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 19 

Abstract (word count: 248) 20 

Objective: Screening for diabetes in low resource countries is a growing challenge, necessitating 21 

tests that are resource and context appropriate. The aim of this study was to determine the 22 

Page 1 of 23

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
ay 5, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-019924 on 22 M

arch 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

2 

 

diagnostic accuracy of a self-administered urine glucose test strip compared to alternative 23 

diabetes screening tools in a low resource setting of Cambodia.  24 

Design: Prospective cross-sectional study 25 

Setting: Members of the Borey Santhepheap community in Cambodia (Phnom Penh 26 

Municipality, District Dangkao, Commune Chom Chao). 27 

Participants: All households on randomly selected streets were invited to participate, and adults 28 

at least 18 years of age living in the study area were eligible for inclusion.  29 

Outcomes: The accuracy of self-administered UGTS positivity, HbA1c >6.5%, and cFBG ≥126 30 

mg/dL were assessed against a composite reference standard of capillary FBG ≥200 mg/dL or 31 

venous blood glucose 2 hours after OGTT ≥200 mg/dL. 32 

Results: Of the 1289 participants, 234 (18%) had diabetes based on either cFBG (74, 32%) or the 33 

OGTT (160, 68%). The UGTS was 14% sensitive and 99% specific, and failed to identify 201 34 

individuals with diabetes, while falsely identifying 7 without diabetes. Those missed by the 35 

UGTS had lower venous FBG, lower 2-hour OGTT, and lower HbA1c compared with those 36 

correctly diagnosed.  37 

Conclusions: Low cost, easy to use diabetes tools are essential for low-resource communities 38 

with minimal infrastructure. While the UGTS may identify persons with diabetes that might 39 

otherwise go undiagnosed in these settings, its poor sensitivity cannot be ignored. The massive 40 

burden of diabetes in low-resource settings demands improvements in test technologies.  41 

Keywords: Diabetes, Low-resource settings, Diagnostics, Urine glucose test strip, Screening,  42 

 43 

Article Summary (word count: 2261) 44 

Strengths and limitations of the study 45 
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• This is one of the first studies to determine the prevalence of diabetes and report on the 46 

screening accuracy of urine glucose test strips in Cambodia, which are commonly used as 47 

screening tests in this setting.  48 

• We used a prospective community-based design and had a large sample size with high 49 

participation rate, though participation bias towards those able to miss a day of work to 50 

attend a clinic visit may still have been an issue.  51 

• Use of a composite reference test and not evaluating those with cFBG> 200 mg/dL by the 52 

OGTT, could have affected our study results, though the use of OGTT allows comparison 53 

of our results to those in a number of other studies. 54 

• The urine glucose test was self-administered and self reported, which is pragmatic and 55 

aligns with the practices at MoPoTyso and other clinical settings in Cambodia, however 56 

errors in interpreting the test result could influence accuracy. 57 

 58 

Background  59 

According to the International Diabetes Federation (IDF), 415 million adults are living with 60 

diabetes globally, almost half of which are undiagnosed, and this number is expected to increase 61 

to 642 million by 2040.[1] As is the case for most non-communicable diseases (NCDs), three 62 

quarters of those affected live in low- and middle-income countries. In Cambodia for example, 63 

there are an estimated 230,000 people with diabetes, who are at risk for the associated micro- and 64 

macrovascular complications of this disease, including cardiovascular disease (CVD).[1,2] 65 

Strategies to reduce CVD risk may also prevent and control diabetes, which would further reduce 66 

rates of eye, kidney, and neural damage due to diabetes complications.[3] To facilitate screening 67 
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and monitoring for diabetes in these low- and middle-income countries, a low-cost, point-of-care 68 

diagnostic test that is resource and context appropriate is needed.  69 

 70 

In low-resource settings, urine glucose test strips have been used as diabetes screening tools 71 

because they are inexpensive, noninvasive, and easy to use.[4,5] While these tests do not require 72 

fasting and are user friendly, they can only detect glucose after it has exceeded the threshold for 73 

reabsorption by the kidneys and appears in the urine. The reported threshold varies and is 74 

affected by kidney function.[6] Although their low sensitivity makes them inadequate for use as 75 

a screening tool,[7-9] the World Health Organisation (WHO) acknowledges that they may have a 76 

place in low resource settings where other tests are not possible and the prevalence of 77 

undiagnosed diabetes may be high.[9] Currently many people are not diagnosed until severe 78 

complications develop. Although the sensitivity of the urine test delays diagnosis relative to 79 

other methods, it may provide an opportunity to reduce further advancement of complications.   80 

 81 

MoPoTsyo, a nongovernmental organization, provides screening and care services to people with 82 

diabetes and hypertension in Cambodia through an innovative, community-based peer educator 83 

model.[10-12] MoPoTsyo uses urine glucose test strips issued in the community and self-84 

administered by patients as the initial method of diabetes screening, which has allowed them to 85 

screen over 700,000 adults, followed by confirmation with blood glucose testing for those who 86 

have a positive urine test. The aim of this study was to determine the diagnostic accuracy of a 87 

self-administered urine glucose test strip compared to alternative diabetes screening tools in a 88 

low resource setting of Cambodia. We also explored whether individuals with diabetes who were 89 

detected by urine glucose test strips differed in health status compared to those who were missed 90 
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by this test but detected by blood glucose measurement. Greater understanding of the 91 

performance of this test by the MoPoTsyo program will help to inform its optimal use.  92 

 93 

Methods  94 

Study design and procedures 95 

A prospective cross-sectional study was performed among members of the Borey Santhepheap 96 

community in Cambodia (Phnom Penh Municipality, District Dangkao, Commune Chom Chao) 97 

from November 2013 to October 2014. All households on randomly selected streets were invited 98 

to participate by a local peer educator, who described the study to all potential household 99 

members. Adults at least 18 years of age living in the study area were eligible for inclusion. 100 

Individuals were excluded if they had diabetes or hypertension or had taken medications for 101 

diabetes and/or high blood pressure in the last 30 days, had kidney disease, or had received 102 

dialysis. Informed consent was obtained from all participants.The protocol was approved by the 103 

PATH Research Ethics Committee and the National Ethics Committee for Health Research 104 

(Cambodia Institutional Review Board). Study methods and results are reported in alignment 105 

with the 2015 STARD recommendations.[13] 106 

 107 

After enrollment, all participants were screened for diabetes using a self-administered and self-108 

reported urine glucose test strip (Sichuan Medicines and Health Products, Chengdu, China). 109 

Participants were taught how to use the test strip and read the results with assistance of a color 110 

chart, and were given several ways to report results to their peer educator. All participants were 111 

then invited to attend the clinic following an 8-hour fast for laboratory confirmed tests for 112 

diabetes and associated co-morbid risk factors. Upon arriving at the clinic all participants 113 
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provided a urine sample, a venous blood sample, and a finger stick blood sample for capillary 114 

fasting blood glucose measurement (cFBG) (On Call Plus glucometer, Acon Laboratories, San 115 

Diego, USA). If the cFBG was less than 200 mg/dL they were asked to consume a 75g oral 116 

glucose load for the oral glucose tolerance test (OGTT). The oral glucose load was ingested 117 

within 5 minutes of starting consumption, and two hours after ingestion, further venous blood 118 

and finger stick blood samples were obtained for glucose measurements. During the visit, a 119 

health history was completed based on the WHO STEPS surveillance questionnaire [14] and 120 

blood pressure measured by trained clinical staff using an ectronic device (Omron Corporation, 121 

Tokyo, Japan). All devices used in the study were owned and used previously by MoPoTsyo 122 

within the guidelines of the Cambodian Ministry of Health; none of the devices were 123 

investigational. Additional laboratory tests performed included HbA1c (DCA Vantage Analyzer, 124 

Siemens AG, Germany), serum creatinine, glucose, total cholesterol, high-density lipoprotein 125 

cholesterol, and triglycerides (Humalyzer 3000 Chemistry Analyzer, Human Diagnostics, 126 

Germany), spot urine creatinine, protein, and albumin tests (Combilyzer dipstick reader, Human 127 

Diagnostics, Germany).  128 

 129 

A sample size of 1315 participants was calculated for a desired precision range of 10% and an 130 

estimated sensitivity and specificity of the urine glucose test strip of 21% and 90%, respectively, 131 

which is also sufficient for analysis of HbA1c, OGTT, and FBG as the test strip has the lowest 132 

performance. The sample size for the study was calculated based on Buderer’s formula [15], 133 

accounting for a 3% drop-out rate and a 5% national prevalence of diabetes [16].  134 

 135 
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Data Analysis 136 

The index tests of interest were a positive self-administered urine glucose test strip, HbA1c 137 

>6.5%, and cFBG ≥126 mg/dL. Diagnostic accuracy was assessed against a composite reference 138 

standard, which was cFBG ≥200 mg/dL, or venous blood glucose, 2 hours after OGTT ≥200 139 

mg/dL.[17,18] If the participant’s cFBG was >200 mg/dL, the patient was considered to have 140 

diabetes and an OGTT was not performed. Other measures were defined as follows: Overweight 141 

(BMI ≥25 or waist circumference >90cm for men or >80cm for women[19]), elevated blood 142 

pressure (systolic pressure ≥140mmHg or diastolic pressure ≥90mmHg), albuminuria (≥20 143 

mg/L), and elevated albumin/creatinine ratio (≥30mg/g). We calculated sensitivity, specificity, 144 

positive predictive value (PPV), negative predictive value (NPV), positive likelihood ratio 145 

(LR+), negative LR (LR-),with 95% confidence intervals (CI).  146 

 147 

Subgroup analyses were used to explore the performance of the urine glucose test strip in 148 

participants at increased risk for diabetes mellitus (DM), including age (>=50 years), BMI 149 

(>=25), gender, and waist circumference (>90cm for men or >80cm for women). Prevalence of 150 

diabetes by subgroup was compared by chi-squared test. We also explored whether the 151 

individuals correctly classified by the urine glucose test strip had better or worse controlled 152 

diabetes than those misclassified by the test, as defined by various clinical and laboratory 153 

measures. Continuous values were compared using Student’s t-test and dichotomous values were 154 

compared using the chi-squared test. Data were analyzed using Stata/SE 13.1 (StataCorp LP, 155 

Texas, USA). 156 

 157 

Results 158 
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Of 1328 eligible study subjects, 1316 participated in the study and 1289 were included in the 159 

analysis (Figure 1). Participants were excluded from the analysis if they did not complete the 160 

OGTT due to vomiting or other reasons (16),were not fasting prior to the clinic visit (5), or 161 

reported taking medication for diabetes that day (6). Of the analyzed participants, 75% 162 

(972/1289) were female, mean age was 51 years, 31% had high BMI, and 13% had elevated 163 

blood pressure, although only 8% were taking antihypertensive medications. Characteristics of 164 

the participants included in the analysis are presented in Table 1. 165 

 166 

A total of 234 individuals had diabetes based on the composite reference standard of either 167 

cFBG(74, 32%) or the OGTT (160, 68%), corresponding to a prevalence of 18%. Of the index 168 

tests evaluated, the urine glucose test strip had lower sensitivity (14.1% sensitive), than cFBG 169 

(73.9%),  and HbA1c (75.2% sensitive). All three tests offered high specificity (99.3%, 96.8% 170 

and 98.5% respectively) (Table 2).The urine glucose test strip failed to identify 201 individuals 171 

with diabetes (false negatives) and falsely identified seven participants without diabetes (false 172 

positives). The 201 patients with diabetes who were not identified by the urine test had 173 

significantly lower venous FBG, lower 2 hr OGTT, and lower HbA1c compared to those 174 

correctly diagnosed, but were similar in other characteristics (Table 3). The seven false positive 175 

individuals had higher HbA1c, higher systolic BP, and higher proportion receiving treatment for 176 

hypertension than those with true negative results (Table 3).  177 

 178 

The prevalence of diabetes (diagnosed by the composite reference standard) was significantly 179 

higher in participants who were 50 years of age or older compared to those under 50 years (24% 180 

vs. 9.6%, p<0.001); those with high BMI compared to those with normal BMI (22% vs. 17%, 181 
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p=0.03); and those with greater waist circumference compared to those with normal waist (24% 182 

vs. 13%, p<0.001), but was the same in males and females (Table 4). The diagnostic accuracy of 183 

the urine glucose test strip was similar among subgroups of patients with various cofactors, with 184 

overlapping confidence intervals (Table 4).  185 

 186 

Discussion 187 

Urine glucose test strips had much lower sensitivity than either cFBG or HbA1c, but all three 188 

tests offered high specificity. Patients who tested positive with the urine glucose test who were 189 

confirmed to have diabetes by the reference standard (true positives) had higher FBG, higher 190 

