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Abstract 1 

Background: There is evidence of increasing use of laboratory tests with 2 

substantial variation between clinical teams which is difficult to justify on clinical 3 

grounds. The aim of this project was to assess the effect of a demand 4 

optimisation intervention on laboratory test requesting in primary care.  5 

Methods: The intervention comprised educational initiatives, feedback to 55 6 

individual practices on test request rates with ranking relative to other practices, 7 

and a small financial incentive for practices to engage and reflect on their test 8 

requesting activity. Data on test request numbers were collected from the 9 

laboratory databases for consecutive 12 month periods; pre-intervention 2011-10 

12, intervention 2012-13, 2013-14, 2014-15, and post-intervention 2015-16.  11 

Results: The intervention was associated with a 3.6% reduction in the mean 12 

number of profile test requests between baseline and 2015-16, although this 13 

was seen only in rural practices. In both rural and urban practices, there was a 14 

significant reduction in-between practice variability in request rates. The mean 15 

number of HbA1c requests increased from 1.9 to 3.0 per practice patient with 16 

diabetes. Variability in HbA1c request rates increased from 23.8% to 36.6%. At 17 

all considered time points, test request rates and variability were higher in rural 18 

than in urban areas. 19 

Conclusions: The intervention was associated with a reduction in both the 20 

volume and between practice variability of profile test requests, with differences 21 

noted between rural and urban practices. The increase in HbA1c requests may 22 
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reflect a more appropriate rate of diabetes monitoring and also the adoption of 23 

HbA1c as a diagnostic test.   24 

 25 

Keywords: laboratory test; test request variability; clinical intervention; clinical 26 

pathology; primary care 27 

 28 

Strengths & limitations of the study 29 

 30 

• We assessed the effect of a laboratory demand optimisation intervention 31 

both on the value and between GP practice variability in laboratory test 32 

requesting.  33 

• The changes in laboratory test requesting were separately evaluated for 34 

rural and urban GP practices. 35 

• Other factors (GP practice organisation, characteristics of general 36 

practitioners) potentially affecting between practice differences in 37 

laboratory test ordering were not taken into account due to data 38 

unavailability.  39 

• The demand management initiative was not accompanied by the cost-40 

effectiveness analysis. 41 

• The demand optimisation intervention was conducted in a Northern 42 

Ireland (NI) Western Health and Social Care Trust and the findings have 43 

not been independently replicated in any other NI trusts.  44 
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Introduction  45 

Despite the important role of laboratory testing in the diagnosis and monitoring 46 

of disease, there is concern about the increasing use of laboratory tests and in 47 

particular, the substantial variation in test ordering rates between clinical teams 48 

[1]. In the UK laboratory test requests increased by approximately 5% per year 49 

in the period 2012-15 [2]. While it is difficult to specify for most tests what an 50 

‘appropriate’ test request rate might be for a given patient population, it is 51 

probable that variability in test ordering rates reflects both inappropriate over- 52 

and under-requesting [3,4]. Several studies have suggested that around 25-53 

40% of test requests may be unnecessary [5,6], and do not contribute to patient 54 

management. This may reflect a lack of knowledge about the appropriate use of 55 

individual tests, the use of different clinical guidelines and protocols, inability to 56 

access previous results or defensive behaviour of physicians due to fear of 57 

errors and medical malpractice litigation [7-10]. Unnecessary testing is not only 58 

wasteful of resources but impacts on patients directly through the requirement 59 

for venepuncture and the follow up of minor (and possibly insignificant) 60 

abnormalities detected and which may cause patient anxiety. Inappropriate 61 

under requesting may cause harm through failure to diagnose or manage 62 

disease optimally.  63 

Various demand optimisation interventions have been proposed to encourage 64 

more appropriate laboratory testing and include educational initiatives on the 65 

role and limitations of individual tests and appropriate retest intervals [11-14], 66 

