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Study Protocol 

 

Background  

 

Chronic kidney disease (CKD) is a long-standing condition resulting in impaired renal function 
associated with a reduced quality of life, increased risk of end-stage renal disease (ESRD), 

cardiovascular disease and premature death.(1) CKD is classified according to five stages largely based 

on estimated Glomerular Filtration Rate (eGFR), although persistent albuminuria also determines 
prognosis.(2) Moderate-severe CKD (stage 3-5) is defined as an eGFR of less than 60ml/min/1.73m2 

for more than 3 months. According to the Quality Outcomes Framework and Health Survey for England 

2016 around 4-7% of UK adults have CKD stages 3-5.(3,4) The disease burden is particularly high in the 

elderly.(3) The global prevalence of CKD is higher at 11% for stages 3-5,(5) and it is estimated that the 
absolute global prevalence increased by 27% from 2007-2019.(6) CKD is forecasted to move from 16th 

(2016) to 5th (2040) in the rankings for years of life lost, predominantly as a result of aging, but also 

due to an increase in the prevalence of metabolic risk factors.(7) In addition to increasing age, 
hypertension, diabetes and obesity are major disease risk factors accounting for the majority of newly 

diagnosed cases of CKD in the developed world.(8,9) In terms of prognosis, it is estimated that 40,000–
45,000 individuals with CKD die prematurely each year in England, with cardiovascular disease being 

the primary cause of morbidity and mortality.(10) The rate for individuals over 65 with CKD to progress 
to ESRD is reported to be 0.5 per 100 person-years and 6.8 per 100 person-years for all-cause mortality 

(3.0 for cardiovascular and 3.8 for non-cardiovascular mortality), i.e. patients with CKD are more likely 

to die from cardiovascular disease than develop ESRD.(11) CKD is both an accelerator of the risk of 
cardiovascular disease and an independent risk factor for cardiovascular events,(12–14) and is 

thought to account for 7000 extra strokes and 12,000 extra myocardial infarctions (MI) per year.(15)  

 
Non-alcoholic fatty liver disease (NAFLD) refers to excessive fat accumulation in the liver affecting 

more than 5% of hepatocytes or liver volume. NAFLD is the most common cause of chronic liver 

disease worldwide, affecting approximately 25% of the adult population globally and in Europe.(16) It 

is expected to become the leading indication for liver transplantation in the next decade. It is 
estimated 90% of patients with type 2 diabetes mellitus (T2DM) have NAFLD, along with 70% of adults 

with obesity (17) and 90% of individuals who qualify for bariatric surgery.(18) While there is a lack of 

large prospective data in this field, paired liver biopsy studies from tertiary care suggest that around 
23% of patients with simple steatosis are likely to develop non-alcoholic steatohepatitis (NASH) 

(hepatocytes injury (ballooning) and necro-inflammation) over a 3 year period, (19) and 44% over an 

average 8 year period.(20) Overall up to 30% of individuals with NAFLD are thought to have NASH,(21) 

and this is associated with a 25% risk of progression to cirrhosis over a 10 year period.(22) There is 
also evidence that NASH can lead to an elevated risk of hepatocellular carcinoma (HCC) even in the 

absence of cirrhosis.(23)  

 
NAFLD and CKD share several cardiometabolic risk factors, many of which have now reached epidemic 

levels in the UK.(24) Current estimates suggest that 35.6% of adults in England are overweight and a 

further 28.7% are obese, with rates having more than doubled since 1991.(25,26) Around 1 in 11 

adults worldwide (463 million) are thought to have diabetes, of which 90% is type 2.(27) This figure 
has more than tripled over the past 20 years, making diabetes one of the fastest growing health 

challenges of the 21st century.(27) Approximately 9% of men and 7% of women have diabetes in 

England,(28) however prevalence rates are as high as 25-30% in Pacific nations, followed by the Middle 
East and North Africa.(29) The International Diabetes Federation project the number of adults with 

diabetes worldwide will rise to 700 million by 2045, with the largest increases coming from regions 

experiencing economic transitions from low-income to middle-income levels.(27) While the 

prevalence of hypertension remains static it affects 30% of men and 26% of women.(28) Of huge 
concern is the fact that 22% and 34% of children starting primary school and secondary school 
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respectively are either overweight or obese.(30) While the incidence of T2DM for those under 17 years 
old in the UK remains low at 0.72 per 100,000 / year (2015/16), the number of cases diagnosed per 

year continues to rise,(31) and prevalence rates are significantly higher in the United States.(32) 