OGTT and higher HbA1c levels compared to the false negative group (urine test negative in 191 

patients with diabetes), suggesting that the urine glucose test may identify individuals with poor 192 

glycemic control. This suggests a subset of diabetes patients is being identified that is potentially 193 

at higher risk of advancing complications or comorbidities, and who may benefit the most from 194 

further care [20]. In addition, testing for urine glucose was highly specific (99%), with positive 195 

LRs in the 20s, indicating that when positive, this test is highly indicative of diabetes.  196 

 197 

The prevalence of diabetes in the MoPoTsyo population in Cambodia was 18%. This is much 198 

higher than the national prevalence for Cambodia, which is reported at 3.0%.[1] This may be due 199 

to the high proportion of individuals over 50 years of age in our study population, which could 200 

be explained by a participation bias towards those who were able to miss a day of work to attend 201 

a clinic visit. Additionally, our study took place in a rapidly changing urban population, which 202 

had a 2.4 times higher diabetes prevalence in the STEP survey, country report from 2010.[21]  203 

 204 
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A wide range of sensitivities for the urine glucose test strip has been reported, and its use 205 

remains controversial. A review in 2000 found six adequately designed studies that reported 206 

performance of urine test strips for glucose.[8] Among these, sensitivities in two reports of 207 

fasting patients were 16% and 35%; two using random samples found sensitivities of 18% and 208 

64%; and three using postprandial and post-load measurements reported sensitivities between 209 

39% and 48%. This review concluded that blood glucose measurements were preferred over 210 

urinary glucose or HbA1c, and particularly, postprandial over fasting measures. Another review 211 

found five studies reporting a range of sensitivity from 18% to 74% for urine glucose test 212 

strips.[7] The review concluded that urine glucose test strips are not sufficient for screening for 213 

diabetes.  214 

 215 

This is one of the first studies to determine the prevalence of diabetes in Cambodia, and report on 216 

the screening accuracy of urine glucose test strips which are commonly used as screening tests in 217 

this setting. We used a prospective community-based design and had a large sample size with 218 

high participation rate. The study had several limitations. Firstly, we used a composite reference 219 

test and those with cFBG> 200 mg/dL were not evaluated by the OGTT. While OGTT is 220 

considered the gold standard reference test for assessing diagnostic accuracy, there has been 221 

some question of its performance. Two studies in China, each on more than 200 participants, 222 

found that the reproducibility of the OGTT was 56% [22] and 66% [23]. Though our choice of 223 

the reference standards, particularly OGTT, could have affected our study results, its use allows 224 

comparison of our results to those in a number of other studies. Second, the urine glucose test 225 

was self-administered and self reported. While this was pragmatic, and aligns with the practices 226 

at MoPoTyso and other clinical settings in Cambodia, errors in interpreting the test result could 227 
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influence accuracy. We were not able to repeat this test when patients attended their clinic visit 228 

as they were fasting at the clinic visit, and thus their urine would not have been the random non-229 

fasting urine test obtained at home. Third, we were not able to obtain hemoglobin levels (or test 230 

for hemoglobin variants) as these tests are not available in this setting, and hence cannot assess 231 

the impact of anemia or hemoglobinopathy on test performance. Fourth, glucose test strip 232 

accuracy may be subject to effects of heat and humidity, we were not able to explore their 233 

possible impact on our results.  234 

 235 

For clinicians working in settings similar to ours, the question is how useful is the urine glucose 236 

test as a screening or diagnostic test, and is it “better than nothing”? The low sensitivity certainly 237 

reduces the value of this test as a screening tool, but the high specificity means that positive tests 238 

can be used to rule in patients with diabetes, suggesting that urine glucose may have some 239 

diagnostic value in this setting. The false positive rate was extremely low, and only 7 patients 240 

without disease were identified as positive by urine glucose test strip. From a population 241 

perspective, the value of a low cost, poorly sensitive yet highly specific test for diabetes is 242 

unclear in terms of balancing the opportunity to identify a subset of patients with less well 243 

controlled diabetes who would not have been identified otherwise, with the downside of a high 244 

false negative rate.[24] 245 

 246 

Not surprisingly, usability parameters and cost make urine glucose test strips a highly desirable 247 

test in this and other low-resource settings.[9] Product attributes such as low complexity and 248 

infrastructure requirements, short time to results, and low participant burden greatly contribute to 249 

the acceptability and desirability of the screening tool. The large patient burden and the frequent 250 
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inability to comply with fasting requirements reduce the feasibility of using OGTT or FBG tests. 251 

While HbA1c testing does not require fasting, current tests are too expensive for use in most 252 

low-income countries. The role of a poorly sensitive test like urine glucose in resource poor 253 

settings such as Cambodia is debatable, on the one hand the test will identify some patients 254 

previously undiagnosed, and assuming treatment can be initiated, reduce severity of 255 

complications from this disease. On the other hand, the test will miss the majority of patients 256 

with diabetes, thus risking a false reassurance, further postponement of diagnosis, and risking 257 

patient’s respect for the health care system.  258 

 259 

There may be strategies to improve the performance (particularly sensitivity) of the urine glucose 260 

test strip. First, using presence of risk factors such as high waist circumference or BMI, may 261 

increase the pretest probability of diabetes and lead to improved performance. Second, using 262 

random, postprandial, or glucose-loaded measurements may be superior than fasting because the 263 

renal threshold for glucose is more often reached in non-fasting states.[8] Third, improving the 264 

limit of detection may be possible by modifications in the test strip itself, or improvement in the 265 

way it is read either manually (with trained users) or automatically (with electronic reading 266 

devices). Finally, increasing screening frequency may be feasible in low resource settings, if the 267 

urine glucose test strip truly does identify a smaller but more advanced fraction of diabetes 268 

patients.  269 

 270 

Conclusion 271 

Low cost, easy to use diabetes screening, diagnosis, and monitoring tools are essential for low-272 

resource communities with minimal infrastructure. While the urine glucose test strip has some 273 
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value as a screening test in these settings, its performance is far from optimal. Progress is 274 

urgently needed to improve the performance, availability, and access of essential testing 275 

technologies for diabetes. 276 

 277 

 278 

List of abbreviations 279 

urine glucose test strip (UGTS)  280 

International Diabetes Federation (IDF) 281 

non-communicable diseases (NCDs) 282 

cardiovascular disease (CVD) 283 

World Health Organisation (WHO)  284 

capillary fasting blood glucose measurement (cFBG)  285 

oral glucose tolerance test (OGTT) 286 

positive predictive value (PPV) 287 

negative predictive value (NPV) 288 

positive likelihood ratio (LR+) 289 

negative likelihood ratio (LR-) 290 

confidence intervals (CI) 291 

diabetes mellitus (DM) 292 
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 323 

Tables 324 

 325 

Table 1. Characteristics of included participants. 326 

 
Mean (SD) or % 

n=1289 

Age, years  51.4 (14.9) 

Female (%) 75.4 

BMI
1
 23.2 (4.1) 

High BMI (%) 30.5 

Waist circumference above cutoff 
2
 (%) 46.1 

Systolic blood pressure, mmHg 123.5 (20.6) 

Diastolic blood pressure, mmHg 80.8 (12.1) 

Elevated blood pressure (%) 12.9 

Take treatment for high blood pressure (%) 8.2 
1
 n=1288 327 

2 
>90cm for men, >80cm for women. [19] 328 

 329 

 330 

Table 2. Diagnostic accuracy of urine glucose test strip, capillary fasting glucose, and HbA1c determined 331 

by comparison with the composite reference standard (n=1289)
1
. 332 

 333 

 

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
1
 (95%CI) 18%, 234/1289 (16, 20.4) 

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

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

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

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

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

Negative LR (95% CI) 0.90 (0.80, 0.90) 0.30 (0.20, 0.30) 0.30 (0.20, 0.30) 
1
 Excludes individuals taking diabetes treatment that day (n=6), did not fast before OGTT as instructed (n=5), or did 334 

not complete the OGTT (n=16). 74 patients with cFBG>=200 were not tested by OGTT.  335 
2
 Composite reference standard: OGTT ≥200 mg/dL or cFBG ≥200 mg/dL. 336 

 337 

 338 
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 339 

 340 

Table 3. Diagnostic accuracy of the urine glucose test strip by patient characteristics. 341 

 342 

 343 
1
 Diagnosis by the composite reference standard: venous OGTT ≥200 mg/dL or cFBG ≥200 mg/dL. 344 

2 
4 missing values, 169 indeterminate measurements not included in analysis.

 
345 

Bold = significantly different (p ≤ 0.05) by Student’s t-test or chi-squared test. 346 

 347 

 348 

Table 4. Diagnostic accuracy of urine glucose test strip by participant cofactors (n=1289) 
1
. 349 

 350 

Results  

Cofactors 

Age BMI 
1 

Gender 
Waist 

circumference 
3 

<50 ≥50 <25 ≥25 Male Female Normal High 

Number of 

participants 
531 758 895 393 317 972 691 598 

True positive (n) 8 25 22 11 6 27 13 20 

False positive (n) 3 4 3 4 1 6 2 5 

False negative (n) 43 158 127 74 51 150 77 124 

True negative (n) 477 571 743 304 259 789 599 449 

True diabetes 

prevalence 
2
 

9.6%  

(7.2, 

12.4) 

24%  

(21.0, 

27.4) 

17%  

(14.0, 

19.3) 

22%  

(18.0, 

26.0) 

18%  

(14.0, 

22.7) 

18%  

(16.0, 

20.8) 

13%  

(11.0, 

15.8) 

24% 

(21.0, 

27.7) 

Sensitivity (95% 

CI) 

15.7  

(7.0, 

28.6) 

13.7 

(9.0, 

19.5) 

14.8  

(9.5, 

21.5) 

12.9  

(6.6, 

22.0) 

10.5  

(4.0, 

21.5) 

15.3  

(10.3, 

21.4) 

14.4  

(7.9, 

23.4) 

13.9  

(8.7, 

20.6) 

Patient characteristic 

Diabetic
1 

Non-diabetic
1 

True  

Positive  

n=33 
Mean (SD) or % 

False 

Negative n=201 
Mean (SD) or % 

False  

Positive  

n=7 
Mean (SD) or % 

True  

Negative n=1048 
Mean (SD) or % 

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 hrs 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 cutoff (%) 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)

2
 (%) 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 
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Specificity (95% 

CI) 

99.4  

(98.2, 

99.9) 

99.3  

(98.2, 

99.8) 

99.6  

(98.8, 

99.9) 

98.7  

(96.7, 

99.6) 

99.6  

(97.9, 

100) 

99.2  

(98.4, 

99.7) 

99.7  

(98.8, 

100) 

98.9  

(97.4, 

99.6) 

Positive PV (95% 

CI) 

72.7  

(39, 

94.0) 

86.2  

(68.3, 

96.1) 

88  

(68.8, 

97.5) 

73.3  

(44.96, 

92.2) 

85.7  

(42.1, 

99.6) 

81.8  

(64.5, 

93.0) 

86.7  

(59.5, 

98.3) 

80 

(59.3, 

93.2) 

Negative PV (95% 

CI) 

91.7  

(89, 94) 

78.3  

(75.2, 

81.3) 

85.4  

(82.9, 

87.7) 

80.4  

76.1, 

84.3) 

83.5  

(78.9, 

87.5) 

84  

(81.5, 

86.3) 

88.6  

(86, 

90.9) 

78.4  

(74.8, 

81.7) 

Positive LR (95% 

CI) 

25.1  

(6.9, 

91.6) 

19.6  

(6.9, 

55.7) 

36.7  

(11.1, 

121) 

10.0  

(3.3, 

30.5) 

27.4  

(3.4, 

223) 

20.2  

(8.5, 

48.2) 

43.4  

(10.0, 

189) 

12.6  

(4.8, 33) 

Negative LR (95% 

CI) 

