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ABSTRACT
Objectives  The aim of this study was to investigate 
the impact of age on the diagnostic properties of typical 
symptoms of urinary tract infection (UTI) in women 
presenting in general practice with symptoms suggestive 
of UTI with significant bacteriuria as the reference 
standard.
Design  Diagnostic accuracy study.
Setting  General practice, Copenhagen, Denmark.
Participants  Adult 15 years or older. Women presenting in 
general practice with symptoms suggestive of UTI where 
urine was collected for investigation.
Primary and secondary outcome measures  Accuracy 
of four symptoms of UTI (dysuria, frequency, urge and 
abdominal pain) in six different age groups.
Results  90 practices included 1178 adult women. The 
prevalence of bacteriuria varied between 30% in women 
aged 30–44 years and 67% in women aged 75–89 years. 
The likelihood ratios for dysuria varied between age 
groups with the best performance in women aged 15–29 
(positive likelihood ratio (pLR): 1.62 (1.30–1.94), negative 
likelihood ratio (nLR): 0.36 (0.19–0.54)) and women aged 
30–44 (pLR: 1.74 (1.30–2.17), nLR: 0.48 (0.27–0.68)). CIs 
included or approximated one for the remaining symptoms 
in most age groups. When symptoms were combined 
to calculate post-test probabilities, the combined effect 
of the varying prevalence of bacteriuria and the varying 
diagnostic values resulted in a large variation of the post-
test probabilities between age groups.
Conclusions  The diagnostic value of symptoms of UTI as 
well as the prevalence of bacteriuria in women presenting 
to general practice with suspected UTI vary between age 
groups with considerable clinical implications. Diagnostic 
studies should take demographics such as age into 
consideration.
Trial registration number  ​ClinicalTrials.​gov: 
NCT02698332.

BACKGROUND
Urinary tract infection (UTI) is a common 
condition in general practice affecting mostly 
women.1 2 The diagnosis is often established 
based on symptoms due to lack of fast and 
precise point-of-care tests in general prac-
tice.3 4

The accuracy of UTI symptoms in deter-
mining bacteriuria has been investigated 
thoroughly.5–7 However, the available research 
does not take into consideration how age 
affects the diagnostic properties of signs and 
symptoms. Either the studies include only 
young women or do not report different age 
groups separately.

Age is known to affect the diagnostic prop-
erties of urine tests.8 This could be due to 
variation in test performance of either the 
index or the reference test or both across 
age groups.9 10 The mechanisms are not fully 
understood and probably vary depending on 
the test.11 The same could be expected to 
apply to the accuracy of urine symptoms.

The aim of this study was to investigate 
the impact of age on the diagnostic proper-
ties of typical symptoms of UTI in women 
presenting in general practice with symptoms 
suggestive of UTI with significant bacteriuria 
as the reference standard.

METHODS
Study design and setting
Prospective diagnostic study in general 
practice embedded in a cluster randomised 
controlled trial. The practices in the original 
study (unpublished) were randomised to 

Strengths and limitations of this study

►► A large cohort of 1178 women presenting consecu-
tively in general practice with symptoms suggestive 
of urinary tract infection.

►► All patients were subjected to both index test (clini-
cal history about symptoms) and reference test.

►► Blinding between index test and reference was suf-
ficient and the reference test was appropriate.

►► A limited number of variables on each patient were 
collected.

►► Clinical review bias may be present.
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either receiving a guideline on how to use point-of-care 
diagnostic tests or continue usual practice. The inter-
vention did not interfere with registration of symptoms, 
collection of urine or sending the reference standard.

Recruitment of general practices
General practices in the Capital Region of Denmark were 
recruited through three channels; (1) online advertise-
ment in email newsletters to general practice, (2) invi-
tation by post to 200 practices and (3) invitation of 44 
general practices already participating in a medical audit 
project about UTI (figure 1).12 Practices were offered a 

small remuneration and feedback on the quality of diag-
nosis and treatment of UTI in exchange for participation.

