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AbstrACt
Objective Screening for diabetes in low-resource 
countries is a growing challenge, necessitating tests 
that are resource and context appropriate. The aim of 
this study was to determine the diagnostic accuracy of a 
self-administered urine glucose test strip compared with 
alternative diabetes screening tools in a low-resource 
setting of Cambodia.
Design Prospective cross-sectional study.
setting Members of the Borey Santepheap Community 
in Cambodia (Phnom Penh Municipality, District Dangkao, 
Commune Chom Chao).
Participants All households on randomly selected streets 
were invited to participate, and adults at least 18 years of 
age living in the study area were eligible for inclusion.
Outcomes The accuracy of self-administered 
urine glucose test strip positivity, Hemoglobin A1c 
(HbA1c)>6.5% and capillary fasting blood glucose (cFBG) 
measurement ≥126 mg/dL were assessed against a 
composite reference standard of cFBGmeasurement 
≥200 mg/dL or venous blood glucose 2 hours after oral 
glucose tolerance test (OGTT) ≥200 mg/dL.
results Of the 1289 participants, 234 (18%) had diabetes 
based on either cFBG measurement (74, 32%) or the OGTT 
(160, 68%). The urine glucose test strip was 14% sensitive 
and 99% specific and failed to identify 201 individuals 
with diabetes while falsely identifying 7 without diabetes. 
Those missed by the urine glucose test strip had lower 
venous fasting blood glucose, lower venous blood glucose 
2 hours after OGTT and lower HbA1c compared with those 
correctly diagnosed.
Conclusions Low cost, easy to use diabetes tools are 
essential for low-resource communities with minimal 
infrastructure. While the urine glucose test strip may 
identify persons with diabetes that might otherwise 
go undiagnosed in these settings, its poor sensitivity 
cannot be ignored. The massive burden of diabetes in 
low-resource settings demands improvements in test 
technologies.

bACkgrOunD 
According to the International Diabetes 
Federation, 415 million adults are living with 
diabetes globally, almost half of whom are 

undiagnosed, and this number is expected to 
increase to 642 million by 2040.1 As is the case 
for most non-communicable diseases, three 
quarters of those affected live in low-income 
and middle-income countries. In Cambodia, 
for example, there are an estimated 230 000 
people with diabetes, who are at risk for the 
associated microvascular and macrovascular 
complications of this disease, including 
cardiovascular disease.1 2 Strategies to reduce 
cardiovascular disease risk may also prevent 
and control diabetes, which would further 
reduce rates of eye, kidney and neural damage 
due to diabetes complications.3 To facilitate 
screening and monitoring for diabetes in 
these low-income and middle-income coun-
tries, a low-cost, point-of-care diagnostic test 
that is resource and context appropriate is 
needed.

strengths and limitations of the study

 ► This is one of the first studies to determine the 
prevalence of diabetes and report on the screening 
accuracy of urine glucose test strips in Cambodia, 
which are commonly used as screening tests in this 
setting.

 ► We used a prospective community-based design 
and had a large sample size with high participation 
rate, though participation bias towards those able to 
miss a day of work to attend a clinic visit may still 
have been an issue.

 ► The  use of a composite reference test and not 
evaluating those with capillary fasting blood glu-
cose >200 mg/dL by the oral glucose tolerance test 
(OGTT) could have affected our study results, though 
the use of OGTT allows comparison of our results 
with those in a number of other studies.

 ► The urine glucose test was self-administered and 
self-reported, which is pragmatic and aligns with 
the practices at MoPoTyso and other clinical settings 
in Cambodia; however, errors in interpreting the test 
result could influence accuracy.
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In low-resource settings, urine glucose test strips have 
been used as diabetes screening tools because they are 
inexpensive, non-invasive and easy to use.4 5 While these 
tests do not require fasting and are user friendly, they can 
only detect glucose after it has exceeded the threshold 
for reabsorption by the kidneys and appears in the 
urine. The reported threshold varies and is affected by 
kidney function.6 Although their low sensitivity makes 
them inadequate for use as a screening tool,7–9 the WHO 
acknowledges that they may have a place in low-resource 
settings where other tests are not possible and the prev-
alence of undiagnosed diabetes may be high.9 Currently, 
many people are not diagnosed until severe compli-
cations develop. Although the sensitivity of the urine 
test delays diagnosis relative to other methods, it may 
provide an opportunity to reduce further advancement 
of complications.