0.8  

(0.8, 

1.0) 

0.9  

(0.8, 

0.9) 

0.9  

(0.8, 

0.9) 

0.9  

(0.8, 

1.0) 

0.9  

(0.8, 

1.0) 

0.85  

(0.80, 

0.91) 

0.86  

(0.79, 

0.94) 

0.87  

(0.82, 

0.93) 

 351 
1
 Excluded individuals taking diabetes treatment that day (n=6), did not fast before OGTT as instructed (n=5), or did 352 

not complete the OGTT (n=16).74 patients with cFBG>=200 were not tested by OGTT; 1 patient had cFBG>=200 353 

and also tested OGTT positive. 354 
2
 True prevalence as determined by the composite reference standard. Total number of diabetes diagnoses: 234 (18% 355 

prevalence). 356 
3
 High Waist circumference = >90cm for men, >80cm for women.[19] 357 

Bold = significantly different (p ≤ 0.05), chi-squared test.  358 

 359 

 360 

Figures 361 

 362 

Figure 1: Study flow diagram. 363 

 364 
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 Section & Topic No Item Reported on page # 

     

 TITLE OR ABSTRACT    

  1 Identification as a study of diagnostic accuracy using at least one measure of accuracy 

(such as sensitivity, specificity, predictive values, or AUC) 

1 

 ABSTRACT    

  2 Structured summary of study design, methods, results, and conclusions  

(for specific guidance, see STARD for Abstracts) 

1 

 INTRODUCTION    

  3 Scientific and clinical background, including the intended use and clinical role of the index test 3 

  4 Study objectives and hypotheses 4 

 METHODS    

 Study design 5 Whether data collection was planned before the index test and reference standard  

were performed (prospective study) or after (retrospective study) 

5 

 Participants 6 Eligibility criteria  5 

  7 On what basis potentially eligible participants were identified  

(such as symptoms, results from previous tests, inclusion in registry) 

5 

  8 Where and when potentially eligible participants were identified (setting, location and dates) 5 

  9 Whether participants formed a consecutive, random or convenience series 5 

 Test methods 10a Index test, in sufficient detail to allow replication 5 

  10b Reference standard, in sufficient detail to allow replication 6 

  11 Rationale for choosing the reference standard (if alternatives exist) 6 

  12a Definition of and rationale for test positivity cut-offs or result categories  

of the index test, distinguishing pre-specified from exploratory 

6 

  12b Definition of and rationale for test positivity cut-offs or result categories  

of the reference standard, distinguishing pre-specified from exploratory 

6 

  13a Whether clinical information and reference standard results were available  

to the performers/readers of the index test 

6 

  13b Whether clinical information and index test results were available  

to the assessors of the reference standard 

6 

 Analysis 14 Methods for estimating or comparing measures of diagnostic accuracy 7 

  15 How indeterminate index test or reference standard results were handled 7 

  16 How missing data on the index test and reference standard were handled 7 

  17 Any analyses of variability in diagnostic accuracy, distinguishing pre-specified from exploratory 7 

  18 Intended sample size and how it was determined 6 

 RESULTS    

 Participants 19 Flow of participants, using a diagram 17 

  20 Baseline demographic and clinical characteristics of participants 15 

  21a Distribution of severity of disease in those with the target condition 15 

  21b Distribution of alternative diagnoses in those without the target condition NA 

  22 Time interval and any clinical interventions between index test and reference standard 5 

 Test results 23 Cross tabulation of the index test results (or their distribution)  

by the results of the reference standard 

15 

  24 Estimates of diagnostic accuracy and their precision (such as 95% confidence intervals) 15 

  25 Any adverse events from performing the index test or the reference standard NA 

 DISCUSSION    

  26 Study limitations, including sources of potential bias, statistical uncertainty, and generalisability 10 

  27 Implications for practice, including the intended use and clinical role of the index test 11 

 OTHER 

INFORMATION 

   

  28 Registration number and name of registry NA 

  29 Where the full study protocol can be accessed NA 

  30 Sources of funding and other support; role of funders 14 
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STARD 2015 

AIM  

STARD stands for “Standards for Reporting Diagnostic accuracy studies”. This list of items was developed to contribute to the 

completeness and transparency of reporting of diagnostic accuracy studies. Authors can use the list to write informative 

study reports. Editors and peer-reviewers can use it to evaluate whether the information has been included in manuscripts 

submitted for publication.  

EXPLANATION 

A diagnostic accuracy study evaluates the ability of one or more medical tests to correctly classify study participants as 

having a target condition. This can be a disease, a disease stage, response or benefit from therapy, or an event or condition 

in the future. A medical test can be an imaging procedure, a laboratory test, elements from history and physical examination, 

a combination of these, or any other method for collecting information about the current health status of a patient. 

The test whose accuracy is evaluated is called index test. A study can evaluate the accuracy of one or more index tests. 

Evaluating the ability of a medical test to correctly classify patients is typically done by comparing the distribution of the 

index test results with those of the reference standard. The reference standard is the best available method for establishing 

the presence or absence of the target condition. An accuracy study can rely on one or more reference standards. 

If test results are categorized as either positive or negative, the cross tabulation of the index test results against those of the 

reference standard can be used to estimate the sensitivity of the index test (the proportion of participants with the target 

condition who have a positive index test), and its specificity (the proportion without the target condition who have a negative 

index test). From this cross tabulation (sometimes referred to as the contingency or “2x2” table), several other accuracy 

statistics can be estimated, such as the positive and negative predictive values of the test. Confidence intervals around 

estimates of accuracy can then be calculated to quantify the statistical precision of the measurements. 

If the index test results can take more than two values, categorization of test results as positive or negative requires a test 

positivity cut-off. When multiple such cut-offs can be defined, authors can report a receiver operating characteristic (ROC) 

curve which graphically represents the combination of sensitivity and specificity for each possible test positivity cut-off. The 

area under the ROC curve informs in a single numerical value about the overall diagnostic accuracy of the index test.  

The intended use of a medical test can be diagnosis, screening, staging, monitoring, surveillance, prediction or prognosis. The 

clinical role of a test explains its position relative to existing tests in the clinical pathway. A replacement test, for example, 

replaces an existing test. A triage test is used before an existing test; an add-on test is used after an existing test.  

Besides diagnostic accuracy, several other outcomes and statistics may be relevant in the evaluation of medical tests. Medical 

tests can also be used to classify patients for purposes other than diagnosis, such as staging or prognosis. The STARD list was 

not explicitly developed for these other outcomes, statistics, and study types, although most STARD items would still apply.  

DEVELOPMENT 

This STARD list was released in 2015. The 30 items were identified by an international expert group of methodologists, 

researchers, and editors. The guiding principle in the development of STARD was to select items that, when reported, would 

help readers to judge the potential for bias in the study, to appraise the applicability of the study findings and the validity of 

conclusions and recommendations. The list represents an update of the first version, which was published in 2003.  

 

More information can be found on http://www.equator-network.org/reporting-guidelines/stard. 
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Abstract (word count: 287) 20 

Objective: Screening for diabetes in low resource countries is a growing challenge, necessitating 21 

tests that are resource and context appropriate. The aim of this study was to determine the 22 
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diagnostic accuracy of a self-administered urine glucose test strip compared to alternative 23 

diabetes screening tools in a low resource setting of Cambodia.  24 

Design: Prospective cross-sectional study 25 

Setting: Members of the Borey Santhepheap community in Cambodia (Phnom Penh 26 

Municipality, District Dangkao, Commune Chom Chao). 27 

Participants: All households on randomly selected streets were invited to participate, and adults 28 

at least 18 years of age living in the study area were eligible for inclusion.  29 

Outcomes: The accuracy of self-administered urine glucose test strip positivity, HbA1c >6.5%, 30 

and capillary fasting blood glucose measurement ≥126 mg/dL were assessed against a composite 31 

reference standard of capillary fasting blood glucose measurement ≥200 mg/dL or venous blood 32 

glucose 2 hours after oral glucose tolerance test ≥200 mg/dL. 33 

Results: Of the 1289 participants, 234 (18%) had diabetes based on either capillary fasting blood 34 

glucose measurement (74, 32%) or the oral glucose tolerance test (160, 68%). The urine glucose 35 

test strip was 14% sensitive and 99% specific, and failed to identify 201 individuals with 36 

diabetes, while falsely identifying 7 without diabetes. Those missed by the urine glucose test 37 

strip had lower venous fasting blood glucose, lower venous blood glucose 2 hours after oral 38 

glucose tolerance test, and lower HbA1c compared with those correctly diagnosed.  39 

Conclusions: Low cost, easy to use diabetes tools are essential for low-resource communities 40 

with minimal infrastructure. While the urine glucose test strip may identify persons with diabetes 41 

that might otherwise go undiagnosed in these settings, its poor sensitivity cannot be ignored. The 42 

massive burden of diabetes in low-resource settings demands improvements in test technologies.  43 

Keywords: Diabetes, Low-resource settings, Diagnostics, Urine glucose test strip, Screening,  44 

 45 
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Article Summary (word count: 2261) 46 

Strengths and limitations of the study 47 

• This is one of the first studies to determine the prevalence of diabetes and report on the 48 

screening accuracy of urine glucose test strips in Cambodia, which are commonly used as 49 

screening tests in this setting.  50 

• We used a prospective community-based design and had a large sample size with high 51 

participation rate, though participation bias towards those able to miss a day of work to 52 

attend a clinic visit may still have been an issue.  53 

• Use of a composite reference test and not evaluating those with cFBG> 200 mg/dL by the 54 

OGTT, could have affected our study results, though the use of OGTT allows comparison 55 

of our results to those in a number of other studies. 56 

• The urine glucose test was self-administered and self reported, which is pragmatic and 57 

aligns with the practices at MoPoTyso and other clinical settings in Cambodia, however 58 

errors in interpreting the test result could influence accuracy. 59 

 60 

Background  61 

According to the International Diabetes Federation (IDF), 415 million adults are living with 62 

diabetes globally, almost half of which are undiagnosed, and this number is expected to increase 63 

to 642 million by 2040.[1] As is the case for most non-communicable diseases (NCDs), three 64 

quarters of those affected live in low- and middle-income countries. In Cambodia for example, 65 

there are an estimated 230,000 people with diabetes, who are at risk for the associated micro- and 66 

macrovascular complications of this disease, including cardiovascular disease (CVD).[1,2] 67 

Strategies to reduce CVD risk may also prevent and control diabetes, which would further reduce 68 
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rates of eye, kidney, and neural damage due to diabetes complications.[3] To facilitate screening 69 

and monitoring for diabetes in these low- and middle-income countries, a low-cost, point-of-care 70 

diagnostic test that is resource and context appropriate is needed.  71 

 72 

In low-resource settings, urine glucose test strips have been used as diabetes screening tools 73 

because they are inexpensive, noninvasive, and easy to use.[4,5] While these tests do not require 74 

fasting and are user friendly, they can only detect glucose after it has exceeded the threshold for 75 

reabsorption by the kidneys and appears in the urine. The reported threshold varies and is 76 

affected by kidney function.[6] Although their low sensitivity makes them inadequate for use as 77 

a screening tool,[7-9] the World Health Organisation (WHO) acknowledges that they may have a 78 

place in low resource settings where other tests are not possible and the prevalence of 79 

undiagnosed diabetes may be high.[9] Currently many people are not diagnosed until severe 80 

complications develop. Although the sensitivity of the urine test delays diagnosis relative to 81 

other methods, it may provide an opportunity to reduce further advancement of complications.   82 

 83 

MoPoTsyo, a nongovernmental organization, provides screening and care services to people with 84 

diabetes and hypertension in Cambodia through an innovative, community-based peer educator 85 

model.[10-12] MoPoTsyo uses urine glucose test strips issued in the community and self-86 

administered by patients as the initial method of diabetes screening, which has allowed them to 87 

screen over 700,000 adults, followed by confirmation with blood glucose testing for those who 88 

have a positive urine test. The aim of this study was to determine the diagnostic accuracy of a 89 

self-administered urine glucose test strip compared to alternative diabetes screening tools in a 90 

low resource setting of Cambodia. We also explored whether individuals with diabetes who were 91 
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detected by urine glucose test strips differed in health status compared to those who were missed 92 

by this test but detected by blood glucose measurement. Greater understanding of the 93 

performance of this test by the MoPoTsyo program will help to inform its optimal use.  94 

