
INTRODUCTION
Bladder cancer is common, with more than 
10 000 new diagnoses in the UK annually1 
and in excess of 5000 deaths.2 Comparison 
of UK data with the European Union 
average shows that the age-standardised 
incidence rate for men is much lower in the 
UK (14.8 versus 29.1 per 100 000), whereas 
the rates for women are much the same 
(4.5 versus 6.1 per 100 000).3 Mortality is 
strongly related to the cancer stage at 
diagnosis, with tumours that have invaded 
muscle resulting in a poor prognosis. 
Bladder cancer is more common 
with advancing age, and in men, and is 
strongly related to cigarette smoking. No 
screening is available, so diagnosis relies 
on symptomatic presentation, generally to 
primary care.4 

Dysuria, abdominal pain, and loss of 
appetite or weight are all associated with 
bladder cancer,4,5 but the most common 
and highest-risk symptom in primary 
care is haematuria.4–8 Haematuria may be 
recognised by the patient; so-called ‘frank’, 
‘visible’, or ‘macroscopic’ haematuria.9 

Alternatively, it may be detected only on 
examination of urine, most commonly as a 
positive urinalysis test for blood (chemical 
dipstick), or as more than a set number of red 
cells per high-power field on microscopy, 
or in a Coulter counter.10 Under these 
circumstances, it is called ‘non-visible’, 
‘invisible’, or ‘microscopic’ haematuria. 
Isolated non-visible haematuria is defined 
as three or more red blood cells per high-

power field in the absence of infection or 
proteinuria.9,11 What is considered ‘normal’ 
varies greatly as healthy people lose around 
a million red blood cells in their urine daily, 
equating to around one cell per high-power 
field. Chemical dipsticks give a ‘negative’ 
finding with this level of haematuria. A 
recent systematic review concluded that 
dipsticks are a reasonable method to use 
in isolation (positive likelihood ratio 5.99, 
95% confidence interval (CI) = 4.04 to 8.89, 
negative likelihood ratio 0.21, 95% CI = 0.17 
to 0.26). Therefore, for this and other 
reasons related to cost and practicality, 
confirmation of a positive dipstick result by 
urinary microscopy in primary care is no 
longer recommended.10,11 

The background rate of asymptomatic 
non-visible haematuria in UK males is 
around 2.5%, increasing to 22% in those 
aged >60 years.10 Other reports also show 
higher prevalence with increasing age.11,12 A 
screening study of annual urinalysis in 1000 
healthy Israeli military male recruits, aged 
18–33 years at the beginning of the 15-year 
study, reported 39% with dipstick-positive 
urinalysis for haematuria at least once and 
16% on two or more occasions.13 

Visible haematuria is accepted as an 
important pointer to urinary tract cancer 
(with bladder cancer being the most 
common), warranting urgent urological 
investigation, usually by ultrasound and 
cystoscopy. UK referral guidelines published 
in 2005 by the National Institute for Health 
and Clinical Excellence (NICE, now the 
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Abstract
Background
Diagnosis of bladder cancer relies on investigation 
of symptoms presented to primary care, notably 
visible haematuria. The importance of non-visible 
haematuria has never been estimated.

Aim
To estimate the risk of bladder cancer with non-
visible haematuria. 

Design and setting
A case–control study using UK electronic primary 
care medical records, including uncoded data to 
supplement coded records.

Method
A total of 4915 patients (aged ≥40 years) 
diagnosed with bladder cancer between January 
2000 and December 2009 were selected from the 
Clinical Practice Research Datalink and matched 
to 21 718 controls for age, sex, and practice. 
Variables for visible and non-visible haematuria 
were derived from coded and uncoded data. 
Analyses used multivariable conditional logistic 
regression, followed by estimation of positive 
predictive values (PPVs) for bladder cancer using 
Bayes’ theorem. 

