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Abstract

Background & aims: We aimed to develop and evaluate a pathway for 

management of patients with non-alcoholic fatty liver disease (NAFLD) using 

blood tests to stratify patients in primary care to improve detection of cases of 

advanced fibrosis and cirrhosis, and avoid unnecessary referrals to secondary 

care. 

Methods: This was a prospective longitudinal cohort study with before-and-

after analysis and comparison to unexposed controls. We used a two-step 

algorithm combining the use of FIB-4 followed by the ELF test if required. 

Results: In total, 3,012 patients were analysed. Use of the pathway detected 

5 times more cases of advanced fibrosis (Kleiner F3) and cirrhosis (OR=5.18; 

95%CI=2.97 to 9.04; p<0.0001). Unnecessary referrals from primary care to 

secondary care fell by 81% (OR=0.193; 95%CI 0.111 to 0.337; p<0.0001). 

Three times more cases of cirrhosis were diagnosed (OR=3.14; 95%CI=1.57 

to 24; p=0.00011). Although it was used for only 48% of referrals, significant 

benefits were observed across all referrals from the practices exposed to the 

pathway. Unnecessary referrals fell by 77% (OR=0.23; 95% CI=0.658 to 

0.082; p=0.006) with a 4-fold improvement in detection of cases of advanced 

fibrosis and cirrhosis (OR=4.32; 95% CI=1.52 to 12.25; p=0.006).  Compared 

to referrals made before introduction of the pathway, unnecessary referrals 

fell from 79/83 referrals (95.2%) to 107/152 (70.4%) representing an 88% 

reduction in unnecessary referrals when the pathway was followed  

(OR=0.12; 95%CI=0.042 to 0.349; p<0.0001). 

Conclusions: The use of non-invasive blood tests for liver fibrosis to stratify 

patients with NAFLD improves the detection of cases of advanced fibrosis and 
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cirrhosis and reduces unnecessary referrals to secondary care of patients with 

lesser degrees of liver fibrosis. This strategy improves resource use and 

benefits patients. 

Lay summary:  Non-alcoholic fatty liver disease effects up to 30% of the 

population but only a minority of cases develop liver disease. Our study has 

shown that established blood tests can be used in primary care to stratify 

patients with fatty liver disease to reduce unnecessary referrals by 80% and 

improve the detection of cases of advanced fibrosis 5 fold and cirrhosis 3 fold.
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Non-alcoholic fatty liver disease (NAFLD) is the commonest cause of 

deranged liver blood tests (LFTs) in primary care in Europe and North 

America [1], and has an estimated prevalence of 25-30% in the adult 

population[2]. Only a minority of people with NAFLD (5%) develop clinically 

significant liver disease [2], but the burden is such that NAFLD is predicted to 

be the leading indication for liver transplantation within a decade[3]. 

The majority of patients with NAFLD are followed up in the community by 

general practitioners (GPs). Liver fibrosis severity is the key determinant of 

liver-related outcomes in NAFLD [4-6]. However, identifying patients with 

significant fibrosis who might benefit from early specialist intervention is 

challenging. As clinical assessment is a poor discriminator of fibrosis, such 

patients progress silently until cirrhosis leads to complications. Accurate 

fibrosis assessment in primary care is limited by a reliance on LFTs, which 

correlate poorly with fibrosis [7, 8] and limited access to discriminatory fibrosis 

tests. Thus current management strategies are inefficient in identifying 

patients for specialist referral. Patients with mild disease are often referred for 

specialist review when the appropriate preventative interventions of lifestyle 

changes can be delivered effectively in primary care [9, 10]. Conversely, 

patients with advanced fibrosis or cirrhosis who will benefit from specialist 

interventions including clinical trials and cirrhosis surveillance often remain 

undetected until they present with cirrhosis complications including 

hepatocellular carcinoma. This ineffective management contributes to the 

poor outcomes associated with liver disease and the increasing trends in 

NAFLD-related morbidity and mortality. 
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The evolution of non-invasive liver fibrosis tests has created the opportunity 

for GPs to use these tests in innovative pathways that permit earlier 

identification of patients with chronic liver disease and subsequent access to 

specialist care [11]. An example of this approach is outlined in the recent 

British Society for Gastroenterology guidance on the management of 

abnormal LFTs that recommends the use of non-invasive tests to stratify 

patients at risk of CLD [12].

Whilst there is little evidence supporting the application of non-invasive tests 

in community settings, with only one study focusing on patients with NAFLD 

[13], guidelines recommend a two-tier approach to detect the presence of 

advanced fibrosis in NAFLD using either FIB-4 or NAFLD Fibrosis score, as 

an inexpensive first screen, in a combined cut-off approach with indeterminate 

scores retested using more sensitive and specific tests, ELF™ or FibroScan®, 

that are more costly[14]. 