 

It is well established that individuals with NAFLD are at increased risk of mortality from liver disease, 
cardiovascular disease and cancer (HCC and extra-hepatic) (33,34) however its association with kidney  

disease and its outcomes are less well understood. Two systematic reviews have now conclusively 

demonstrated a higher risk of incident CKD in individuals with NAFLD (hazard ratio (HR) 1.37 [95% CI 
1.20-1.53] and 1.79 [95% CI 1.65-1.95].(35,36) Both reviews report that patients with more advanced 

fatty liver disease, i.e. NASH or hepatic fibrosis are at the greatest risk. Surprisingly this association 

has been consistently found to be independent of common risk factors and potential confounders, for 

example age, gender, body mass index, diabetes status, lipids, hypertension and smoking.(35,36) Of 
note NAFLD is also thought to be an independent risk factor for cardiovascular disease.(37) It has 

therefore been proposed that shared proinflammatory, prothrombotic and profibrotic molecular 

pathways may play a mediating role, in addition to the fact that NAFLD itself exacerbates insulin 
resistance, leading to atherogenic dyslipidaemia.(24) No causal link has been definitively 

demonstrated, however lifestyle modification has been shown not only to improve NAFLD histology 

but also kidney function in patients with biopsy proven NASH.(38). It is important to note that this 

association may manifest itself at an early stage, as children with NAFLD have been found to be at 
increased risk of developing renal dysfunction.(39) NAFLD is estimated to affect 3-10% of children 

worldwide.(40) It is possible that children and young adults with NAFLD may be at risk of an 

accelerated disease course in terms of cardiovascular complications, liver disease and kidney disease, 
especially given the increasing prevalence of shared cardiometabolic risk factors experienced by this 

age group.    

 
We are interested in whether the presence of NAFLD predisposes individuals with CKD to be at 

increased risk of cardiovascular events, progression of kidney disease and all-cause mortality (figure 

1). A brief review of the literature has revealed two cohort studies from the same group which used 

data from the Salford Kidney Study database.(41,42) The first follows 1,148 patients with CKD who 
also had a liver ultrasound to look for hepatic steatosis, for a median of 5.4 years.(41) They concluded 

that NAFLD was a strong independent risk factor for cardiovascular events (HR 2.03) (even in advanced 

CKD associated with high levels of comorbidity), but was not associated with all-cause mortality (HR 
0.79) or CKD progression (p=0.09 for the rate of decline of the eGFR slope). The second study was 

confined to diabetic patients with CKD (n=149) and demonstrated comparable findings.(42) A third 

study from South Korea reported a greater rate of decline in eGFR in patients with NAFLD vs those 

without (−0.79% [−1.31% - −0.27%] vs 0.30% [−0.14% - 0.76%], p=0.002) in a cohort of 1,525 
individuals with CKD.(43) Differences persisted in a multivariable adjusted model demonstrating that 

NAFLD is independently associated with CKD progression. Similarly in the haemo- and peritoneal 

dialysis population, patients with NAFLD have been found to have significantly worse cardiovascular 
outcomes.(44–46) Within NAFLD cohorts, CKD is associated with increased overall mortality, however 

there is disagreement regarding whether this is independent or due to the greater prevalence of 

metabolic comorbidities.(47,48)  

 
Importance of this review  

 

Both CKD, NAFLD and their cardiometabolic risk factors (obesity and T2DM in particular) present huge 
challenges for both UK and global health providers.(16,49) In addition to the rising prevalence rates 

described above, both these conditions are profoundly linked to health inequalities. The incidence 

rates of CKD are estimated to be four times higher in low and middle income countries (LMIC), with 

Oceania, South East Asia, the Caribbean, Latin America, North Africa and the Middle East experiencing 
significant increases in disease burden.(6,50) Furthermore individuals of African descent experience 
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an accelerated course towards ESRD once they develop CKD.(51,52) With scarce resources for renal 
replacement therapy (RRT) in such countries, patients with ESRD are often faced with a death 

sentence. Similarly the burden of NAFLD is felt most heavily by low and middle income regions, 

including India (nearly 50%), South America and parts of the Middle East (approximately 30%).(53,54) 