Recruitment of patients
Data collection took place in March to May 2016. Practices 
registered symptoms, diagnostics and treatment on the 
first 20–40 consecutive patients who presented with symp-
toms suggestive of UTI and where urine was collected for 
investigation. Patients who had previously been registered 
in the present project were not registered. Only adult (15 
years or older) women who were not admitted acutely 
to the hospital after evaluation in general practice were 
included in the analysis for this study.

Data collection
The practices registered clinical data using a case report 
form. It contained information on age, sex and if the 
patients had dysuria, frequency, urge, abdominal pain or 
‘any other symptom suggestive of UTI’ (in this order) as 
well as the result of the urine culture (online supplemental 
appendix 1). It was designed following the Audit Project 
Odense methodology.13 14 All patients provided a urine 
sample, which was sent to Hvidovre or Herlev Hospital’s 
microbiological departments. The practice registered the 
result of the urine culture on the case report form. The 
options were ‘positive: significant growth’, ‘negative: no 
significant growth’, ‘inconclusive’ (ie, mixed culture) or 
‘not performed’.

Culture at the microbiological laboratory (reference standard)
Urine was sent in a standardised boric acid container to 
the microbiological departments. Urine samples were 
analysed on Inoqul A Bi-plate (CHROMagar and blood 
agar) with 10 μL on each half of the agar. Significant 
growth was defined as growth of ≥103 cfu/mL for Esche-
richia coli and Staphylococcus saprophyticus, ≥104 cfu/mL for 
other typical uropathogens and ≥105 cfu/mL for possible 
uropathogens in accordance with European consensus.15 
Plates with significant growth of more than two uropatho-
gens were labelled as mixed cultures (inconclusive). 
Inconclusive cultures were defined as negatives in our 
analysis since they are usually handled clinically as nega-
tives. Significant bacteriuria has been shown to differen-
tiate patients who recover without treatment from those 
in need of antibiotic treatment.16 However, the clinically 
relevant cut-off for significant bacteriuria is debated and 
differs between countries. We chose the cut-off used in 
Danish microbiological laboratories.

Blinding
Practices were not aware of the result of the reference 
culture when symptoms were registered. Likewise, the 
microbiological departments were not informed about 
symptoms when analysing the reference culture.

Patient safety
Patients gave oral informed consent to all diagnostics 
and treatment in accordance with the Danish Health 

Figure 1  Inclusion and exclusion of practices and patients
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Legislation Act. Patient’s data were anonymised before 
being sent from the practice to the investigators.

Statistical analysis
Since the sample was based on a cluster randomised 
controlled trial, it was fixed for this study. Sensitivity 
(SEN), specificity (SPE), positive likelihood ratio (pLR) 
and negative likelihood ratio (nLR) were calculated for 
each age group and reported with exact CIs. The pLR 
provides an estimate of the increase in odds for having 
UTI in case a particular symptom is present. The nLR 
provides an estimate of the decrease in odds of having 
UTI in case a symptom is absent.

Asking about symptoms in any sequential order can be 
seen as adding diagnostic tests to each other. The diag-
nostic value of each symptom can then be added to the 
previous symptom in an additive process where the post-
test probability from the previous symptom serves as the 
pretest probability of the next symptom. We investigated 
the utility of combining several symptoms in the order 
determined by the case report form. The result was illus-
trated with a Dumbell plot.

As an example; symptom one has a SEN of 80% and a 
SPE of 50%, symptom two has a SEN of 60% and a SPE 
of 70%. Prevalence of bacteriuria is 50% (which implies a 
pretest odds=1). pLR1 = ‍

SEN1
1−SPE1 =‍‍

0.80
1−0.50‍ = 1.60

pLR2 = ‍
SEN2

1−SPE2 = 0.60
1−0.70‍ = 2

The post-test probability after presence of symptom 
one is:

Post-test probability 1= ‍
Positive posttest odds1

Positive posttest odds1+1‍ = 

‍
pretest odds1 · pLR1

pretest odds1 · pLR1+1‍ = ‍
1·1.60

1·1.60+1‍ = 62% (post-test odds=1.60).
Adding diagnostic values of symptom 2 to symptom one 

results in:
Post-test probability 2 = ‍

Positive posttest odds2
Positive posttest odds2+1‍ = 

‍
pretest odds2 · pLR2

pretest odds2 · pLR2+1‍‍
1.60·2

1.60·2+1‍ = 76%
Statistical analyses were performed using SAS V.9.4 and 

the Dumbell plot was created in Microsoft Excel 2010.