[15], feedback on test usage [16-19], redesigning of laboratory tests request 67 
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forms [20], the introduction of locally agreed clinical guidelines [21,22] and 68 

prompts on electronic test ordering systems. The effectiveness of such 69 

interventions is variable and depends in part on local factors and local clinical 70 

team engagement. Furthermore, such interventions may be time consuming 71 

and expensive; a study on educational interventions conducted in hospital 72 

settings showed that the savings on the direct hospital costs resulting from 73 

interventions were smaller than the cost of interventions [23].  74 

The aim of this study was to investigate the effect of a laboratory demand 75 

optimisation intervention in a primary care setting on both laboratory test 76 

request rates and on the variability between practices in test request rates.  77 

Materials and methods 78 

This study was undertaken in 55 separate primary care medical practices within 79 

the catchment area of the Western Health and Social Care Trust (WHSCT). 80 

The WHSCT provides laboratory services to these practices with networked 81 

laboratories in each of the three large urban centres of Londonderry, Omagh, 82 

and Enniskillen. The patient population served by the 55 practices over the 5-83 

year study period was 316 382 (2011-12), 316 688 (2012-13), 318 057 (2013-84 

14), 319 383 (2014-2015), and 326 429 (2015-2016).  85 

The primary care practices were situated in both rural and urban areas using 86 

data from the Census Office of the Northern Ireland Statistics and Research 87 

Agency [24]. Since the Northern Ireland settlement classification does not give 88 

continuous spans of particular area types, a practice was designated as urban if 89 
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its postal address was situated in a settlement of more than 10,000 residents 90 

following the urban-rural classification thresholds used by the Department for 91 

Environment, Food and Rural Affairs (DEFRA) and the Department for 92 

Communities and Local Government (DCLG) [24]. Under this definition, 31 93 

practices were designated as urban and 24 as rural. 94 

Data on laboratory test requests from individual primary medical practices were 95 

studied over five consecutive 12 month periods (1 April to 31 March) from 2011-96 

12 (the pre-intervention or ‘baseline’ period) to 2015-16. Test request data were 97 

extracted from the laboratory databases of the Altnagelvin Area Hospital, 98 

Tyrone County Hospital, and the Erne Hospital (subsequently the South West 99 

Acute Hospital). Information on individual primary care practices regarding 100 

registered patient numbers, the number of male patients, and patients with 101 

diabetes was obtained from the Western Health and Social Services Board 102 

Integrated Care Partnership.  103 

The following test groups were studied: electrolyte profile, lipid profile, thyroid 104 

profile (FT4 and TSH), liver profile, immunoglobulin profile, glycosylated 105 

haemoglobin (HbA1c), and prostate-specific antigen (PSA). The number of 106 

profile tests (electrolyte profile, lipid profile, thyroid profile, liver profile, 107 

immunoglobulin profile) requested in each practice was standardised against 108 

the number of registered patients in the practice and expressed as requests per 109 

1000 patients. HbA1c was standardised against the number of patients with 110 

diabetes per practice while PSA was standardised against the number of male 111 

patients per practice.   112 
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Throughout the study period laboratory requests from primary care were 113 

ordered on a paper laboratory request form. All of the test considered here (with 114 

the exception of immunoglobulins) were listed on the request form and could be 115 

ordered by ticking a box on the test request form adjacent to the test profile 116 

name; an immunoglobulin profile was ordered by free text entry on the request 117 

form.  118 

Test requesting rates were studied before and after a three year intervention 119 

designed to support optimal use of laboratory testing. The intervention package 120 

was developed in conjunction with the Western Local Commissioning Group 121 

(responsible for commissioning and managing primary care services and which 122 

included senior primary care doctors). The intervention included several 123 

discrete elements. Firstly, awareness of the intervention was promoted through 124 

educational sessions on the benefits to patients and clinical teams of optimal 125 

use of laboratory tests. Secondly, educational material was developed in 126 

conjunction with primary care clinicians which covered the major clinical 127 

indications for a range of considered requested tests and appropriate retest 128 

intervals. This was distributed to all primary care teams and was supplemented 129 

by presentations at educational meetings. Thirdly, all primary care teams were 130 

asked to engage in the process of reviewing test requesting procedures within 131 

their practice, and to reflect on the information provided on their practice test 132 

requesting rates and ranking in comparison to other practices. The active 133 

intervention took place over the three year period: 2012-13, 2013-14, and 2014-134 

