J Clin Hypertens (Greenwich). 2004; 6(11 Suppl 3): 2–7.  
PubMed Abstract | Publisher Full Text 

13. 	 World Health Organization: Body mass index - BMI. 2019. 
14. 	 National Kidney Foundation: CKD-EPI CREATININE EQUATION. 2009.  

Reference Source
15. 	 World Health Organization: International classification of diseases (ICD). 

World Health Organization; 2006. 
16. 	 Šimundić AM: Measures of Diagnostic Accuracy: Basic Definitions. EJIFCC. 

2009; 19(4): 203–11.  
PubMed Abstract | Free Full Text 

17. 	 StataCorp L: Stata Statistical Software: Release 13. 2013.
18. 	 Lim D, Lee DY, Cho SH, et al.: Diagnostic accuracy of urine dipstick for 

proteinuria in older outpatients. Kidney Res Clin Pract. 2014; 33(4): 199–203.  
PubMed Abstract | Publisher Full Text | Free Full Text 

19. 	 Panta P, Techakehakij W: Diagnostic Accuracy of a Urine Dipstick for 
Detecting Albuminuria in Hypertensive Patients. figshare. Dataset. 2020. 
http://www.doi.org/10.6084/m9.figshare.12651716.v1

20. 	 Techakehakij W: STARD checklist for “Diagnostic Accuracy of a Urine 
Dipstick for Detecting Albuminuria in Hypertensive Patients”. figshare. 
Online resource. 2020.  
http://www.doi.org/10.6084/m9.figshare.12673154.v1

Page 7 of 21

F1000Research 2021, 9:1244 Last updated: 10 AUG 2022

http://www.doi.org/10.6084/m9.figshare.12651716
http://www.doi.org/10.6084/m9.figshare.12651716
http://doi.org/10.6084/m9.figshare.12673154
https://creativecommons.org/licenses/by/4.0/legalcode
https://creativecommons.org/licenses/by/4.0/legalcode
http://www.ncbi.nlm.nih.gov/pubmed/12631363
http://dx.doi.org/10.1046/j.1523-1755.2003.00868.x
http://www.ncbi.nlm.nih.gov/pubmed/20124537
http://dx.doi.org/10.1001/jama.2010.39
https://kdigo.org/wp-content/uploads/2017/02/KDIGO_2012_CKD_GL.pdf
http://www.ncbi.nlm.nih.gov/pubmed/15729608
http://www.ncbi.nlm.nih.gov/pubmed/21411199
http://dx.doi.org/10.1053/j.ajkd.2010.12.026
http://www.ncbi.nlm.nih.gov/pubmed/27169575
http://dx.doi.org/10.1186/s12882-016-0261-3
http://www.ncbi.nlm.nih.gov/pmc/articles/4865013
http://www.ncbi.nlm.nih.gov/pubmed/28151999
http://dx.doi.org/10.1371/journal.pone.0171106
http://www.ncbi.nlm.nih.gov/pmc/articles/5289498
http://www.ncbi.nlm.nih.gov/pubmed/14583662
http://dx.doi.org/10.1159/000074535
http://www.ncbi.nlm.nih.gov/pubmed/17384998
http://dx.doi.org/10.1007/s10157-006-0458-z
http://www.ncbi.nlm.nih.gov/pubmed/14573334
http://dx.doi.org/10.1016/s0895-7061(03)01009-4
http://www.ncbi.nlm.nih.gov/pubmed/15538104
http://dx.doi.org/10.1111/j.1524-6175.2004.4064.x
https://www.kidney.org/content/ckd-epi-creatinine-equation-2009
http://www.ncbi.nlm.nih.gov/pubmed/27683318
http://www.ncbi.nlm.nih.gov/pmc/articles/4975285
http://www.ncbi.nlm.nih.gov/pubmed/26885477
http://dx.doi.org/10.1016/j.krcp.2014.10.003
http://www.ncbi.nlm.nih.gov/pmc/articles/4714264
http://www.doi.org/10.6084/m9.figshare.12651716.v1
http://www.doi.org/10.6084/m9.figshare.12673154.v1


Open Peer Review
Current Peer Review Status:    

Version 3

Reviewer Report 10 August 2022

https://doi.org/10.5256/f1000research.77924.r145477

© 2022 Mejia J. This is an open access peer review report distributed under the terms of the Creative Commons 
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited.