RESULTS
Ninety practices in the Capital Region of Denmark 
consented to participate. Fourteen of these either did 
not include any patients or withdrew before inclusion. 

The 76 remaining practices included 1545 patients of 
whom 3 were excluded from the original study for not 
fulfilling inclusion criteria (2 did not have symptoms and 
1 did not provide a urine sample). An additional 321 were 
excluded from the analysis because they did not fulfil the 
inclusion criteria for this study (see figure 1). Further, 43 
patients had missing data leaving 1178 adult women with 
symptoms suggestive of UTI for analysis.

Table 1 shows the distribution of bacteriuria and symp-
toms in the six age groups. The 1178 women were evenly 
distributed in age groups of 15 years each until the age 
of 89. Only 46 women were 90 years or older. Significant 
bacteriuria increased from 39% in the younger women 
to 67% in the older women of 75–89 years. Dysuria was 
the most common symptom (56% overall) followed by 
frequency (52% overall). Urge and abdominal pain were 
less frequent in all age groups (21% and 20%, respec-
tively, overall). The distribution of symptoms was quite 
similar between age groups.

Table  2 shows the diagnostic values for dysuria, 
frequency, urge and abdominal pain in the six age groups. 
Dysuria showed the best diagnostic performance with an 
overall pLR of 1.39 (1.24–1.54) and nLR of 0.65 (0.56–
0.75). The likelihood ratios for dysuria varied between 
age groups with the best performance in women aged 
15–29 (pLR: 1.62 (1.30–1.94), nLR: 0.36 (0.19–0.54)) 
and women aged 30–44 (pLR: 1.74 (1.30–2.17), nLR: 
0.48 (0.27–0.68)). Frequency had an overall pLR of 1.36 
(1.20–1.52) and nLR of 0.72 (0.62–0.81). CIs included or 
approximated one in all age groups except women aged 
30–44 (pLR: 1.85 (1.32–2.37), nLR: 0.53 (0.33–0.72). 
Urge had an average pLR of 1.44 (1.09–1.78) and nLR 
of 0.91 (0.85–0.97). Variation between age groups was 
low and CIs involved one in all age groups. Abdominal 
pain had a negative correlation with bacteriuria with a 
pLR of 0.63 (0.47–0.79) and nLR of 1.12 (1.05–1.19). 
CIs in most age groups involved one for abdominal pain. 
Figure 2 shows the clinical implications and additive value 
of symptoms across age groups. In women aged 15–29, 
absence of dysuria resulted in a probability of bacteriuria 
of 19%. Presence of dysuria, frequency, urge and absence 
of abdominal pain resulted in a probability of bacteriuria 
of 63% (age 15–29). In women aged 30–44, the pattern 

Table 1  The distribution of bacteriuria and symptoms in the six age groups of women presenting to general practice with 
suspected urinary tract infection.