15. 135 
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Prior to the intervention each practice received information on its standardised 136 

test request rates (see below) over the previous year (baseline period) and its 137 

ranking in relation to standardised test request rates of all other practices 138 

served by the laboratory.   139 

The Western Local Commissioning Group (WLCG) made available funding to 140 

incentivise participation in this process. All participating primary care practices 141 

received a payment of £0.30 per patient registered on their practice list to 142 

engage in the process or reviewing and reflecting on test requesting activity.  143 

Changes in the absolute numbers of standardised test requests and between-144 

practice variability in standardised test request rates were compared to the pre-145 

intervention (‘baseline’) period (April 2011 – March 2012).  146 

Variability between practices in standardised test request rates was expressed 147 

as coefficient of variation (CV) whereas differences in the variance between 148 

pre- and post-intervention period were tested using the Bonett-Seier test [25]. 149 

A paired t-test was used to compare mean numbers of laboratory test requests 150 

from pre- and post-intervention period. 151 

Spearman’s rank correlation was used to study relationships between 152 

standardised requesting rates for three of the most commonly request tests 153 

(electrolyte, liver, and lipid tests) within individual practices [26]. All statistical 154 

analyses were performed using R statistical software, version 3.3.3 (R 155 

Foundation for Statistical Computing, Vienna, Austria).  156 

 157 
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Results 158 

The total number of profile test requests for all practices fell from a mean of 159 

1554 per 1000 patients pre-intervention to 1498 per 1000 patients one year 160 

post intervention (a reduction of 3.7%; p = 0.09) (Table 1).  Rural practices had 161 

a higher average standardised profile request rate than urban practices at all 162 

time points: baseline, during the intervention and at one year post intervention. 163 

However, the reduction in the mean number of test requests was seen 164 

exclusively in rural practices where requests fell by 9% (p = 0.01) as compared 165 

with no significant change in urban practices. 166 

The between practice coefficient of variation for profile test requests fell from 167 

30.2 % pre-intervention to 27.4% one year post intervention (p = 0.049). Rural 168 

practices had a higher between practice coefficient of variation than urban 169 

practices at all time points (Table 1). There was no significant difference 170 

between urban and rural practices in the number of registered patients per 171 

general practitioner.  172 

For HbA1c, there was an increase in mean test request rates from 1.9 requests 173 

per patient with diabetes pre-intervention to 3.0 diabetes post-intervention (p 174 

=0.00001) (Table 2). Variability for HbA1c increased from 23.8% to 36.6% (p = 175 

0.00001). The statistically significant increase in variation for HbA1c was 176 

observed both in rural (p = 0.00031) and urban (p = 0.008) areas (Table 2). 177 
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The mean number of PSA requests per 1000 male patients increased from 69.4 178 

to 82.9 following the intervention (p = 0.006) (Table 3). However, there was no 179 

significant change in between practice variability.  180 

Finally, there were high correlations within practices for individual profile test 181 

types: electrolyte and liver profiles (R = 0.83), and lipids and liver profiles 182 

(R=0.67) (Figure 1).  183 

Discussion  184 

While it may be challenging to define what represents an appropriate rate of 185 

requesting for most tests, it is certainly difficult to justify very high levels of 186 

variability between clinical teams providing care to broadly similar groups of 187 

patients within a single healthcare system. This study found high levels of 188 

baseline variability between primary care practices in standardised biochemistry 189 

profile test request rates both in rural (32.1%) and urban areas (24.7%). There 190 

is little reason to believe that there were significant differences in the 191 

characteristics of the practice patient populations within each of rural and urban 192 

areas in terms of disease prevalence or morbidity that might explain such high 193 

variability. It is therefore likely that the variability observed reflects differing 194 

behaviours and perceptions between clinical teams as to the value and role of 195 

individual tests in patient assessment.   196 

The baseline standardised profile test request rates were significantly higher in 197 

rural than in urban practices. The reasons for this are unclear and were beyond 198 

the scope of investigation of the present study. However possible explanations 199 
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include differences in practice organisation and workflow, differences in the 200 

characteristics of general practitioners such as training, background, age which 201 

might lead to differences in approach to patient assessment and testing [27,28].  202 