 95 

Methods  96 

Study design and procedures 97 

A prospective cross-sectional study was performed among members of the Borey Santhepheap 98 

community in Cambodia (Phnom Penh Municipality, District Dangkao, Commune Chom Chao) 99 

from November 2013 to October 2014. All households on randomly selected streets were invited 100 

to participate by a local peer educator, who described the study to all potential household 101 

members. Adults at least 18 years of age living in the study area were eligible for inclusion. 102 

Individuals were excluded if they had diabetes or hypertension or had taken medications for 103 

diabetes and/or high blood pressure in the last 30 days, had kidney disease, or had received 104 

dialysis. Written informed consent was obtained from all participants.The protocol was approved 105 

by the PATH Research Ethics Committee and the National Ethics Committee for Health 106 

Research (Cambodia Institutional Review Board). Study methods and results are reported in 107 

alignment with the 2015 STARD recommendations.[13] 108 

 109 

After enrollment, all participants were screened for diabetes using a self-administered and self-110 

reported urine glucose test strip (Sichuan Medicines and Health Products, Chengdu, China). 111 

Participants were taught how to use the test strip and read the results with assistance of a color 112 

chart, and were given several ways to report results to their peer educator. All participants were 113 

then invited to attend the clinic following an 8-hour fast for laboratory confirmed tests for 114 

Page 5 of 22

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
ay 5, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-019924 on 22 M

arch 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

6 

 

diabetes and associated co-morbid risk factors. Upon arriving at the clinic all participants 115 

provided a urine sample, a venous blood sample, and a finger stick blood sample for capillary 116 

fasting blood glucose measurement (cFBG) (On Call Plus glucometer, Acon Laboratories, San 117 

Diego, USA, https://www.aconlabs.com/us/glucose/on-call/plus-bgms/). If the cFBG was less 118 

than 200 mg/dL they were asked to consume a 75g oral glucose load for the oral glucose 119 

tolerance test (OGTT). The oral glucose load was ingested within 5 minutes of starting 120 

consumption, and two hours after ingestion, further venous blood and finger stick blood samples 121 

were obtained for glucose measurements. During the visit, a health history was completed based 122 

on the WHO STEPS surveillance questionnaire [14] and blood pressure measured by trained 123 

clinical staff using an ectronic device (Omron Corporation, Tokyo, Japan). All devices used in 124 

the study were owned and used previously by MoPoTsyo within the guidelines of the Cambodian 125 

Ministry of Health; none of the devices were investigational. Additional laboratory tests 126 

performed included HbA1c (DCA Vantage Analyzer, Siemens AG, Germany), serum creatinine, 127 

glucose, total cholesterol, high-density lipoprotein cholesterol, and triglycerides (Humalyzer 128 

3000 Chemistry Analyzer, Human Diagnostics, Germany), spot urine creatinine, protein, and 129 

albumin tests (Combilyzer dipstick reader, Human Diagnostics, Germany).  130 

 131 

A sample size of 1315 participants was calculated for a desired precision range of 10% and an 132 

estimated sensitivity and specificity of the urine glucose test strip of 21% and 90%, respectively, 133 

which is also sufficient for analysis of HbA1c, OGTT, and FBG as the test strip has the lowest 134 

performance. The sample size for the study was calculated based on Buderer’s formula [15], 135 

accounting for a 3% drop-out rate and a 5% national prevalence of diabetes [16].  136 

 137 
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Data Analysis 138 

The index tests of interest were a positive self-administered urine glucose test strip, HbA1c 139 

>6.5%, and cFBG ≥126 mg/dL. Diagnostic accuracy was assessed against a composite reference 140 

standard, which was cFBG ≥200 mg/dL, or venous blood glucose, 2 hours after OGTT ≥200 141 

mg/dL.[17,18] If the participant’s cFBG was >200 mg/dL, the patient was considered to have 142 

diabetes and an OGTT was not performed. Other measures were defined as follows: Overweight 143 

(BMI ≥25 or waist circumference >90cm for men or >80cm for women[19]), elevated blood 144 

pressure (systolic pressure ≥140mmHg or diastolic pressure ≥90mmHg), albuminuria (≥20 145 

mg/L), and elevated albumin/creatinine ratio (≥30mg/g). We calculated sensitivity, specificity, 146 

positive predictive value (PPV), negative predictive value (NPV), positive likelihood ratio 147 

(LR+), negative LR (LR-),with 95% confidence intervals (CI).  148 

 149 

Subgroup analyses were not prespecified, and therefore used to explore the performance of the 150 

urine glucose test strip in participants at increased risk for diabetes mellitus (DM), including age 151 

(>=50 years), BMI (>=25), gender, and waist circumference (>90cm for men or >80cm for 152 

women). Logistic regression analyses were also used to determine if the diagnostic accuracy of 153 

the index test was impacted by these clinical features. Prevalence of diabetes by subgroup was 154 

compared by chi-squared test. We also explored whether the individuals correctly classified by 155 

the urine glucose test strip had better or worse controlled diabetes than those misclassified by the 156 

test, as defined by various clinical and laboratory measures. Mean values of continuous variables 157 

were compared using Student’s t-test while proportions of dichotomous values were compared 158 

using the chi-squared test. Data were analyzed using Stata/SE 13.1 (StataCorp LP, Texas, USA). 159 

 160 
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Results 161 

Of 1328 eligible study subjects, 1316 participated in the study and 1289 were included in the 162 

analysis (Figure 1). Participants were excluded from the analysis if they did not complete the 163 

OGTT due to vomiting or other reasons (16), were not fasting prior to the clinic visit (5), or 164 

reported taking medication for diabetes that day (6). Of the analyzed participants, 75% 165 

(972/1289) were female, mean age was 51 years, 31% had high BMI, and 13% had elevated 166 

blood pressure, although only 8% were taking antihypertensive medications. Characteristics of 167 

the participants included in the analysis are presented in Table 1. 168 

 169 

A total of 234 individuals had diabetes based on the composite reference standard of either cFBG 170 

(70, 30%) or OGTT (164, 70%), corresponding to a prevalence of 18%. The 70 indiviudals with 171 

cFBG ≥200 mg/dL, also all had HbA1c measurments >6.5%. Of the index tests evaluated, the 172 

urine glucose test strip had lower sensitivity (14.1%, 95% CI: 9.90-19.2) than cFBG (73.9%, 173 

95% CI: 67.8-79.4),  and HbA1c (75.2%, 95% CI: 69.2-80.6). All three tests offered high 174 

specificity (99.3%, 95% CI: 98.6-99.7; 96.8%, 95% CI: 95.5-97.8; and 98.5%, 95% CI: 97.5-175 

99.1; respectively) (Table 2).The urine glucose test strip failed to identify 201 individuals with 176 

diabetes (false negatives) and falsely identified seven participants without diabetes (false 177 

positives). The 201 patients with diabetes who were not identified by the urine test had 178 

significantly lower venous FBG, lower 2 hr OGTT, and lower HbA1c compared to those 179 

correctly diagnosed, but were similar in other characteristics (Table 3). The seven false positive 180 

individuals had higher HbA1c, higher systolic BP, and higher proportion receiving treatment for 181 

hypertension than those with true negative results (Table 3).  182 

 183 
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The prevalence of diabetes (diagnosed by the composite reference standard) was significantly 184 

higher in participants who were 50 years of age or older compared to those under 50 years (24% 185 

vs. 9.6%, p<0.001); those with high BMI compared to those with normal BMI (22% vs. 17%, 186 

p=0.03); and those with greater waist circumference compared to those with normal waist (24% 187 

vs. 13%, p<0.001), but was the same in males and females (Table 4). The diagnostic accuracy of 188 

the urine glucose test strip was similar among subgroups of patients with various cofactors, with 189 

overlapping confidence intervals (Table 4). Additionally, multivariate and univariate logistic 190 

regression analyses also indicated that the diagnostic accuracy of the index test was not 191 

significantly impacted by these cofactors.  192 

 193 

Discussion 194 

Urine glucose test strips had much lower sensitivity than either cFBG or HbA1c, but all three 195 

tests offered high specificity. Patients who tested positive with the urine glucose test who were 196 

confirmed to have diabetes by the reference standard (true positives) had higher FBG, higher 197 

OGTT and higher HbA1c levels compared to the false negative group (urine test negative in 198 

patients with diabetes), suggesting that the urine glucose test may identify individuals with poor 199 

glycemic control. This suggests a subset of diabetes patients is being identified that may 200 

potentially be at higher risk of advancing complications or comorbidities, and who may benefit 201 

the most from further care [20]. In addition, testing for urine glucose was highly specific (99%), 202 

with positive LRs in the 20s, indicating that when positive, this test is highly indicative of 203 

diabetes.  204 

 205 
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The prevalence of diabetes in the MoPoTsyo population in Cambodia was 18%. This is much 206 

higher than the national prevalence for Cambodia, which is reported at 3.0%.[1] This may be due 207 

to the high proportion of individuals over 50 years of age in our study population, which could 208 

be explained by a participation bias towards those who were able to miss a day of work to attend 209 

a clinic visit. Additionally, our study took place in a rapidly changing urban population, which 210 

had a 2.4 times higher diabetes prevalence in the STEP survey, country report from 2010.[21]  211 

 212 

A wide range of sensitivities for the urine glucose test strip has been reported, and its use 213 

remains controversial. A review in 2000 found six adequately designed studies that reported 214 

performance of urine test strips for glucose.[8] Among these, sensitivities in two reports of 215 

fasting patients were 16% and 35%; two using random samples found sensitivities of 18% and 216 

64%; and three using postprandial and post-load measurements reported sensitivities between 217 

39% and 48%. This review concluded that blood glucose measurements were preferred over 218 

urinary glucose or HbA1c, and particularly, postprandial over fasting measures. Another review 219 

found five studies reporting a range of sensitivity from 18% to 74% for urine glucose test 220 

strips.[7] The review concluded that urine glucose test strips are not sufficient for screening for 221 

diabetes.  222 

 223 

This is one of the first studies to determine the prevalence of diabetes in Cambodia, and report on 224 

the screening accuracy of urine glucose test strips which are commonly used as screening tests in 225 

this setting. We used a prospective community-based design and had a large sample size with 226 

high participation rate. The study had several limitations. Firstly, we used a composite reference 227 

test and those with cFBG> 200 mg/dL were not evaluated by the OGTT. When evaluating the 228 
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index test of cFBG, the index test is included in the reference test, though at a different threshold, 229 

which can cause incorporation bias resulting in an inflated test accuracy. While OGTT is 230 

considered the gold standard reference test for assessing diagnostic accuracy, there has been 231 

some question of its performance. Two studies in China, each on more than 200 participants, 232 

found that the reproducibility of the OGTT was 56% [22] and 66% [23]. Though our choice of 233 

the reference standards, particularly OGTT, could have affected our study results, its use allows 234 

comparison of our results to those in a number of other studies. Second, the urine glucose test 235 

was self-administered and self reported. While this was pragmatic, and aligns with the practices 236 

at MoPoTyso and other clinical settings in Cambodia, errors in interpreting the test result could 237 

influence accuracy. We were not able to repeat this test when patients attended their clinic visit 238 

as they were fasting at the clinic visit, and thus their urine would not have been the random non-239 

fasting urine test obtained at home. Third, we were not able to obtain hemoglobin levels (or test 240 

for hemoglobin variants) as these tests are not available in this setting, and hence cannot assess 241 

the impact of anemia or hemoglobinopathy on test performance.[24] Fourth, glucose test strip 242 

accuracy may be subject to effects of heat and humidity, we were not able to explore their 243 

possible impact on our results.  244 

 245 

For clinicians working in settings similar to ours, the question is how useful is the urine glucose 246 

test as a screening or diagnostic test, and is it “better than nothing”? The low sensitivity certainly 247 

reduces the value of this test as a screening tool, but the high specificity means that positive tests 248 

can be used to rule in patients with diabetes, suggesting that urine glucose may have some 249 

diagnostic value in this setting. The false positive rate was extremely low, and only 7 patients 250 

without disease were identified as positive by urine glucose test strip. From a population 251 
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perspective, the value of a low cost, poorly sensitive yet highly specific test for diabetes is 252 

unclear in terms of balancing the opportunity to identify a subset of patients with less well 253 

controlled diabetes who would not have been identified otherwise, with the downside of a high 254 

false negative rate.[25] 255 

 256 

Not surprisingly, usability parameters and cost make urine glucose test strips a highly desirable 257 

test in this and other low-resource settings.[9] Product attributes such as low complexity and 258 

infrastructure requirements, short time to results, and low participant burden greatly contribute to 259 

the acceptability and desirability of the screening tool. The large patient burden and the frequent 260 

inability to comply with fasting requirements reduce the feasibility of using OGTT or FBG tests. 261 