Results
Non-visible haematuria (coded/uncoded data) 
was independently associated with bladder 
cancer: odds ratio (OR) 20 (95% confidence 
interval [CI] =12 to 33). The PPV of non-visible 
haematuria was 1.6% (95% CI = 1.2 to 2.1) in 
those aged ≥60 years and 0.8% (95% CI = 0.1 
to 5.6) in 40–59-year-olds. The PPV of visible 
haematuria was 2.8% (95% CI = 2.5 to 3.1) and 
1.2% (95% CI = 0.6 to 2.3) for the same age groups 
respectively, lower than those calculated using 
coded data alone. The proportion of records of 
visible haematuria in coded, rather than uncoded, 
format was higher in cases than in controls 
(P<0.002, χ2 test). There was no evidence for such 
differential recording of non-visible haematuria by 
case/control status (P = 0.78), although, overall, 
the uncoded format was preferred (P<0.001). 

Conclusion
Both non-visible and visible haematuria are 
associated with bladder cancer, although the 
visible form confers nearly twice the risk of 
cancer compared with the non-visible form. GPs’ 
style of record keeping varies by symptom and 
possible diagnosis. 

Keywords
bladder cancer; diagnosis; haematuria; primary 
care.
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National Institute for Health and Care 
Excellence) are currently being updated, 
but recommend referral for patients of 
any age with visible haematuria, after 
identification and treatment of any urinary 
tract infection.14 For unexplained non-
visible haematuria, the recommendation 
for patients aged <50 years is non-urgent 
referral; urgent referral is recommended 
for those with the same symptoms who 
are aged ≥50 years.14 National guidance 
focusing on chronic kidney disease makes 
similar recommendations for the prompt 
investigation of non-visible haematuria.11

Large electronic primary care databases, 
for example the Clinical Practice Research 
Datalink (CPRD), are increasingly used in 
epidemiological studies.15 Such databases 
store information in either coded or 
uncoded format, with the coded data alone 
being used in almost all studies to date. 
Coded CPRD data are stored as medcodes 
(a CPRD-specific term), of which there are 
over 100 000, allowing detailed description 
of primary care events. Data in uncoded 
format include ‘free-text’ notes added by 
GPs to supplement coded entries. The 
uncoded portion of the CPRD is not routinely 
studied for several reasons, including its 
analytical complexity and to protect patient 
anonymity. 

Two studies have added uncoded data to 
standard methods: one showed that 10% 
of suicides were identifiable in uncoded 
format only;16 the other that 29% of 
patients with rheumatoid arthritis have an 
uncoded record suggestive of the diagnosis 
in advance of the first coded entry for 
the disease.17 Three large primary care 
database studies have examined visible 
haematuria and urological cancer.4,5,8 Only 
one of these also considered non-visible 
haematuria; however, this was omitted 

from the main analyses, being deemed too 
infrequent to provide reliable estimates.4 

For visible haematuria, positive predictive 
values (PPVs) ranged from 3.4% (females 
aged >15 years), 3.9% (either sex, aged 
>60 years)4 to 7.5% (males aged >15 years)8 
and 12.5% (male, heavy smoker, aged 
70 years).5 A fourth, smaller study of urinary 
tract cancer reported a PPV for visible 
haematuria of 10.3%.6 For non-visible 
haematuria, a US cohort study of urological 
evaluation of secondary care patients with 
non-visible haematuria found urinary tract 
cancers in 2.1% of the patients.18 Secondary 
care reports suggest the risk of cancer is 
much lower from non-visible than visible 
haematuria;7,19 whether these results 
translate to the lower-incidence population 
of primary care is unknown. 

This study uses the full potential of CPRD 
data by analysing both coded and uncoded 
data to estimate bladder cancer risk in 
primary care patients with non-visible 
haematuria. 

METHOD
This study extends a previous study of 
the clinical features of bladder cancer in 
primary care4 by adding uncoded data. A 
brief summary of the first study is given 
here, along with the methods used for 
extension. 

The studies both have a matched case–
control design using the UK’s General 
Practice Research Database (now the 
CPRD). Cases  (n = 4915) with bladder 
cancer codes reported between January 
2000 and December 2009 inclusive 
were matched with up to five controls 
(n = 21 718) on sex, age, and general 
practice. All were ≥40 years old, with 
at least 1 year of data before diagnosis. 
Features identified by univariable analysis 
as having an independent association 
with bladder cancer were entered into 
multivariable analysis and PPVs for each 
were estimated using Bayes' theorem: 
prior odds × likelihood ratio = posterior 
odds, where prior odds are the age-specific 
national incidence for bladder cancer 
(2008), expressed as odds. An erratum was 
published in March 2014, changing some 
PPVs as a minor arithmetical error had 
affected the haematuria results. In this 
study, the corrected PPVs have been used 
throughout to make comparisons. 