Through broad consultation, a care pathway for patients identified with 

NAFLD in primary care was developed using non-invasive fibrosis 

assessment (FIB-4 followed by ELF™) to stratify patients to either remain in 

primary care or to be referred to secondary care. We present a prospective 

evaluation of the performance of the pathway performed two years after its 

introduction.
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Materials and Methods 

Study setting and Design

The Camden and Islington NAFLD Pathway (hereafter the “NAFLD pathway”) 

was developed as a service innovation in conjunction with the primary care 

Clinical Commissioning Groups (CCG) of the London boroughs of Camden 

and Islington (C&I), between April 2013 and March 2014 and then introduced 

into practice. The NAFLD pathway working group met regularly to develop a 

pathway for the management of patients with NAFLD aiming to identify 

patients with advanced liver fibrosis (≥Kleiner F3), who might benefit from 

referral to secondary care for specialist hepatology review while identifying 

and managing patients with lesser degrees of fibrosis in primary care. The 

composition and aims of the working group including patient and public 

involvement are described in the Appendix. The pathway evaluation was 

conducted between March 2014 and May 2016 with the aim of determining 

the impact of the pathway in reducing unnecessary referrals and increasing 

the detection and referral of patients with advanced fibrosis. The pathway was 

introduced into C&I CCGs representing two of the 25 CCGs making referrals 

to the liver specialist services at The Royal Free London NHS Foundation 

Trust, The Whittington Hospital NHS Trust and University College London 

Hospitals NHS Foundation Trust, accounting for 43% of the referrals in 2012-

13. All practices within the two CCGs adopted the pathway but individual GPs 

within C&I were at liberty to follow it or to use Standard Care for each referral. 

The evaluation was conducted as a longitudinal study in which C&I 



  

10

represented the CCGs exposed to the pathway and the remaining 23 CCGs 

represented the control CCGs. 

The Camden and Islington NAFLD Pathway 

All subjects aged 18 and over attending their GP with a new or established 

diagnosis of NAFLD were eligible for entry. For the pathway purposes, 

NAFLD was diagnosed in patients with steatosis on ultrasound, negative 

screens for other causes of liver disease and no alcohol excess (defined as 

>21 units of alcohol/week in males, >14 units/week in females). 

The pathway consisted of a two-step non-invasive test assessment, starting 

with the calculation of the FIB-4 score (Figure 1). Patients with FIB-4<1.30 

were deemed to be at low risk of advanced fibrosis (<F3) and remained in 

primary care [15]. Primary care management consisted of treatment of 

cardiovascular risks and diabetes, annual LFTs, and re-assessment of the risk 

of advanced fibrosis after 3-5 years. Patients with FIB-4>3.25 were deemed to 

be at high risk of advanced fibrosis and were recommended for referral to 

secondary care for specialist assessment. Patients with indeterminate FIB-4 

values (≥1.30 and <3.25) had second tier testing with an ELF™ test. Patients 

with ELF™ scores <9.5 were recommended to remain in primary care while 

those with an ELF™ score ≥9.5 were recommended for referral to secondary 

care [16, 17]. 

Evaluation of Standard Care 2012-2013 prior to pathway introduction:

A retrospective audit of referrals to secondary care by GPs was undertaken 

between 01/03/2012 and 28//02/2013 to determine the referrers’ ability to 
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identify patients with advanced fibrosis using Standard Care. The case 

records of all patients assigned a Read Code and referred with a diagnosis of 

NAFLD were reviewed by hepatologists in the receiving hospital and 

evaluated for evidence of advanced fibrosis/cirrhosis (≥F3) based on a 

composite of history, physical examination, blood tests, imaging, FibroScan®, 

and liver histology when available. FIB-4 scores were calculated and patients 

with FIB-4<1.30 were deemed to have no evidence of liver fibrosis and thus 

referred inappropriately. Referrals originating from primary care practices 

within the C&I CCGs were analysed separately from those referred from other 

CCGs.

Pathway evaluation:

Following introduction of the NAFLD pathway, data were collected on the 

outcomes of NAFLD referrals for patients seen at the secondary care sites. 

The CCG of the referral origin and use of the NAFLD pathway or Standard 

Care were recorded. The primary care electronic patient record systems 

(EMISWeb, Egton Medical Information Systems) were interrogated centrally 

to obtain data on NAFLD diagnosis and use of the pathway to stratify patients 

for referral using READ codes in primary care. Secondary care electronic 

medical records were interrogated to extract data related to patient 

demographics, secondary care management, fibrosis staging and clinical 

events. 

The diagnostic performance of the NAFLD pathway in detecting cases of 

advanced fibrosis was assessed against a reference standard composite 

clinical evaluation performed by expert hepatologists blind to the use of the 
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NAFLD pathway, as described above. All decisions were reviewed by the 

study team (AS and WMR) and any differences of opinion between the 

experts and the study team (<10% of cases) were resolved through 

discussion. 

Secondary care evaluation of the patients consisted of more analyses 

and in most cases a Fibroscan independently of the use of the pathway.  

A subset of 35/152 referrals from C&I deemed to have advanced fibrosis 

underwent liver biopsy following clinical assessment. Biopsies were staged for 

fibrosis by a single histopathologist who was blinded to use of the pathway 

(Supplementary Table 1). 

The distribution of FIB-4 scores in patients assessed by C&I GPs before and 

after introduction of the pathway was compared to look for evidence of bias in 

patient selection.

Outcomes 

The primary outcome was the reduction in the proportion of patients with 

NAFLD referred to secondary care who did not have evidence of advanced 

fibrosis based on clinical evaluation and were thus deemed to have been 

referred unnecessarily.

Secondary outcomes included:

 The number of cases and proportion of those referred who were 

deemed to have advanced fibrosis or cirrhosis after assessment by a 

liver specialist (true positive rate).



  

13

 Proportion of patients diagnosed with NAFLD avoiding referral after 

primary care stratification. 