Age N Bacteriuria Dysuria Frequency Urge Abdominal pain Other symptoms

15–29 245 95 (39%) 154 (63%) 124 (51%) 44 (18%) 50 (20%) 66 (27%)

30–44 227 68 (30%) 115 (51%) 102 (45%) 43 (19%) 63 (28%) 76 (33%)

45–59 203 111 (55%) 129 (64%) 119 (59%) 51 (25%) 45 (22%) 56 (28%)

60–74 242 123 (51%) 130 (54%) 131 (54%) 58 (24%) 51 (21%) 67 (28%)

75–89 215 145 (67%) 109 (51%) 119 (55%) 44 (20%) 24 (11%) 79 (37%)

90+ 46 27 (59%) 22 (48%) 17 (37%) 6 (13%) 5 (11%) 22 (48%)

All 1178 569 (48%) 659 (56%) 612 (52%) 246 (21%) 238 (20%) 366 (31%)
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resembled that of women aged 15–29. Absence of dysuria 
resulted in a probability of bacteriuria of 17%. Presence 
of dysuria, frequency, urge and absence of abdominal 
pain resulted in a probability of bacteriuria of 71% (age 
30–44). Absence of frequency and urge in addition to 
presence of abdominal pain had limited value in both of 
the youngest age groups.

In women aged 45–59 and women aged 60–74, dysuria 
had limited value, but all other symptoms showed some 
ability to change the probability of bacteriuria. In women 
aged 45–59 absence of all symptoms (presence of abdom-
inal pain) resulted in a probability of bacteriuria of 27%. 
Presence of all symptoms (absence of abdominal pain) 
resulted in a probability of bacteriuria of 74%. In women 
aged 60–74 absence of all symptoms (presence of abdom-
inal pain) resulted in a probability of bacteriuria of 28%. 

Presence of all symptoms (absence of abdominal pain) 
resulted in a probability of bacteriuria of 74%.

In women aged 75–89, absence of all symptoms (pres-
ence of abdominal pain) resulted in a probability of bacte-
riuria of 39%. Presence of dysuria was able to increase the 
probability of bacteriuria to 83%. Presence of additional 
symptoms (absence of abdominal pain) had limited value 
in this age group. The pattern in women aged 90 years or 
older resembled that of women aged 75–89.

DISCUSSION
In this study, the diagnostic properties of dysuria, 
frequency, urge and abdominal pain in adult women 
with suspected UTI in general practice varied between 
age groups. There was a wide variability in the prevalence 
of bacteriuria. The combined effect of the variability in 

Table 2  Predictive values of dysuria, frequency, urge and abdominal pain for adult (15 years or older) women presenting to 
general practice with suspected urinary tract infection

SEN SPE pLR nLR

Dysuria 15–29 0.82 (0.73–0.89) 0.49 (0.41–0.58) 1.62 (1.30–1.94) 0.36 (0.19–0.54)

30–44 0.72 (0.60–0.82) 0.58 (0.50–0.66) 1.74 (1.30–2.17) 0.48 (0.27–0.68)

45–59 0.66 (0.56–0.75) 0.39 (0.29–0.50) 1.08 (0.84–1.32) 0.87 (0.54–1.12)

60–74 0.59 (0.49–0.67) 0.51 (0.42–0.61) 1.20 (0.90–1.50) 0.81 (0.57–1.04)

75–89 0.57 (0.49–0.65) 0.63 (0.50–0.74) 1.54 (0.99–2.09) 0.68 (0.49–0.87)

90+ 0.63 (0.42–0.81) 0.74 (0.49–0.91) 2.39 (0.35–4.44) 0.50 (0.20–0.80)

All 0.65 (0.61–0.69) 0.53 (0.49–0.57) 1.39 (1.24–1.54) 0.65 (0.56–0.75)

Frequency 15–29 0.54 (0.43–0.64) 0.51 (0.43–0.60) 1.10 (0.81–1.39) 0.90 (0.65–1.16)

30–44 0.66 (0.54–0.77) 0.64 (0.56–0.72) 1.85 (1.32–2.37) 0.53 (0.33–0.72)

45–59 0.66 (0.56–0.75) 0.50 (0.39–0.61) 1.32 (0.97–1.66) 0.68 (0.45–0.92)

60–74 0.62 (0.53–0.70) 0.54 (0.44–0.63) 1.34 (1.00–1.68) 0.71 (0.00–0.92)

75–89 0.59 (0.50–0.67) 0.51 (0.39–0.64) 1.21 (0.85–1.56) 0.80 (0.55–1.06)