Jhonatan Mejia   
Universidad Nacional del Centro del Peru, Huancayo, Peru 

The authors aimed to determine the diagnostic accuracy of a urine dipstick for detecting 
albuminuria in hypertensive patients. They developed a retrospective study in 3067 hypertensive 
patients from a Thai hospital concluding that a urine dipstick should not be used for mass 
screening, but a trace result could be used to detect albuminuria. 
The manuscript is well-written, with an adequate design, statistical analysis, and conclusions. 
Nevertheless, I consider that some minor changes should be considered to enhance the 
reproducibility and readability. 
 
Methods

For further risk of bias evaluation, it will be helpful to clarify if the reference and index test 
were performed with the same random urine sample. Also, the authors should specify if 
there was a big gap of time (< 8, ≥ 8 hours) between reference and index test evaluation, 
along with the preservation method for long intervals. 
 

○

It should be literally stated if the test was performed with the analyser or manually, as well 
as the ACR or albumin cut-off values for “trace, 1+, 2+,3+, and 4+”.

○

Results
I believe the term “≥ Negative” is confusing. It would be better to consider “> Negative” and 
specify the prevalence of albuminuria in another table or only in the text. 
 

○

How did the authors obtain a 39.8% albuminuria prevalence? Was ACR ≥ 30 mg/g according 
to reference test, or ≥ negative cut-off point considered? The authors should clarify this 
issue.

○

 
Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?

 
Page 8 of 21

F1000Research 2021, 9:1244 Last updated: 10 AUG 2022

https://doi.org/10.5256/f1000research.77924.r145477
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-9846-8503


Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Partly

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard, however I have 
significant reservations, as outlined above.

Reviewer Report 06 October 2021

https://doi.org/10.5256/f1000research.77924.r95406

© 2021 Deepanjali S. This is an open access peer review report distributed under the terms of the Creative 
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.

Surendran Deepanjali   
Department of Medicine, Jawaharlal Institute of Postgraduate Medical Education and Research, 
Puducherry, Puducherry, India 

The authors have addressed the concerns raised in the previous reviewer's report. However they 
want to retain the expression  '≥ Negative' even when it is the PPV of the test which is under 
consideration. The authors state that such a representation is helpful for the reader. Could the 
authors kindly provide examples of previous studies where the PPV of a negative test is provided?
 
Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes
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If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: urinary tract infections, medical philosophy

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard, however I have 
significant reservations, as outlined above.

Author Response 07 Oct 2021
Win Techakehakij, Lampang Hospital, Thailand, Amphur Muang, Thailand 

We could not find research in this area presenting the detailed information of diagnostic 
test parameters, sensitivity, specificity, PPV, and NPV, respecting to each dipstick cutoff, 
including the Neg. We thus appreciate that presenting this information would be beneficial 
to the audiences who want to find out in details about this issue. 
 
Moreover, while it is known that prevalence of the disease in the sample population directly 
affects PPV, this formation is generally missed in most papers. Providing the PPV 
information at the Neg cutoff clearly demonstrates the prevalence of proteinuria in the 
sample and may help audiences gain a better understanding of this research.  
 
From the abovementioned benefits, we humbly suggest to keep all diagnostic test 
parameters for the Neg cutoff in the presentation.  

Competing Interests: no competing interests declared
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Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, 
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Department of Family and Preventive Medicine, Faculty of Medicine, Prince of Songkla University, 
Songkhla, Thailand 

This revised manuscript is now adequate for publication.
 
Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard.
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Reviewer Report 16 July 2021
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© 2021 Deepanjali S. This is an open access peer review report distributed under the terms of the Creative 
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.

Surendran Deepanjali   
Department of Medicine, Jawaharlal Institute of Postgraduate Medical Education and Research, 
Puducherry, Puducherry, India 

The authors have modified the manuscript based on some of the suggestions given in the last 
review. However, a few points still require further clarification.