 Number of patients coded for NAFLD by GP before and after 

introduction of the pathway.

Sensitivity analyses were conducted to determine the impact of using age-

specific cut-offs for FIB-4 to triage patients [18]. The impact of using 

alternative ELF™ cut-offs for detection of advanced fibrosis was investigated 

including the manufacturer’s recommendation (ELF™=9.8) and the threshold 

recommended in recent NICE guidance on NAFLD (ELF™=10.51)[19].

In order to determine the effectiveness of the pathway compared to Standard 

Care, the outcomes of patients referred using the NAFLD pathway were 

compared to those of patients referred from C&I prior to introduction of the 

pathway; and to those of patients referred using Standard Care from C&I and 

from other CCGs during the evaluation period following introduction of the 

pathway.

In order to determine the effectiveness of the introduction of the pathway to all 

general practices across the two CCGs of C&I, outcomes for all patients 

referred from C&I, irrespective of the use of the NAFLD pathway, were 

compared to those of patients referred from all other CCGs where the 

pathway was not introduced during the evaluation period. 
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Statistical Analyses

Statistical analyses were performed using SPSS (version 22, SPSS Inc., 

Chicago, IL, USA). The odds ratios for differences in outcomes for patients 

managed in accordance with the pathway and those managed using Standard 

Care were calculated, along with 95% confidence intervals and chi-square 

tests for statistical significance using Medcalc statistical software (MedCalc 

Software 2018). 

Ethical Approval: 

The Royal Free London NHS Foundation Trust Research and Development 

Department judged this study to be an evaluation of a service improvement 

innovation, therefore this was registered for audit (EDGE ID:122031) but not 

subject to review by an independent ethics committee and individual patient 

consent was not sought. All activities were performed in accordance with the 

guidelines of the Helsinki Declaration. 
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RESULTS

Participants:

Between 01/03/2014 and 31/05/2016 in C&I CCGs, 3,012 patients were 

coded as having NAFLD, with an equal distribution in the numbers entered 

into the NAFLD pathway and Standard Care (Table 1). Seventy-two per cent of 

eligible practices (52/72) used the NAFLD pathway to stratify a proportion of 

their patients. Patients entered into the NAFLD pathway compared to Standard 

Care were older (54.4 years vs. 51.5, P<0.001), had a higher prevalence of 

treated type 2 diabetes (27.6% vs. 21.0%, P<0.001) and hypertension (41.7% 

vs. 33.0%, P<0.001), and less dyslipidaemia (13.5% vs. 14.6%, P<0.001). 

There were no significant differences in Q-Risk2 score, HbA1c, 

transaminases, platelet counts or HDL. The distribution of calculated FIB-4 

scores in 695 cases for which the data were available was identical between 

the patients managed using the NAFLD pathway and those managed using 

Standard Care <1.30: 513/695 (73.8%); 1.30-3.25: 162/695 (23.3%); >3.25: 

20/695 (2.9%).

Stratification of NAFLD patients in primary care using the NAFLD 

Pathway

Between 2012-13 and 2014-16 the number of patients assigned READ codes 

in the electronic patient records per annum by GPs in C&I increased from 

601/year to 1,506/year, representing a 2.5-fold increase. The number of cases 

of NAFLD referred from C&I GPs nearly doubled from 83 in 2012-13 to 329 in 

2014-16 (164.5/year). However, taking into account the increased coding, the 
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proportion of NAFLD coded patients referred to secondary care from all C&I 

GPs fell from 13.8%(83/601) to 10.9%(165/1506).

Comparison of the distribution of FIB-4 scores of patients referred for NAFLD 

by C&I GPs before and after introduction of the NAFLD pathway revealed no 

evidence of bias in patient selection (Supplementary Table 2).

Over two years, 1,452 patients were risk-stratified for the presence of 

advanced fibrosis using FIB-4 (Figure 2). FIB-4 score <1.30 was calculated in 

1,022 patients (71.3%), whilst 43 patients (3.0%) had FIB-4 >3.25.  The 

remaining 387 patients had an indeterminate FIB-4 score (1.30-3.25) and 

proceeded to an ELF test. Of these, 155  (40.0%) had ELF<9.5, and 232 

(60.0%) had ELF>9.5. In total, 1,177 patients were stratified as being at low 

risk of advanced fibrosis (81.1%) and remained in the primary care setting. 

The remaining 275 patients (18.9%) were recommended for referral to a 

specialist for further investigation. The GPs referred 152 of these 275 patients 

(55.3%) for specialist investigation within the follow up period (Figure 3). To 

interrogate the reasons for non-referral, 3 surgeries were audited 

including 32 of the non-referrals. In this sub-group, reasons for non-

referral included: patient already under the care of a hepatologist (n=4), 

inappropriate for pathway due to alcohol excess (n=2), comorbidity 

precluding need for specialist review (n=1), continued monitoring in 

primary care (n=3) awaiting outpatient appointment at time of evaluation 

(n=2), and lost to follow up (n=2). Reasons were not recorded for 18 

patients. Process evaluation revealed that 37/152 (24.3%) referrals had 

normal LFT’s, and therefore should not have been on the pathway. Of the 

patients referred to secondary care using the NAFLD pathway, hepatologists 
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judged that 29.6% had advanced fibrosis and 14.5% had cirrhosis compared 

to 4.8% and 3.6% respectively prior to introduction of the NAFLD pathway. 

