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Abstract

Objectives To describe the laboratory test ordering patterns by general practitioners
(GPs) in Northern Ireland Western Health and Social Care Trust (WHSCT) and
establish demographic and socio-economic determinants of test requesting.

Design Cross-sectional study.

Setting Western Health and Social Care Trust, Northern Ireland

Participants 55 WHSCT general practices requesting laboratory tests in the period
from 1 April 2011 to 31 March 2016

Outcomes To identify the temporal patterns of laboratory test ordering behaviour for 8
commonly requested clinical biochemistry tests/test groups in WHSCT. To analyse the
extent of variations in laboratory test requests by GPs and to determine whether these
variations can be accounted for by clinical outcomes or geographical, demographic,
and socioeconomic characteristics.

Results We identified substantial changes in the median number of request rates over
five consecutive years of the study period as well as a large variation of adjusted test
request rates for individual tests (lowest for electrolyte profiles, liver profiles, and HbA.
and highest for immunoglobulins). There was no significant relationship between
ordering activity and either demographic (age and gender) and socioeconomic factors
(deprivation) or Quality and Outcome Framework (QOF) scores. We found that
practice setting accounted for some of the between-practice variation in test
requesting. Rural practices were characterized by both higher between practice
variability and median number of order tests than urban practices at all time points.
Conclusions A large between-practice variation in GP laboratory test requesting,
unrelated to demographic and socioeconomic indicators of the practices or crude
clinical outcome indicators, most likely reflects differences in the clinical practice of

individuals, potentially amenable to change through clinical interventions.
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Strengths and limitations of this study

e The study provides a comprehensive analysis of temporal changes in

oNOYTULT D WN =

laboratory test utilization patterns and establishes the extent of variability in test
requesting activity across general practices in Northern Ireland’s Western
Health and Social Care Trust.

e The substantial variation in test ordering, not related to demographic and
socioeconomic characteristics of practices, practice location or clinical outcome
indicators, may reflect inappropriate laboratory test utilization and hence,
suggest a potential for more efficient demand management of laboratory
services.

e Given a cohort of general practices within one catchment area, our results
provide evidence of differences in behaviour of individual GPs when managing
patients with similar clinical symptoms.

e Failure to collect and cross-tabulate data on characteristics of general

practitioners (GPs), such as GP’s age, years of experience, medical training
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was a study limitation and a missed opportunity in assessing the influence of

practitioner factors on the variation in test ordering behaviour.
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Introduction

Despite the important role of laboratory testing in the diagnosis and monitoring of
disease, there is concern about the increasing number of requested tests and in
particular, large differences in laboratory utilization between clinical teams." In the UK,
laboratory test orders grew by approximately 5% per year in recent years and
inappropriate test requests are considered to be an important cause for this increase®>.
Although pathology expenditures account for only 5-6% of the UK total health budget,
they are viewed as a potential source of savings, most likely because the costs can be
easily identified and measured.* According to the Department of Health, the
rationalization of pathology services, including demand management of laboratory
tests and elimination of unnecessary requesting, could produce savings of at least

£500 million.®

Unnecessary testing is not only wasteful of resources but impacts on patients directly
through the requirement for venepuncture and the follow up of minor (and possibly
insignificant) abnormalities which may cause patient anxiety. On the other hand,
inappropriate under requesting may cause harm through failure to diagnose or manage
disease optimally. Several studies suggested that unnecessary and inappropriate
utilization of laboratory services is closely linked to inter-practitioner variability in test
requesting.®® Despite the increased availability of clinical management guidelines
promoting harmonization of the use of laboratory tests, there is still substantial
variation in test utilization among general practitioners.”® These differences appear to
be unrelated to demographic characteristics of patient populations, socio-economic
status of GP practices, disease prevalence or clinical outcome indicators.®”'*'" Even
if some of these variables have been shown to have an effect on test ordering patterns,

the variation in requesting rates is so large that it can only be explained by differences
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registered patients and expressed as requests per 1000 patients, with the exception of
HuA:c and ACR for which ordering rates were expressed as tests per patient with
diabetes and PSA rates, calculated per 1000 male patients. GP practice list size data
(including the number of patients with diabetes) and patient demographic data was
extracted from the Business Services Organisation (BSO) Family Practitioner Service
Information and Registration Unit system. The rural-urban distribution of GP practices
was based on the data from the Census Office of the Northern Ireland Statistics and
Research Agency (NISRA)." Socioeconomic characteristics of GP practices were
determined using the NISRA Neighbourhood Information System (NINIS)." QOF
scores for individual practices were extracted from the website of Northern Ireland

Department of Health.?°

Participants and setting

Data on laboratory tests requested from 55 general practices within the WHSCT were
collected from the laboratory databases of Clinical Chemistry departments of the
Altnagelvin Area Hospital, Tyrone County Hospital, and the Erne Hospital
(subsequently the South West Acute Hospital). WHSCT provides health and social
care services throughout the west of Northern Ireland, across the council areas of
Derry City and Strabane District Council, Limavady in the Causeway Coast and Glens

Borough Council, and Fermanagh and Omagh District Council.

Inclusion criteria

We examined only laboratory test requests from 55 separate primary care medical
practices within the catchment area of WHSCT that remained open throughout the
study period i.e. during five consecutive years: Apr 2011 — Mar 2012, Apr 2012 — Mar

2013, Apr 2013 — Mar 2014, Apr 2014 — Mar 2015, and Apr 2015 — Mar 2016, were

6
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and Disorder) and ranges from 1 (most deprived SOAs) to 890 (least deprived SOAs).
The Health Deprivation & Disability rank (one of the MDM domains)'® was analysed
separately as a potential determinant of inter-doctor variability in the use of laboratory

tests.

Given a detailed breakdown of the age of patients on the individual practice lists, we
examined the relationship between the percentage of patients over age 65 and
ordering rates for electrolyte, thyroid, liver, and lipid profiles. In addition, we
investigated the link between gender and requesting activity for PSA (for males) and
thyroid profiles (for females) and evaluated test requesting patterns for diabetes

mellitus and their relationship to QOF clinical indicator scores in diabetes.

Outcome measures

Our outcome of interest was to identify the presence and extent of variations in primary
care laboratory tests ordering and to evaluate temporal changes in both the
standardised number of test requests and between-practice variability in requesting. In
addition, we studied demographic, socio-economic, geographical, and clinical factors

that may explain this variation.

Statistical analysis

Inter-practice variability in test requests was assessed by calculating the variance (o?).
Furthermore, we computed ‘variability index’ (Var;) defined as the top decile divided by
the bottom decile of standardized test request rates.’® Var, is a dimensionless measure
of dispersion allowing us to compare the amount of variation in request rates of
individual tests despite their differences in scale. The Shapiro-Wilk test of normality
was used to determine if the distribution of test ordering data deviated from a normal

distribution.?? Since the distribution of laboratory test request rates was found to be

8
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(2012-13), 318 057 (2013-14), 319 383 (2014-2015), and 326 429 (2015-16) patients.
Figure 1 shows the total number of 8 considered clinical biochemistry tests/test groups
ordered during the study period of five consecutive years. The total number of ordered
tests was 523 111 (2011-12), 531 849 (2012-13), 531 583 (2013-14), 525 146 (2014-
2015), and 542 118 (2015-16) with electrolyte profiles found to be the most frequently

ordered tests, making up approximately 30% of all requests in each year.

We observed substantial between-practice variability for all studied tests (table 1). In
the considered period, the Var; was lowest for electrolyte profiles (2.0-2.3), liver profiles
(2.2-2.5), and HbA. (2.2-2.9) and highest for immunoglobulins reaching the value of
69.8 in 2012-13. The large variability was caused by several GP practices with
abnormally high/low ordering rates of laboratory tests (figure 2). For the majority of
tests, the median of test request rates was found to be generally lower than the mean,
suggesting that the distribution of ordered test was primarily affected by the presence

of GP practices with extremely high numbers of standardized requests.

