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Background: Testing for microalbuminuria (MA) is an important tool for detection of the earliest clinical manifestation of
diabetic nephropathy. Dipstick test for MA is commonly used for screening MA but this dipstick test has not been validated in
Thai patients with DM.

Objective: To evaluate the diagnostic accuracy of the dipstick test for MA in random spot urine samples of type 2 diabetic
mellitus patients, using urinary albumin to creatinine ratio (UACR) as the reference standard method.

Material and Method: Type 2 diabetic mellitus patients from the out-patient department of seven public hospitals were
recruited. Random spot urine samples from all patients were screened for microalbuminuria by Combi-Screen® dipstick test
and UACR.

Results: A total of 6,223 urine samples from 899 diabetic patients were screened for MA. From UACR criteria, these urine
samples were classified as normoalbuminuria (4,016 samples, 64.5%), MA (1,795 samples, 28.8%) and macroalbuminuria
(412 samples, 6.6%). The dipstick test for MA had an overall sensitivity of 83.7%, specificity of 92.6% with a positive
predictive value of 83.4% and a negative predictive value of 92.7%. The area under the receiver operating characteristics
curve of the dipstick test for MA is 0.9427.

Conclusion: The dipstick test for MA may be a useful method to initially screen for MA in Thai patients with type 2 DM.
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The numbers of patients with type 2 diabetes
mellitus (T2DM) are increasing in Thailand. Proteinuria
and hypertension are indicators of poor renal and
cardiovascular outcomes in diabetic patients®?.
Diabetic nephropathy is characterized by persistent
proteinuria, elevated blood pressure and persistent
decline in the glomerular filtration rate. Increased urinary
albumin excretion is the earliest clinical manifestation
of diabetic nephropathy©®. The normal rate of urinary
albumin excretion is less than 20 mg/day. Urinary
albumin excretion between 30 and 300 mg/day is called
microalbuminuria (MA). Persistent MA in diabetes
mellitus patients is indicative of early diabetic
nephropathy. Urinary albumin excretion above 300 mg/
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day is considered to represent macroalbuminuria® that
shows greater progression of diabetic nephropathy
than MA. Atest for MA is an important tool for detection
of the earliest clinical manifestation of diabetic
nephropathy.

The 24-hour or timed urine collection for
urinary albumin excretion has been the initial gold
standard for detection of MAU®, This test is impractical
because it is difficult to capture complete urinary
collection. Comparing with timed urine collection for
urinary albumin excretion, spot urine sampling for
urinary albumin to creatinine ratio (UACR) is acceptable
for detection of MA but this test has not been done in
most hospitals in Thailand. Albumin-specific dipsticks
are acceptable for detecting albuminuria. It has been
suggested that screening could be cheaper and simply
achieved by a dipstick test for MA. The sensitivity
and specificity of these dipstick tests have been
reported in ranges of 80-97 percent and 33-80 percent,
respectively®. Dipstick test for MA is commonly used
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in general hospitals but this dipstick test has not been
validated in Thai patients with DM. The purpose of
this study was to evaluate the diagnostic accuracy of
the dipstick test for MA in random spot urine of T2DM
patients, using UACR measurement as the reference
standard method.

Material and Method

This is a cross-sectional study measuring of
urinary albumin excretion in Thai T2DM patients. The
Ethics Review Committee for Research in Human
Subjects, Ministry of Public Health approved this
study and all patients gave written informed consent
after reviewing a written summary of the study plan.
The authors recruited type 2 diabetic mellitus patients
diagnosed with the American Diabetes Association’s
criteria® from the out-patient department of seven
public hospitals, including Rajavithi Hospital (Bangkok),
Lerdsin Hospital (Bangkok), Nopparatrajathanee
Hospital (Bangkok), Mettaphacharak Hospital
(Nakhonpathom), Pathumthani Hospital (Pathumthani),
Lardlumkaew Hospital (Pathumthani) and Nongsau
Hospital (Pathumthani). The study period was from
January 2007 to September 2009. Exclusion criteria were
UACR more than 300 mg/gm, pregnancy, breast feeding
and acute systemic diseases (for example: active
infection, malignancy or heart failure). Their clinical
status was assessed. Random spot urine samples from
all patients were collected and divided into two half.
One urine sample was immediately tested by
Combi-Screen® test strip for MA (Analyticon®
Biotechnologies AG, Germany). The interpretation of
this test strip was visually compared by means of color
to the color blocks on a chart attached to the vial. A
color presentation between 20 mg/l and 100 mg/I
albumin was classified as MA® and normoalbumin
(NA) if less than 20 mg/I. The second urine sample was
measured by UACR in one hour. The quantity of
urinary albumin concentration was determined by
immunoturbidimetric assay and urine creatinine
concentration by Jaffe reaction using COBAS
INTEGRA400°® analyzer. UACR was classified into three
groups, NA (UACR less than 30 mg/gm), MA (UACR
30-300 mg/gm) and macroalbuminuria (UACR more than
300 mg/gm).