Advanced fibrosis or cirrhosis was identified by liver biopsy (n=14, 

31.1%), Fibroscan (n=25, 55.6%) or radiological features of cirrhosis (n=6, 

13.3%). Of the 45 patients with advanced fibrosis or cirrhosis, 7 patients 

were referred due to FIB-4 alone (of which 6 were cirrhotic) and 38 due 

to the combination of FIB-4 and ELF.

Referrals made using the NAFLD Pathway compared to Standard Care 

during the evaluation period 

Comparison was made for referrals from C&I GPs using the pathway to GPs 

in C&I using Standard Care; and to GPs using Standard Care in other CCGs 

where the pathway had not been discussed or introduced (tables 2 and 3). 

The NAFLD pathway was 5 times better at selecting cases of advanced 

fibrosis and cirrhosis than Standard Care. When compared to Standard Care 

referrals from C&I, use of the pathway improved detection of advanced 

fibrosis and cirrhosis 4.9-fold (OR=4.90; 95%CI=2.56-9.36; p<0.0001) and 

when compared to referrals made by GPs outside C&I using Standard Care 

the pathway improved detection 5.2-fold (OR=5.18; 95%CI=2.97-9.04; 

p<0.0001). This equates to an 81% reduction in unnecessary referrals from 

primary care (OR=0.193; 95%CI=0.111-0.337; p<0.0001) when the pathway 

was used. 

Hepatologists diagnosed more cases of cirrhosis amongst patients referred 

using the NAFLD pathway compared to those referred by C&I GPs using 



  

18

Standard Care (22/152 (14.5%) compared to 10/177 (5.6%)). This equates to 

nearly a 3-fold improvement in the detection of cases of cirrhosis (OR=2.83; 

95%CI=1.29-6.18; p=0.009). The number of referrals required to detect one 

case of advanced fibrosis was 3.4 using the pathway compared to 12.6 using 

Standard Care. 

Comparison of the NAFLD pathway with Standard Care provided by other 

CCGs during the evaluation period revealed similar results to those observed 

when comparing the pathway and Standard Care used by GPs within C&I 

(see Table 3 and Supplementary Data).

Referrals made from Camden and Islington Before and After 

Introduction of the NAFLD Pathway

Due to the increased awareness of NAFLD in 2014-16 compared to 2012-13, 

rates of referral to secondary care were analysed proportionate to the number 

of contemporaneously coded NAFLD cases, rather than comparing the 

absolute numbers of cases referred and detected per year.  

Prior to the pathway introduction in one year 79/83 (95.2%) referrals made to 

secondary care were deemed unnecessary. Following introduction of the 

NAFLD pathway over a period of 2 years, the number of unnecessary 

referrals fell to 107/152 (70.4%) representing an 88% reduction when the 

pathway was followed  (OR=0.12; 95%CI=0.042-0.349; p<0.0001) (Tables 

2,3). The improvement in selection of cases of advanced fibrosis led to an 

increase in the number of cases of cirrhosis detected from 3/83 (3.6%) to 
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22/152 (14.5%), a 74% improvement (OR=0.259; 95%CI=0.075-0.892; 

p=0.0323) representing 8 additional cases of cirrhosis per year.

There were no statistically significant differences in the outcomes for patients 

managed using Standard Care before or after introduction of the pathway 

suggesting that there was no Hawthorne or bystander effect [20] from 

diffusion of the benefits of the pathway to patients managed using Standard 

Care. 

The impact of using age-adjusted FIB-4 thresholds

Subsequent to the design and implementation of the NAFLD pathway the 

influence of age on FIB-4 was investigated, leading to a recommendation to 

adjust the threshold of FIB-4 score in people aged over 65[18]. While adopting 

this higher threshold would have reduced the number of unnecessary referrals 

to secondary care by 29 from 122 to 93, (23% reduction), this would result in 

the loss of 12 cases with advanced fibrosis of which 4 had cirrhosis (Table 2).

Modelling of the impact of other ELF™ Thresholds

The effect of using the ELF threshold proposed by NICE (10.51) [19] and the 

manufacturers of ELF (9.8) [21] rather than the threshold selected by the 

NAFLD pathway working group was investigated in the referral population 

(Table 4). Employing a threshold of 9.8 would have avoided 11 (7.2%) 

unnecessary referrals but with a concomitant loss of 3 (6.7%) cases of 

advanced fibrosis. Use of an ELF™ threshold of 10.51 would reduce the 

number of inappropriate referrals by 34 (22%), at a cost of missing 10 cases 
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of advanced fibrosis (22%) comprising 7 cases F3 fibrosis and 3 cases of 

cirrhosis.
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Discussion

In this study, we report the results of a prospective, pragmatic, real 

world pathway to triage patients with NAFLD in primary care using non-

invasive fibrosis tests based on their risk of advanced fibrosis. This 

represents the largest reported primary care cohort of patients with 

NAFLD to date. The NAFLD pathway reduced the proportion of unnecessary 

referrals of NAFLD cases while at the same time improved detection of 

advanced fibrosis and cirrhosis. When the NAFLD pathway was followed, it 

resulted in a reduction in unnecessary referrals by 81%, a 5-fold increase in 

the referral of cases of advanced fibrosis and cirrhosis and a 3-fold 

improvement in the detection of cases of cirrhosis. 