MoPoTsyo, a non-governmental organisation, provides 
screening and care services to people with diabetes 
and hypertension in Cambodia through an innovative, 
community-based peer educator model.10–12 MoPoTsyo 
uses urine glucose test strips issued in the community 
and self-administered by patients as the initial method 
of diabetes screening, which has allowed them to screen 
over 700 000 adults, followed by confirmation with blood 
glucose testing for those who have a positive urine test. 
The aim of this study was to determine the diagnostic 
accuracy of a self-administered urine glucose test strip 
compared with alternative diabetes screening tools in 
a low-resource setting of Cambodia. We also explored 
whether individuals with diabetes who were detected by 
urine glucose test strips differed in health status compared 
with those who were missed by this test but detected by 
blood glucose measurement. Greater understanding of 
the performance of this test by the MoPoTsyo programme 
will help to inform its optimal use.

MethODs
study design and procedures
A prospective cross-sectional study was performed 
among members of the Borey Santepheap Community in 
Cambodia (Phnom Penh Municipality, District Dangkao, 
Commune Chom Chao) from November 2013 to October 
2014. All households on randomly selected streets were 
invited to participate by a local peer educator, who 
described the study to all potential household members. 
Adults at least 18 years of age living in the study area were 
eligible for inclusion. Individuals were excluded if they 
had diabetes or hypertension or had taken medications 
for diabetes and/or high blood pressure in the last 30 
days, had kidney disease or had received dialysis. Written 
informed consent was obtained from all participants. 
Study methods and results are reported in alignment 
with the 2015 standards for reporting diagnostic accuracy  
(STARD) recommendations.13

After enrolment, all participants were screened for 
diabetes using a self-administered and self-reported urine 

glucose test strip (Sichuan Medicines and Health Prod-
ucts, Chengdu, China). Participants were taught how 
to use the test strip and read the results with assistance 
of a colour chart and were given several ways to report 
results to their peer educator. All participants were then 
invited to attend the clinic following an 8-hour fast for 
laboratory-confirmed tests for diabetes and associated 
comorbid risk factors. Upon arriving at the clinic, all 
participants provided a urine sample, a venous blood 
sample and a finger stick blood sample for capillary 
fasting blood glucose (cFBG) measurement (On Call 
Plus Glucometer, Acon Laboratories, San Diego, USA, 
https://www. aconlabs. com/ us/ glucose/ on- call/ plus- 
bgms/). If the cFBG was less than 200 mg/dL, they were 
asked to consume a 75 g oral glucose load for the oral 
glucose tolerance test (OGTT). The oral glucose load 
was ingested within 5 min of starting consumption, and 
2 hours after ingestion, further venous blood and finger 
stick blood samples were obtained for glucose measure-
ments. During the visit, a health history was completed 
based on the WHO STEPSSurveillance Questionnaire14 
and blood pressure measured by trained clinical staff 
using an electronic device (Omron Corporation, Tokyo, 
Japan). All devices used in the study were owned and 
used previously by MoPoTsyo within the guidelines of the 
Cambodian Ministry of Health; none of the devices were 
investigational. Additional laboratory tests performed 
included HbA1c (DCA Vantage Analyzer, Siemens AG, 
Germany), serum creatinine, glucose, total cholesterol, 
high-density lipoprotein cholesterol and triglycerides 
(Humalyzer 3000 Chemistry Analyzer, Human Diagnos-
tics, Germany) and spot urine creatinine, protein and 
albumin tests (Combilyzer Dipstick Reader, Human Diag-
nostics, Germany).