While HbA1c testing does not require fasting, current tests are too expensive for use in most 262 

low-income countries. The role of a poorly sensitive test like urine glucose in resource poor 263 

settings such as Cambodia is debatable, on the one hand the test will identify some patients 264 

previously undiagnosed, and assuming treatment can be initiated, reduce severity of 265 

complications from this disease. On the other hand, the test will miss the majority of patients 266 

with diabetes, thus risking a false reassurance, further postponement of diagnosis, and risking 267 

patient’s respect for the health care system.  268 

 269 

There may be strategies to improve the performance (particularly sensitivity) of the urine glucose 270 

test strip. First, using presence of risk factors such as high waist circumference or BMI, may 271 

increase the pretest probability of diabetes and lead to improved performance. In our study, the 272 

sensitivity of the UGTS among overweight men with high waist circumference was twice the 273 

overall sensitivity (29% vs. 14% respectiviely). Second, using random, postprandial, or glucose-274 
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loaded measurements may be superior than fasting because the renal threshold for glucose is 275 

more often reached in non-fasting states.[8] Third, improving the limit of detection may be 276 

possible by modifications in the test strip itself, or improvement in the way it is read either 277 

manually (with trained users) or automatically (with electronic reading devices). Finally, 278 

increasing screening frequency may be feasible in low resource settings, if the urine glucose test 279 

strip truly does identify a smaller but more advanced fraction of diabetes patients.  280 

 281 

Conclusion 282 

Low cost, easy to use diabetes screening, diagnosis, and monitoring tools are essential for low-283 

resource communities with minimal infrastructure. While the urine glucose test strip has some 284 

value as a screening test in these settings, its performance is far from optimal. Progress is 285 

urgently needed to improve the performance, availability, and access of essential testing 286 

technologies for diabetes. 287 

 288 

 289 

List of abbreviations 290 

urine glucose test strip (UGTS)  291 

International Diabetes Federation (IDF) 292 

non-communicable diseases (NCDs) 293 

cardiovascular disease (CVD) 294 

World Health Organisation (WHO)  295 

capillary fasting blood glucose measurement (cFBG)  296 

oral glucose tolerance test (OGTT) 297 
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positive predictive value (PPV) 298 

negative predictive value (NPV) 299 

positive likelihood ratio (LR+) 300 

negative likelihood ratio (LR-) 301 

confidence intervals (CI) 302 

diabetes mellitus (DM) 303 

 304 

Declarations 305 

Ethical approval and consent to participate 306 

The protocol was approved by the PATH Research Ethics Committee and the National Ethics 307 

Committee for Health Research (Cambodia Institutional Review Board). Informed consent was 308 

obtained from all participants. 309 

Consent for publication 310 

Not applicable. 311 

Availability of data and material 312 

The datasets used during the current study are available from the corresponding author on 313 

reasonable request.  314 

Competing Interests 315 

The authors declare that they have no competing interests. 316 

Funding 317 

This work was supported by a grant from Medtronic Foundation, and received additional support 318 

from PATH and the University of Washington Department of Family Medicine. The funding 319 

Page 14 of 22

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
ay 5, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-019924 on 22 M

arch 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

15 

 

source had no involvement in study design, data collection, data analysis, data interpretation, 320 

writing of the manuscript, or the decision to publish the results.  321 

Authors contributions 322 

MHP, SB, TN, HM and BW designed the study; MHP, SB, TN, and BW implemented the study; 323 

HLS, MT, HM, and BW analysed and interpreted the data; HLS, MHP, FD, MT, HM, and BW 324 

contributed to writing. All authors read and approved the final manuscript.   325 

Acknowledgements 326 

We would like to acknowledge the Borey Santhepheap community in Cambodia (Phnom Penh 327 

Municipality, District Dangkao, Commune Chom Chao) for participating in this study. We also 328 

acknowledge the input of Dr Annette Fitzpatrick and Dr Jim LoGerfo from the University of 329 

Washington. 330 

Authors’ information 331 

Not applicable. 332 

 333 

 334 

Tables 335 

 336 

Table 1. Characteristics of included participants. 337 

 
Mean (SD) or % 

n=1289 

Age, years  51.4 (14.9) 

Female (%) 75.4 

BMI
1
 23.2 (4.1) 

High BMI (%) 30.5 

Waist circumference above cutoff 
2
 (%) 46.1 

Systolic blood pressure, mmHg 123.5 (20.6) 

Diastolic blood pressure, mmHg 80.8 (12.1) 

Elevated blood pressure (%) 12.9 

Take treatment for high blood pressure (%) 8.2 
1
 n=1288 338 

2 
>90cm for men, >80cm for women. [19] 339 

 340 

 341 
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Table 2. Diagnostic accuracy of urine glucose test strip, capillary fasting glucose, and HbA1c determined 342 

by comparison with the composite reference standard (n=1289)
1
. 343 

 344 

 

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
2
 (95%CI) 18%, 234/1289 (16, 20.4) 

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

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

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

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

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

Negative LR (95% CI) 0.90 (0.80, 0.90) 0.30 (0.20, 0.30) 0.30 (0.20, 0.30) 
1
 Excludes individuals taking diabetes treatment that day (n=6), did not fast before OGTT as instructed (n=5), or did 345 

not complete the OGTT (n=16).  346 
2
 Composite reference standard: OGTT ≥200 mg/dL or cFBG ≥200 mg/dL. 70 patients with cFBG>=200 were not 347 

tested by OGTT. 348 

 349 

 350 

 351 

 352 

Table 3. Diagnostic accuracy of the urine glucose test strip by patient characteristics. 353 

 354 

 355 
1
 Diagnosis by the composite reference standard: venous OGTT ≥200 mg/dL or cFBG ≥200 mg/dL. 70 patients with 356 

cFBG>=200 were not tested by OGTT. 357 
2 
4 missing values, 169 indeterminate measurements not included in analysis.

 
358 

Patient characteristic: Mean (SD) or % 

Diabetic
1 

Non-diabetic
1 

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 hrs 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 cutoff (%) 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)

2
 (%) 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 
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Bold = significantly different (p ≤ 0.05) by Student’s t-test or chi-squared test. 359 

 360 

 361 

Table 4. Diagnostic accuracy of urine glucose test strip by participant cofactors (n=1289) 
1
. 362 

 363 

Results  

Cofactors 

Age BMI 
3 

Gender 
Waist 

circumference 
4 

<50 ≥50 <25 ≥25 Male Female Normal High 

Number of 

participants 
531 758 895 393 317 972 691 598 

True positive (n) 8 25 22 11 6 27 13 20 

False positive (n) 3 4 3 4 1 6 2 5 

False negative (n) 43 158 127 74 51 150 77 124 

True negative (n) 477 571 743 304 259 789 599 449 

True diabetes 

prevalence 
2
 

9.6%  

(7.2, 

12.4) 

24%  

(21.0, 

27.4) 

17%  

(14.0, 

19.3) 

22%  

(18.0, 

26.0) 

18%  

(14.0, 

22.7) 

18%  

(16.0, 

20.8) 

13%  

(11.0, 

15.8) 

24% 

(21.0, 

27.7) 

Sensitivity (95% 

CI) 

15.7  

(7.0, 

28.6) 

13.7 

(9.0, 

19.5) 

14.8  

(9.5, 

21.5) 

12.9  

(6.6, 

22.0) 

10.5  

(4.0, 

21.5) 

15.3  

(10.3, 

21.4) 

14.4  

(7.9, 

23.4) 

13.9  

(8.7, 

20.6) 

Specificity (95% 

CI) 

99.4  

(98.2, 

99.9) 

99.3  

(98.2, 

99.8) 

99.6  

(98.8, 

99.9) 

98.7  

(96.7, 

99.6) 

99.6  

(97.9, 

100) 

99.2  

(98.4, 

99.7) 

99.7  

(98.8, 

100) 

98.9  

(97.4, 

99.6) 

Positive PV (95% 

CI) 

72.7  

(39, 

94.0) 

86.2  

(68.3, 

96.1) 

88  

(68.8, 

97.5) 

73.3  

(44.96, 

92.2) 

85.7  

(42.1, 

99.6) 

81.8  

(64.5, 

93.0) 

86.7  

(59.5, 

98.3) 

80 

(59.3, 

93.2) 

Negative PV (95% 

CI) 

91.7  

(89, 94) 

78.3  

(75.2, 

81.3) 

85.4  

(82.9, 

87.7) 

80.4  

76.1, 

84.3) 

83.5  

(78.9, 

87.5) 

84  

(81.5, 

86.3) 

88.6  

(86, 

90.9) 

78.4  

(74.8, 

81.7) 

Positive LR (95% 

CI) 

25.1  

(6.9, 

91.6) 

19.6  

(6.9, 

55.7) 

36.7  

(11.1, 

121) 

10.0  

(3.3, 

30.5) 

27.4  

(3.4, 

223) 

20.2  

(8.5, 

48.2) 

43.4  

(10.0, 

189) 

12.6  

(4.8, 33) 

Negative LR (95% 

CI) 

0.8  

(0.8, 

1.0) 

0.9  

(0.8, 

0.9) 

0.9  

(0.8, 

0.9) 

0.9  

(0.8, 

1.0) 

0.9  

(0.8, 

1.0) 

0.85  

(0.80, 

0.91) 

0.86  

(0.79, 

0.94) 

0.87  

(0.82, 

0.93) 

 364 
1
 Excludes individuals taking diabetes treatment that day (n=6), did not fast before OGTT as instructed (n=5), or did 365 

not complete the OGTT (n=16).  366 
2
 Composite reference standard: OGTT ≥200 mg/dL or cFBG ≥200 mg/dL. 70 patients with cFBG>=200 were not 367 

tested by OGTT. 368 
3
 n=1288. 369 

4
 High Waist circumference = >90cm for men, >80cm for women.[19] 370 

Bold = significantly different (p ≤ 0.05), chi-squared test.  371 

 372 

 373 

Figure legend 374 

 375 

Figure 1: Study flow diagram. 376 

 377 

 378 
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 Section & Topic No Item Reported on page # 

     

 TITLE OR ABSTRACT    

  1 Identification as a study of diagnostic accuracy using at least one measure of accuracy 

(such as sensitivity, specificity, predictive values, or AUC) 

1 

 ABSTRACT    

  2 Structured summary of study design, methods, results, and conclusions  

(for specific guidance, see STARD for Abstracts) 

1 

 INTRODUCTION    

  3 Scientific and clinical background, including the intended use and clinical role of the index test 3 

  4 Study objectives and hypotheses 4 

 METHODS    

 Study design 5 Whether data collection was planned before the index test and reference standard  

were performed (prospective study) or after (retrospective study) 

5 

 Participants 6 Eligibility criteria  5 

  7 On what basis potentially eligible participants were identified  

(such as symptoms, results from previous tests, inclusion in registry) 

5 

  8 Where and when potentially eligible participants were identified (setting, location and dates) 5 

  9 Whether participants formed a consecutive, random or convenience series 5 

 Test methods 10a Index test, in sufficient detail to allow replication 5 

  10b Reference standard, in sufficient detail to allow replication 6 

  11 Rationale for choosing the reference standard (if alternatives exist) 6 

  12a Definition of and rationale for test positivity cut-offs or result categories  

of the index test, distinguishing pre-specified from exploratory 

6 

  12b Definition of and rationale for test positivity cut-offs or result categories  

of the reference standard, distinguishing pre-specified from exploratory 

6 

  13a Whether clinical information and reference standard results were available  

to the performers/readers of the index test 

6 

  13b Whether clinical information and index test results were available  

to the assessors of the reference standard 

6 

 Analysis 14 Methods for estimating or comparing measures of diagnostic accuracy 7 

  15 How indeterminate index test or reference standard results were handled 7 

  16 How missing data on the index test and reference standard were handled 7 

  17 Any analyses of variability in diagnostic accuracy, distinguishing pre-specified from exploratory 7 

  18 Intended sample size and how it was determined 6 

 RESULTS    

 Participants 19 Flow of participants, using a diagram 17 

  20 Baseline demographic and clinical characteristics of participants 15 

  21a Distribution of severity of disease in those with the target condition 15 

  21b Distribution of alternative diagnoses in those without the target condition NA 

  22 Time interval and any clinical interventions between index test and reference standard 5 

 Test results 23 Cross tabulation of the index test results (or their distribution)  

by the results of the reference standard 

15 

  24 Estimates of diagnostic accuracy and their precision (such as 95% confidence intervals) 15 

  25 Any adverse events from performing the index test or the reference standard NA 

 DISCUSSION    

  26 Study limitations, including sources of potential bias, statistical uncertainty, and generalisability 10 

  27 Implications for practice, including the intended use and clinical role of the index test 11 

 OTHER 

INFORMATION 

   

  28 Registration number and name of registry NA 

  29 Where the full study protocol can be accessed NA 

  30 Sources of funding and other support; role of funders 14 
     

Page 21 of 22

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
ay 5, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-019924 on 22 M

arch 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

 

STARD 2015 

AIM  

STARD stands for “Standards for Reporting Diagnostic accuracy studies”. This list of items was developed to contribute to the 

completeness and transparency of reporting of diagnostic accuracy studies. Authors can use the list to write informative 

study reports. Editors and peer-reviewers can use it to evaluate whether the information has been included in manuscripts 

submitted for publication.  