Prior to introduction of the pathway, the vast majority of referrals made to 

secondary care hepatologists could have been managed in primary care. We 

believe that this pattern of referral is common for NAFLD. Reducing 

inappropriate referrals represents an opportunity to reduce unnecessary 

investigations, inconvenience and even harm for patients, pressure on 

secondary care services and costs for the healthcare system. The NAFLD 

pathway processed 1,452 patients in 2 years demonstrating the ability to 

function at scale and manage the rising prevalence of NAFLD.

Compared to other studies in the general population, this is the first that 

specifically focused in patients with established NAFLD and also 

provided a comprehensive algorithm for referral to secondary care. 

Other studies in primary cared screened patients with risk factors for 

NAFLD or alcohol-related liver disease or general population cohorts 
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based on specific age cut-offs[22]. Moreover, most such studies have 

failed to report on the outcome of positive screening results, i.e. on the 

proportion of patients who truly had advanced fibrosis or cirrhosis. 

The NAFLD pathway working group elected to use blood tests to stratify liver 

fibrosis severity rather than transient elastography that has been used in other 

successful pathways[23]. Blood tests have the advantages that they are easily 

incorporated into routine investigations in primary care, require no specialist 

equipment, training or operation and have a lower diagnostic failure rate 

compared to elastography-based methods including FibroScan®, which has 

failure rates between 5-15% of cases, especially in NAFLD[24]. 

Application of the first stage “simple” and inexpensive test, FIB-4, allowed us 

to prevent referral of 70.3% of cases of NAFLD detected in primary care who 

did not have evidence of advanced fibrosis. However use of FIB-4 alone only 

permitted the selection of just 3.0% of cases for referral to secondary care 

with high probability of cirrhosis. Addition of the “direct biomarker” ELF™ test 

was only required in 26.7% of cases in the pathway, but the additional use of 

ELF avoided inappropriate referral for 40.1% of those with indeterminate FIB-

4 results. It is therefore important to underline that over two thirds of 

patients with NAFLD can be reassured with the use of readily available 

inexpensive tests.

Following introduction of the pathway, only 19% of cases of NAFLD 

diagnosed in primary care were deemed suitable for referral to secondary 

care. Although not appropriate to compare this proportion with referral 

practice prior to the pathway introduction, it is noteworthy that using the same 
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criteria, 93% of patients referred to secondary care prior to the pathway 

introduction were judged to have been unnecessary.

The beneficial effects of the pathway were restricted to cases that followed 

the pathway. During the evaluation period, despite evidence of improved 

awareness of NAFLD, suggested by increased coding of NAFLD, there was 

no evidence of improvement in case detection or any reduction in 

unnecessary referrals when Standard Care was followed rather than the 

pathway. This demonstrates the value of use of the pathway but also 

shows that there was no diffusion of the pathway benefits to patients 

managed with Standard Care or any significant change in “standard” 

practice due to emerging awareness of NAFLD during the evaluation 

period.

Only 48% of referrals from C&I were made using the NAFLD pathway. 

Despite this, introduction of the pathway produced significant 

improvements in referral practice even when referrals made using 

Standard Care were included in the analysis. This demonstrates the 

success of the service improvement delivered in the context of routine 

clinical care despite moderate adoption and suggests that the results 

are generalizable. More widespread use of the NAFLD pathway could result 

in even greater improvements in efficiency and the detection of cases of 

advanced fibrosis. This might be achieved with more extensive efforts to 

disseminate the pathway and insistence that the pathway should be adopted 

for all NAFLD referrals.
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Use of an age-adjusted FIB-4 threshold or of a higher ELF™ threshold 

according to the manufacturer’s or the NICE recommendation would have 

improved the positive predictive value of the NAFLD pathway for detection of 

advanced fibrosis at the expense of increased number of false negative cases. 

We believe that the use of such thresholds is not justified in this context 

as the reduction in referral numbers carries significant risks of missing 

cases that would benefit from specialist care and would be difficult to 

implement in primary care. Individual healthcare commissioners may decide 

to prioritize the detection of advanced fibrosis and long-term cost 

effectiveness over shorter term cost savings associated with avoiding referral 

of patients with lesser degrees of fibrosis.

Prior to introduction of the NAFLD pathway, funders expressed concern that 

the pathway might lead to a marked increase in referrals to secondary care 

leading to greater costs. Despite an increase in the diagnosis of NAFLD 

between 2012-2016 denoted by the increase in the coding of patients for 

NAFLD, use of the pathway resulted in a 3% reduction in the proportion of 

NAFLD cases that were referred to secondary care per year whether or not 

the pathway was followed and only a modest increase in the number of 

patients referred. 

The strengths of this study include the prospective collection of real world 

data, the size of the cohort, which is the largest primary UK cohort with 

regards to NAFLD, and the engagement of appropriate stakeholders in the 

pathway design. 
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The limitations mostly stem from the nature of the implementation design, 

which was designed to evaluate a health service innovation. It was not 

possible to conduct a randomized controlled trial because of the commitment 

to adopt the pathway once it was discussed with GPs and public health 

clinicians who formed the opinion that there was sufficient evidence to 

implement the pathway without a trial. This view was subsequently endorsed 

by NICE in the NAFLD Guidance24.