A sample size of 1315 participants was calculated for a 
desired precision range of 10% and an estimated sensi-
tivity and specificity of the urine glucose test strip of 21% 
and 90%, respectively, which is also sufficient for analysis 
of HbA1c, OGTT and FBG as the test strip has the lowest 
performance. The sample size for the study was calcu-
lated based on Buderer’s formula,15 accounting for a 3% 
dropout rate and a 5% national prevalence of diabetes.16

Data analysis
The index tests of interest were a positive self-administered 
urine glucose test strip, HbA1c>6.5% and cFBG ≥126 mg/
dL. Diagnostic accuracy was assessed against a composite 
reference standard, which was cFBG ≥200 mg/dL, or 
venous blood glucose, 2 hours after OGTT ≥200 mg/
dL.17 18 If the participant’s cFBG was >200 mg/dL, the 
patient was considered to have diabetes and an OGTT 
was not performed. Other measures were defined as 
follows: overweight (body mass index (BMI) ≥25 or waist 
circumference >90 cm for men or >80 cm for women19), 
elevated blood pressure (systolic pressure ≥140 mm Hg or 
diastolic pressure ≥90 mm Hg), albuminuria (≥20 mg/L) 
and elevated albumin/creatinine ratio (≥30 mg/g). We 
calculated sensitivity, specificity, positive predictive value, 
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negative predictive value, positive likelihood ratio (LR+) 
and negative LR (LR–),with 95% CIs.

Subgroup analyses were not prespecified, and therefore 
used to explore the performance of the urine glucose test 
strip in participants at increased risk for diabetes mellitus, 
including age (≥50 years), BMI (≥25), gender and waist 
circumference (>90 cm for men or >80 cm for women). 
Logistic regression analyses were also used to determine if 
the diagnostic accuracy of the index test was impacted by 
these clinical features. Prevalence of diabetes by subgroup 
was compared by Χ2 test. We also explored whether the 
individuals correctly classified by the urine glucose test 
strip had better or worse controlled diabetes than those 
misclassified by the test, as defined by various clinical and 
laboratory measures. Mean values of continuous variables 
were compared using Student’s t-test, while proportions 
of dichotomous values were compared using the Χ2 test. 
Data were analysed using Stata/SE 13.1 (StataCorp LP, 
Texas, USA).

results
Of 1328 eligible study subjects, 1316 participated in the 
study and 1289 were included in the analysis (figure 1). 
Participants were excluded from the analysis if they 
did not complete the OGTT due to vomiting or other 

reasons (16), were not fasting prior to the clinic visit 
(5) or reported taking medication for diabetes that day 
(6). Of the analysed participants, 75% (972/1289) were 
women, mean age was 51 years, 31% had high BMI and 
13% had elevated blood pressure, although only 8% were 
taking antihypertensive medications. Characteristics of 
the participants included in the analysis are presented in 
table 1.

A total of 234 individuals had diabetes based on the 
composite reference standard of either cFBG (70, 30%) 
or OGTT (164, 70%), corresponding to a prevalence of 
18%. The 70 individuals with cFBG ≥200 mg/dL also all 
had HbA1c measurements >6.5%. Of the index tests eval-
uated, the urine glucose test strip had lower sensitivity 
(14.1%, 95% CI: 9.90 to 19.2) than cFBG (73.9%, 95% CI: 
67.8 to 79.4) and HbA1c (75.2%, 95% CI: 69.2 to 80.6). All 
three tests offered high specificity (99.3%, 95% CI: 98.6 
to 99.7; 96.8%, 95% CI: 95.5 to 97.8 and 98.5%, 95% CI: 
97.5 to 99.1, respectively) (table 2). The urine glucose 
test strip failed to identify 201 individuals with diabetes 
(false negatives) and falsely identified seven participants 
without diabetes (false positives). The 201 patients with 
diabetes who were not identified by the urine test had 
significantly lower venous FBG, lower 2-hour OGTT and 
lower HbA1c compared with those correctly diagnosed, 

Figure 1 Study flow diagram. DM, diabetes mellitus; FBG, fasting blood glucose; OGTT, oral glucose tolerance test.
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but were similar in other characteristics (table 3). The 
seven false positive individuals had higher HbA1c, higher 
systolic blood pressure and higher proportion receiving 
treatment for hypertension than those with true negative 
results (table 3).