Changes in the number and variation of test requests over time

Over the period of investigation, we observed an increase in the median standardized
number of electrolyte profiles, immunoglobulins, PSA, and HbA,; (figure 3); however,
the Mann—Kendall (MK) test indicated the statistically significant upward trend only for
requesting rates of PSA (pux = 0.03) and HbA+. (pux = 0.03). For lipid profiles, thyroid
profiles, liver profiles, and ACR, we reported the overall decline of the median number
of test request rates. Yet, the downward trend was found statistically significant only for

lipid profiles (pux = 0.03).
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1

2

3 Table 1. Overview of general statistics

4

5 EP Lipids PSA Thyroid HbA1c Liver ACR Immunos
6

7 2011-2012

S Mean, 95%CI 511.4, (477.6,545.2)  282.7,(250.2, 315.3)  69.4, (56.7,82.0)  312.8,(278.3,347.4) 1.86,(1.74,1.98)  442.4,(408.0,476.8) 1.91,(1.73,2.10) 4.9, (3.9, 6.0)
10 Median, 95%C| 520.5, (476.6, 536.2)  268.9, (243.8,285.5)  53.2, (46.6, 61.6)  296.7, (258.1,347.7)  1.75,(1.66,1.84)  435.7,(390.7,469.2)  1.86,(1.60,1.98) 4.1, (2.6, 5.2)
11 Range 267 - 1002 101.8 - 954.5 19.6 - 279.3 121 - 969.4 1.1-3.1 254 - 989.1 0.6-38 0.3-16.8
12 Variance 15660.2 14519.1 2193.8 16320.0 0.2 16187.4 0.5 15.8

13 Var; 23 34 7.0 3.3 2.2 2.5 34 18.3

14 2012-2013

15 Mean, 95%CI  516.1, (483.7, 548.4)  274.1, (241.5,306.6) 79.2, (62.3,96.0)  315.9, (280.4,351.4)  2.04,(1.90,2.19)  443.8, (410.7,476.9)  1.90, (1.70,2.10) 5.9, (4.57.3)
16 Median 491.7, (482.0, 530.6)  257.4,(238.9280.6)  59.2,(48.2,68.3)  291.7,(261.0,352.0) 1.98, (1.80,2.14)  432.3, (406.2,462.6)  1.70,(1.60,1.95) 4.5, (3.4, 5.6)
17 Range 283.6 - 1041.8 105.8 - 986.3 19.9 - 396.1 115.5 - 995.2 11-34 258.7 - 1016.4 0.5-48 0-24
18 Variance 14299 .4 14494.8 3896.4 17230.2 0.3 14997.6 0.5 28.0

;9 Var, 2.2 3.4 76 33 24 2.4 3.7 69.8

2(1) 2013-2014

22 Mean, 95%CI 511.1, (480.4, 541.7)  258.7,(227.7,289.7)  79.6,(60.2,99.0) 2954, (262.2,328.6) 2.32,(2.11,2.52)  427.6,(395.9,459.3) 1.92, (1.73,2.12) 6.5, (4.9, 8.2)
23 Median 508.8, (482.0, 530.6)  239.3, (213.7,268.2)  59.5,(54.0,70.7)  264.3,(244.1,289.8) 2.10,(1.91,2.38)  408.3,(379.6, 444.4)  1.81,(1.62,2.03) 4.4,(3.0,6.1)
24 Range 325.1-1014.9 111-950.7 23.1-527.6 141.5 - 962.2 1.3-46 267.1-987.8 0.7-4.7 05-24.8
25 Variance 12831.5 13134.3 5153.6 15099.2 0.6 13739.4 0.5 36.2

26 Var, 2.0 3.1 72 3.0 2.8 2.3 3.3 19.2

27

28 2014-2015

29  Mean, 95%CI 515.0, (484.5, 545.4)  238.4,(206.6,270.1)  74.7,(62.1,87.4)  290.7, (258.4,323.1)  2.60, (2.36,2.85)  432.8, (401.6, 463.9) 1.45, (1.27,1.64) 8.2, (5.9, 10.4)
30 Median 508.7, (482.0, 522.2)  224.0, (202.4,238.1)  63.9, (55.4,69.0)  260.4, (244.1,286.9)  2.33,(2.23,2.55) 422.4,(388.0,450.7) 1.31,(1.14,1.60) 5.9, (4.1, 8.3)
31 Range 274.9-976.9 82.8-939.5 17.1-274 152.7 - 951.7 15-59 260.7 - 968 0.2-4 0-46.6
32 Variance 12696.9 13814.0 2192.6 14324.6 0.8 13251.9 0.5 67.3

33 Var 2.1 35 6.3 3.0 2.9 2.3 47 33.6

34 2015-2016

35

36 Mean, 95%Cl 526.3, (495.5,557.2) 232.5,(202.6, 262.5) 82.9,(68.2,97.6) 295.0, (2658, 324.3) 3.01,(2.72,3.31) 4352, (405.1,465.3) 1.21,(0.98,1.44) 8.5, (6.4, 10.6)
37 Median 527.5, (462.3,553.7) 216.6, (189.4,235.5) 68.9, (58.6, 76.2)  268.4, (249.4,302.1)  2.81,(2.55,2.98)  426.3, (402.6,439.8)  1.01, (0.85, 1.25) 5.6, (3.7, 9.5)
38 Range 316-925.3 96.9 - 846.5 26.4 - 296.9 142.5 - 857.2 1.7-8.1 274.6 - 898.3 0.1-5 0-33.9
39 Variance 13048.3 12303.9 2961.0 11708.1 1.2 12378.9 0.7 58.9

40 Var; 2.0 37 6.5 2.8 2.9 2.2 9.4 24.5

41 11
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The variance for electrolyte profiles, lipid profiles, thyroid profiles, and liver profiles
requests fell by 16.8%, 15.3%, 28.3%, and 23.5% respectively (figure 3). The increase
in variance was observed for immunoglobulins (272%), ACR (40%), and HbA1. (500%).
Nonetheless, only the increase in variance of HbA. requests (pyux = 0.03) and
decrease in variance of standardized number of liver profiles (pux = 0.03) were found
significant at the 95% confidence level. For PSA test request rates, we observed

fluctuations in variance with no clear trend.

Test ordering variation between general practices and explanatory factors

The relationship between test requesting rates and potential explanatory factors was
established based on the information on the number of ordered tests, patient
demographics, and Quality and Outcomes Framework indicator scores obtained for the

period 1 Apr 2015 — 31 Mar 2016.

Demographic characteristics of patient population

Proportion of the oldest age category of patients (> 75) constituted a relatively small
group in each GP practice (mean = 6.1%, 95%CI = (5.7%,6.5%)). Hence, we combined
the 65-74 and > 75 age categories to create a more meaningful group of patients in the
older age band. We examined four tests for which differences in proportions of older
patients were expected to be reflected in test requesting i.e. electrolyte profiles, liver
profiles, lipid profiles, and thyroid profiles. Since we were unable to obtain
a consolidated data on both gender and age of patients, we did not assess the
relationship between the PSA requesting rates and the category of males aged 65 and
over. We found a very weak correlation between the adjusted request rates of selected
laboratory tests and the percentage distribution of patients of age over 65, with 1

ranging from 0.08 for thyroid profiles to 0.23 for lipid profiles (supplementary table S1).
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v}
1 g
2 2
3 5
4 Since previous studies reported on a higher rate of testing of thyroid hormones in =
> @
6 females,” we looked at the strength of a relationship between the percentage of 2
7 S
8 females in individual GP practices and requesting rates for thyroid profiles. We found a %
9 o
10 weak, in fact negative, association between these two characteristics, with T = -0.2 T &
= 2
11 g ©
12 (supplementary figure S2). 3 E
13 g 2
(o
14 < 3
15 In addition, we examined the effect of gender distribution on the standardized number g 8
16 g 3
17 of PSA tests, with the PSA ordering rates expected to be higher for GP practices with a B
2
18 -~ o
19 higher percentage of males (supplementary figure S2). The coefficient T = 0.2 implied a =1 S
= o
20 c o
21 weak degree of correlation between these two variables. Note that we acknowledge S X
«Q o
22 . 5
23 the fact that a combined effect of sex and age distributions might have had a more g N
c o
24 oM
25 significant effect on PSA requesting activity. However, we were unable to extract such % § ®
26 ; se
27 ata. g%’ LO
28 53¢
29 . . 0]

30 Practice setting gg =
31 228
o_é'g
gg Figure 4 shows a temporal median-variance relationship of the standardized number of §§§
3