The NAFLD pathway evaluation lacked a hard outcome measure of liver 

fibrosis and rather used the composite clinical judgement of an expert clinician 

blinded to the pathway use. The secondary care evaluation of the included 

patients thus reflects real world practice, with an inevitable degree of 

selection bias in the patients undergoing liver biopsy.

Similarly the lack of formal evaluation of the prevalence of fibrosis amongst 

patients allocated to remain in primary care prevented assessment of the 

“false negative” rate for the pathway allocation. However longer term follow-up 

for clinical outcomes and more detailed health economic analyses will reveal 

the clinical impact of stratification and the true cost effectiveness of the 

pathway. Patient and service provider acceptance is being gathered and will 

be reported in due course.

Conclusions 

The Camden and Islington NAFLD pathway improved the selection of patients 

with advanced fibrosis and cirrhosis for referral to secondary care, reducing 

unnecessary referrals. This in turn delivers improvements in the detection of 

serious liver damage, better use of healthcare resources and immediate cost 
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savings. The reduction in referrals to secondary care reduces strain on 

services that are confronting a rising prevalence of obesity and NAFLD as 

well as benefitting patients’ experiences by avoiding unnecessary clinic 

appointments and investigations. This is the first study to incorporate the BSG 

guidance on the management of NAFLD and validates the recommendation to 

use FIB-4 and ELF™ for two-stage stratification. The NAFLD pathway is 

highly generalizable, as GPs will have access to both FIB-4 and ELF tests 

through most biochemistry laboratories.

It remains to be seen if the use of the NAFLD pathway delivers benefits in 

terms of a reduction in the incidence and complications of NAFLD cirrhosis. 



  

27

References

[1] Armstrong MJ, Houlihan DD, Bentham L, Shaw JC, Cramb R, Olliff S, 

et al. Presence and severity of non-alcoholic fatty liver disease in a large 

prospective primary care cohort. Journal of Hepatology 2012;56:234-240.

[2] Vernon G, Baranova A, Younossi ZM. Systematic review: the 

epidemiology and natural history of non-alcoholic fatty liver disease and non-

alcoholic steatohepatitis in adults. Alimentary pharmacology & therapeutics 

2011;34:274-285.

[3] Wong RJ, Aguilar M, Cheung R, Perumpail RB, Harrison SA, Younossi 

ZM, et al. Nonalcoholic steatohepatitis is the second leading etiology of liver 

disease among adults awaiting liver transplantation in the United States. 

Gastroenterology 2015;148:547-555.

[4] Angulo P, Kleiner DE, Dam-Larsen S, Adams LA, Bjornsson ES, 

Charatcharoenwitthaya P, et al. Liver Fibrosis, but No Other Histologic 

Features, Is Associated With Long-term Outcomes of Patients With 

Nonalcoholic Fatty Liver Disease. Gastroenterology 2015;149:389-397.e310.

[5] Ekstedt M, Hagstrom H, Nasr P, Fredrikson M, Stal P, Kechagias S, et 

al. Fibrosis stage is the strongest predictor for disease-specific mortality in 

NAFLD after up to 33 years of follow-up. Hepatology 2015;61:1547-1554.

[6] Dulai PS, Singh S, Patel J, Soni M, Prokop LJ, Younossi Z, et al. 

Increased risk of mortality by fibrosis stage in nonalcoholic fatty liver disease: 

Systematic review and meta-analysis. Hepatology 2017;65:1557-1565.

[7] Donnan P T, McLernon D, Dillon J F, Ryder S, Roderick P. 

Development of a decision support tool for primary care management of 

patients with abnormal liver function tests without clinically apparent liver 



  

28

disease: a record-linkage population cohort study and decision analysis 

(ALFIE). Health Technology Assessment 2009;13:156.

[8] Verma S, Jensen D, Hart J, Mohanty SR. Predictive value of ALT 

levels for non-alcoholic steatohepatitis (NASH) and advanced fibrosis in non-

alcoholic fatty liver disease (NAFLD). Liver International 2013;33:1398-1405.

[9] Dyson JK, Anstee QM, McPherson S. Non-alcoholic fatty liver disease: 

a practical approach to treatment. Frontline Gastroenterology 2014.

[10] Nascimbeni F, Pais R, Bellentani S, Day CP, Ratziu V, Loria P, et al. 

From NAFLD in clinical practice to answers from guidelines. Journal of 

Hepatology 2013;59:859-871.

[11] Williams R, Aspinall R, Bellis M, Camps-Walsh G, Cramp M, Dhawan A, 

et al. Addressing liver disease in the UK: a blueprint for attaining excellence in 

health care and reducing premature mortality from lifestyle issues of excess 

consumption of alcohol, obesity, and viral hepatitis. Lancet 2014;384:1953-

1997.

[12] Newsome PN, Cramb R, Davison SM, Dillon JF, Foulerton M, Godfrey 

EM, et al. Guidelines on the management of abnormal liver blood tests. Gut 

2018;67:6-19.

[13] Grattagliano I, Ubaldi E, Napoli L, Marulli CF, Nebiacolombo C, 

Cottone C, et al. Utility of noninvasive methods for the characterization of 

nonalcoholic liver steatosis in the family practice. The "VARES" Italian 

multicenter study. Annals of Hepatology 2013;12:70-77.

[14] Tsochatzis EA, Newsome PN. Non-alcoholic fatty liver disease and the 

interface between primary and secondary care. The lancet Gastroenterology 

& hepatology 2018;3:509-517.