The prevalence of diabetes (diagnosed by the composite 
reference standard) was significantly higher in partici-
pants who were 50 years of age or older compared with 
those under 50 years (24% vs 9.6%); those with high BMI 
compared with those with normal BMI (22% vs 17%) and 
those with greater waist circumference compared with 
those with normal waist (24% vs 13%), but was the same 
in men and women (table 4). The diagnostic accuracy of 
the urine glucose test strip was similar among subgroups 
of patients with various cofactors, with overlapping CIs 

(table 4). Additionally, multivariate and univariate logistic 
regression analyses also indicated that the diagnostic 
accuracy of the index test was not significantly impacted 
by these cofactors.

DisCussiOn
Urine glucose test strips had much lower sensitivity than 
either cFBG or HbA1c, but all three tests offered high 
specificity. Patients who tested positive with the urine 
glucose test who were confirmed to have diabetes by 
the reference standard (true positives) had higher FBG, 
higher OGTT and higher HbA1c levels compared with 
the false negative group (urine test negative in patients 
with diabetes), suggesting that the urine glucose test may 
identify individuals with poor glycaemic control. This 
suggests a subset of patients with diabetes is being iden-
tified that may potentially be at higher risk of advancing 
complications or comorbidities and who may benefit the 
most from further care.20 In addition, testing for urine 
glucose was highly specific (99%), with positive LRs in the 
20 s, indicating that when positive, this test is highly indic-
ative of diabetes.

The prevalence of diabetes in the MoPoTsyo popula-
tion in Cambodia was 18%. This is much higher than the 
national prevalence for Cambodia, which is reported at 
3.0%.1 This may be due to the high proportion of individ-
uals over 50 years of age in our study population, which 
could be explained by a participation bias towards those 
who were able to miss a day of work to attend a clinic visit. 
Additionally, our study took place in a rapidly changing 
urban population, which had a 2.4 times higher diabetes 
prevalence in the STEP survey country report from 2010.21

Table 1 Characteristics of included participants

Mean (SD) or 
% n=1289

Age (years) 51.4 (14.9)

Female (%) 75.4

BMI* 23.2 (4.1)

High BMI (%) 30.5

Waist circumference above cut-off (%)† 46.1

Systolic blood pressure, mm Hg 123.5 (20.6)

Diastolic blood pressure, mm Hg 80.8 (12.1)

Elevated blood pressure (%) 12.9

Take treatment for high blood pressure (%) 8.2

*n=1288.
†>90 cm for men, >80 cm for women.19

BMI, body mass index.

Table 2 Diagnostic accuracy of urine glucose test strip, capillary fasting glucose and HbA1c determined by comparison with 
the composite reference standard (n=1289)*

Urine glucose test strip 
positive cFBG≥126 mg/dL HbA1c>6.5%

True positive (n) 33 173 176

False positive (n) 7 34 16

False negative (n) 201 61 58

True negative (n) 1048 1021 1039

True diabetes prevalence† 
(95% CI)

18%, 234/1289 (16 to 20.4)

Sensitivity (95% CI) 14.1 (9.90 to 19.2) 73.9 (67.8 to 79.4) 75.2 (69.2 to 80.6)

Specificity (95% CI) 99.3 (98.6 to 99.7) 96.8 (95.5 to 97.8) 98.5 (97.5 to 99.1)

Positive PV (95% CI) 82.5 (67.2 to 92.7) 83.6 (77.8 to 88.3) 91.7 (86.8 to 95.2)

Negative PV (95% CI) 83.9 (81.7 to 85.9) 94.4 (92.8 to 95.7) 94.7 (93.2 to 96.0)

Positive LR (95% CI) 21.3 (9.50 to 47.5) 22.9 (16.3 to 32.2) 49.6 (30.3 to 81.1)

Negative LR (95% CI) 0.90 (0.80 to 0.90) 0.30 (0.20 to 0.30) 0.30 (0.20 to 0.30)