90+ 0.44 (0.25–0.65) 0.74 (0.49–0.91) 1.69 (0.14–3.23) 0.75 (0.41–1.10)

All 0.60 (0.56–0.64) 0.56 (0.52–0.60) 1.36 (1.20–1.52) 0.72 (0.62–0.81)

Urge 15–29 0.22 (0.14–0.32) 0.85 (0.78–0.90) 1.44 (0.63–2.26) 0.92 (0.80–1.04)

30–44 0.25 (0.15–0.37) 0.84 (0.77–0.89) 1.53 (0.65–2.41) 0.90 (0.75–1.04)

45–59 0.29 (0.21–0.38) 0.79 (0.70–0.87) 1.40 (0.66–2.13) 0.90 (0.75–1.05)

60–74 0.29 (0.21–0.38) 0.82 (0.73–0.88) 1.58 (0.80–2.37) 0.87 (0.74–1.00)

75–89 0.21 (0.15–0.29) 0.81 (0.70–0.90) 1.15 (0.44–1.86) 0.97 (0.82–1.11)

90+ 0.15 (0.04–0.34) 0.89 (0.67–0.99) 1.41 (-0.97–3.79) 0.95 (0.73–1.17)

All 0.25 (0.21–0.29) 0.83 (0.80–0.86) 1.44 (1.09–1.78) 0.91 (0.85–0.97)

Abdominal pain 15–29 0.19 (0.12–0.28) 0.79 (0.71–0.85) 0.89 (0.40–1.38) 1.03 (0.89–1.17)

30–44 0.21 (0.12–0.32) 0.69 (0.61–0.76) 0.67 (0.30–1.04) 1.15 (0.95–1.34)

45–59 0.16 (0.10–0.24) 0.71 (0.60–0.80) 0.55 (0.24–0.86) 1.19 (0.99–1.38)

60–74 0.18 (0.12–0.26) 0.76 (0.67–0.83) 0.73 (0.35–1.12) 1.09 (0.93–1.24)

75–89 0.09 (0.05–0.15) 0.84 (0.74–0.92) 0.57 (0.12–1.02) 1.08 (0.95–1.21)

90+ 0.11 (0.02–0.29) 0.89 (0.67–0.99) 1.06 (-0.84–−2.95) 0.99 (0.78–1.21)

All 0.15 (0.13–0.19) 0.75 (0.72–0.79) 0.63 (0.47–0.79) 1.12 (1.05–1.19)

nLR, negative likelihood ratio; pLR, positive likelihood ratio; SEN, sensitivity; SPE, specificity.
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the prevalence of bacteriuria and the varying diagnostic 
values resulted in a large variation in the probability of 
bacteriuria when symptoms were combined.

The population was representative of the population 
seeking care in general practice because of urinary tract 
symptoms. This was possible because the time for data 
collection was minimal so general practitioners were able 
to include patients consecutively. However, the simplicity 
of the data collection method had the drawback that only 
few symptoms were collected. Thus, we may have over-
looked relevant symptoms and were also not able to inves-
tigate other relevant demographics than age.9

The study was based on data from a cluster randomised 
trial, but the design was still appropriate for a diagnostic 
study with minimal bias. The reference standard was 
centralised, leading to a high quality in the interpretation 
and minimal review bias. However, clinical review bias was 
present since the same person collected all clinical infor-
mation on a patient where ‘UTI was suspected’. Thus, 
individual symptoms may be interdependent leading 
to errors in diagnostic values, most possibly overesti-
mating SEN and underestimating SPE.9 Also, LRs could 

be inflated in a cohort of patients where UTI is already 
suspected, since the clinician seeks to confirm their 
preliminary diagnosis.17

The cohort had a sufficient size to provide narrow CIs 
on the overall estimates of the diagnostic values. However, 
within the age groups, the uncertainty about the diag-
nostic values was high, so it is only large heterogeneity 
that can be identified; smaller heterogeneity cannot be 
determined with certainty.