Uncoded data
Extracts of uncoded records of cases 
and controls were requested for the 
year immediately preceding the patient’s 
diagnosis of bladder cancer. Each extract 
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How this fits in
Visible haematuria is well recognised as a 
risk marker for bladder cancer. This study 
shows that non-visible haematuria is also 
a risk marker, although it is approximately 
half as likely as visible haematuria to be 
indicative of the disease. Using previously 
‘hidden’ data in electronic records, namely 
uncoded ‘free-text’ notes recorded by 
GPs, this study estimated the above 
association, which had previously been 
impossible in analyses of coded data alone. 
The analysis of coded and uncoded data 
revealed differential patterns of recording, 
suggesting that GPs record ‘red-flag’ 
symptoms in the most-visible format. 



(n = 4666) contained the expression 
‘haematuria’ or ‘blood in urine’, plus up to 
three words either side to give context, such 
as ‘no haematuria’. These uncoded entries 
were categorised according to: 

• the type of haematuria described (visible 
or non-visible); and 

• whether haematuria was present or 
absent at the time of consultation.

The above classification was made using 
an algorithm that identified descriptors for 
negation (for example, ‘haematuria absent’) 
and non-visible haematuria (for example, 
‘micro’ and ‘dipstick’), as well as terms 
that indicated uncertainty (for example, 
'if any' and 'ago'). Extracts flagged as 
'uncertain' were then classified manually, 
in consultation with a GP. The algorithm’s 
validity was assessed by comparing its 
output with that of a reference standard for 
visible haematuria. This reference standard 
was constructed from a random sample 
of 100 observations by two independent 
raters (both GPs) using the consensus 
method.20 Some uncoded data were difficult 
to interpret, so the raters had the option of 
choosing the category ‘unclear’; only 2% 
of extracts were classified as such by both 
raters. Full disagreement was defined as 
‘haematuria absent’ versus ‘haematuria 
present’, whereas partial disagreement 
occurred when one of the raters opted to 
classify an extract as unclear. To err on the 
side of caution, the category ‘haematuria 
absent’ was assigned wherever there was 
partial disagreement and to the 2% of 
extracts that could not be interpreted at all. 

For the reference standard, observer 
inter-rater agreement was good to 
substantial (weighted k = 0.7, 95% 
confidence interval [CI] = 0.5 to 0.9).21,22 

Full disagreement occurred in only 4% 
of extracts, with partial disagreement in 
12%. The main source of disagreement 
was whether the symptom was historic or 

an ongoing concern, so the algorithm was 
optimised to identify terms indicating this. 
All extracts were classified initially by the 
algorithm; after manual review, only 59 of 
the 4666 (1.3%) extracts were considered 
insufficiently clear and were categorised 
as 'haematuria absent'. The algorithm 
performed with 96% sensitivity and 45% 
specificity. Agreement between the 
algorithm and the reference standard was 
good to substantial (weighted k 0.8, 95% 
CI = 0.7 to 0.9).21,22 A check of all complete 
words identified a mis-spelling rate of only 
0.64% and no US spellings.

After this process, new variables for 
visible and non-visible haematuria were 
created: patients were deemed to have the 
symptom if it was present in either coded or 
uncoded format. The multivariable analyses 
of the original study were replicated. 
Clinically plausible interaction terms were 
sought in the new model to ensure that it 
fully explained any modification of the effect 
of one independent variable by another. 
Data analysis was conducted using Stata 
(version 12).

RESULTS
The CPRD provided 29 033 patients (4935 
cases, 24 098 controls). Application of 
exclusion criteria resulted in 26 633 patients 
(4915 cases, 21 718 controls). Details of 
patient demographics and exclusion criteria 
are given in the original article.4 Adding the 
uncoded data increased the numbers of 
patients with both forms of haematuria 
considerably (Table 1). The proportion of 
records of visible haematuria in coded, 
rather than uncoded, format was higher 
in cases than in controls (P<0.002, χ2 test). 
There was no evidence for such differential 
recording of non-visible haematuria by 
case/control status (P = 0.78), although, 
overall, the uncoded format was preferred 
(P<0.001). 