  

29

[15] McPherson S, Stewart SF, Henderson E, Burt AD, Day CP. Simple 

non-invasive fibrosis scoring systems can reliably exclude advanced fibrosis 

in patients with non-alcoholic fatty liver disease. Gut 2010;59:1265-1269.

[16] Rosenberg WM, Voelker M, Thiel R, Becka M, Burt A, Schuppan D. 

Serum markers detect the presence of liver fibrosis: a cohort study. 

Gastroenterology 2004;127.

[17] Guha IN, Parkes J, Roderick P, Chattopadhyay D, Cross R, Harris S, 

et al. Noninvasive markers of fibrosis in nonalcoholic fatty liver disease: 

Validating the European Liver Fibrosis Panel and exploring simple markers. 

Hepatology 2008;47:455-460.

[18] McPherson S, Hardy T, Dufour J-F, Petta S, Romero-Gomez M, Allison 

M, et al. Age as a Confounding Factor for the Accurate Non-Invasive 

Diagnosis of Advanced NAFLD Fibrosis. The American Journal of 

Gastroenterology 2017;112:740-751.

[19] Non-alcoholic fatty liver disease (NAFLD): assessment and 

management; NICE guidelines (NG49). National Institute for Health and Care 

Excellence: National Institute for Health and Care Excellence; 2016.

[20] McCarney R, Warner J, Iliffe S, van Haselen R, Griffin M, Fisher P. The 

Hawthorne Effect: a randomised, controlled trial. BMC medical research 

methodology 2007;7:30.

[21] ADVIA Centaur Enhanced Liver Fibrosis (ELF) Test Specifications. 

Tarrytown, USA; 2011.

[22] Harris R, Harman DJ, Card TR, Aithal GP, Guha IN. Prevalence of 

clinically significant liver disease within the general population, as defined by 



  

30

non-invasive markers of liver fibrosis: a systematic review. The lancet 

Gastroenterology & hepatology 2017;2:288-297.

[23] Harman DJ, Ryder SD, James MW, Wilkes EA, Card TR, Aithal GP, et 

al. Obesity and type 2 diabetes are important risk factors underlying 

previously undiagnosed cirrhosis in general practice: a cross-sectional study 

using transient elastography. Alimentary pharmacology & therapeutics 

2018;47:504-515.

[24] Castera L, Foucher J, Bernard PH, Carvalho F, Allaix D, Merrouche W, 

et al. Pitfalls of liver stiffness measurement: a 5-year prospective study of 

13,369 examinations. Hepatology 2010;51:828-835.



  

31

Table 1: Patient demographics

Camden and Islington 
Pathway 

Split by FIB4
Standard 

Care
Pathway 
Patients

p 
value FIB-4 

<1.30
FIB-4 

1.30-3.25
FIB-4 
>3.25

P value
(<1.30 

vs. 
>1.30)

n=1560 n=1452 1022 
(71.3%)

387 
(25.7%)

43 
(3.0%)

FIB-4 range - 0.20 – 
15.61

0.20-1.29 1.30-3.24 3.30-
15.6

-

Age, years 51.5±14.1 54.4±13.7 <0.00
1

50.5±12.8 63.4±11.
2

64.2±11
.9

<0.001

Male, n(%) 570
(50.5%)

788
(54.3%)

N.S. 560 
(54.7%)

204 
(71.1%)

24 
(55.8%)

N.S.

BMI (kg/m2)
mean±S.D.

(n)

30.5 ± 7.1
(1082)

30.4 ± 5.9
(1238)

N.S. 30.4 ± 5.6 30.7 ± 
6.3

27.3 ± 
5.7

N.S.

T2DM, n(%) 237/1126
(21.0%)

344/1245
(27.63)

<0.00
1

190/846
(22.5%)

141/364
(38.7%)

13/35
 (37.1%)

<0.001

HBA1c, 
mmol/mol 

(mean±S.D)

4212.8
(585)

42.5±13.35
(1059)

N.S. 42.3±13.6
(769)

43.4±13.
4

(267)

41.4±15
.2

(23)

N.S.

Hypertension, 
n(%)

371/ 1124
(33.0%)

521/1248
(41.7%)

<0.00
1

266/ 849
(31.3%)

234/364
(64.2%)

21/35
 (60.0%)

<0.001

Hyperlipidae
mia, n(%)

95/650
(14.6%)

168/1248
(13.5%)

<0.00
1

96/ 849
(11.3%)

64/364
 (7.5%)

8/35
 (22.8%)

<0.001

Total 
Cholesterol, 

mmol/L 
(mean±S.D)

4.9 ± 1.1
(602)

4.8 ± 1.1
(1084)

0.03 4.8±1.1
(792)

4.6±1.2
(267)

4.8±1.1
(25)

0.02

HDL, mmol/L 1.3 ± 0.4 1.3 ± 0.4 N.S. 1.3±0.4 1.4±0.4 1.3±0.4 0.006
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(mean±S.D) (602) (1084) (792) (267) (25)

IHD, n(%) 49/1127
(3.9%)

84/1248
(6.7%)

<0.00
1

30/849 
(3.5%)

48/364
(5.6%)

6/35
(17.1%)

N.S.