A larger study is needed in order to confirm the 
observed differences. The data were collected in 2016, 
but it is unlikely, they would be different if they were 
collected today.

Our definition of UTI (symptoms together with signif-
icant bacteriuria) is commonly used, but this definition 
poses a problem in the older age groups where asymp-
tomatic bacteriuria is more prevalent.18 We found an 
increasing prevalence of bacteriuria with increasing age. 
Asymptomatic bacteriuria in the elderly is probably only 
one explanation. Other explanations could be differ-
ences in the threshold for seeking care or in the spectrum 
of differential diagnosis in different age groups.

Figure 2  Dumbbell plot of post-test probabilities to illustrate the clinical implications of varying likelyhood ratios (LRs) 
Symptoms are green when present and blue when absent. Abdominal pain (A) showed a negative association with bacteriuria 
and is therefore shown on the opposite side. For example, if the patient is 20 years old, her pretest probability of bacteriuria is 
about 40%. If she has dysuria (D), the probability of bacteriuria increases to around 50%. If she has frequency (F) in addition 
to D, the probability of bacteriuria slightly increases to a little more than 50%. Note that CIs for all likelihood ratios were wide 
and the plot can only be used to illustrate how LRs affect post-test probabilities. The exact numbers should be interpreted with 
caution. A, abdominal pain; D, dysuria; F, frequency; U, urge.



6 Holm A, et al. BMJ Open 2021;11:e039871. doi:10.1136/bmjopen-2020-039871

Open access�

The available research on accuracy of UTI symptoms 
has been conducted with a variety of definitions of signifi-
cant bacteriuria.6 In the year 2000, the definition of signif-
icant bacteriuria in most of Europe was changed from 105 
cfu/mL for all uropathogens to 103 cfu/mL for common 
uropathogens, which is the definition used in our study.15 
Since more than 80% of all UTI in general practice is 
caused by common uropathogens, our results are diffi-
cult to compare with previous studies. A study from 2006 
on women aged 18–70 using the same reference standard 
as in our study found a pLR of 1.64 and an nLR of 0.52 
for moderate-to-severe dysuria (calculated from table 4 in 
Little et al.19 This corresponds well with our findings in 
women below 45 years of age but not for women older 
than this. Unfortunately, the study does not report the 
age distribution of the included patients.

Despite the abundant amount of literature on the diag-
nostic values of UTI symptoms, this is the first study to 
investigate the impact of age.5–7 Previous studies have 
investigated the difference in diagnostic values of the 
urine dipstick in different populations but without 
looking into age specifically.20

Knottnerus et al have investigated how likely UTI has 
to be for Dutch general practitioners to prescribe or 
withhold antibiotics.21 In this Dutch context, a proba-
bility below 30% was sufficient to withhold antibiotics 
and a probability above 70% was sufficient to prescribe. 
If this finding is applied to our results, prescription would 
possibly be appropriate in older women with only dysuria, 
while no combination of symptoms would be sufficient for 
prescription of antibiotics in younger women. Similarly, 
antibiotics could possibly be withheld for young women 
without dysuria, while no combination of symptoms could 
effectively rule out UTI in older women. However, these 
estimates should be interpreted with caution due to the 
wide CIs.

The diagnostic value of symptoms of UTI as well as the 
prevalence of bacteriuria in women presenting to general 
practice with suspected UTI vary between age groups with 
considerable clinical implications. First, the prior proba-
bility of UTI rises with age. Second, the LR of dysuria is 
high in young and older women, but seems to decline 
in middle age. Other classical symptoms of UTI had too 
broad CIs in this cohort to confirm variation with age. 
In women younger than 45 years without dysuria, bacte-
riuria is unlikely, and the general practitioner could 
consider applying a wait-and-see strategy. In women 
above 75 with dysuria, bacteriuria is likely and treatment 
without further diagnostics could be considered. In other 
age groups, additional symptoms or diagnostics have to 
be applied in order to diagnose UTI. Diagnostic studies 
should take demographics such as age into consideration.
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