Abstract: If the authors’ point is that the high PPV is helpful in interpreting the result of an 1. 
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already performed test in that particular study population, then it should be made 
sufficiently clear in the manuscript. I would like to maintain that discussing the utility of the 
high PPV of the test after recommending against the use of the test is confusing. 
 
Introduction: Reference no.4 is a study comparing 24-hour urinary albumin estimation 
versus urine spot ACR in patients with diabetic patients. How are the results from this study 
relevant? 
 

2. 

Methods: “Laboratory results from the last visit were used if multiple results of a urine 
dipstick and ACR on the same day were presented within the same patient.” Do the authors 
mean that the last one of the multiple tests done on the same day was considered for 
inclusion in the study? 
 

3. 

The method used to exclude patients with UTI should be mentioned in the manuscript. 
 

4. 

Results: In my opinion, giving the PPV for ≥ negative test result is not intuitive (in Table 2). 
This could be modified as > Negative.

5. 

 
Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: urinary tract infections, medical philosophy

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard, however I have 
significant reservations, as outlined above.

Author Response 23 Sep 2021
Win Techakehakij, Lampang Hospital, Thailand, Amphur Muang, Thailand 
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Abstract: If the authors’ point is that the high PPV is helpful in interpreting the result of an 
already performed test in that particular study population, then it should be made 
sufficiently clear in the manuscript. I would like to maintain that discussing the utility of the 
high PPV of the test after recommending against the use of the test is confusing. 
 

We rechecked throughout the manuscript to ensure emphasis of the Thai population 
was appropriately addressed. 
 

○

As stated in the previous response, implication of the use of sensitivity and PPV 
information are different. Thus, we briefly provided the key messages of both issues 
for the audiences.

○

  
Introduction: Reference no.4 is a study comparing 24-hour urinary albumin estimation 
versus urine spot ACR in patients with diabetic patients. How are the results from this study 
relevant? 
 

We removed the reference no.4.○

 
Methods: “Laboratory results from the last visit were used if multiple results of a urine 
dipstick and ACR on the same day were presented within the same patient.” Do the authors 
mean that the last one of the multiple tests done on the same day was considered for 
inclusion in the study? 
 

It is correct that the last UA results were used in the study if multiple tests were done 
on the same day. This is as, in reality, there is sometimes errors in performing 
laboratory test or in reporting results, which require a re-test. Thus, we decidedly 
chose the last result to minimize these errors.

○

 
The method used to exclude patients with UTI should be mentioned in the manuscript. 
 

We added “Patients with the urine results containing white blood cell more than 5-10 
cells per high power field were suspected of having urinary tract infections, and thus 
were excluded from the study” in the method section.

○

 
Results: In my opinion, giving the PPV for ≥ negative test result is not intuitive (in Table 2). 
This could be modified as > Negative. 
 

We suggest to keep the ≥ negative results as providing the results of “≥ negative” is 
beneficial to audiences to know the prevalence of albuminuria among the study 
population.

○

 

Competing Interests: No competing interests were disclosed.
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Version 1

Reviewer Report 21 June 2021

https://doi.org/10.5256/f1000research.28212.r86938

© 2021 Vichitkunakorn P. This is an open access peer review report distributed under the terms of the Creative 
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.

Polathep Vichitkunakorn   
Department of Family and Preventive Medicine, Faculty of Medicine, Prince of Songkla University, 
Songkhla, Thailand 

The authors examined the diagnostic accuracy of urine dipstick on albuminuria among 
hypertensive patients in Thailand. This study tried to reveal the sensitivity, specificity, positive 
predictive value, and negative predictive value of the tool. This is very useful for urine dipstick in 
many health care settings. 
 
The manuscript is clear and well documented. The rationale is well established. The authors 
applied appropriate methods for data analysis and the results were convincing. 
 
However, to improve paper readability, minor changes are required. I suggest the following:

The introduction did not discuss the heterogeneity of various accuracy of urine dipstick.○

The authors selected the laboratory results from the last visit. It would be great if you can 
provide the rationale for this selection method.