*Excludes individuals taking diabetes treatment that day (n=6), did not fast before OGTT as instructed (n=5) or did not complete the OGTT 
(n=16).
†Composite reference standard: OGTT ≥200 mg/dL or cFBG ≥200 mg/dL. Seventy patients with cFBG≥200 were not tested by OGTT.
cFBG, capillary fasting blood glucose; LR, likelihood ratio; OGTT, oral glucose tolerance test; PV, predictive value. 
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A wide range of sensitivities for the urine glucose test 
strip has been reported, and its use remains controver-
sial. A review in 2000 found six adequately designed 
studies that reported performance of urine test strips 
for glucose.8 Among these, sensitivities in two reports of 
fasting patients were 16% and 35%; two using random 
samples found sensitivities of 18% and 64% and three 
using postprandial and post-load measurements reported 
sensitivities between 39% and 48%. This review concluded 
that blood glucose measurements were preferred over 
urinary glucose or HbA1c, and particularly, postpran-
dial over fasting measures. Another review found five 
studies reporting a range of sensitivity from 18% to 74% 
for urine glucose test strips.7 The review concluded that 
urine glucose test strips are not sufficient for screening 
for diabetes.

This is one of the first studies to determine the prev-
alence of diabetes in Cambodia and report on the 
screening accuracy of urine glucose test strips which 
are commonly used as screening tests in this setting. We 
used a prospective community-based design and had 
a large sample size with high participation rate. The 
study had several limitations. First, we used a composite 
reference test and those with cFBG >200 mg/dL were 
not evaluated by the OGTT. When evaluating the index 
test of cFBG, the index test is included in the reference 

test, though at a different threshold. This can cause 
incorporation bias resulting in an inflated test accuracy. 
Here, the three different index tests are included for 
comparison; however, the likely overestimation of diag-
nostic accuracy for cFBG is important to keep in mind. 
While OGTT is considered the gold standard refer-
ence test for assessing diagnostic accuracy, there has 
been some question of its performance. Two studies in 
China, each on more than 200 participants, found that 
the reproducibility of the OGTT was 56%22 and 66%.23 
Though our choice of the reference standards, partic-
ularly OGTT, could have affected our study results, 
its use allows comparison of our results with those in 
a number of other studies. Second, the urine glucose 
test was self-administered and self-reported. While this 
was pragmatic and aligns with the practices at MoPo-
Tyso and other clinical settings in Cambodia, errors in 
interpreting the test result could influence accuracy. We 
were not able to repeat this test when patients attended 
their clinic visit as they were fasting at the clinic visit, 
and thus their urine would not have been the random 
non-fasting urine test obtained at home. Third, we 
were not able to obtain haemoglobin levels (or test for 
haemoglobin variants) as these tests are not available 
in this setting, and hence cannot assess the impact of 
anaemia or haemoglobinopathy on test performance.24 

Table 3 Diagnostic accuracy of the urine glucose test strip by patient characteristics

Patient characteristic: mean (SD) or %

Diabetic* Non-diabetic*

True
positive n=33

False
negative n=201

False
positive n=7

True
negative n=1048

Age 57 (9.3) 58 (10.5) 56 (11.9) 50 (15.5)

Female (%) 81.8 74.6 85.7 75.3

Venous fasting blood glucose 207 (75.3) 166 (73.2) 95 (16.9) 90 (13.1) 

Venous blood glucose 2 hours after OGTT 310 (60.8) 275 (62.2) 115 (43.2) 120 (31.0) 

Change in venous blood glucose during OGTT 160 (50.8) 146 (49.8) 20 (47.7) 30 (30.0) 

HbA1c 10 (2.3) 8 (2.4) 6 (0.7) 5 (0.5) 

BMI 24 (3.9) 24 (3.9) 26 (3.2) 23 (4.1) 

High BMI (%) 33.3 36.8 57.1 29.0

Waist circumference above cut-off (%) 60.6 61.7 71.4 42.8

Systolic blood pressure 132 (24.9) 130 (20.6) 146(14.0) 122 (20.2) 