Such inequalities nearly certainly result from a disparity in the prevalence of metabolic risk factors 
across economies. Nearly 80% of individuals with diabetes live in LMICs.(27) While obesity continues 

to predominantly affect higher income populations rates are levelling off, and instead are increasing 

in emerging economies.(55) Within England there is a large depravity gap in obesity prevalence for 
both adults and children which is increasing.(30) There is therefore a pressing need to address both 

the risk factor burden and predictors of clinical outcomes for both CKD in NAFLD, as LMIC and ethnic 

minorities are set to become disproportionately affected by these two conditions. Furthermore the 

financial costs associated with CKD are considerable. CKD was estimated to cost the English NHS £1.45 
billion 2009-2010 (1.3% of all NHS spending).(15) More than half of this was spent on RRT serving 2% 

of the CKD population.(15) The cost of excess strokes and MIs was estimated to be up to £178 

million.(15) Avoiding progression towards ESRD and the cardiovascular complications associated with 
CKD is therefore essential to reduce this huge cost burden.  

 

CKD and NAFLD frequently exist together and independently contribute towards an increased risk of 

cardiovascular events and mortality. There is strong evidence that NAFLD is associated with an 
increased incidence of CKD, however research into the influence of NAFLD on the development of 

cardiovascular events, ESRD and premature death in the CKD population is at a much earlier stage. 

Understanding if there is a role for NAFLD in accelerating progression towards these adverse events 
could lead to improve health outcomes, reduced health inequalities and significant cost savings. This 

is a highly clinically relevant topic as individuals presenting to both primary and secondary care are 

increasingly likely to have both conditions. It is vital for their quality of care that clinicians are not only 
able to recognise the importance of looking for each of these diseases as a comorbidity, but also to 

identify patients who may be at the greatest risk for future cardiovascular events, rapid progression 

of kidney disease or early death. This would allow more aggressive lifestyle intervention, strict control 

of shared risk factors and enrolment in clinical trials. These findings are also likely to inform the need 
for improved cross-talk between diabetologists, cardiologists, hepatologists and renal physicians to 

help manage these patients optimally and lead to reductions in health care spending if end-stage 

events can be prevented. The findings of this review will be used to design an observational study 
which will further explore this question in an independent cohort.  

 

Figure 1. Summary of what we know so far and objective of systematic review  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HR: Hazard ratio, NAFLD: non-alcoholic fatty liver disease, CKD: Chronic kidney disease 
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Objective 

 

To determine the influence of NAFLD on the risk of cardiovascular events, progression of kidney 

disease and all-cause mortality in patients with established CKD, and identify if this is independent of 

confounding factors  
 

Methods 

 

Types of studies 

 

• Inclusion criteria: Observational (prospective or retrospective) cohort studies that report either 

the risk of cardiovascular events, progression of kidney disease or all-cause mortality among 

adults (> 18 year old) with established CKD who have NAFLD compared with those without NAFLD. 
Only studies that include meta-analysable outcomes will be included (mean difference, 

standardised difference, odds ratio (OR), HR or relative risk (RR)).  

• Exclusion criteria: Abstracts, case reports, reviews, editorials, practice guidelines, non-cohort 
design, non-human studies, unpublished studies  

• Search dates: No restriction on earliest publication date to present day 

• Searches will be re-run just before the final analyses and any further studies identified, retrieved 

for inclusion 
• We will register the protocol on PROSPERO a priori (https://www.crd.york.ac.uk/PROSPERO/) 

 

Types of participants  

 

• Inclusion criteria: Adults with established CKD with evidence of the presence or absence of NAFLD 

• Exclusion criteria: Individuals under 18 years of age, individuals undergoing renal replacement 

therapy, eg haemodialysis, individuals who have had either a kidney or liver transplant, and 

individuals with a known other cause of chronic liver disease   

• Definition of chronic kidney disease (CKD): eGFR ≥ 60 ml/min/1.73m2 with albumin to creatinine 

ratio (ACR) > 3 mg/mmol (stage G1 and G2) or eGFR < 60 ml/min/1.73m2 (stages G3a – G5) 
calculated using the CKD Epidemiology Collaboration (CKD-EPI) or Modified Diet in Renal Disease 

(MDRD) formula  

• Definition of non-alcoholic fatty liver disease (NAFLD): biochemistry (elevations in serum AST, ALT, 

or GGT), imaging (ultrasound, computer tomography, magnetic resonance imaging), liver biopsy, 

non-invasive scores (Fatty Liver Index, Steatotest, NAFLD Liver Fat Score) 
 

Primary outcome 

 

• This review will aim to establish if there are any differences in the risk of cardiovascular events, 
progression of kidney disease and all-cause mortality in patients with CKD who have NAFLD 

compared to those without.  