○

The logic for calculating the sample size is missed in this manuscript. The authors may add 
the calculation of sample size or power analysis. 

○

Table 1: Regarding rounding decimals, the “63.52” should be “63.5”.○

Figure 1: Please explain or discuss the outlier (i.e., ACR ~ 5000+ in the Negative group).○

Table 2: the “95%CI” can be moved to the first row of the table.○

For discussion, the limitations and implications for this research should be mentioned for 
the readers.

○

Thank you for the opportunity of reading and evaluating this paper.
 
Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
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Yes

Are all the source data underlying the results available to ensure full reproducibility?
Partly

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Epidemiology

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard, however I have 
significant reservations, as outlined above.

Author Response 05 Jul 2021
Win Techakehakij, Lampang Hospital, Thailand, Amphur Muang, Thailand 

The heterogeneity of dipstick results was discussed in details in the discussion. 
 
In case that there are more than one laboratory results within the same person, we decided 
to include only one result from each sample to reduce the bias from individuals who had 
undertaken the tests many times. Results from the last visit were decidedly selected in order 
to obtain the most recent outcomes in this regard. 
 
From the Bujang and Adnan (2016), with the prevalence of approximately 40%, the 
minimum sample size of 408 would yield the conventionally acceptable power of 0.804. 
However, this study contained a lot more samples of 3,067, which far exceeds the minimum 
to reassure the accuracy and reliability of the analysis. 
 
Decimal points were rounded to one digit for percentage and 3 digits for p-value. 
 
False negative results from dipsticks, including some outliers, ordinarily exist to indicate 
imperfect predictability of the index test. Possible explanation was described in the 
discussion part “Likewise, false negative results may have occurred with excessive hydration 
before collecting the urine specimen, which leads to a decrease in concentration of urine 
albumin and subsequently a smaller chance of detecting albuminuria.”. 
 
Owing to the limited space available in the table, we moved the 95%CI to the second line to 
improve readability for the audiences. 
 
The main limitation of this research is the externality of the results. This is because the 
samples were chosen from only one hospital in the northern Thailand, which may not well 
represent the diagnostic accuracy of the test in other populations, particularly with 
differential prevalence of albuminuria. This limitation is genuinely the gaps and rationale of 
this research, which was mentioned in the introduction. 
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Concerning the implication, this research mentioned the interpretation and applicability of 
the results in the discussion part: “results from this study demonstrated that the dipstick 
has such low sensitivity in detecting albumin in urine. These results suggest that the urine 
dipstick not be recommended for screening urine albumin in patients with hypertension. In 
contrast, results of trace or higher yields high PPV, which indicates a very high possibility of 
the presence of microalbuminuria.”. 
 
Reference 
 
Bujang MA, Adnan TH. Requirements for minimum sample size for sensitivity and specificity 
analysis. Journal of clinical and diagnostic research: JCDR. 2016 Oct;10(10):YE01.  

Competing Interests: None declared
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provided the original work is properly cited.

Surendran Deepanjali   
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Puducherry, Puducherry, India 

Panta P et al conducted a retrospective study to evaluate the performance of urine dipstick testing 
for albumin compared to urine albumin-creatinine ratio (ACR) in patients with hypertension. The 
study population included 3067 subjects of Thailand. The authors found that urine dipstick at the 
trace positive cut-off has modest sensitivity for detecting ACR of 30mg/g or more. The authors 
conclude that urine dipstick test cannot be used to screen albuminuria in hypertensive patients. 
Overall the manuscript is well-written. However, there are a set of issues to be addressed in the 
study. 
 
Major comments: 
 
Abstract

Authors state that “there is little evidence” about the diagnostic accuracy of dipstick testing 
for albuminuria. This information is not accurate since the authors themselves cite studies 
addressing this issue in the Introduction and Discussion.

1. 