EXPLANATION 

A diagnostic accuracy study evaluates the ability of one or more medical tests to correctly classify study participants as 

having a target condition. This can be a disease, a disease stage, response or benefit from therapy, or an event or condition 

in the future. A medical test can be an imaging procedure, a laboratory test, elements from history and physical examination, 

a combination of these, or any other method for collecting information about the current health status of a patient. 

The test whose accuracy is evaluated is called index test. A study can evaluate the accuracy of one or more index tests. 

Evaluating the ability of a medical test to correctly classify patients is typically done by comparing the distribution of the 

index test results with those of the reference standard. The reference standard is the best available method for establishing 

the presence or absence of the target condition. An accuracy study can rely on one or more reference standards. 

If test results are categorized as either positive or negative, the cross tabulation of the index test results against those of the 

reference standard can be used to estimate the sensitivity of the index test (the proportion of participants with the target 

condition who have a positive index test), and its specificity (the proportion without the target condition who have a negative 

index test). From this cross tabulation (sometimes referred to as the contingency or “2x2” table), several other accuracy 

statistics can be estimated, such as the positive and negative predictive values of the test. Confidence intervals around 

estimates of accuracy can then be calculated to quantify the statistical precision of the measurements. 

If the index test results can take more than two values, categorization of test results as positive or negative requires a test 

positivity cut-off. When multiple such cut-offs can be defined, authors can report a receiver operating characteristic (ROC) 

curve which graphically represents the combination of sensitivity and specificity for each possible test positivity cut-off. The 

area under the ROC curve informs in a single numerical value about the overall diagnostic accuracy of the index test.  

The intended use of a medical test can be diagnosis, screening, staging, monitoring, surveillance, prediction or prognosis. The 

clinical role of a test explains its position relative to existing tests in the clinical pathway. A replacement test, for example, 

replaces an existing test. A triage test is used before an existing test; an add-on test is used after an existing test.  

Besides diagnostic accuracy, several other outcomes and statistics may be relevant in the evaluation of medical tests. Medical 

tests can also be used to classify patients for purposes other than diagnosis, such as staging or prognosis. The STARD list was 

not explicitly developed for these other outcomes, statistics, and study types, although most STARD items would still apply.  

DEVELOPMENT 

This STARD list was released in 2015. The 30 items were identified by an international expert group of methodologists, 

researchers, and editors. The guiding principle in the development of STARD was to select items that, when reported, would 

help readers to judge the potential for bias in the study, to appraise the applicability of the study findings and the validity of 

conclusions and recommendations. The list represents an update of the first version, which was published in 2003.  

 

More information can be found on http://www.equator-network.org/reporting-guidelines/stard. 
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 19 

Abstract (word count: 287) 20 

Objective: Screening for diabetes in low resource countries is a growing challenge, necessitating 21 

tests that are resource and context appropriate. The aim of this study was to determine the 22 
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diagnostic accuracy of a self-administered urine glucose test strip compared to alternative 23 

diabetes screening tools in a low resource setting of Cambodia.  24 

Design: Prospective cross-sectional study 25 

Setting: Members of the Borey Santhepheap community in Cambodia (Phnom Penh 26 

Municipality, District Dangkao, Commune Chom Chao). 27 

Participants: All households on randomly selected streets were invited to participate, and adults 28 

at least 18 years of age living in the study area were eligible for inclusion.  29 

Outcomes: The accuracy of self-administered urine glucose test strip positivity, HbA1c >6.5%, 30 

and capillary fasting blood glucose measurement ≥126 mg/dL were assessed against a composite 31 

reference standard of capillary fasting blood glucose measurement ≥200 mg/dL or venous blood 32 

glucose 2 hours after oral glucose tolerance test ≥200 mg/dL. 33 

Results: Of the 1289 participants, 234 (18%) had diabetes based on either capillary fasting blood 34 

glucose measurement (74, 32%) or the oral glucose tolerance test (160, 68%). The urine glucose 35 

test strip was 14% sensitive and 99% specific, and failed to identify 201 individuals with 36 

diabetes, while falsely identifying 7 without diabetes. Those missed by the urine glucose test 37 

strip had lower venous fasting blood glucose, lower venous blood glucose 2 hours after oral 38 

glucose tolerance test, and lower HbA1c compared with those correctly diagnosed.  39 

Conclusions: Low cost, easy to use diabetes tools are essential for low-resource communities 40 

with minimal infrastructure. While the urine glucose test strip may identify persons with diabetes 41 

that might otherwise go undiagnosed in these settings, its poor sensitivity cannot be ignored. The 42 

massive burden of diabetes in low-resource settings demands improvements in test technologies.  43 

Keywords: Diabetes, Low-resource settings, Diagnostics, Urine glucose test strip, Screening,  44 

 45 
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Article Summary (word count: 2261) 46 

Strengths and limitations of the study 47 

• This is one of the first studies to determine the prevalence of diabetes and report on the 48 

screening accuracy of urine glucose test strips in Cambodia, which are commonly used as 49 

screening tests in this setting.  50 

• We used a prospective community-based design and had a large sample size with high 51 

participation rate, though participation bias towards those able to miss a day of work to 52 

attend a clinic visit may still have been an issue.  53 

• Use of a composite reference test and not evaluating those with capillary fasting blood 54 

glucose > 200 mg/dL by the oral glucose tolerance test, could have affected our study 55 

results, though the use of oral glucose tolerance test allows comparison of our results to 56 

those in a number of other studies. 57 

• The urine glucose test was self-administered and self reported, which is pragmatic and 58 

aligns with the practices at MoPoTyso and other clinical settings in Cambodia, however 59 

errors in interpreting the test result could influence accuracy. 60 

 61 

Background  62 

According to the International Diabetes Federation, 415 million adults are living with diabetes 63 

globally, almost half of which are undiagnosed, and this number is expected to increase to 642 64 

million by 2040.[1] As is the case for most non-communicable diseases, three quarters of those 65 

affected live in low- and middle-income countries. In Cambodia for example, there are an 66 

estimated 230,000 people with diabetes, who are at risk for the associated micro- and 67 

macrovascular complications of this disease, including cardiovascular disease.[1,2] Strategies to 68 
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reduce cardiovascular disease risk may also prevent and control diabetes, which would further 69 

reduce rates of eye, kidney, and neural damage due to diabetes complications.[3] To facilitate 70 

screening and monitoring for diabetes in these low- and middle-income countries, a low-cost, 71 

point-of-care diagnostic test that is resource and context appropriate is needed.  72 

 73 

In low-resource settings, urine glucose test strips have been used as diabetes screening tools 74 

because they are inexpensive, noninvasive, and easy to use.[4,5] While these tests do not require 75 

fasting and are user friendly, they can only detect glucose after it has exceeded the threshold for 76 

reabsorption by the kidneys and appears in the urine. The reported threshold varies and is 77 

affected by kidney function.[6] Although their low sensitivity makes them inadequate for use as 78 

a screening tool,[7-9] the World Health Organisation acknowledges that they may have a place 79 

in low resource settings where other tests are not possible and the prevalence of undiagnosed 80 

diabetes may be high.[9] Currently many people are not diagnosed until severe complications 81 

develop. Although the sensitivity of the urine test delays diagnosis relative to other methods, it 82 

may provide an opportunity to reduce further advancement of complications.   83 

 84 

MoPoTsyo, a nongovernmental organization, provides screening and care services to people with 85 

diabetes and hypertension in Cambodia through an innovative, community-based peer educator 86 

model.[10-12] MoPoTsyo uses urine glucose test strips issued in the community and self-87 

administered by patients as the initial method of diabetes screening, which has allowed them to 88 

screen over 700,000 adults, followed by confirmation with blood glucose testing for those who 89 

have a positive urine test. The aim of this study was to determine the diagnostic accuracy of a 90 

self-administered urine glucose test strip compared to alternative diabetes screening tools in a 91 
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low resource setting of Cambodia. We also explored whether individuals with diabetes who were 92 

detected by urine glucose test strips differed in health status compared to those who were missed 93 

by this test but detected by blood glucose measurement. Greater understanding of the 94 

performance of this test by the MoPoTsyo program will help to inform its optimal use.  95 

 96 

Methods  97 

Study design and procedures 98 

A prospective cross-sectional study was performed among members of the Borey Santhepheap 99 

community in Cambodia (Phnom Penh Municipality, District Dangkao, Commune Chom Chao) 100 

from November 2013 to October 2014. All households on randomly selected streets were invited 101 

to participate by a local peer educator, who described the study to all potential household 102 

members. Adults at least 18 years of age living in the study area were eligible for inclusion. 103 

Individuals were excluded if they had diabetes or hypertension or had taken medications for 104 

diabetes and/or high blood pressure in the last 30 days, had kidney disease, or had received 105 

dialysis. Written informed consent was obtained from all participants.The protocol was approved 106 

by the PATH Research Ethics Committee and the National Ethics Committee for Health 107 

Research (Cambodia Institutional Review Board). Study methods and results are reported in 108 

alignment with the 2015 STARD recommendations.[13] 109 

 110 

After enrollment, all participants were screened for diabetes using a self-administered and self-111 

reported urine glucose test strip (Sichuan Medicines and Health Products, Chengdu, China). 112 

Participants were taught how to use the test strip and read the results with assistance of a color 113 

chart, and were given several ways to report results to their peer educator. All participants were 114 
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then invited to attend the clinic following an 8-hour fast for laboratory confirmed tests for 115 

diabetes and associated co-morbid risk factors. Upon arriving at the clinic all participants 116 

provided a urine sample, a venous blood sample, and a finger stick blood sample for capillary 117 

fasting blood glucose measurement (cFBG) (On Call Plus glucometer, Acon Laboratories, San 118 

Diego, USA, https://www.aconlabs.com/us/glucose/on-call/plus-bgms/). If the cFBG was less 119 

than 200 mg/dL they were asked to consume a 75g oral glucose load for the oral glucose 120 

tolerance test (OGTT). The oral glucose load was ingested within 5 minutes of starting 121 

consumption, and two hours after ingestion, further venous blood and finger stick blood samples 122 

were obtained for glucose measurements. During the visit, a health history was completed based 123 

on the WHO STEPS surveillance questionnaire [14] and blood pressure measured by trained 124 

clinical staff using an ectronic device (Omron Corporation, Tokyo, Japan). All devices used in 125 

the study were owned and used previously by MoPoTsyo within the guidelines of the Cambodian 126 

Ministry of Health; none of the devices were investigational. Additional laboratory tests 127 

performed included HbA1c (DCA Vantage Analyzer, Siemens AG, Germany), serum creatinine, 128 

glucose, total cholesterol, high-density lipoprotein cholesterol, and triglycerides (Humalyzer 129 