• Definition of cardiovascular events: Any one of the following - acute coronary syndrome, 

myocardial infarction, non-fatal cardiac arrest, coronary revascularization, new diagnosis of 

cardiac failure, hospitalisation with an exacerbation of cardiac failure, new diagnosis of peripheral 
vascular disease, new diagnosis of cerebrovascular accident (stroke / transient ischemic event) (all 

non-fatal). 

• Definition of the progression of chronic kidney disease:  

1. Mean or percentage annual rate of change in the eGFR, or 

2. A decline in eGFR category accompanied by a ≥ 25% drop in eGFR from baseline, or 
3. The development of ESRD: eGFR of < 15 ml/min/1.73m2, or the requirement of some form of 

renal replacement therapy, or 
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4. Doubling of creatinine 

• Definition of all-cause mortality: Any cause of death within the study follow up period as 
determined by electronic patient records or the office of national statistics. Where possible we 

will break this down according to deaths due to a cardiovascular event, cancer or progression of 

kidney disease.   

 
Secondary outcome 

 

• The risk of cardiovascular events, progression of kidney disease and all-cause mortality in patients 

with CKD according to the severity of NAFLD, as determined by the presence of NASH or fibrosis. 

• The risk of cardiovascular events, progression of kidney disease and all-cause mortality in patients 

with CKD according to the baseline severity of CKD, as determined by CKD stage. 
 

Search methods for the identification of studies  

 

• We will perform a computerized literature search in: PubMed, Embase (using Ovid) and Web of 
Science  

 

Example of literature search strategy  

 

“chronic kidney disease” [Title/Abstract] OR “CKD” [Title/Abstract] OR “kidney disease” 
[Title/Abstract] OR “kidney failure” [Title/Abstract] OR “kidney injury” [Title/Abstract] OR “chronic 
renal disease” [Title/Abstract] OR “renal disease” [Title/Abstract] OR “renal failure” [Title/Abstract] 
OR “renal injury” [Title/Abstract] OR “renal insufficiency” [Title/Abstract] OR “impaired renal 

function” [Title/Abstract] OR “glomerular filtration rate” [Title/Abstract] OR “eGFR” [Title/Abstract] 

AND 

“fatty liver” [Title/Abstract] OR “nonalcoholic fatty liver disease” [Title/Abstract] OR “NAFLD” 
[Title/Abstract] OR “nonalcoholic steatohepatitis” [Title/Abstract] OR “NASH” [Title/Abstract] OR 

“liver fat” [Title/Abstract] OR “steatohepatitis” [Title/Abstract] OR “steatosis” [Title/Abstract] OR 

“hepatic fibrosis” [Title/Abstract])  
 

Study selection  

 

• Relevant studies will be identified by systematically searching PubMed, Embase and Web of 

Science up to the present date using the free text terms described above 

• Reference lists of relevant papers and previous review articles will be hand searched for other 
studies. 

• Two investigators will examine all titles and abstracts, and obtain the full texts of potentially 

relevant papers. We will read the papers and determine if they met inclusion criteria. 

• Discrepancies will be resolved by returning to the original article along with a third author in order 

to reach a consensus 

• Inclusion criteria: Observational (prospective or retrospective) cohort studies that report either 

the risk of cardiovascular events, progression of kidney disease or all-cause mortality among 
adults (> 18 year old) with established CKD who have NAFLD compared with those without NAFLD. 

Only studies that include meta-analysable outcomes will be included (mean difference, 

standardised difference, OR, HR or RR).  
• Exclusion criteria: Abstracts, case reports, reviews, editorials, practice guidelines, non-cohort 

design, non-human studies, unpublished studies  
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Data extraction 

 

• Data will be extracted from each study independently by two authors and recorded on a 

standardised data extraction sheet  

• We will use the Covidence software as recommended by Cochrane to upload search results, 

screen abstracts and full text, complete data collection, conduct risk of bias assessment, resolve 

disagreements and export data into Excel 

• The following details will be extracted from all studies:  
o General information: title, authors, journal, funding, year of publication 

o Study design: population source and demographics, period of follow up and years, means 

of defining NAFLD, quality of study defined by the ACROBAT-NSRI tool, inclusion and 

exclusion criteria, study size, subgroups analysis (including severity of NAFLD and baseline 
CKD), confounding factors 

o Outcomes for NAFLD vs non-NAFLD patients: Outcome of interest (cardiovascular event / 

progression of kidney disease / all-cause mortality and definition used); OR, HR, RR and 
95% confidence intervals; or mean/percentage annual rate of change in the eGFR 

• In the event of missing data the researchers will attempt to contact the study investigators for 

unreported data or additional details. Contact information for study authors will be identified 

from PubMed or from the Internet and corresponding authors will be e-mailed or contacted by 

phone to ask if they are willing to share their study data. Up to 3 contact attempts will be made 
within a month. Manuscripts for which we are unable to obtain missing data will not be included 

in our analyses. 