The conclusion reads” Using the dipstick for screening albuminuria among hypertensive 
patients should not be recommended due to its low sensitivity. In response to high PPV, a 
trace threshold of the dipstick may be used to indicate presence of albuminuria.” After 
having stated that dipstick testing should NOT be recommended, it is redundant to suggest 

2. 
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a ‘trace’ threshold for albuminuria.
 
Introduction

Although ACR is the ideal test for albuminuria, urine dipstick analysis finds mention as part 
of initial work up of hypertension in existent guidelines on hypertension (ISH CPG 2020, ESH 
2018). Hence in the Introduction authors should elaborate more on the advantages and 
disadvantages of using the dipstick in comparison to ACR. The references 3-5 do not seem 
to be appropriate as evidence of recommending ACR for measuring albuminuria.

1. 

In the last paragraph of Introduction, it is given whether urine dipsticks “confirm” the 
presence of albuminuria which is not conforming to the ideas in the previous paragraph 
where it is mentioned as a tool for “screening”.

2. 

 
Methods

It is mentioned under Participants that “Laboratory results from the last visit were used if 
multiple results of a urine dipstick and ACR on the same day were presented within the 
same patient.” It is not clear whether some patients had both the tests repeated on multiple 
days or multiple results on the same day were available.

1. 

How did authors exclude patients with UTI?2. 
It is not clear whether the urine dipstick reading was done by visual inspection or 
automated analyzer.  An internet search for EH 2080 reveals it is a urine sediment analyzer. 
Why was this instrument used for interpreting dipsticks?

3. 

For calculating BMI and eGFR data on height and weight and serum creatinine were 
collected. Was it done on the same visit as the urine tests or within any given time frame?

4. 

Results
The authors have not stated what proportion of the study population was detected to have 
albuminuria in the text. The information has to be deducted from Table 1. Also, it will be 
more informative if the albuminuria estimated by ACR is quantified into meaningful groups 
like moderately or severely increased albuminuria. How the dipstick performed in these two 
groups can also be compared; for example, as given in Reference no.19.

1. 

It is not clear why statistical tests of significance were used for comparison of 2 ACR groups 
in Table1. It seems like proportion of diabetic patients with albuminuria is less compared to 
those without diabetes. The same for CKD also. If the authors want to point out any specific 
finding through these comparisons it has to be stated in the text. Likewise, comparison of 
dipstick results between the two groups conveys no extra information.

2. 

The information provided in Table 2 is not clear. Terms like “≥Negative” and “≥trace” are 
confusing. A sensitivity of 100% and PPV of 40% for a negative test?

3. 

Discussion
Although the authors have compared their results, especially the low sensitivity of dipstick, 
with other studies in literature, they have not interpreted their study results thoroughly. The 
trade-off between the low sensitivity and the good PPV have to be interpreted in terms of 
population in which the dipstick testing will be employed. According to this study, a trace 
positive result has 98% PPV in this particular hypertensive population where 70% were 
diabetic too. The authors could discuss whether the test is still worthy of use from the cost-
benefit point of view.

1. 

If the authors however are maintaining that the test should not be recommended because 
of low sensitivity, then suggesting a trace threshold for interpretation of test result is 
superfluous.

2. 

The ‘variation in calibration’ as a cause for differing diagnostic performance characteristics 3. 
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across populations is not clear enough. Does this apply only to automated analyzer results?
The authors state that proteinuria will be over-diagnosed with trace threshold. This point is 
also not substantiated since a test with a PPV of 98-100% will not have a high false-positivity 
rate. 

4. 

Conclusion
As mentioned previously in the comments on Abstract, the conclusion has to be re-written 
without ambiguities. 

1. 

Minor comments:
References 3, 5, 14, 15 & 16 are not correctly cited.1. 
The figshare dataset shows age and BMI represented with almost 10 decimal points 
precision. I would suggest approximating it 2 or 3 decimal points for better representation.

2. 

The figshare dataset does not give the results of dipstick testing3. 
 
 
Is the work clearly and accurately presented and does it cite the current literature?
Partly

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Partly

Are the conclusions drawn adequately supported by the results?
Partly

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: urinary tract infections, medical philosophy

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard, however I have 
significant reservations, as outlined above.