3000 Chemistry Analyzer, Human Diagnostics, Germany), spot urine creatinine, protein, and 130 

albumin tests (Combilyzer dipstick reader, Human Diagnostics, Germany).  131 

 132 

A sample size of 1315 participants was calculated for a desired precision range of 10% and an 133 

estimated sensitivity and specificity of the urine glucose test strip of 21% and 90%, respectively, 134 

which is also sufficient for analysis of HbA1c, OGTT, and FBG as the test strip has the lowest 135 

performance. The sample size for the study was calculated based on Buderer’s formula [15], 136 

accounting for a 3% drop-out rate and a 5% national prevalence of diabetes [16].  137 
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 138 

Data Analysis 139 

The index tests of interest were a positive self-administered urine glucose test strip, HbA1c 140 

>6.5%, and cFBG ≥126 mg/dL. Diagnostic accuracy was assessed against a composite reference 141 

standard, which was cFBG ≥200 mg/dL, or venous blood glucose, 2 hours after OGTT ≥200 142 

mg/dL.[17,18] If the participant’s cFBG was >200 mg/dL, the patient was considered to have 143 

diabetes and an OGTT was not performed. Other measures were defined as follows: Overweight 144 

(BMI ≥25 or waist circumference >90cm for men or >80cm for women[19]), elevated blood 145 

pressure (systolic pressure ≥140mmHg or diastolic pressure ≥90mmHg), albuminuria (≥20 146 

mg/L), and elevated albumin/creatinine ratio (≥30mg/g). We calculated sensitivity, specificity, 147 

positive predictive value (PPV), negative predictive value (NPV), positive likelihood ratio 148 

(LR+), negative LR (LR-),with 95% confidence intervals (CI).  149 

 150 

Subgroup analyses were not prespecified, and therefore used to explore the performance of the 151 

urine glucose test strip in participants at increased risk for diabetes mellitus (DM), including age 152 

(>=50 years), BMI (>=25), gender, and waist circumference (>90cm for men or >80cm for 153 

women). Logistic regression analyses were also used to determine if the diagnostic accuracy of 154 

the index test was impacted by these clinical features. Prevalence of diabetes by subgroup was 155 

compared by chi-squared test. We also explored whether the individuals correctly classified by 156 

the urine glucose test strip had better or worse controlled diabetes than those misclassified by the 157 

test, as defined by various clinical and laboratory measures. Mean values of continuous variables 158 

were compared using Student’s t-test while proportions of dichotomous values were compared 159 

using the chi-squared test. Data were analyzed using Stata/SE 13.1 (StataCorp LP, Texas, USA). 160 
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 161 

Results 162 

Of 1328 eligible study subjects, 1316 participated in the study and 1289 were included in the 163 

analysis (Figure 1). Participants were excluded from the analysis if they did not complete the 164 

OGTT due to vomiting or other reasons (16), were not fasting prior to the clinic visit (5), or 165 

reported taking medication for diabetes that day (6). Of the analyzed participants, 75% 166 

(972/1289) were female, mean age was 51 years, 31% had high BMI, and 13% had elevated 167 

blood pressure, although only 8% were taking antihypertensive medications. Characteristics of 168 

the participants included in the analysis are presented in Table 1. 169 

 170 

A total of 234 individuals had diabetes based on the composite reference standard of either cFBG 171 

(70, 30%) or OGTT (164, 70%), corresponding to a prevalence of 18%. The 70 indiviudals with 172 

cFBG ≥200 mg/dL, also all had HbA1c measurments >6.5%. Of the index tests evaluated, the 173 

urine glucose test strip had lower sensitivity (14.1%, 95% CI: 9.90-19.2) than cFBG (73.9%, 174 

95% CI: 67.8-79.4),  and HbA1c (75.2%, 95% CI: 69.2-80.6). All three tests offered high 175 

specificity (99.3%, 95% CI: 98.6-99.7; 96.8%, 95% CI: 95.5-97.8; and 98.5%, 95% CI: 97.5-176 

99.1; respectively) (Table 2).The urine glucose test strip failed to identify 201 individuals with 177 

diabetes (false negatives) and falsely identified seven participants without diabetes (false 178 

positives). The 201 patients with diabetes who were not identified by the urine test had 179 

significantly lower venous FBG, lower 2 hr OGTT, and lower HbA1c compared to those 180 

correctly diagnosed, but were similar in other characteristics (Table 3). The seven false positive 181 

individuals had higher HbA1c, higher systolic BP, and higher proportion receiving treatment for 182 

hypertension than those with true negative results (Table 3).  183 
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 184 

The prevalence of diabetes (diagnosed by the composite reference standard) was significantly 185 

higher in participants who were 50 years of age or older compared to those under 50 years (24% 186 

vs. 9.6%); those with high BMI compared to those with normal BMI (22% vs. 17%); and those 187 

with greater waist circumference compared to those with normal waist (24% vs. 13%), but was 188 

the same in males and females (Table 4). The diagnostic accuracy of the urine glucose test strip 189 

was similar among subgroups of patients with various cofactors, with overlapping confidence 190 

intervals (Table 4). Additionally, multivariate and univariate logistic regression analyses also 191 

indicated that the diagnostic accuracy of the index test was not significantly impacted by these 192 

cofactors.  193 

 194 

Discussion 195 

Urine glucose test strips had much lower sensitivity than either cFBG or HbA1c, but all three 196 

tests offered high specificity. Patients who tested positive with the urine glucose test who were 197 

confirmed to have diabetes by the reference standard (true positives) had higher FBG, higher 198 

OGTT and higher HbA1c levels compared to the false negative group (urine test negative in 199 

patients with diabetes), suggesting that the urine glucose test may identify individuals with poor 200 

glycemic control. This suggests a subset of diabetes patients is being identified that may 201 

potentially be at higher risk of advancing complications or comorbidities, and who may benefit 202 

the most from further care [20]. In addition, testing for urine glucose was highly specific (99%), 203 

with positive LRs in the 20s, indicating that when positive, this test is highly indicative of 204 

diabetes.  205 

 206 
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The prevalence of diabetes in the MoPoTsyo population in Cambodia was 18%. This is much 207 

higher than the national prevalence for Cambodia, which is reported at 3.0%.[1] This may be due 208 

to the high proportion of individuals over 50 years of age in our study population, which could 209 

be explained by a participation bias towards those who were able to miss a day of work to attend 210 

a clinic visit. Additionally, our study took place in a rapidly changing urban population, which 211 

had a 2.4 times higher diabetes prevalence in the STEP survey, country report from 2010.[21]  212 

 213 

A wide range of sensitivities for the urine glucose test strip has been reported, and its use 214 

remains controversial. A review in 2000 found six adequately designed studies that reported 215 

performance of urine test strips for glucose.[8] Among these, sensitivities in two reports of 216 

fasting patients were 16% and 35%; two using random samples found sensitivities of 18% and 217 

64%; and three using postprandial and post-load measurements reported sensitivities between 218 

39% and 48%. This review concluded that blood glucose measurements were preferred over 219 

urinary glucose or HbA1c, and particularly, postprandial over fasting measures. Another review 220 

found five studies reporting a range of sensitivity from 18% to 74% for urine glucose test 221 

strips.[7] The review concluded that urine glucose test strips are not sufficient for screening for 222 

diabetes.  223 

 224 

This is one of the first studies to determine the prevalence of diabetes in Cambodia, and report on 225 

the screening accuracy of urine glucose test strips which are commonly used as screening tests in 226 

this setting. We used a prospective community-based design and had a large sample size with 227 

high participation rate. The study had several limitations. Firstly, we used a composite reference 228 

test and those with cFBG> 200 mg/dL were not evaluated by the OGTT. When evaluating the 229 
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index test of cFBG, the index test is included in the reference test, though at a different threshold. 230 

This can cause incorporation bias resulting in an inflated test accuracy. Here the three different 231 

index tests are included for comparison; however, the likely overestimation of diagnostic 232 

accuracy for cFBG is important to keep in mind. While OGTT is considered the gold standard 233 

reference test for assessing diagnostic accuracy, there has been some question of its performance. 234 

Two studies in China, each on more than 200 participants, found that the reproducibility of the 235 

OGTT was 56% [22] and 66% [23]. Though our choice of the reference standards, particularly 236 

OGTT, could have affected our study results, its use allows comparison of our results to those in 237 

a number of other studies. Second, the urine glucose test was self-administered and self reported. 238 

While this was pragmatic, and aligns with the practices at MoPoTyso and other clinical settings 239 

in Cambodia, errors in interpreting the test result could influence accuracy. We were not able to 240 

repeat this test when patients attended their clinic visit as they were fasting at the clinic visit, and 241 

thus their urine would not have been the random non-fasting urine test obtained at home. Third, 242 

we were not able to obtain hemoglobin levels (or test for hemoglobin variants) as these tests are 243 

not available in this setting, and hence cannot assess the impact of anemia or hemoglobinopathy 244 

on test performance.[24] Fourth, glucose test strip accuracy may be subject to effects of heat and 245 

humidity, we were not able to explore their possible impact on our results.  246 

 247 

For clinicians working in settings similar to ours, the question is how useful is the urine glucose 248 

test as a screening or diagnostic test, and is it “better than nothing”? The low sensitivity certainly 249 

reduces the value of this test as a screening tool, but the high specificity means that positive tests 250 

can be used to rule in patients with diabetes, suggesting that urine glucose may have some 251 

diagnostic value in this setting. The false positive rate was extremely low, and only 7 patients 252 
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without disease were identified as positive by urine glucose test strip. From a population 253 

perspective, the value of a low cost, poorly sensitive yet highly specific test for diabetes is 254 

unclear in terms of balancing the opportunity to identify a subset of patients with less well 255 

controlled diabetes who would not have been identified otherwise, with the downside of a high 256 

false negative rate.[25] 257 

 258 

Not surprisingly, usability parameters and cost make urine glucose test strips a highly desirable 259 

test in this and other low-resource settings.[9] Product attributes such as low complexity and 260 

infrastructure requirements, short time to results, and low participant burden greatly contribute to 261 

the acceptability and desirability of the screening tool. The large patient burden and the frequent 262 

inability to comply with fasting requirements reduce the feasibility of using OGTT or FBG tests. 263 

While HbA1c testing does not require fasting, current tests are too expensive for use in most 264 

low-income countries. The role of a poorly sensitive test like urine glucose in resource poor 265 

settings such as Cambodia is debatable, on the one hand the test will identify some patients 266 

previously undiagnosed, and assuming treatment can be initiated, reduce severity of 267 

complications from this disease. On the other hand, the test will miss the majority of patients 268 

with diabetes, thus risking a false reassurance, further postponement of diagnosis, and risking 269 

patient’s respect for the health care system.  270 

 271 

There may be strategies to improve the performance (particularly sensitivity) of the urine glucose 272 

test strip. First, using presence of risk factors such as high waist circumference or BMI, may 273 

increase the pretest probability of diabetes and lead to improved performance. In our study, the 274 

sensitivity of the urine glucose test strip among overweight men with high waist circumference 275 
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was twice the overall sensitivity (29% vs. 14% respectiviely). Second, using random, 276 

postprandial, or glucose-loaded measurements may be superior than fasting because the renal 277 

threshold for glucose is more often reached in non-fasting states.[8] Third, improving the limit of 278 

detection may be possible by modifications in the test strip itself, or improvement in the way it is 279 

read either manually (with trained users) or automatically (with electronic reading devices). 280 

Finally, increasing screening frequency may be feasible in low resource settings, if the urine 281 

glucose test strip truly does identify a smaller but more advanced fraction of diabetes patients.  282 

 283 

Conclusion 284 

Low cost, easy to use diabetes screening, diagnosis, and monitoring tools are essential for low-285 

resource communities with minimal infrastructure. While the urine glucose test strip has some 286 

value as a screening test in these settings, its performance is far from optimal. Progress is 287 

urgently needed to improve the performance, availability, and access of essential testing 288 

technologies for diabetes. 289 

 290 

 291 

List of abbreviations 292 

urine glucose test strip (UGTS)  293 

capillary fasting blood glucose measurement (cFBG)  294 

oral glucose tolerance test (OGTT) 295 

positive predictive value (PPV) 296 

negative predictive value (NPV) 297 

positive likelihood ratio (LR+) 298 

Page 13 of 22

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
ay 5, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-019924 on 22 M

arch 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

14 

 

negative likelihood ratio (LR-) 299 

confidence intervals (CI) 300 

diabetes mellitus (DM) 301 
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 332 