• Data will be reported according to the PRISMA guidelines  

 
Assessment of bias (quality assessment) 

 

• Two authors will independently be involved in the quality assessment  

• Any discrepancies will be addressed by a revaluation of the original article by a third author 

• We will use the Newcastle-Ottawa Score as recommended by Cochrane for the assessment of 

quality for non-randomised cohort studies.(56)  

• This tool uses a star based system allocating a maximum of 9 points across three domains: (1) 

selection of study groups (max 4 points), (2) comparability of groups (max 2 points), (3) 

ascertainment of exposure and outcomes (max 3 points) 

• Studies with an overall score of 9 are judged to be at a low risk of bias, those scoring 7-8 a 
moderate risk of bias and scores of 6 of less a high risk of bias.  

• Where studies report more than one primary outcome a separate bias assessment will be 

performed for each.    

 

Data synthesis 

 

• Data will be synthesised if this review is able to identify 5 of more studies which meet the inclusion 

criteria described above, and that report the same outcome (either risk of a cardiovascular event, 

progression of kidney disease, or all-cause mortality)  

• In the case of binary outcomes (risk of a cardiovascular event, ESRD, a decline in eGFR category 
accompanied by a ≥ 25% drop in eGFR from baseline, doubling of creatinine and all-cause 

mortality), adjusted and unadjusted HR/OR/RRs will be pooled with their 95% confidence intervals 

as a measure of effect size.  

• In the case of continuous outcomes (mean/percentage annual rate of change in the eGFR) we will 

pool the adjusted and unadjusted mean or percentage differences   
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• Random-effects model: An overall estimate of effect size will be calculated using a random-effects 

model, as this takes into account any differences between studies even if there is no statistically 
significant heterogeneity. 

• Statistical heterogeneity: The I2 statistic will be used to investigate statistical heterogeneity. This 

estimates the percentage of variability in effect across studies resulting from heterogeneity rather 

than chance, to ensure that the effects found in the individual studies are similar enough that a 

combined estimate will be a meaningful. If heterogeneity between the effects found in single 
studies is too large (I2 > 0.5) we will explore the source.  

• Publication (small study bias): If the number of included studies is sufficient, publication bias will 

be examined using funnel plots and the Egger’s regression test. We will use the trim and fill 

method to calculate adjusted estimates if publication bias is detected. 

• Sensitivity analysis: For all outcomes we will use a meta-analysis influence test (involves repeating 

the meta-analysis after one study at a time is removed) to investigate any excessive influence of 
individual studies 

• Meta-regression analysis: When 8 or more studies are available and report the same outcome, 

the effect of continuous variables (age, body mass index, waist circumference, insulin resistance 

estimated by homeostasis model assessment of insulin resistance index, and duration of follow-

up) on the association between NAFLD and the reported outcome will be evaluated by meta-
regression analysis 

 

Analysis of subgroups or subsets 

 

• If we are able to identify at least 5 cohort studies reporting the same outcome as described above, 

we will perform a sub-group analysis in order to address potential heterogeneity between studies 

• Individuals may be stratified using any of the following criteria at the level of the study: 

o Quality of study as identified by the ACROBAT-NSRI tool 

o Follow-up duration 
o Age  

o Ethnicity  

o Means of defining NAFLD (biochemistry, imaging, liver biopsy, non-invasive scores) 
o Severity of NAFLD (NASH vs no NASH; fibrosis vs no fibrosis)  

o Severity of CKD according to disease stage at baseline 

o Patients with diabetes vs those without diabetes  

o Patients with cirrhosis vs those without cirrhosis 
o Patients with a history of excessive alcohol consumption vs those without 

o Whether the study has fully adjusted for covariates (age, gender, body mass index, 

hypertension, smoking, baseline eGFR, diabetes, dyslipidaemia, previous cardiovascular 
event) 
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