3®
gg laboratory test requests for rural and urban areas. Large differences were identified for 5 @g
Ehals)
Q- =
g? PSA, lipid profiles, thyroid profiles, and liver profiles. The median number of tests }_> S
g o
gg ordered annually by practices located in rural areas was higher by approximately 27- %: E
S5 o
2(1) 37% for PSA, 14-30% for lipid profiles, 14-38% for thyroid profiles, and 8-23% for liver i 3
] (@]
o o
fé profiles. For ACR and immunoglobulins the median requesting rates were lower in rural ‘é 3
o
= =]
j;’ areas by 1-27% and 18-57% respectively. Across five consecutive time periods, Mann gj c
I =}
O @
j? Whitney U (MWU) test showed significant differences between ‘rural’ and ‘urban’ :gT :
o O
jg distributions of laboratory test rates for lipid profiles (pywu ranging from 0.00004 to ‘?D g
n —
- . o>
g? 0.03) and PSA (pywu between 0.003 and 0.03). The significant rural-urban differences @
]
(@]
gg in requesting activity of thyroid and liver profies (pywu < 0.05) were observed only in g
=
gg the first two years of the study (table 2). <(£_33
56 3
57 é.
58 ®
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Rural practices had significantly higher variability in test requesting than urban
practices at all five time points. The variance in requesting rates in rural GP practices
was higher by 9-52% for electrolyte profiles, 280-460% for lipid profiles, 280-1212% for
PSA, 224-367% for thyroid profiles, 29-82% for liver profiles, 2-301% for HbA . (except
for the period 2012-13 when the variance was 16% lower in rural areas), 34-50% for
ACR (except for the periods of 2011-12 and 2012-13 when the variance in rural areas
was lower by 15% and 16% respectively), and 36-161% for immunoglobulins (except
for the period of 2015-16 when the variance was 9% lower in rural areas).
Furthermore, we found the rural-urban differences in variance for ordering rates of

PSA and thyroid profiles statistically significant (pe« < 0.05) (table 2)

Socioeconomic factors

We observed a very weak association between the Multiple Deprivation Measure
(MDM) and requesting activity. Accordingly, the lowest Kendall 1 of 0.01 was reported
for HbA:. while the highest 1 = 0.18 for PSA (supplementary table S3). Similarly, the
relationship between the Health Deprivation & Disability rank and the standardized
number of test request was the lowest for HbA;; (1 = 0.06) and highest for PSA (1 =

0.31). Again, the 1 value indicated a weak correlation in both cases.

14
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Table 2. The significance of differences in the distribution and variability in test request rates between GP practices located in rural and

oNOYTULT D WN =

urban areas. pywy: Mann Whitney U p-value assessing differences in distributions of laboratory test rates between rural and urban
10 practices. pex: Fligner-Killeen p-value referring to the significance level of differences in variances. For both tests, a p < 0.05 was

12 considered significant (*).

Electrolyte Lipid

Thyroid Liver
15 profiles profiles

HbA1c

PSA profiles profiles

ACR Immunoglobulins

17 Puwu
18 2011-2012 0.1 0.0004* 0.01* 0.009* 0.3 0.03* 0.4 0.2

19 2012-2013 0.08 0.001* 0.03* 0.01* 0.7 0.02* 0.5 0.4
2013-2014 0.8 0.01* 0.02* 0.07 1.0 0.3 0.5 0.4
22 2014-2015 0.6 0.01* 0.02* 0.1 0.9 0.3 0.5 0.03*
23 2015-2016 0.7 0.03* 0.003* 0.07 0.7 0.3 0.08 0.01*
Prx
2011-2012 04 0.5 0.03* 0.2 0.6 1 0.2 0.8
27 2012-2013 0.3 0.6 0.01* 0.3 0.9 0.4 0.7 0.3
28 2013-2014 0.2 0.6 0.06 0.03* 0.5 0.7 1 0.5
2014-2015 0.9 0.6 0.1 0.02* 0.5 0.9 0.3 0.6
31 2015-2016 0.7 0.7 0.2 0.2 0.2 0.7 0.8 0.1
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Quality and Outcomes Framework indicators

To evaluate the relationship between standardized number of laboratory tests and
QOF indicator scores, we looked at the management of diabetes. There are two main
reasons for that. First, the guidelines for management of diabetes are widely used by
practitioners to guide the care of their patients. Secondly, HbA,; is a specific test in
diabetes care and does not play an important role in the monitoring or diagnosis of any

other condition.

The three target levels for HbA; (59, 64, and 75 mmol/mol) in the QOF were
introduced to improve glycaemic control across the distribution of values. We
investigated the overall QOF points under these 3 categories i.e. DM007 (‘The
percentage of patients with diabetes in whom the last HbA,; is 59 mmol/mol or less in
the preceding 15 months’), DM008 (‘The percentage of patients with diabetes in whom
the last HbA;. is 64 mmol/mol or less in the preceding 15 months’), and DMO0Q9 (‘The
percentage of patients with diabetes in whom the last HbA,; is 75 mmol/mol or less in
the preceding 15 months’). We also combined the number of points for each of these 3
categories, calculated the overall achievement rate, and investigated its relationship

with inter-practitioner variability in test requesting of HbA..

All practices achieved the maximum 17 points available under QOF clinical indicator
DMO0O07. All but nine practices attained the maximum 8 points available under DM008
(range: 4.1-8.0) and 31 practices attained the maximum 10 points available under
DMO009 (range: 6.36-10.0). The strength of relationship between the number of
HbA . tests performed and the GP practice effectiveness, as measured by the QOF
overall achievement rate (combined DM007, DM008, and DM009) was very weak (1 =

0.12).

16
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v}
1 &
2 2
3 5
4 Discussion =
> @
; £
; We evaluated temporal changes in variability and number of laboratory tests ordered g
@
?O by individual GP practices in the WHSCT. We also investigated a range of key ;
o
= B
1; demographic, socioeconomic, geographical, and clinical factors to assess whether any % E
a w
1 i of these factors are likely to explain a part of the observed variation in requesting g %
15 ivi s 3
activity. s 3
16 R
17 @ 8
(=Y
B While we found an overall decrease in the median request rates for lipid profiles, ; g
o B
20 thyroid profiles, liver profiles, and ACR (statistically significant only for lipid profiles), we s %
21 =
«Q o
22 observed an increase in the median standardized number of PSA, HbA,., SN
23 -
(&
24 immunoglobulins, and electrolyte profiles (statistically significant only for PSA and %”g
25 ~o®
@ 0
26 HbA,.). Furthermore, we identified substantial differences in variation of adjusted test %‘:SD E
27 3
28 request rates for individual tests, with an index of variability oscillating between 2.0-2.9 5] 35
29 TWS
30 for electrolyte profiles, liver profiles, and HbA;., 2.8-3.3 for thyroid profiles, 3.1-3.7 for 5% §
31 g_(:;'m
32 lipid profiles, 6.3-7.6 for PSA, and reaching up to 69.8 for immunoglobulins. Our finding s 2
33 58
3
34 of high levels of variability between practices is consistent with previous g.ag
35 55
36 research.®'%?2? Thjs large variation may suggest that a portion of ordered tests had i' S
37 = 32
38 been not clinically relevant according to standards and guidelines and therefore, had o ;D
39 3. >
S
40 limited or no benefit to the patient care. b :3;
41 5 3
42 o 3
43 Temporal changes in between practice variability of request rates were associated with 3 §
44 2 <
45 a reduction in variance for electrolyte profiles (16.8%), lipid profiles (15.3%), thyroid g %
46 3 0~
47 profiles (28.3%), and liver profiles (23.5%) and the increase in variation of ordering é N
48 Qe X
49 rates for ACR (40%), immunoglobulins (272%), and HbA; (500%) over the period of 3 =
50 z
51 investigation. The overall downward trend in variability of profile test request rates (‘E
52 o
53 might have been related to the implementation of the demand optimization intervention g
54 =
55 in the WHSCT over the three year period from Apr 2012 to Mar 2015. The intervention <(£3=,
56 3
57 =
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was developed to support appropriate use of laboratory testing in the WHSCT and
consisted of several elements including educational materials on the benefits of the
optimal tests utilization, information on minimal retest intervals, the review of the test
requesting processes, and financial incentive. The 500% increase in variability of
HbA; ordering rates, on the other hand, may have been caused by between practice
differences in the adoption of HbA,. as a diagnostic test (from 2012) and inconsistent

implementation of new guidelines on appropriate rate of diabetes monitoring.