In the new analysis, all the original 
non-haematuria features retained their 
association with cancer (P ≤ 0.001 for all 
variables) with largely unchanged ORs.4 
The OR for visible haematuria reduced 
from 34 (95% CI = 29 to 41) to 26 (95% 
CI = 22 to 30) per attendance; the OR for 
non-visible haematuria was 20 (95% CI = 12 
to 33). Two interaction terms were found, 
both antagonistic: between non-visible 
and visible haematuria (interaction term 
0.04, P<0.001) and between non-visible 
haematuria and urinary tract infection (0.07, 
P<0.001).

Positive predictive values
The PPV of visible haematuria for bladder 
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Table 1. Visible and non-visible haematuria in cases and controls, 
according to type of record

 Cases, n = 4915 (%) Controls, n = 21 718 (%)

     Coded or      Coded or  
Type of haematuria Coded Uncoded uncoded Coded Uncoded uncoded

Visible 2595 (52.8) 1991 (40.5) 3147 (64.0) 196 (0.9) 206 (0.9) 336 (1.5)

Non-visible 127 (2.6) 216 (4.4) 313 (6.4) 26 (0.1) 41 (0.2) 60 (0.3)

Records of haematuria that were in both coded and uncoded format were assumed to refer to a single 

occurrence of the symptom and counted only once; as such, the total in coded or uncoded format is not the 

sum of the coded plus uncoded records. 



cancer was considerably lower in the new 
analysis: 2.8% (95% CI = 2.5 to 3.1) instead 
of 3.9% (95% CI = 3.4 to 4.4) for those aged 
≥60 years. Similarly, in the group aged 
40–59 years, the PPV for visible haematuria 
fell from 3.1% (95% CI = 1.0 to 9.8) to 1.2% 
(95% CI = 0.6 to 2.3). 

The PPV for non-visible haematuria was 
1.6% (95% CI = 1.2 to 2.1) in those aged 
≥60 years and 0.8% (95% CI = 0.1 to 5.6) in 
40–59-year-olds, although the latter figure 
is based on small numbers. 

Table 2 shows the PPVs for other clinical 
features of bladder cancer from the original 
article4 in combination with visible or non-
visible haematuria in those aged ≥60 years. 

DISCUSSION
Summary
To the authors' knowledge, this study is the 
first to report the risk of bladder cancer 
with non-visible haematuria in primary 
care. In those aged ≥60 years the risk was 
1.6% (95% CI = 1.2 to 2.1). This is almost half 
that for patients with visible haematuria, but 
still higher than that in patients presenting 
with any of the single features of bladder 
cancer identified in a previous study (data 
not shown).4 Including uncoded data in the 
analysis enabled an estimation of risk for 
non-visible haematuria and improved the 
analysis of existing variables. 

This is particularly relevant as GPs 
unexpectedly favoured the coding of visible 
haematuria in patients who later received 
a cancer diagnosis compared with those 
who did not. 

Strengths and limitations 
The main strengths of this study are that it 
was set in primary care with data retrieved 
from a large database; data are not affected 
by recall bias as they were recorded before 

cancer was identified. Another advantage 
is the use of uncoded data, which allowed 
for the identification of sufficient records 
of non-visible haematuria for reliable 
estimates to be obtained. 

This study shares the limitations that 
arise from the use of computerised data, 
the predominant one being a reliance on 
accurate symptom reporting and recording. 
Use of uncoded data reduces the latter 
of these, but brings problems of its own. 
The CPRD methods will have missed any 
uncoded records containing incorrect or 
US spellings, such as ‘hematuria’, although 
no US spelling was found elsewhere and 
there was a very low typographical error 
rate. Even so, the numbers of patients 
with visible or non-visible haematuria are 
probably slightly underestimated. 

Conversion of text extracts to categorical 
variables will inevitably incur some error 
and misclassification. Including manual 
review of extracts flagged as potentially 
unclear minimised this, leaving only 1.3% 
of extracts as 'unclear'. Erring on the side 
of caution, these were categorised as 
'haematuria absent', with the consequence 
that the PPVs may be very slightly 
underestimated.   

Finally, the thoroughness of methods 
used to extract the uncoded data is 
not documented by the CPRD but the 
researchers have no reason to consider it 
imperfect. 