Author Response 05 Jul 2021
Win Techakehakij, Lampang Hospital, Thailand, Amphur Muang, Thailand 

Abstract
We added “in Thailand” in the text to clarify the scarce of evidence in this area of 
research. 

1. 
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The sentence, “Using the dipstick for screening albuminuria among hypertensive 
patients should not be recommended due to its low sensitivity”, interprets the 
implication of the sensitivity of the test, in which it may not be appropriate to apply 
for mass screening. In this regard, we added “for mass screening” in the text to 
improve clarity of the content.

2. 

On the other hand, the sentence, “In response to high PPV, a trace threshold of the dipstick 
may be used to indicate presence of albuminuria”, reflects another practical point of using 
of PPV result when the patients already presenting with results from dipsticks. Unlike the 
suggestion for mass screening, the PPV suggests that a trace result yields a rather high 
possibility of the presence of albuminuria and thus may be recommended for use in clinical 
practice. 
 
Introduction

The use of ACR as the gold standard for detecting albuminuria is recommended by 
the Renal Association, with supportive evidence. All the evidence was available in 
reference 3-5. The pros and cons of using dipsticks in comparison with ACR were 
discussed in the latter 2 paragraphs with supportive references 6-11. 
 

1. 

To figure whether urine dipsticks “confirm” the presence of albuminuria does 
conform the ideas of this paper, which is to explore diagnostic accuracy of the test. 
Results from diagnostic accuracy can be applied to recommendations for both public 
screening and clinical diagnosis, as demonstrated in this paper.

2. 

Methods
This means in case of that the patients had multiple results on the same day, as 
mentioned in the previous sentence, “The study included patients aged 20 and over 
who were diagnosed with hypertension, ICD10 code “I10-14”, with the results of urine 
dipstick and ACR from random single spot urine being examined in the same day at 
least once.” 
 

1. 

Results of urine dipsticks presenting with red blood cell or white blood cell to the 
diagnostic criteria of urinary tract infection were construed as urinary tract infection. 
 

2. 

The urine dipstick reading was done by the automated analyzer. The EH2080 was 
removed. 
 

3. 

BMI and eGFR were calculated on the same visit.4. 
Results

We added “Approximately 39.8% of the samples presented with albuminuria” to 
describe the proportion of samples with albuminuria.

1. 

Concerning the demonstration of albuminuria level, we decidedly omitted this information 
as this is considered out of the scope of this paper.

Statistical analyses shown in Table1 are deemed a compliment to the demonstration 
of the samples’ characteristics. 
 

1. 

The terms, e.g., “≥Negative” and “≥trace”, are used when applied the cutoffs for 2. 
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diagnostic test is considered. “≥Trace”, for instance, means that any results with 
albuminuria higher than the trace level, trace,1+,…,4+, were counted.

A 100% sensitivity when applying the negative threshold is explained by the fact that the 
negative result is the lowest possible outcome of dipsticks. Using the negative threshold, all 
the samples, with or without albuminuria, would be identified as having albuminuria, 
resulting in a 100% sensitivity.  
 
Discussion

For the purpose of mass screening in the population level, it may be appropriate to 
consider only sensitivity, which exhibits the test ability to uncover all diseased 
patients from the population. Narrative about this was described in the discussion. In 
addition, issues about high PPV were also provided in the discussion. 
 

1. 

The issues about difference in interpretation of sensitivity and PPV were above-
mentioned. 
 

2. 

The ‘variation in calibration’ as a cause of the difference in diagnostic performance 
could apply to not only automated analyzer, but also the visual analyzer. 
 

3. 

Albuminuria will be over-diagnosed with trace threshold because of PPV of 86.5%. 
This means that only 865 of 1,000 patients with trace-or-above results will really have 
albuminuria. Approximately 13.5% will thus be wrongly/overly diagnosed with 
albuminuria.

4. 

Conclusion 
            Explanation was described above. 
 
Minor comments:

References were re-checked respecting to the Vancouver style. 
 

1. 

Information in the dataset was provided with details for the users. 
 

2. 

Results of the dipsticks were provided with labels.3. 
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