The inter-practitioner variations in test ordering were found unrelated to demographic
and socioeconomic factors. We showed that distributions of patients’ age and sex had
litle impact on ordering rates for a predetermined set of pathology tests. The
socioeconomic status of GP practice also did not appear to identify low or high
requestors of laboratory tests. No clear relationship between test ordering and age,

gender or deprivation measures was reported by other studies.®*%%2

The practice location was found to be a significant determinant of variability in test use.
Both the variability and median number of request rates were generally higher in GP
practices located in rural areas at all time points. This probably reflects the differences
in clinical practice associated with the specific aspects of practice organisation and
workflow in rural and urban practices as well as personal characteristics of general
practitioners. The practice location was previously related to the between-practice
variation in prescribing.®** Further studies are needed to explore in more detail the

potential reasons for the rural-urban discrepancy in test utilization.

Finally, we found no evidence of a significant correlation between test requesting rates
and clinical outcomes. This observation is consistent with other studies.'® The fact that

the majority of practices attained maximum points for the three target levels for

18
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v}
1 g
2 3
3 5
4 HbA. (59, 64, and 75 mmol/mol) implies that the glycaemic control was generally good =
> @
6 and could not explain the variability in HbA testing. 2
7
8 2
9 Implications for practice and research o
10 g O
g The findings of our study suggest that there may be considerable potential for the % Q
o =
(o
1;' rationalization of test ordering through minimizing the between practice variability in ‘g g
o ©
1? test utilization. Yet, it is important to establish whether the observed variation is, and to % %
Q o
2
B what extent, associated with over-requesting (unnecessary repeat requesting of tests) ; it
S 3
20 in GP practices with high ordering rates or on the contrary, it reflects a failure to s %
21 =
«Q o
22 prescribe clinically indicated tests by GP practices characterized by low use of tests. SN
23 -
[
24 Further analysis on the degree and detection of inappropriate use of laboratory ‘é ('-3:5
25 ~o®
@ °
26 resources in primary care could contribute to improving the consistency, efficiency, and %‘:SD E
27 3
28 cost-effectiveness of patient diagnostics, monitoring, and treatment and hence, reduce 5] 35
29 ROE
30 unnecessary costs to patient care. 5% o
31 2z ®
32 oc
33 Further exploration of variations in requesting activity in the context of factors not Es”gg
34 g.rn:r
35 considered in this study (e.g. practitioner-specific characteristics) may help identify and gi@%’
36 Q=
37 implement appropriate optimization strategies to manage demand for laboratory tests. § g
38 2 O
39 Previous studies reported on the number of successful approaches in fostering best = i
40 e 3
41 practice and reducing variation in test utilization including implementing locally agreed "a’ E
42 o 3
43 clinical guidelines, changing test order forms, incorporating clinical decision support 3 §
44 2 <
45 tools with embedded retest interval rules, conducting audits of GPs on their request g %
46 N
47 rates, and providing financial incentives.*®** In fact, several studies showed that é N
48 Qe X
49 multifaceted interventions were most successful in optimizing laboratory demand.**# 3 =
50 Z
51 3
52 Finally, it is essential to better understand implications of variability in laboratory test P
53 @
54 requesting for the cost and quality of care. In particular, an important question to be %
55 E
56 <
57 =
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answered is whether or not the growing costs associated with increased use of

laboratory services has led to commensurate benefits to the patient.

Strengths and limitations

Test requesting data were directly extracted from the HSC Business Object system
that captures information on tests’ use from three clinical chemistry departments of
Altnagelvin Area Hospital, Tyrone County Hospital, and South West Acute Hospital.
Accordingly, our analysis was based on all available data regarding requesting activity
in the N. Ireland Western Health and Social Care Trust (WHSCT) in the period of 1 Apr
2011 — 31 Mar 2016 and hence, was not subject to selection bias. Furthermore, our
study provides a first comprehensive insight into the use of laboratory tests and factors
accounting for the variation in between practice test utilization in the WHSCT primary

care system.

Due to data unavailability, we were unable to investigate the relationship between
laboratory use patterns and practitioner-specific characteristics including GP’s age,
education, and medical training. Such analysis could help identify potential reasons
behind variation in clinical practice. Besides the lack of information on the practitioners,
the present study was limited by a paucity of research evidence in this area. We were
also unable to retrieve consolidated data on both gender and age of patients registered
in individual GP practices and therefore, assess the combined effect of sex and age

distributions on test requesting activity.

Conclusion

This study investigated the patterns and temporal changes in request rates across a
range of frequently ordered laboratory tests. In addition, it explored potential

determinants of the substantial inter-practice variability in the use of laboratory tests
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and found that differences in requesting activity appear unrelated to either

demographic and socioeconomic characteristics of GP practices or clinical outcome

oNOYTULT D WN =

indicators. Our results highlight the need for further investigations to identify other
10 potential factors that may account for the differences in test utilization between

12 practitioners.
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Figures

Figure 1. The total number of 8 considered clinical biochemistry tests/test groups

oNOYTULT D WN =

ordered by 55 general practices during the period 1 Apr 2011 — 31 Mar 2016.

Figure 2. Temporal variability of the standardized laboratory test requests for (a)
electrolyte profiles, (b) lipid profile, (c) prostate-specific antigen (PSA), (d) thyroid
16 profiles, (e) liver profiles, (f) HbA:., (g) urine albumin/creatinine ratio (ACR), and (h)
18 immunoglobulins (Immunos) for 55 considered general practices. Each data point
20 (dot): a single practice. Solid, horizontal line inside the box: median. Lower and upper
22 "hinges" of the boxplots: 1% and 3™ quartiles, respectively. Lower and upper extremes
24 of whiskers: interval boundaries of the non-outliers (black dots). Data outside interval:

26 outliers.

29 Figure 3. Trend lines for median (blue) and variance (red) of the standardized number
31 of (a) electrolyte profiles, (b) lipid profile, (c) prostate-specific antigen (PSA), (d) thyroid

33 profiles, (e) liver profiles, (f) HbA., (g) urine albumin/creatinine ratio (ACR), and (h)
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35 immunoglobulins (Immunos).

38 Figure 4. The temporal median-variance relationship of the standardized number of

40 laboratory test requests across the years. Circle/triangle: rural/urban general practices.
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Supplementary Table S1.

Electrolyte profiles Lipid profiles  Thyroid profiles Liver profiles

% >= 65 years old 0.2107 0.2321 0.08 0.1964
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Supplementary Figure S2.
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Supplementary Table S3.
Electrolyte PSA Thyroid HbA1c Liver Immunoglobulins
profiles profiles profiles
Multiple Deprivation 0,034 0.180 0.119 0.012 0.083 -0.167
easure
Health Deprivation & = 45 0.309 0.239 0.062 0.185 -0.156

Disability

‘sa160jouy29] Je |18 PRCTHIE RM PG BEUNITRITEP) U 1T b PIVESE/S85 iG] BaRI | §8IhBlIAdoo Agq pe1deloid

* (s39gv) Jnauadns wswaubivsug

Page 34 of 36

| 8p anbiydeiboiqig 8ausby e Gzoz ‘L sunc uo jwod fwg uadolway/:dny woly papeojumod "6T0Z dUNC TZ U0 /#9920-8T0z-uadolwa/9eTT 0T st paysiignd 1s1yy :uadO CING


http://bmjopen.bmj.com/

Page 35 of 36

oNOYTULT D WN =

BMJ Open

STROBE 2007 (v4) Statement—Checklist of items that should be included in reports of cross-sectional studies

. . It q

Section/Topic #em Recommendation Reported on page #

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 1
(b) Provide in the abstract an informative and balanced summary of what was done and what was found 2

Introduction

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 4

Objectives 3 State specific objectives, including any prespecified hypotheses 5

Methods

Study design 4 Present key elements of study design early in the paper 5-6

Setting Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 5-6
collection

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants 6-7

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if 8
applicable

Data sources/ 8* For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 6-8

measurement comparability of assessment methods if there is more than one group

Bias 9 Describe any efforts to address potential sources of bias 6-7,20

Study size 10 | Explain how the study size was arrived at 6-7

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and 6-8
why

Statistical methods 12 | (a) Describe all statistical methods, including those used to control for confounding 8-9
(b) Describe any methods used to examine subgroups and interactions 9

(c) Explain how missing data were addressed

Not applicable

(d) If applicable, describe analytical methods taking account of sampling strategy

Not applicable

(e) Describe any sensitivity analyses

Not applicable

Results
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which the present article is based

Participants 13* | (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, Not applicable
confirmed eligible, included in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage Not applicable
(c) Consider use of a flow diagram Not applicable
Descriptive data 14* | (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential Not applicable
confounders
(b) Indicate number of participants with missing data for each variable of interest Not applicable
Outcome data 15* | Report numbers of outcome events or summary measures Not applicable
Main results 16 | (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence Not applicable
interval). Make clear which confounders were adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized 16
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period Not applicable
Other analyses 17 | Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses 10-16
Discussion
Key results 18 | Summarise key results with reference to study objectives17 17-18
Limitations 19 | Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and 20
magnitude of any potential bias
Interpretation 20 | Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from 19
similar studies, and other relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study results 17-18
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 26

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE
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Abstract

Objectives To describe the laboratory test ordering patterns by general practitioners
(GPs) in Northern Ireland Western Health and Social Care Trust (WHSCT) and explore
demographic and socio-economic associations with test requesting.