Diastolic blood pressure 85 (9.6) 84 (11.7) 87 (6.5) 80 (12.1) 

Elevated blood pressure (%) 15.2 20.9 14.3 11.3

Take treatment for high blood pressure (%) 18.2 11.4 28.6 7.1

Total cholesterol 242 (62.3) 227 (69.8) 240 (63.1) 213 (56.3) 

Proteinuria (n=1116)† (%) 20.0 17.2 0 3.0

Albuminuria (%) 51.5 47.8 14.3 21.7

Abnormal albumin/creatinine ratio (%) 39.3 39.3 14.3 17.3

Bold, significantly different (P≤0.05) by Student’s t-test or Χ2 test. 
*Diagnosis by the composite reference standard: venous OGTT ≥200 mg/dL or cFBG ≥200 mg/dL. Seventy patients with cFBG ≥200 were not 
tested by OGTT.
†Four missing values; 169 indeterminate measurements not included in analysis.
BMI, body mass index; cFBG, capillary fasting blood glucose; OGTT, oral glucose tolerance test. 
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Fourth, glucose test strip accuracy may be subject to 
effects of heat and humidity,  and we were not able to 
explore their possible impact on our results.

For clinicians working in settings similar to ours, 
the question is how useful is the urine glucose test as 
a screening or diagnostic test, and is it ‘better than 
nothing’? The low sensitivity certainly reduces the value 
of this test as a screening tool, but the high specificity 
means that positive tests can be used to rule in patients 
with diabetes, suggesting that urine glucose may have 
some diagnostic value in this setting. The false positive 
rate was extremely low, and only seven patients without 
disease were identified as positive by urine glucose test 
strip. From a population perspective, the value of a low 
cost, poorly sensitive yet highly specific test for diabetes is 
unclear in terms of balancing the opportunity to identify 
a subset of patients with less well-controlled diabetes who 
would not have been identified otherwise, with the down-
side of a high false negative rate.25

Not surprisingly, usability parameters and cost make 
urine glucose test strips a highly desirable test in this and 
other low-resource settings.9 Product attributes such as low 
complexity and infrastructure requirements, short time 
to results and low participant burden greatly contribute 
to the acceptability and desirability of the screening tool. 
The large patient burden and the frequent inability to 
comply with fasting requirements reduce the feasibility 
of using OGTT or FBG tests. While HbA1c testing does 
not require fasting, current tests are too expensive for 
use in most low-income countries. The role of a poorly 
sensitive test like urine glucose in resource poor settings 
such as Cambodia is debatable; on the one hand, the test 
will identify some patients previously undiagnosed, and 
assuming treatment can be initiated will reduce severity 
of complications from this disease. On the other hand, 
the test will miss the majority of patients with diabetes, 
thus risking a false reassurance, further postponement of 
diagnosis and risking patient’s respect for the healthcare 
system.

There may be strategies to improve the performance 
(particularly sensitivity) of the urine glucose test strip. 
First, using the presence of risk factors such as high waist 
circumference or BMI may increase the pretest proba-
bility of diabetes and lead to improved performance. In 
our study, the sensitivity of the urine glucose test strip 
among overweight men with high waist circumference 
was twice the overall sensitivity (29% vs 14% respectively). 
Second, using random, postprandial or glucose-loaded 
measurements may be superior than fasting because 
the renal threshold for glucose is more often reached in 
non-fasting states.8 Third, improving the limit of detection 
may be possible by modifications in the test strip itself or 
improvement in the way it is read either manually (with 
trained users) or automatically (with electronic reading 
devices). Finally, increasing screening frequency may be 
feasible in low-resource settings, if the urine glucose test 
strip truly does identify a smaller but more advanced frac-
tion of patients with diabetes.

COnClusiOn
Low cost, easy to use diabetes screening, diagnosis and 
monitoring tools are essential for low-resource communi-
ties with minimal infrastructure. While the urine glucose 
test strip has some value as a screening test in these 
settings, its performance is far from optimal. Progress is 
urgently needed to improve the performance, availability 
and access of essential testing technologies for diabetes.
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