Statistical mean + standard deviation (SD) was
the determining factor in urinary albumin classification.
Data were analyzed using statistical methods to
determine the diagnostic accuracy of the dipstick test
including sensitivity, specificity, positive predictive
value and negative predictive value with 95%
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confidence interval (95% CI) and the receiver operating
characteristic (ROC) curve. Analysis was made with
the software program SPSS for Windows version 17.0
(SPSS Inc., Chicago, Illinois, USA).

Results

Atotal of 6,223 urine samples from 899 diabetic
patients were recruited for the present study. Baseline
characteristics of all patients are shown in Table 1. Based
on UACR criteria, these urine samples were classified
as NA (4,016 samples, 64.5%), MA (1,795 samples,
28.8%) and macroalbuminuria (412 samples, 6.6%).
Results of dipstick tests for MA were analyzed and
compared to the reference standard method (UACR)
performed in urine samples of classified NA and MA
(total 5,811 samples).

Table 2 shows the results of the dipstick test
compared to UACR. The dipstick test for MA gave a
sensitivity of 83.7% (95% CI 82.7-84.6%), specificity of
92.6% (95% CI 91.9-93.3%), positive predictive value
0f 83.4% (95% CI 82.5-84.4%) and negative predictive
value of 92.7% (95% CI 92.0-93.4%). Fig. 1 shows the
diagnostic accuracy of the dipstick test as determined
by the ROC curve. The area under the ROC curve is
0.9427.

Discussion

Diabetic nephropathy is the leading cause of
end-stage renal disease that requires renal replacement
therapy®?. MA is the earliest clinical manifestation of
diabetic nephropathy and indicates an increased
cardiovascular risk and the presence of kidney disease.
MA should be measured in all T2DM patients because
diabetic nephropathy and cardiovascular disease can
be treated as soon as this risk factor appears. Reports
of cost effectiveness suggest that a screening program

Table 1. Baseline characteristics of all patients.

Factors n =899
Male (%) 257 (28.6)
Age (year) 59.64 + 9.90
Duration of DM (year) 8.12 +6.12
Body weight (kg) 66.80 + 13.17
Systolic BP (mmHg) 130.20 + 18.58
Diastolic BP (mmHg) 71.52 +10.88
HbAlc (%) 8.80+19
Serum creatinine (mg/dl) 0.95 +0.56
Values are represented as n (%), Means + SD
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Table 2. Diagnostic accuracy of dipstick test for the detection of MA (n = 899)

MA diagnosed by UACR criteria

<30mg/gm 30-300 mg/gm
Dipstick test: Negative 3,718 293
Dipstick test: Positive 298 1,502
Sensitivity 83.7% (95% CI 82.7-84.6%)
Specificity 92.6% (95% CI1 91.9-93.3%)
Positive predictive value 83.4% (95% CI 82.5-84.4%)
Negative predictive value 92.7% (95% CI 92.0-93.4%)
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Fig. 1  Diagnostic accuracy of dipstick test for MA as

determined by the ROC curve.

for MA and intervention with angiotensin converting
enzyme inhibitors or angiotensin Il receptor blockers
can reduce the cost of treatment®4. In addition,
the screening program could reduce the likelihood
of progression from NA to MA®51) or MA to
macroalbuminuria in T2DM patients as well8-20),
Annual screening for MA in diabetic patients is
currently recommended. In contrast to macroal-
buminuria which may be detected by conventional
dipstick urinalysis for protein, MA is usually detected
using sensitive laboratory techniques. Measurement
of UACR in spot urinary sample is the preferred
screening strategy for MA in all T2DM patients® but
this test is expensive and cannot be done in most
hospitals in Thailand. The dipstick test for MA in spot
urine is an accepted tool for the initial screening of
T2DM patient.