Design Cross-sectional study.

Setting Western Health and Social Care Trust, Northern Ireland.

Participants 55 WHSCT primary care medical practices that remained open throughout
the study period 1 April 2011 - 31 March 2016.

Outcomes To identify the temporal patterns of laboratory test ordering behaviour for 8
commonly requested clinical biochemistry tests/test groups in WHSCT. To analyse the
extent of variations in laboratory test requests by GPs and to explore whether these
variations can be accounted for by clinical outcomes or geographical, demographic, and
socioeconomic characteristics.

Results The median number of adjusted test request rates over five consecutive years
of the study period decreased by 45.7% for urine albumin/creatinine ratio (ACR) (p <
0.000001) and 19.4% for lipid profiles (p < 0.000001) while a 60.6%, 36.6%, and 29.5%
increase was observed for HbA,. (p < 0.000001), immunoglobulins (p = 0.000007), and
PSA (p = 0.0003) respectively. The between-practice variation in test ordering rates
increased by 272% for immunoglobulins (p = 0.008) and 500% for HbA,. (p = 0.0001).
No statistically significant relationship between ordering activity and either demographic
(age and gender) and socioeconomic factors (deprivation) or Quality and Outcome
Framework (QOF) scores was observed. We found the rural-urban differences in
between-practice variability in ordering rates for lipid profiles, thyroid profiles, PSA, and
immunoglobulins to be statistically significant at the Bonferroni-adjusted significance

level p < 0.01.
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Conclusions We explored potential factors of the inter-practice variability in the use of
laboratory tests and found that differences in requesting activity appear unrelated to
either demographic and socioeconomic characteristics of GP practices or clinical

outcome indicators.
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Strengths and limitations of this study

The study provides a comprehensive analysis of temporal changes in laboratory
test utilization patterns and establishes the extent of variability in test requesting
activity across general practices in Northern Ireland’s Western Health and Social
Care Trust.

The variation in test ordering, not related to demographic and socioeconomic
characteristics of practices, practice location or clinical outcome indicators, may
reflect inappropriate laboratory test utilization and hence, suggest a potential for
more efficient demand management of laboratory services.

Given a cohort of general practices within one catchment area, our results
provide evidence of differences in behaviour of individual GPs when managing
patients with similar clinical symptoms.

Failure to collect and cross-tabulate data on characteristics of general
practitioners (GPs), such as GP’s age, years of experience, medical training was
a study limitation and a missed opportunity in assessing the influence of

practitioner factors on the variation in test ordering behaviour.
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Introduction

Despite the important role of laboratory testing in the diagnosis and monitoring of
disease, there is concern about the increasing number of requested tests and in
particular, large differences in laboratory utilization between clinical teams." In the UK,
laboratory test orders grew by approximately 5% per year in recent years and
inappropriate test requests are considered to be an important cause for this increase?3.
Although pathology expenditures account for only 5—6% of the UK total health budget,
they are viewed as a potential source of savings, most likely because the costs can be
easily identified and measured.* According to the Department of Health, the
rationalization of pathology services, including demand management of laboratory tests
and elimination of unnecessary requesting, could produce savings of at least £500

million.5

Unnecessary testing is not only wasteful of resources but impacts on patients directly
through the requirement for venepuncture and the follow up of minor (and possibly
insignificant) abnormalities which may cause patient anxiety. On the other hand,
inappropriate under requesting may cause harm through failure to diagnose or manage
disease optimally. Several studies suggested that unnecessary and inappropriate
utilization of laboratory services is closely linked to inter-practitioner variability in test
requesting.6® Despite the increased availability of clinical management guidelines
promoting harmonization of the use of laboratory tests, there is still substantial variation
in test utilization among general practitioners.”® These differences appear to be
unrelated to demographic characteristics of patient populations, socio-economic status
of GP practices, disease prevalence or clinical outcome indicators.t7.1%.1" Even if some
of these variables have been shown to have an effect on test ordering patterns, the

variation in requesting rates is so large that it can only be explained by differences in
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attitudes towards the use of laboratory tests of individual practitioners.’ Accordingly,
factors such as confidence in clinical judgement, clinical experience, an attitude about
clinical practice guidelines, a lack of knowledge regarding the correct use of tests and

fear of litigation have been identified as potential sources of practice variation.'%1%

Since unwarranted variation can lead to suboptimal clinical outcomes,'®'7 identification
of factors contributing to differences in test requesting can provide useful information for
optimising utilization of laboratory services. The aim of our study was to establish the
extent of variability in test requesting and characterise temporal changes in test ordering
patterns across general practices within the catchment area of the Northern Ireland (NI)
Western Health and Social Care Trust (WHSCT) for a range of most commonly
requested clinical biochemistry tests/test groups. In addition, we investigated potential
factors associated with inter-doctor variability in the use of laboratory tests including
geographical, demographic, and socioeconomic factors as well as Quality and Outcome

Framework (QOF) scores.

Materials and Methods

Study design and data sources

We conducted a cross-sectional study of laboratory test ordering activity across general
practices in the WHSCT in the period from 1 April 2011 to 31 March 2016. The data on
the use of laboratory tests were obtained from a HSC Business Object Xl clinical
information system. We investigated requesting rates for 8 clinical biochemistry
tests/test groups including electrolyte profile, thyroid profile (FT4 and TSH), liver profile,
lipid profile, urine albumin/creatinine ratio (ACR), glycosylated haemoglobin (HbA;.),
prostate-specific antigen (PSA), and immunoglobulins. The profile tests i.e., electrolyte,

lipid, liver, and thyroid profiles contained a number of different related analytes.
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Individual elements of the profile tests could not be requested separately. Other tests,
such as HbA;. comprised one single analyte. The standardized number of laboratory
tests requested in each general practice was determined by dividing the total number of
requested tests by the number of registered patients and expressed as requests per
1000 patients, with the exception of HbA,. and ACR for which ordering rates were
expressed as tests per patient with diabetes and PSA rates, calculated per 1000 male
patients. GP practice list size data (including the number of patients with diabetes) and
patient demographic data was extracted from the Business Services Organisation (BSO)
Family Practitioner Service Information and Registration Unit system. The rural-urban
distribution of GP practices was based on the data from the Census Office of the
Northern Ireland Statistics and Research Agency (NISRA).'® Socioeconomic
characteristics of GP practices were determined using the NISRA Neighbourhood
Information System (NINIS)."® QOF scores for individual practices were extracted from

the website of the Northern Ireland Department of Health.20

Participants and setting

Data on laboratory tests requested from 55 general practices within the WHSCT were
collected from the laboratory databases of Clinical Chemistry departments of the
Altnagelvin Area Hospital, Tyrone County Hospital, and the Erne Hospital (subsequently
the South West Acute Hospital). WHSCT provides health and social care services
throughout the west of Northern Ireland, across the council areas of Derry City and
Strabane District Council, Limavady in the Causeway Coast and Glens Borough Council,

and Fermanagh and Omagh District Council.
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Inclusion criteria

We examined laboratory test requests from 55 separate primary care medical practices
within the catchment area of WHSCT that remained open throughout the study period
i.e. during five consecutive years: Apr 2011 — Mar 2012, Apr 2012 — Mar 2013, Apr 2013
— Mar 2014, Apr 2014 — Mar 2015, and Apr 2015 — Mar 2016. To ensure the
completeness and consistency of the data, test orders from WHSCT GP practices that
were closed (2 GP practices) or taken over by other practices (1 GP practice) during the

period of investigation were not taken into account.