Q-risk,%
(n)

12.1±10.7
(501)

13.6±11.3
(900)

N.S. 11.9±10.7 
(670)

18.6±12.
1

(211)

16.1±9.
9

(19)

<0.001

ALT, IU/L 
(mean±S.D)

43.0±36.5
(1096)

45.1±36.5
(1254)

N.S. 45.3±29.5 42.8±27.
4

59.5±39
.2

N.S.

AST, IU/L 
(mean±S.D)

33.7±22.1
(704)

33.7±22.6
(1206)

N.S. 29.4±17.3 37.8±23.
9

70.2±52
.1

<0.001

Bilirubin, 
mmol/L

(mean±S.D)

8.9±5.9
(1094)

8.9±5.7
(1250)

N.S. 8.6±5.2 9.2±5.1 14.2±13
.3

0.02

Albumin, g/L
(mean±S.D)

45.3±5.9
(1101)

45.3±3.1
(1249)

N.S. 45.7±2.7 44.8±3.6 42.4±6.
4

<0.001

Ferritin, ng/ml
(mean±S.D)

190.1±231
.6

(436)

190.21±22
7.5

(753)

N.S. 172.1±18
6.6

202.8±22
0.3

468.2±6
12.9

0.001

INR 
(mean±S.D)

1.1±0.5
(245)

1.2±0.6
(266)

N.S. 1.1±0.48 1.3±0.7 1.3±0.5 N.S.

Platelets, 
109/L 

(mean±S.D)

260.4±70.
1

(1092)

255.1±65.8
(1254)

N.S. 271.4 ± 
61.5

226.4 ± 
56.6

159.0 ± 
65.8

<0.001

Abbreviations: BMI: Body Mass Index, T2DM: type II diabetes mellitus, HDL: 
high density lipoprotein, SD: standard deviation, INR: international normalized 
ratio
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Table 2: Clinical estimates of liver fibrosis for patients diagnosed with NAFLD 
before and after introduction of the Camden and Islington NAFLD Pathway

2012-2013 2014-2016 Age adjusted 
FIB-4

C&I Other 
CCGs

All 
CCG

 
C&I 
Path

C&I 
STAN
DARD 
CARE

All 
C&I 

Other 
CCG 

STAND
ARD 

CARE

All 
STAN
DARD 
CARE

All
CCGs C&I Path FIB-4 

>2.0

n= 83 109 192 152 177 329 293 470 622 93
<F3 79 100 179 107 163 270 271 434 541 60
<F3 % 95.2% 91.7% 93.2% 70.4% 92.1% 82.1% 92.5% 92.3% 87% 64.5%
F3&F4 4 9 13 45 14 59 22 36 81 33
F3&F4% 4.8% 8.3% 6.8% 29.6% 7.9% 17.9% 7.5% 7.7% 13% 35.5%
F4 3 4 7 22 10 32 15 25 47 182

F4% 3.6% 3.7% 3.6% 14.5% 5.6% 9.7% 5.1% 5.3% 7.5% 19.4%

Abbreviations: C&I: Camden and Islington. CCG: Clinical Commissioning Group
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Table 3: Impact of Implementation of The Camden and Islington NAFLD Pathway

Referrals Avoided Advanced Fibrosis/Cirrhosis 
Detection

Cirrhosis Detection

Interventi
on

Comparat
or

Proportio
n

95%CI Significan
ce

Odds 
Ratio

95%CI Significan
ce

Odds 
Ratio

95%CI Significan
ce

C&IP C&I Before 88% 75-96% p=0.0001 8.30 2.87-24.05 p=0.0001 4.51 1.31-15.56 p=0.017
C&IP C&I 

STANDARD 
CARE

80% 61-89% p<0.0001 4.90 2.56-9.36 p<0.0001 2.83 1.29-6.18 p=0.0092

C&IP Other CCGs 81% 66-89% p<0.0001 5.18 2.97-9.04 p<0.0001 3.14 1.57-6.24 p=0.0011
All of C&I Other CCG 77% 35-92% p=0.006 4.32 1.52-12.25 p=0.006 2.87 0.86-9.62 p=0.0871

Abbreviations: C&I: Camden and Islington. CCG: Clinical Commissioning Group
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Table 4: Impact of using different ELF thresholds for patient stratification

ELF≥9.8 ELF≥10.51
Relative to ELF≥9.5 n % n %
Referrals avoided 11 7.2 34 22.4
Missed Cases of F3/F4 fibrosis 3 6.7 10 22.2
Missed Cases of Cirrhosis 0 3 13.6
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Figure 1: The Camden and Islington NAFLD Pathway

Figure 2: Primary Care Risk Stratification Using the Camden and Islington NAFLD Pathway 2014-2016

Figure 3: Liver specialists’ evaluation of referrals to secondary care of NAFLD cases in the evaluation period 2014-2016

Figure 4: Evaluation of patients referred to secondary care from Camden and Islington 2014-2016



  

37



  

38



  

39



  

40



  

41

 Our study has shown that established blood tests can be used in primary care to stratify patients with fatty liver disease

  This two-step pathway (FIB-4 followed by ELF if required) reduced unnecessary referrals by 80% and improved the detection of cases 

of advanced fibrosis 5-fold and cirrhosis 3-fold.

 In the face of a growing burden of NAFLD established this pathway can be used in primary care to differentiate those patients who 

might benefit from referral to liver specialists from those who can be managed safely in primary care. 

 This should reduce unnecessary referrals while at the same time improving the detection of cirrhosis, improving patient care and 

healthcare resource use.