Analysis shows that the dipstick test for MA
gave a sensitivity of 83.7% and specificity of 92.6%.
This result is agreeable with previous studies of other
dipstick tests for MA. The Clinitek Microalbumin
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Reagent Strip® (Bayer Corporation, Tarrytown, NY)
gave a sensitivity of 79.0-95.4% and specificity of 73.0-
81.0%¢+23, The Micral-Test Il test strip for MA®
(Boehringer Mannheim, Indianapolis, IN), gave a
sensitivity of 93.0-97.0% and specificity of 33.0-
93.0%11329, The American Diabetes Association has
recommended that dipstick testing may be used if
it shows acceptable sensitivity (95.0%) and specificity
(95.0%)@). The National Academy of Clinical
Biochemistry has recommended that the sensitivity of
dipstick testing should exceed 95.0%%%, The result of
dipstick test for MA in this present study, however,
does not meet these requirements for detecting MA.
One reason for this lack of accuracy may account
for the fact that the concentration of urine albumin
depends on urine volume as well as the amount of
albuminuria®. The diagnosis of MA is prone to error
due to changes in urinary flow and concentration.
Changes in urine volume will respectively lower or raise
the urine albumin concentration, which could
eventually affect visual interpretation of the test strip.
The confounding effect of the urine volume can be
minimized by repeated measurements of early morning
specimens(”. Although this dipstick test does not give
more than 95.0% sensitivity, the large area under the
ROC curve suggests that this dipstick test may still
be suitable to detect MA. Dipstick test of MA can be
used for initial screening for MA if urine albumin
excretion cannot be directly measured. In addition, it
is easier and cheaper in diagnosis for MA. A positive
result of this dipstick test should be followed by
measurement of UACR to confirm the presence for
MA. Rapid dipstick test of MA enables the physician
to regularly check the urine albumin and prescribe the
appropriate treatment for positive-test patients. We
suggested that dipstick test for MA may be an
appropriate screening tool for hospitals in Thailand.
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Conclusion

When comparing with UACR, the diagnostic
accuracy of dipstick test for MA in T2DM patients is
good. In addition to cost, the convenience in testing
by urinary dipstick may be an important consideration
for general practice. The recommendation for the initial
screening of T2DM patients is to use a spot urine
dipstick test for MA. If positive, spot urine for UACR
should be completed to confirm the finding.

Acknowledgements

This study was supported by a grant from the
Department of Medical Services, Ministry of Public
Health. The authors wish to thank coordinators and
subjects at Rajavithi Hospital, Lerdsin Hospital,
Nopparatrajathanee Hospital, Mettaphacharak
Hospital, Pathumthani Hospital, Lardlumkaew Hospital,
and Nongsau Hospital. The authors thank the staffs
of Institute of the Medical Research and Technology
Assessment, Department of Medical Services.

Potential conflicts of interest
None.

References

1. Molitch ME, DeFronzo RA, Franz MJ, Keane WF,
Mogensen CE, Parving HH. Diabetic nephropathy.
Diabetes Care 2003; 26 (Suppl 1): S94-8.

2. Thurman JM, Schrier RW. Comparative effects of
angiotensin-converting enzyme inhibitors and
angiotensin receptor blockers on blood pressure
and the kidney. Am J Med 2003; 114: 588-98.

3. KDOQI Clinical practice guidelines and clinical
practice recommendations for diabetes and chronic
kidney disease. Am J Kidney Dis 2007; 49 (2 Suppl
2):S12-154.

4. Gross JL, de Azevedo MJ, Silveiro SP, Canani
LH, Caramori ML, Zelmanovitz T. Diabetic
nephropathy: diagnosis, prevention and treatment.
Diabetes Care 2005; 28: 164-76.