Variables and characteristics

Our analysis was limited to 8 most frequently requested clinical biochemistry tests/test
groups including electrolyte profile, thyroid profile, liver profile, lipid profile, ACR, HbA.,
PSA, and immunoglobulins. All considered tests/profiles (with the exception of
immunoglobulins and ACR) were listed on a paper pathology request form and ordered
by ticking a box adjacent to the test name; requests for ACR and immunoglobulins were

made by writing the test name in an open text field.

Rates of test requests were analysed in the context of geographical and socioeconomic
characteristics of practices, patient demographics (age and gender), and clinical
outcome indicators. Note that we were not able to obtain a consolidated data on
both gender and age of patients (i.e., the number of patients split into age bands and

broken down by gender) registered in individual GP practices.

The practice setting (rural v. urban area) was determined using the urban-rural
classification of the Department for Environment, Food and Rural Affairs (DEFRA)?’
while the size of settlements was obtained from the NISRA Census Office.’® A GP

practice was defined as rural if its physical address was situated in a settlement of less
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than 10,000. Accordingly, we classified 24 practices as rural and 31 as urban.
Furthermore, GP practices were categorised based on the Northern Ireland Multiple
Deprivation Measure (MDM) identified for individual Super Output Areas (SOAs)." The
MDM comprises a weighted combination of 7 component measures (Income
Deprivation; Employment Deprivation; Health Deprivation and Disability; Education,
Skills and Training Deprivation; Proximity to Services; Living Environment; and Crime
and Disorder) and ranges from 1 (most deprived SOAs) to 890 (least deprived SOAS).
The Health Deprivation & Disability rank (one of the MDM domains)'® was analysed
separately as a potential factor contributing to inter-doctor variability in the use of

laboratory tests.

Given a detailed breakdown of the age of patients on the individual practice lists, we
examined the relationship between the percentage of patients over age 65 and ordering
rates for electrolyte, thyroid, liver, and lipid profiles. In addition, we investigated the link
between gender and requesting activity for PSA (for males) and thyroid profiles (for

females).

To evaluate the impact of test requesting patterns for diabetes mellitus on the QOF
clinical indicator scores in diabetes, we used the overall QOF points under clinical
indicator DM0OO7 (‘The percentage of patients with diabetes in whom the last HbA,; is 59
mmol/mol or less in the preceding 15 months’), DM008 (‘The percentage of patients with
diabetes in whom the last HbA;; is 64 mmol/mol or less in the preceding 15 months’),
and DMO0O09 (‘The percentage of patients with diabetes in whom the last HbA,; is 75
mmol/mol or less in the preceding 15 months’). Specifically, we combined the number of
points for each of these 3 categories, calculated the overall achievement rate, and

investigated its relationship with inter-practitioner variability in test requesting of HbA..
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Outcome measures

Our outcome of interest was to identify the presence and extent of variations in primary
care laboratory tests ordering and to evaluate temporal changes in both the standardised
number of test requests and between-practice variability in requesting. In addition, we
studied demographic, socio-economic, geographical, and clinical factors that may

explain this variation.

Statistical analysis

Inter-practice variability in test requests was assessed by calculating the variance (o2).
Furthermore, we computed ‘variability index’ (Var;) defined as the top decile divided by
the bottom decile of standardized test request rates.'® Var; is a dimensionless measure
of dispersion allowing us to compare the amount of variation in request rates of individual
tests despite their differences in scale. The Shapiro-Wilk test of normality was used to
determine if the distribution of test ordering data deviated from a normal distribution.??
Since the distribution of laboratory test request rates was found to be non-normal, the
non-parametric statistics were implemented to perform further analysis. Mann Whitney
U (MWU) test was employed to compare distributions of laboratory test rates between
GP practices located in rural and urban areas.?®> The homogeneity of variances for
requesting activity in rural and urban GP practices was assessed with the Fligner-Killeen
(FK) test.?* Significance of temporal changes in median and variation in test requesting
rates was examined with the Mann—Kendall (MK) test.? To test the relationship between
adjusted requesting rates and 1) Multiple Deprivation Measure; 2) Health Deprivation &
Disability Deprivation rank; 3) proportions of patients over age 65; 4) distribution of
patient’'s gender; and 5) QOF clinical indicator scores, we calculated the Kendall rank

correlation coefficient (1) with the corresponding p-value.?® The Kendall coefficient (-1 <
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7 < 1) measures the strength of a correlation between two variables and assesses the

degree of overall correspondence of variables’ ranking.26

Since the test statistics were used to simultaneously evaluate the significance of
observations for different case scenarios (i.e., differences over time or differences
between clinical biochemistry tests/test groups), we took a conservative approach in
selecting the significance level a by applying the Bonferroni correction.?® This multiple
comparison correction technique minimizes the risk of obtaining false positive results by
using an adjusted «a for each single test. Single threshold values a were calculated in
such a way that the family wise error probability ps.e (here adopted pse < 0.05) was
retained at the global level.2® Accordingly, the significance level a for a single test was
approximated by dividing the global error probability ps. by the total number of

independent tests.?3

Patient and public involvement

No patients or general practitioners were involved in defining the research question or
outcome measures nor were they engaged in the design or implementation this study.
The study was approved by the Western Health and Social Care Trust (WHSCT). All
identifiable information used for the purpose of the study was anonymised and not

traceable to individual patients or general practitioners.

Results

Test ordering patterns

We analysed the laboratory test request rates of 55 general practices within the
catchment area of the WHSCT comprising a total of 316 382 (2011-12), 316 688 (2012-

13), 318 057 (2013-14), 319 383 (2014-2015), and 326 429 (2015-16) patients. Figure
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1 shows the total number of 8 considered clinical biochemistry tests/test groups ordered
during the study period of five consecutive years. The total number of ordered tests was
523 111 (2011-12), 531 849 (2012-13), 531 583 (2013-14), 525 146 (2014-2015), and
542 118 (2015-16) with electrolyte profiles found to be the most frequently ordered tests,

making up approximately 30% of all requests in each year.

The median number of adjusted test request rates between the 2011-12 and 2015-16
decreased by 45.7% for urine albumin/creatinine ratio (ACR) (p < 0.000001) and 19.4%
for lipid profiles (p < 0.000001). We observed a 60.6%, 36.6%, and 29.5% increase for
HbA,. (p < 0.000001), immunoglobulins (p = 0.000007), and PSA (p = 0.0003)
respectively. The Bonferroni adjusted probability p < 0.01 was used in testing for

statistical significance (table 1).

The between practice variation in the number of laboratory test requests is shown in
Table 1. In the considered period, the Var; was lowest for electrolyte profiles (2.0-2.3),
liver profiles (2.2-2.5), and HbA; (2.2-2.9) and highest for immunoglobulins (19.2-69.8)..
The number of outlier GP practices, i.e. practices with outlier ordering rates of laboratory
tests contributed to the overall variability (figure 2). The number of requested tests for
thyroid profiles, HbA. , and immunoglobulins per patient was over 3 times higher in the
outlier GP practices (table 2). We however acknowledge that a statistical outlier in terms
of test utilization is not necessarily an example of inappropriate practice. When
compared to 2011-12, the variance in test utilization was 16.8% lower for electrolyte
profiles, 15.3% for lipid profiles, 28.3% for thyroid profiles, and 23.5% for liver profiles in
2015-16. For ACR, immunoglobulins, and HbA,., the variance was 40%, 272%, and