The intervention employed to optimise demand was associated with two effects. 203 

Firstly, there was a reduction of 3.7% in total standardised profile test requests 204 

(as measured at one year post intervention). However, this was accounted for 205 

entirely by a reduction in rural practices. Secondly, there was also a significant 206 

reduction in between practice variability in test requesting from 30.2% to 27.4% 207 

and this was seen in both urban and rural practices. During and post-208 

intervention, the standardised test request rates and variability continued to be 209 

higher in rural than urban practices.  210 

For HbA1c the standardised test rate per patient with diabetes increased from 211 

1.9 to 3 tests per patient with diabetes per year. Best practice guidelines 212 

suggest measuring HbA1c two to three times per year in patients with diabetes 213 

and this had been highlighted in the educational material that formed part of the 214 

intervention [29]. The increased testing rate may therefore reflect more 215 

appropriate monitoring of patients with diabetes. However, as it was not 216 

possible to distinguish HbA1c samples which had been requested for diabetes 217 

monitoring from those requested for the purposes of diabetes diagnosis, it is 218 

difficult to be certain. The use of HbA1c as a diagnostic test for diabetes mellitus 219 

had been introduced in 2012 i.e. during the baseline period and it is possible 220 

that the increase in requesting (and the observed increase in between practice 221 
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variability) reflected its adoption as a diagnostic test rather than as a monitoring 222 

test.  223 

Within individual practices, there was high correlation between standardised 224 

request rates for different test profiles. The reasons for such correlations are 225 

unclear. In some instances, there may be good reasons why different test 226 

profiles should be requested together e.g. monitoring liver enzymes along with 227 

lipids for patients on statin therapy. In other cases, there may be patients with 228 

complex medical conditions and a number of co-morbidities in whom it is 229 

appropriate to request a number of test profiles simultaneously. A further 230 

possibility is that the co-requesting of different test profiles reflects a ‘scatter 231 

gun’ approach to test requesting. This may also have inadvertently been 232 

facilitated by the design of the test request form on which tests are requested 233 

simply by ticking a box beside the relevant test profile. 234 

Previous studies on demand optimisation in primary care have yielded varying 235 

results with some studies showing reductions of up to 12% [17,19,30-32] 236 

following a range of educational and feedback interventions or guideline driven 237 

decision support systems. Studies which targeted the utilization of specific 238 

laboratory tests also showed that the interventions generally produced changes 239 

in the desired direction. For example, educational initiatives were found to 240 

improve significantly the management of albuminuria [33], oral anticoagulation 241 

[34], C-reactive protein [35], HbA1c [36-38], lipids [36-39], and Pap testing [40]. 242 

The improvement was more likely to be observed when more than one type of 243 

intervention was used at a time [38,41].  244 
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Although numerous previous studies had documented high degrees of 245 

variability in test requesting between primary care teams [32,42,43], a unique 246 

feature of the present study was that it assessed the effect of the intervention 247 

on between practice variability in test requesting. The reduction in variability 248 

found here suggests that the intervention was associated with a more 249 

standardised approach to patient investigation and monitoring.   250 

Conclusions  251 

In conclusion, the demand optimisation intervention undertaken here showed a 252 

small but significant reduction in reducing unwarranted variability between 253 

practices in test requesting rates.  254 

 255 

 256 
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Figure 1. Practice standardized requests for electrolyte profiles plotted against 

liver profiles (A), and lipid profiles plotted against liver profiles (B), with 

Spearman's rank correlation coefficients (R). 
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Table 1. Standardised profile test request rates per 1 000 patients pre- and post-

intervention for all practices combined and for rural and urban practices. T-test p-

value refers to the significance level evaluating differences between the mean 

number of request rates in pre- and post-intervention period. The p-value of Bonett-

Seier test refers to the significance level assessing the difference in variances in pre- 

and post-intervention period. Asterisk: Statistically significant difference (p < 0.05) 

between the pre- and post-intervention data. 