5. Ruggenenti P, Remuzzi G. Nephropathy of type-2
diabetes mellitus. JAm Soc Nephrol 1998; 9: 2157-
69.

6. Eknoyan G, Hostetter T, Bakris GL, Hebert L, Levey
AS, Parving HH, et al. Proteinuria and other markers
of chronic kidney disease: a position statement of
the national kidney foundation (NKF) and the
national institute of diabetes and digestive and
kidney diseases (NIDDK). Am J Kidney Dis 2003;
42:617-22.

7. Mogensen CE, Vestbo E, Poulsen PL, Christiansen

J Med Assoc Thai Vol. 94 Suppl. 2 2011

10.

11.

12.

13.

14.

15.

16.

17.

18.

C, Damsgaard EM, Eiskjaer H, et al.
Microalbuminuria and potential confounders. A
review and some observations on variability of
urinary albumin excretion. Diabetes Care 1995; 18:
572-81.

American Diabetes Association and the National
Kidney Foundation. Consensus development
conference on the diagnosis and management of
nephropathy in patients with diabetes mellitus.
Diabetes Care 1994; 17: 1357-61.

Comper WD, Osicka TM. Detection of urinary
albumin. Adv Chronic Kidney Dis 2005; 12: 170-6.
American Diabetes Association. diabetic
nephropathy. Diabetes Care 2002; 25 (Suppl 1):
585-9.

Mogensen CE, Viberti GC, Peheim E, Kutter D,
Hasslacher C, Hofmann W, et al. Multicenter
evaluation of the Micral-Test Il test strip, an
immunologic rapid test for the detection of
microalbuminuria. Diabetes Care 1997; 20: 1642-6.
Kririttichai U, Supaporn T, Lekhyananda S,
Teepprasan T, Tungsiripat R, Chittinandana A, et
al. Thailand registry of renal replacement therapy,
1997-2003. J Nephro Soc Thai 2003; 9: 210-25.
Borch-Johnsen K, Wenzel H, Viberti GC,
Mogensen CE. Is screening and intervention for
microalbuminuria worthwhile in patients with
insulin dependent diabetes? BMJ 1993; 306: 1722-
5.

Siegel JE, Krolewski AS, Warram JH, Weinstein
MC. Cost-effectiveness of screening and early
treatment of nephropathy in patients with insulin-
dependent diabetes mellitus. J Am Soc Nephrol
1992; 3: S111-S119.

Ravid M, Brosh D, Levi Z, Bar-Dayan Y, Ravid D,
Rachmani R. Use of enalapril to attenuate decline
in renal function in normotensive,
normoalbuminuric patients with type 2 diabetes
mellitus. Arandomized, controlled trial. Ann Intern
Med 1998; 128: 982-8.

Schrier RW, Estacio RO, Esler A, Mehler P. Effects
of aggressive blood pressure control in
normotensive type 2 diabetic patients on
albuminuria, retinopathy and strokes. Kidney Int
2002; 61: 1086-97.

Ruggenenti P, Fassi A, llieva AP, Bruno S, lliev IP,
Brusegan V, et al. Preventing microalbuminuria in
type 2 diabetes. N Engl J Med 2004; 351: 1941-51.
Mathiesen ER, Hommel E, Giese J, Parving HH.
Efficacy of captopril in postponing nephropathy
in normotensive insulin dependent diabetic

S9



patients with microalbuminuria. BMJ 1991; 303: 81- plications 2003; 17: 254-7.