500% higher respectively.
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i e'e]
25
EP Lipids PSA Thyroid HbA1c c % Liver ACR Immunos
o
2011-2012 3 g
Median, Cl  520.5, (465.5, 545.0)  268.9, (242.2, 300.5)  53.2, (48.3,79.8)  296.7, (266.2, 339.3) 1.8, (1.7, 2.0) 435.1(394.3,473.9)  1.9,(16,2.1) 4.1, (3.1,6.0)
Range 267 - 1002 101.8 - 954.5 19.6 - 279.3 121 - 969.4 1.1-3.1 & m 264 - 989.1 0.6-3.8 0.3-16.8
Variance 15660.2 14519.1 2193.8 16320.0 0.2 3 § >16187.4 0.5 15.8
Var, 23 3.4 7.0 3.3 2.2 oo 25 3.4 18.3
2012-2013 g&0
Median, Cl 491.7, (474.6, 542.5)  257.4,(236.1,288.5) 59.2, (51.5,88.3) 2917, (266.5, 342.1) 2.0, (1.8, 2.2) 4328)(399.0,473.4)  1.7,(1.6, 2.0) 45,(3.6,7.9)
Range 283.6 - 1041.8 105.8 - 986.3 19.9 - 396.1 115.5 - 995.2 1.1-3.4 g 258.7-1016.4 05-4.8 0-24
B
Variance 14299.4 14494.8 3896.4 17230.2 0.3 5T $14997.6 0.5 28.0
Var, 2.2 3.4 7.6 3.3 2.4 ag-§ 2.4 3.7 69.8
2013-2014 §E§
Median, CI  508.8, (469.2, 534.2)  239.3,(221.3,271.2)  59.5,(54.9, 83.5)) 264.3, (246.4,318.0) 2.1, (1.9, 2.5) g) (381.6,453.3) 1.8, (1.6, 2.1) 4.4,(3.7,8.4)
Range 325.1-1014.9 111 - 950.7 23.1-527.6 141.5 - 962.2 1.3-4.6 5 [%87.1-987.8 0.7-4.7 0.5-24.8
Variance 12831.5 13134.3 5153.6 15099.2 0.6 3. 2137394 0.5 36.2
Var, 2.0 3.1 7.2 3.0 2.8 > 5 23 3.3 19.2
2014-2015 S
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Trends in the number and variation of test requests over time

We observed no statistically significant linear trend in the median standardized number
of laboratory tests over the period of investigation as indicated by the Mann-Kendal test
p-values (figure 3). Furthermore, no linear trend was found in the annual changes in
variation in test requesting rates (figure 3). Note that to control the false discovery rate
in multiple comparisons (for 8 laboratory tests), the Bonferroni adjusted probability p <

0.00625 was used in testing for statistical significance.

Test ordering variation between general practices and explanatory factors

The relationship between test requesting rates and potential explanatory factors was
established based on the information on the number of ordered tests, patient
demographics, and Quality and Outcomes Framework indicator scores obtained for the

period 1 Apr 2015 — 31 Mar 2016.

Demographic characteristics of patient population

Proportion of the oldest age category of patients (> 75) constituted a relatively small
group in each GP practice (mean = 6.1%, 95%CI = (5.7%,6.5%)). Hence, we combined
the 65-74 and > 75 age categories to create a more meaningful group of patients in the
older age band. We examined four tests for which differences in proportions of older
patients were expected to be reflected in test requesting i.e. electrolyte profiles, liver
profiles, lipid profiles, and thyroid profiles. Since we were unable to obtain a consolidated
data on both gender and age of patients, we did not assess the relationship between the
PSA requesting rates and the category of males aged 65 and over. We found no
statistically significant relationship between the adjusted request rates of selected
laboratory tests and the percentage distribution of patients of age over 65

(supplementary table S1).
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Since previous studies reported on a higher rate of testing of thyroid hormones in
females,?” we looked at the strength of a relationship between the percentage of females
in individual GP practices and requesting rates for thyroid profiles. We found no
statistically significant association between these two characteristics (1=-0.19, p = 0.05)

(supplementary figure S1).

In addition, we examined the effect of gender distribution on the standardized number of
PSA tests, with the PSA ordering rates expected to be higher for GP practices with higher
percentage of males (supplementary figure S2). No statistically significant correlation
between these two variables was found (7= 0.15 and p = 0.1). Note that we acknowledge
the fact that a combined effect of sex and age distributions might have had a more
significant effect on PSA requesting activity. However, the restricted access to such data

limited the opportunity of more insightful analysis.

Practice setting

Figure 4 shows a temporal median-variance relationship of the standardized number of
laboratory test requests for rural and urban areas. The median number of tests ordered
annually by practices located in rural areas was higher by approximately 27-37% for
PSA, 14-30% for lipid profiles, 14-38% for thyroid profiles, and 8-23% for liver profiles.
For ACR and immunoglobulins the median requesting rates were lower in rural areas by

1-27% and 18-57% respectively.

Across five consecutive time periods, the Mann Whitney U (MWU) test showed
significant differences between ‘rural’ and ‘urban’ distributions of laboratory test rates for
lipid profiles (pywy = 0.0004 in 2011-12, 0.001 in 2012-2013, and 0.0097 in 2013-14),
thyroid profiles (pywy = 0.009 in 2011-12), PSA (pywy = 0.003 in 2015-2016), and
immunoglobulins (pywy = 0.0096 in 2015-16) while no statistically significant rural-urban

difference in between-practice variation in ordering rates was found for any of the studied
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tests (table 3). Note that pywy and pe« lower than Bonferroni-corrected significance cut-
off a < 0.01 (corrected for 5 different measurements over time) were considered

statistically significant.

Socioeconomic factors

We observed no statistically significant relationship between the Multiple Deprivation
Measure (MDM) and test requesting activity (supplementary table S2). Similarly, the
relationship between the Health Deprivation & Disability rank and the standardized
number of test requests was found insignificant for any of the considered tests
(supplementary table S2). Note that to adjust for multiple comparisons at a family-wise
simultaneous error rate of ps.e < 0.05, the Bonferroni-adjusted a < 0.003125 (corrected

for 16 different comparisons) was used to test for statistical significance.

Quality and Outcomes Framework indicators

To evaluate the relationship between standardized number of laboratory tests and QOF
indicator scores, we looked at the management of diabetes. There are two main reasons
for that. First, the guidelines for the management of diabetes are widely available to
practitioners to improve clinical practice and care of diabetic patients. Secondly, HbA,. is
a specific test in diabetes care and does not play an important role in the monitoring or

diagnosis of any other condition.

All practices achieved the maximum 17 points available under QOF clinical indicator
DMOO7. All but nine practices attained the maximum 8 points available under DM008
(range: 4.1-8.0) and 31 practices attained the maximum 10 points available under
DMO0Q09 (range: 6.36-10.0). The relationship between the number of HbA,. tests

performed and the GP practice effectiveness, as measured by the QOF overall
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achievement rate (combined DM007, DM008, and DMO009), was found statistically

insignificant (r=0.12, p = 0.2).

Discussion

We evaluated temporal changes in variability and number of laboratory tests ordered by
individual GP practices in the WHSCT. We also investigated a range of key
demographic, socioeconomic, geographical, and clinical factors to assess whether any

of these factors are likely to explain a part of the observed variation in requesting activity.

Inter-practice variability in test requests expressed by the index of variability was the
lowest for profile tests and the highest for HbA,; and immunoglobulins. This observation
was consistent with previous studies.'®282° |n addition, we observed a 23.3% decrease
in profile tests (electrolyte, lipid, liver, and thyroid profiles combined) between 2011-12
and 2015-16 (p = 0.009, the Bonferroni adjusted a < 0.01 used). This might have been
related to the implementation of the demand optimization intervention in the WHSCT
over the three year period from Apr 2012 to Mar 2015. The intervention was developed
to support appropriate use of laboratory testing in the WHSCT and consisted of several
elements including educational materials on the benefits of the optimal tests utilization,
information on minimal retest intervals, the review of the test requesting processes, and
financial incentive. Educational material covered the major clinical indications for a range
of most commonly requested tests (including profile tests) and was circulated
electronically to all GPs. The educational material was supplemented by face-to-face
educational sessions with primary care teams and presentation of data showing the local
variability on test requesting rates. Furthermore, all primary care teams were asked to
engage in the process of reviewing test requesting procedures within their practice (i.e.
what staff are allowed to request tests and what is the process for test requesting), and

to reflect on the information provided on their practice test requesting rates and ranking
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in comparison to other practices. GPs also received a very small incentive to participate
in the scrutiny of their requesting processes and activities to reflect the extra time that
this involved. The 500% increase in variance of HbA.. ordering rates (statistically
significant at the Bonferroni adjusted a < 0.07), on the other hand, may have been
caused by between practice differences in the adoption of HbA;. as a diagnostic test
(from 2012) and inconsistent implementation of new guidelines on appropriate rate of
diabetes monitoring. This may indicate that recommended guidelines did not predispose
GPs to change their perceptions on the value and role of HbA,. test in patient

assessment.