Tables 333 

 334 

Table 1. Characteristics of included participants. 335 

 
Mean (SD) or % 

n=1289 

Age, years  51.4 (14.9) 

Female (%) 75.4 

BMI
1
 23.2 (4.1) 

High BMI (%) 30.5 

Waist circumference above cutoff 
2
 (%) 46.1 

Systolic blood pressure, mmHg 123.5 (20.6) 

Diastolic blood pressure, mmHg 80.8 (12.1) 

Elevated blood pressure (%) 12.9 

Take treatment for high blood pressure (%) 8.2 
1
 n=1288 336 

2 
>90cm for men, >80cm for women. [19] 337 

 338 

 339 

Table 2. Diagnostic accuracy of urine glucose test strip, capillary fasting glucose, and HbA1c determined 340 

by comparison with the composite reference standard (n=1289)
1
. 341 

 342 

 

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 
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True negative (n) 1048 1021 1039 

True diabetes prevalence
2
 (95%CI) 18%, 234/1289 (16, 20.4) 

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

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

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

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

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

Negative LR (95% CI) 0.90 (0.80, 0.90) 0.30 (0.20, 0.30) 0.30 (0.20, 0.30) 
1
 Excludes individuals taking diabetes treatment that day (n=6), did not fast before OGTT as instructed (n=5), or did 343 

not complete the OGTT (n=16).  344 
2
 Composite reference standard: OGTT ≥200 mg/dL or cFBG ≥200 mg/dL. 70 patients with cFBG>=200 were not 345 

tested by OGTT. 346 

 347 

 348 

 349 

 350 

Table 3. Diagnostic accuracy of the urine glucose test strip by patient characteristics. 351 

 352 

 353 
1
 Diagnosis by the composite reference standard: venous OGTT ≥200 mg/dL or cFBG ≥200 mg/dL. 70 patients with 354 

cFBG>=200 were not tested by OGTT. 355 
2 
4 missing values, 169 indeterminate measurements not included in analysis.

 
356 

Bold = significantly different (p ≤ 0.05) by Student’s t-test or chi-squared test. 357 

 358 

 359 

Table 4. Diagnostic accuracy of urine glucose test strip by participant cofactors (n=1289) 
1
. 360 

 361 

Results  Cofactors 

Patient characteristic: Mean (SD) or % 

Diabetic
1 

Non-diabetic
1 

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 hrs 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 cutoff (%) 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)

2
 (%) 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 
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Age BMI 
3 

Gender 
Waist 

circumference 
4 

<50 ≥50 <25 ≥25 Male Female Normal High 

Number of 

participants 
531 758 895 393 317 972 691 598 

True positive (n) 8 25 22 11 6 27 13 20 

False positive (n) 3 4 3 4 1 6 2 5 

False negative (n) 43 158 127 74 51 150 77 124 

True negative (n) 477 571 743 304 259 789 599 449 

True diabetes 

prevalence 
2
 

9.6%  

(7.2, 

12.4) 

24%  

(21.0, 

27.4) 

17%  

(14.0, 

19.3) 

22%  

(18.0, 

26.0) 

18%  

(14.0, 

22.7) 

18%  

(16.0, 

20.8) 

13%  

(11.0, 

15.8) 

24% 

(21.0, 

27.7) 

Sensitivity (95% 

CI) 

15.7  

(7.0, 

28.6) 

13.7 

(9.0, 

19.5) 

14.8  

(9.5, 

21.5) 

12.9  

(6.6, 

22.0) 

10.5  

(4.0, 

21.5) 

15.3  

(10.3, 

21.4) 

14.4  

(7.9, 

23.4) 

13.9  

(8.7, 

20.6) 

Specificity (95% 

CI) 

99.4  

(98.2, 

99.9) 

99.3  

(98.2, 

99.8) 

99.6  

(98.8, 

99.9) 

98.7  

(96.7, 

99.6) 

99.6  

(97.9, 

100) 

99.2  

(98.4, 

99.7) 

99.7  

(98.8, 

100) 

98.9  

(97.4, 

99.6) 

Positive PV (95% 

CI) 

72.7  

(39, 

94.0) 

86.2  

(68.3, 

96.1) 

88  

(68.8, 

97.5) 

73.3  

(44.96, 

92.2) 

85.7  

(42.1, 

99.6) 

81.8  

(64.5, 

93.0) 

86.7  

(59.5, 

98.3) 

80 

(59.3, 

93.2) 

Negative PV (95% 

CI) 

91.7  

(89, 94) 

78.3  

(75.2, 

81.3) 

85.4  

(82.9, 

87.7) 

80.4  

76.1, 

84.3) 

83.5  

(78.9, 

87.5) 

84  

(81.5, 

86.3) 

88.6  

(86, 

90.9) 

78.4  

(74.8, 

81.7) 

Positive LR (95% 

CI) 

25.1  

(6.9, 

91.6) 

19.6  

(6.9, 

55.7) 

36.7  

(11.1, 

121) 

10.0  

(3.3, 

30.5) 

27.4  

(3.4, 

223) 

20.2  

(8.5, 

48.2) 

43.4  

(10.0, 

189) 

12.6  

(4.8, 33) 

Negative LR (95% 

CI) 

0.8  

(0.8, 

1.0) 

0.9  

(0.8, 

0.9) 

0.9  

(0.8, 

0.9) 

0.9  

(0.8, 

1.0) 

0.9  

(0.8, 

1.0) 

0.85  

(0.80, 

0.91) 

0.86  

(0.79, 

0.94) 

0.87  

(0.82, 

0.93) 

 362 
1
 Excludes individuals taking diabetes treatment that day (n=6), did not fast before OGTT as instructed (n=5), or did 363 

not complete the OGTT (n=16).  364 
2
 Composite reference standard: OGTT ≥200 mg/dL or cFBG ≥200 mg/dL. 70 patients with cFBG>=200 were not 365 

tested by OGTT. 366 
3
 n=1288. 367 

4
 High Waist circumference = >90cm for men, >80cm for women.[19] 368 

Bold = significantly different (p ≤ 0.05), chi-squared test.  369 

 370 

 371 

Figure legend 372 

 373 

Figure 1: Study flow diagram. 374 

 375 

 376 

 377 

 378 

 379 
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 Section & Topic No Item Reported on page # 

     

 TITLE OR ABSTRACT    

  1 Identification as a study of diagnostic accuracy using at least one measure of accuracy 

(such as sensitivity, specificity, predictive values, or AUC) 

1 

 ABSTRACT    

  2 Structured summary of study design, methods, results, and conclusions  

(for specific guidance, see STARD for Abstracts) 

1 

 INTRODUCTION    

  3 Scientific and clinical background, including the intended use and clinical role of the index test 3 

  4 Study objectives and hypotheses 4 

 METHODS    

 Study design 5 Whether data collection was planned before the index test and reference standard  

were performed (prospective study) or after (retrospective study) 

5 

 Participants 6 Eligibility criteria  5 

  7 On what basis potentially eligible participants were identified  

(such as symptoms, results from previous tests, inclusion in registry) 

5 

  8 Where and when potentially eligible participants were identified (setting, location and dates) 5 

  9 Whether participants formed a consecutive, random or convenience series 5 

 Test methods 10a Index test, in sufficient detail to allow replication 5 

  10b Reference standard, in sufficient detail to allow replication 6 

  11 Rationale for choosing the reference standard (if alternatives exist) 6 

  12a Definition of and rationale for test positivity cut-offs or result categories  

of the index test, distinguishing pre-specified from exploratory 

6 

  12b Definition of and rationale for test positivity cut-offs or result categories  

of the reference standard, distinguishing pre-specified from exploratory 

6 

  13a Whether clinical information and reference standard results were available  

to the performers/readers of the index test 

6 

  13b Whether clinical information and index test results were available  

to the assessors of the reference standard 

6 

 Analysis 14 Methods for estimating or comparing measures of diagnostic accuracy 7 

  15 How indeterminate index test or reference standard results were handled 7 

  16 How missing data on the index test and reference standard were handled 7 

  17 Any analyses of variability in diagnostic accuracy, distinguishing pre-specified from exploratory 7 

  18 Intended sample size and how it was determined 6 

 RESULTS    

 Participants 19 Flow of participants, using a diagram 17 

  20 Baseline demographic and clinical characteristics of participants 15 

  21a Distribution of severity of disease in those with the target condition 15 

  21b Distribution of alternative diagnoses in those without the target condition NA 

  22 Time interval and any clinical interventions between index test and reference standard 5 

 Test results 23 Cross tabulation of the index test results (or their distribution)  

by the results of the reference standard 

15 

  24 Estimates of diagnostic accuracy and their precision (such as 95% confidence intervals) 15 

  25 Any adverse events from performing the index test or the reference standard NA 

 DISCUSSION    

  26 Study limitations, including sources of potential bias, statistical uncertainty, and generalisability 10 

  27 Implications for practice, including the intended use and clinical role of the index test 11 

 OTHER 

INFORMATION 

   

  28 Registration number and name of registry NA 

  29 Where the full study protocol can be accessed NA 

  30 Sources of funding and other support; role of funders 14 
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STARD 2015 

AIM  

STARD stands for “Standards for Reporting Diagnostic accuracy studies”. This list of items was developed to contribute to the 

completeness and transparency of reporting of diagnostic accuracy studies. Authors can use the list to write informative 

study reports. Editors and peer-reviewers can use it to evaluate whether the information has been included in manuscripts 

submitted for publication.  

EXPLANATION 

A diagnostic accuracy study evaluates the ability of one or more medical tests to correctly classify study participants as 

having a target condition. This can be a disease, a disease stage, response or benefit from therapy, or an event or condition 

in the future. A medical test can be an imaging procedure, a laboratory test, elements from history and physical examination, 

a combination of these, or any other method for collecting information about the current health status of a patient. 

The test whose accuracy is evaluated is called index test. A study can evaluate the accuracy of one or more index tests. 

Evaluating the ability of a medical test to correctly classify patients is typically done by comparing the distribution of the 

index test results with those of the reference standard. The reference standard is the best available method for establishing 

the presence or absence of the target condition. An accuracy study can rely on one or more reference standards. 

If test results are categorized as either positive or negative, the cross tabulation of the index test results against those of the 

reference standard can be used to estimate the sensitivity of the index test (the proportion of participants with the target 

condition who have a positive index test), and its specificity (the proportion without the target condition who have a negative 

index test). From this cross tabulation (sometimes referred to as the contingency or “2x2” table), several other accuracy 

statistics can be estimated, such as the positive and negative predictive values of the test. Confidence intervals around 

estimates of accuracy can then be calculated to quantify the statistical precision of the measurements. 

If the index test results can take more than two values, categorization of test results as positive or negative requires a test 

positivity cut-off. When multiple such cut-offs can be defined, authors can report a receiver operating characteristic (ROC) 

curve which graphically represents the combination of sensitivity and specificity for each possible test positivity cut-off. The 

area under the ROC curve informs in a single numerical value about the overall diagnostic accuracy of the index test.  

The intended use of a medical test can be diagnosis, screening, staging, monitoring, surveillance, prediction or prognosis. The 

clinical role of a test explains its position relative to existing tests in the clinical pathway. A replacement test, for example, 

replaces an existing test. A triage test is used before an existing test; an add-on test is used after an existing test.  

Besides diagnostic accuracy, several other outcomes and statistics may be relevant in the evaluation of medical tests. Medical 

tests can also be used to classify patients for purposes other than diagnosis, such as staging or prognosis. The STARD list was 

not explicitly developed for these other outcomes, statistics, and study types, although most STARD items would still apply.  

DEVELOPMENT 

This STARD list was released in 2015. The 30 items were identified by an international expert group of methodologists, 

researchers, and editors. The guiding principle in the development of STARD was to select items that, when reported, would 

help readers to judge the potential for bias in the study, to appraise the applicability of the study findings and the validity of 

conclusions and recommendations. The list represents an update of the first version, which was published in 2003.  

 

More information can be found on http://www.equator-network.org/reporting-guidelines/stard. 
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