Comparison with existing literature
There are no direct comparison studies. 
Secondary care studies are an inadequate 
proxy for primary care owing to selection 
bias, as not all primary care patients with 
haematuria receive full investigation.7 
There may be less selection bias in US 
secondary care studies, where open 
access to specialists is the norm. Indeed, 
the results of this study are broadly in 
line with those of a study of patients with 
asymptomatic microscopic haematuria in 
that setting, which found an overall urinary 
tract cancer rate of 2.1%.18 

The annual incidence of non-visible 
haematuria in controls in this current study 
was 0.3%. This is lower than the reported 
prevalence in the UK adult male population 
of 2.5%,10 and may be explained, in part, by 
few UK patients having routine urinalysis. 

Implications for practice
Causes of non-visible haematuria can 
be grouped as glomerular (such as 
immunoglobulin A nephropathy) or 
non-glomerular (for example, bladder 
cancer or urinary tract infection).12 This 
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Table 2. PPVs for clinical features of bladder cancer in patients aged 
≥60 years, in combination with visible or non-visible haematuria 

 PPV (95% CI) for feature when presented with:

Clinical feature Visible haematuria Non-visible haematuria

Dysuria 4.1 (2.6 to 6.3) 4.5

Abdominal pain 2.3 (1.5 to 3.5) 1.7 (0.6 to 4.2)

Constipation 2.2 (1.5 to 3.4) 2.0

Urinary tract infection 2.2 (1.8 to 2.8) 1.4 (0.8 to 2.4)

Raised white cell count 3.7 (2.1 to 6.3) 3.9

Raised inflammatory markers 3.3 (2.0 to 5.4) 1.3

Raised creatinine 2.9 (2.1 to 3.9) 1.1 (0.6 to 2.2)

PPV = positive predictive value. 95% CIs have not been calculated when any cell in the 2×2 table was <5 

(invariably because too few controls had both features).



explains current NICE guidance, which 
recommends non-urgent referral for 
those aged <50 years presenting with non-
visible haematuria without a glomerular 
cause, but urgent referral for all those 
aged ≥50 years with unexplained non-
visible haematuria.14 The PPVs of 0.8% 
and 1.6% in 40–59-year-olds and those 
aged ≥60 years, respectively, support 
looking for non-malignant diagnoses 
initially, with urinary tract infection being 
the likely main cause. However, recent 
reports suggest that patients would opt 
for investigation at much lower levels than 
those recommended by NICE, with almost 
90% choosing investigation at a risk of 1%.23 

This correct study excluded the younger 
population in whom glomerular causes 
of non-visible haematuria are likely to 
predominate; however, this age group 
was chosen to reflect the fact that bladder 
cancer is very rare in those aged <40 years.9 

Not surprisingly, the association between 
non-visible haematuria and bladder cancer 
was modified by the presence of visible 
haematuria (interaction term 0.04), as 
these symptoms are along a continuum. 
Nevertheless, even after accounting for 
interaction, the association between non-
visible haematuria and bladder cancer was 
clear and the results support the decision to 
refer patients presenting with this symptom, 
arguably including all those aged ≥40 years 
rather than ≥50 years as is currently the 

case. There is less equivocation about 
visible haematuria; this study reports that 
the PPVs for this symptom have reduced 
a little, but arguably support a policy of 
investigation of those aged ≥40 years.

The results of this study also have 
implications for those conducted in large 
electronic datasets that analyse coded data 
only. The preferential use of a coded format 
for visible haematuria is important; if this 
differential coding is also used for other 
‘red-flag’ symptoms of other cancers, then 
PPV estimates may be artificially high. This 
finding should be tested in other cancers 
and their key symptoms. For non-visible 
haematuria (generally perceived to be less 
indicative of bladder cancer compared with 
visible haematuria) GPs used the uncoded 
format in preference to the coded one to the 
extent that there were insufficient coded 
records to allow it to be analysed at all. 

GPs’ style of record keeping varies 
by symptom and by possible diagnosis. 
Both non-visible and visible haematuria 
are associated with bladder cancer, with 
the latter having higher risk. Referral is 
currently recommended and now has an 
underpinning evidence base. Researchers 
should be aware that they risk missing 
important information if they omit uncoded 
data in studies using CPRD data, potentially 
introducing errors that may inflate or 
reduce estimates.
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