The inter-practitioner variations in test ordering were found unrelated to demographic
and socioeconomic factors. We showed that distributions of patients’ age and sex had
little impact on ordering rates for a predetermined set of pathology tests. The
socioeconomic status of GP practice also did not appear to identify low or high
requestors of laboratory tests. No significant relationship between test ordering and age,

gender or deprivation measures was reported by other studies.5.30-32

The practice location was found to be a significant factor associated with variability in
use of lipid profiles, thyroid profiles, PSA, and immunoglobulins.. This may reflect the
differences in clinical practice associated with the specific aspects of practice
organisation and workflow in rural and urban practices as well as personal
characteristics of general practitioners. The practice location was previously related to
the between-practice variation in prescribing.33-3% Further studies are needed to explore
in more detail the potential reasons for the rural-urban discrepancy in test utilization,
especially that these differences appear to be significant only for some clinical

biochemistry tests/test groups

20

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

Page 20 of 40

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid
* (s3gv) Inaladns juswaublasug


http://bmjopen.bmj.com/

Page 21 of 40

oNOYTULT D WN =

360
361
362
363

364

365
366
367
368
369
370
371
372

373

374

375
376
377
378
379
380
381
382
383

384

BMJ Open

Finally, we found no evidence of a significant correlation between test requesting rates
and clinical outcomes. This observation is consistent with other studies.'® The fact that
the majority of practices attained maximum points for the three target levels for
HbA. (59, 64, and 75 mmol/mol) implies that the glycaemic control was generally good

and could not explain the variability in HbA,. testing.

Note that we took a conservative approach in determining the significance cut-off a when
evaluating the significance of observations for multiple comparisons (e.g., differences in
laboratory test requests over time or differences in request rates between considered
clinical biochemistry tests/test groups) by applying the Bonferroni correction. We are
aware that while the Bonferroni adjustment decreases the risk of Type | errors i.e., a
probability of a false significant result, this happens at cost of inflating Type Il errors i.e.,
the probability of accepting the null hypothesis when the alternative is true. However, by
applying this correction technique, we believe we reinforced confidence in the

significance of our results.

Implications for practice and research

The findings of our study suggest that there may be considerable potential for the
rationalization of test ordering through minimizing the between practice variability in test
utilization. Yet, it is important to establish whether the observed variation is, and to what
extent, associated with over-requesting (unnecessary repeat requesting of tests) in GP
practices with high ordering rates or on the contrary, it reflects a failure to prescribe
clinically indicated tests by GP practices characterized by low use of tests. Further
analysis on the degree and detection of inappropriate use of laboratory resources in
primary care could contribute to improving the consistency, efficiency, and cost-
effectiveness of patient diagnostics, monitoring, and treatment and hence, reduce

unnecessary costs to patient care.
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Further exploration of variations in requesting activity in the context of factors not
considered in this study (e.g. practitioner-specific characteristics) may help identify and
implement appropriate optimization strategies to manage demand for laboratory tests.
Previous studies reported on the number of successful approaches in fostering best
practice and reducing variation in test utilization including implementing locally agreed
clinical guidelines, changing test order forms, incorporating clinical decision support
tools with embedded retest interval rules, conducting audits of GPs on their request
rates, and providing financial incentives.?64? In fact, several studies showed that

multifaceted interventions were most successful in optimizing laboratory demand.#344

Finally, it is essential to better understand implications of variability in laboratory test
requesting for the cost and quality of care. In particular, an important question to be
answered is whether or not the growing costs associated with increased use of

laboratory services has led to commensurate benefits to the patient.

Strengths and limitations

Test requesting data were directly extracted from the HSC Business Object XI clinical
information system that captures information on tests’ use from three clinical chemistry
departments of Altnagelvin Area Hospital, Tyrone County Hospital, and South West
Acute Hospital. Accordingly, our analysis was based on all available data regarding
requesting activity in the N. Ireland Western Health and Social Care Trust (WHSCT) in
the period of 1 Apr 2011 — 31 Mar 2016 and hence, was not subject to selection bias.
Furthermore, our study provides a first comprehensive insight into the use of laboratory
tests and factors accounting for the variation in between practice test utilization in the

WHSCT primary care system.
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Due to data unavailability, we were unable to investigate the relationship between
laboratory use patterns and practitioner-specific characteristics including GP’s age,
education, and medical training. Such analysis could help identify potential reasons
behind variation in clinical practice. Besides the lack of information on the practitioners,
the present study was limited by a paucity of research evidence in this area. We were
also unable to retrieve consolidated data on both gender and age of patients registered
in individual GP practices and therefore, assess the combined effect of sex and age
distributions on test requesting activity. Furthermore, despite our attempt to maintain
consistency by analysing laboratory test requests only from primary care medical
practices that remained open throughout the study period, we acknowledge that some
GPs in those practices could have been replaced, moved to alternative locations or quit
direct patient care during the period of investigation. This could have an impact on the
centre-associated requesting rates of laboratory tests. Finally, although the rationale of
the study, research objectives, variables, inclusion criteria, outcome measures, and
statistical methods to be used in our study were identified in advance to guide the
analysis of the primary care use of laboratory tests in the WHSCT, the a-priori defined
analysis plan was not published. We acknowledge that this could be perceived as a

potential limitation of our study.

Conclusion

This study investigated the patterns and temporal changes in request rates across a
range of frequently ordered laboratory tests. In addition, it explored potential factors of
the inter-practice variability in the use of laboratory tests and found that differences in
requesting activity appear unrelated to either demographic and socioeconomic

characteristics of GP practices or clinical outcome indicators. Our results highlight the
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need for further investigations to identify other potential factors that may account for the

differences in test utilization between practitioners.
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Figures

Figure 1. The total number of 8 considered clinical biochemistry tests/test groups

ordered by 55 general practices during the period 1 Apr 2011 — 31 Mar 2016.

Figure 2. Temporal variability of the standardized laboratory test requests for (a)
electrolyte profiles, (b) lipid profile, (c) prostate-specific antigen (PSA), (d) thyroid
profiles, (e) liver profiles, (f) HbA1., (g) urine albumin/creatinine ratio (ACR), and (h)
immunoglobulins (Immunos) for 55 considered general practices. Each data point (dot):
a single practice. Solid, horizontal line inside the box: median. Lower and upper "hinges"
of the boxplots: 1stand 3 quartiles, respectively. Lower and upper extremes of whiskers:

interval boundaries of the non-outliers (black dots). Data outside interval: outliers.

Figure 3. Trend lines for median (blue) and variance (red) of the standardized number
of (a) electrolyte profiles, (b) lipid profile, (c) prostate-specific antigen (PSA), (d) thyroid
profiles, (e) liver profiles, (f) HbA4., (g) urine albumin/creatinine ratio (ACR), and (h)

immunoglobulins (Immunos).

Figure 4. The temporal median-variance relationship of the standardized number of
laboratory test requests across the years for (a) electrolyte profiles (EP), (b) lipid profile
(LP), (c) prostate-specific antigen (PSA), (d) thyroid profiles (TP), (e) liver profiles (LFT),
(f) HbA,¢, (g) urine albumin/creatinine ratio (ACR), and (h) immunoglobulins (Immunos).

Circle/triangle: rural/urban general practices.
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Supplementary Table S1. The relationship between test requesting rates and demographic characteristié3 oppatient population. Kendall's correlation
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coefficient tau: r. p-value associated with T: pkendat. Bonferroni-corrected significance cut-off: o = pwe/n < 0.0125 Where pme < 0. 05 is the family wise error

probability and n = 4 is the number of tested associations.
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Supplementary Figure S2. The relationship between the percentage of males in individual GP practices and sting rates for PSA.
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confounders
(b) Indicate number of participants with missing data for each variable of interest Not applicable
Outcome data 15* | Report numbers of outcome events or summary measures Not applicable
Main results 16 | (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence Not applicable
interval). Make clear which confounders were adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized 16
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period Not applicable
Other analyses 17 | Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses 10-16
Discussion
Key results 18 | Summarise key results with reference to study objectives17 17-18
Limitations 19 | Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and 20
magnitude of any potential bias
Interpretation 20 | Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from 19
similar studies, and other relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study results 17-18
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 26

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE

checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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