7. 23. LeFloch JP, Marre M, Rodier M, Passa P. Interest
19. Ravid M, Lang R, Rachmani R, Lishner M. Long- of clinitek microalbumin in screening for
term renoprotective effect of angiotensin- microalbuminuria: results of a multicentre study in
converting enzyme inhibition in non-insulin- 302 diabetic patients. Diabetes Metab 2001; 27:
dependent diabetes mellitus. A 7-year follow-up 36-9.
study. Arch Intern Med 1996; 156: 286-9. 24. Gilbert RE, Akdeniz A, Jerums G. Detection of
20. ACE Inhibitors in Diabetic Nephropathy Trialist microalbuminuria in diabetic patients by urinary
Group. Should all patients with type 1 diabetes dipstick. Diabetes Res Clin Pract 1997; 35: 57-60.
mellitus and microalbuminuria receive angiotensin- ~ 25. Molitch ME, DeFronzo RA, Franz MJ, Keane WF,
converting enzyme inhibitors? A meta-analysis of Mogensen CE, Parving HH, et al. Nephropathy in
individual patient data. Ann Intern Med 2001; 134: diabetes. Diabetes Care 2004; 27 (Suppl 1) S79-83.
370-9. 26. Sacks DB, Bruns DE, Goldstein DE, Maclaren NK,
21. Parsons M, Newman DJ, Pugia M, Newall RG, Price McDonald JM, Parrott M. Guidelines and
CP. Performance of a reagent strip device for recommendations for laboratory analysis in the
quantitation of the urine albumin: creatinine ratio diagnosis and management of diabetes mellitus.
in a point of care setting. Clin Nephrol 1999; 51: ClinChem 2002; 48: 436-72.
220-7. 27. Schwab SJ, Dunn FL, Feinglos MN. Screening for
22. Meinhardt U, Ammann RA, Fluck C, Diem P, Mullis microalbuminuria. A comparison of single sample
PE. Microalbuminuria in diabetes mellitus: efficacy methods of collection and techniques of albumin
of a new screening method in comparison with analysis. Diabetes Care 1992; 15: 1581-4.

timed overnight urine collection. J Diabetes Com-

ANNNENATIZBINITATIATAA1IEAILUALINAINTL microalbuminuria Tugtlagn U idn
72

0N (NsQNETe, ANiiEss IWEARg, SNNT AUATANS, TIYLIT ASNEINNE

DARAS: N199799 microalbuminuria (MA) 117433n198179941 diabetic nephropathy S8 3UUINN177999
LTZVZV’)CJ.?:@EICJE/LLQU@:?JZVQ’)V?U MA Geslaiuaieedle lunasAansealsauniasanatadaluipednisinimagey
m7:44771'51051501/@@1,@?@017@’Zugyil'os/u_mmvumuim/

'S'mqilizmn(: mbmmﬂmmmowﬁmmmwmm?mm@LTﬁquﬁ)”oz/unufyﬁm"wﬁ‘“u MA Yuﬁjﬂqmmm’;mﬁmﬁ
2 Inenaf3 E/mﬁsmn”ummm@mmﬁm ur/'nary albumin to creatinine ratio (UACR)

JAAUAZIBNS: ﬂm@@nmﬂqmmmmmmw 2 mnwmmm«vmjoﬁ/u@niufmwmmmmﬁ 7 ums i limsaa
LTZM’?Q;’@QEILLHU%IMM?U MA (Comb/ Screen ) uazmsaay1 UACR

mm'a‘ﬂnm ifaa1ie 6,223 m@mqmnwﬂqmmmmmmw 2 97491 899 AU Yﬁ;mmmmfvm MA 470
w@nwuﬁmm UACR ﬂﬁilﬁﬁ‘nLLildiTmﬁ%’Bﬂmﬂu normoa/bum/nur/a (4,016 &70@2/’7\7 64. 5%) MA (1,795
Faee, 28, 8%) uaz macroalbuminuria (412 Fae, 6.6%) mjmm@ﬂmmmoﬂu,mm;m’rm‘u MA &
sensitivity 11171 83 7%, s,oeCIf/C/ty L‘mnu 92.6%, positive predictive va/ue m’)m_/ 83.4% Lmv negative
predictive value Ay 92.7% Auiile ROC curve ?/E]\?ﬂ’??ﬁ?i")‘-vlmﬂ’ICJ&’@’JE/LLQL/"WJ@’IW‘U MA Wi 0.9427
agil: mmnrmuwm’m7imm@ffﬂmomqmmuaymmu MA wiasfilsslamigmiuannseann MA Yugﬂw
wwauaiad 2

S10 J Med Assoc Thai Vol. 94 Suppl. 2 2011