  Pre-
intervention Intervention Post-

intervention 
Year 2011-2012 2012-2013 2013-2014 2014-2015 2015-2016 

All      
Mean 1554 1556 1499 1485 1498 

(Range) (798-3919) (809-4043) (879-3918) (868-3840) (942-3530) 

Between practice CV (%) 30.2 30.1 29.5 29.4 27.4 

p-value (t-test) 0.09 

p-value (Bonett-Seier test) 0.049* 

Rural      
Mean 1720 1726 1604 1581 1566 

(Range) (998-3919) (1112-4043) (1139-3918) (868-3840) (1073-3530) 

Between practice CV (%) 32.1 32.0 34.5 34.6 31.4 

p-value (t-test) 0.01* 

p-value (Bonett-Seier test)  0.2 

Urban      
Mean 1426 1424 1418 1410 1444 

(Range) (798-2543) (809-2356) (879-2205) (893-2297) (942-2368) 

Between practice CV (%) 24.7 24.3 22.6 22.5 23.2 

p-value (t-test) 0.6 

p-value (Bonett-Seier test) 0.4 
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Table 2. Standardised test request rates pre- and post-intervention for HbA1c 

(expressed as number of tests per patient with diabetes). Asterisk: Statistically 

significant difference (p < 0.05) between the pre- and post-intervention data. 

  Pre-intervention Intervention Post-
intervention 

Year 2011-2012 2012-2013 2013-2014 2014-2015 2015-2016 

All      
Mean 1.86 2.04 2.32 2.60 3.01 

(Range) (1.07-3.07) (1.09-3.43) (1.33-4.59) (1.49-5.94) (1.71-8.06) 

Between practice CV (%) 23.8 26.2 33.2 34.9 36.6 

p-value (t-test)  < 0.0000001* 

p-value (Bonett-Seier test) 0.00001* 

Rural      
Mean 1.93 2.07 2.33 2.77 3.21 

(Range) (1.39-3.01) (1.30-3.07) (1.40-4.59) (1.62-5.94) (1.71-8.06) 

Between practice CV (%) 23.0 24.7 34.2 42.1 45.1 

p-value (t-test) 0.0002 

p-value (Bonett-Seier test) 0.00031* 

Urban      
Mean 1.80 2.03 2.31 2.47 2.86 

(Range) (798-2543) (809-2356) (879-2205) (893-2297) (942-2368) 

Between practice CV (%) 24.4 27.6 33.0 25.5 25.3 

p-value (t-test) < 0.0000001* 

p-value (Bonett-Seier test) 0.008* 
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Table 3. Standardised test request rates pre- and post-intervention for PSA 

(expressed as number of tests per 1 000 male patients). Asterisk: Statistically 

significant difference (p < 0.05) between the pre- and post-intervention data. 

  Pre-
intervention Intervention Post-

intervention 
Year 2011-2012 2012-2013 2013-2014 2014-2015 2015-2016 

All      
Mean 69.4 79.2 79.6 74.8 82.9 

(Range) (19.6-279.3) (19.9-396.1) (23.1-527.6) (17.1-274.0) (26.4-296.9) 

Between practice CV 67.5 78.9 90.2 62.7 65.7 

p-value (t-test) 0.006* 

p-value (Bonett-Seier test) 0.60 

Rural      
Mean 87.4 101.9 103.1 93.4 106.8 

(Range) (29.7-279.3) (35.5-396.1) (27.8-527.6) (38.5-274.0) (35.7-296.9) 

Between practice CV 66.6 80.0 97.4 64.1 65.2 

p-value (t-test) 0.08 

p-value (Bonett-Seier test) 0.72 

Urban      
Mean 55.4 61.6 61.4 60.3 64.4 

(Range) (19.6-134.6) (19.9-170.9) (23.1-125.8) (17.1-129.8) (26.4-132.8) 

CV 53.9 56.1 45.2 44.0 43.9 

p-value (t-test) 0.002* 

p-value (Bonett-Seier test) 0.98 
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