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ABSTRACT

Introduction: Liver disease is a major cause of morbidity and mortality in sub-Saharan Africa.
However, its prevalence, distribution and aetiology have not been well characterised. We examined
liver function tests (LFTs) and calculated liver fibrosis scores in a rural population in Uganda.
Methodology: A cross-sectional survey of LFTs was undertaken in 2011 in a rural population cohort
in South-Western Uganda. We classified abnormal LFTs based on reference ranges set in America
and in Africa. We derived fibrosis scores (AST to Platelet Ratio Index, fibrosis-4, GGT to platelet ratio,
red cell distribution width to platelet ratio, and S-index) to evaluate the potential prevalence of liver
disease. We collected information about alcohol intake, and infection with HIV, HBV and HCV, to
determine the contribution made by these factors to liver inflammation or fibrosis.

Results: Data were available for 8,099 participants (median age 30 years; 56% female). The
prevalence of HBV, HCV and HIV infection were 3%, 0.2% and 8%, respectively. The prevalence of
abnormal LFTs was higher based on the American reference range compared to the African
reference range (e.g. for AST 13% vs 3%, respectively). The prevalence of AST/ALT ratio >2 was
11%, suggestive of alcoholic hepatitis. The highest prevalence of fibrosis was suggested by the
GPR score, with 24% of the population falling above the threshold for fibrosis. By multivariate
analysis, elevated LFTs and fibrosis scores were most consistently associated with older age, male
sex, being under-weight, infection with HIV or HBV, and alcohol consumption. Based on population
attributable risk, the highest proportion of elevated fibrosis scores was associated with alcohol use
(e.g. 64% of elevated S-index scores).

Conclusion: Further work is required to determine normal reference ranges for LFTs in this setting,
to evaluate the specificity and sensitivity of fibrosis scores, and to determine aetiology of liver

disease.

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

Page 4 of 40

"buAdod Ag paosioid 1senb Ag €20z ‘2z 1990100 U0 /wod fwg uadolwq//:dny woiy papeojumoq 0Z0Z Y218 TE U0 068ZE0-6T0Z-Uadolwag/9eTT 0T Sk paysiignd 1s1y :uado rING


http://bmjopen.bmj.com/

Page 5 of 40 BMJ Open

oNOYTULT D WN =

ARTICLE SUMMARY

Strengths and Limitations of the Study
e Liver disease is not well characterised in many parts of sSA despite the high prevalence of chronic
viral infections (HIV, HBV and HCV), and potential exposure to hepatotoxins including alcohol,
aflatoxins and traditional herbal medicine; this study is therefore an important addition to the existing
literature.
e This is a cross sectional study of a large well-defined population cohort in rural South-Western
Uganda where the burden of liver disease and its aetiology is not well described, based on liver
function tests (LFTs).
e The approach has allowed us to develop insights into some of the risk factors for liver disease, and
estimate the burden of liver disease that can currently be accounted for.
o LFTs are a blunt tool for assessment of liver health, with many potential confounding factors. This
current study only accounts for a limited range of aetiological agents.
¢ LFTs were measured at only one point in time, potentially overcalling liver disease as a result of

transient abnormalities.

INTRODUCTION

Liver disease causes an estimated 200,000 deaths each year in sub-Saharan Africa (sSA) as a result
of liver cirrhosis and hepatocellular carcinoma (1). More than 80% of Africa’s burden of liver disease
has been attributed to endemic blood borne virus (BBV) infections, such as HIV, hepatitis B (HBV)
and hepatitis C (HCV), alcohol, hepatotoxic medications (including traditional and herbal medicines),
non-alcoholic fatty liver disease (NAFLD) and exposure to aflatoxins (1-3). However, the prevalence,
distribution and aetiology of liver disease in many parts of Africa have not been well characterised,
and the neglect of cirrhosis has recently been highlighted (2). In order to improve screening for liver
disease, and to implement appropriate investigations and intervention, we have undertaken a survey
of liver function tests (LFTs) together with demographic data for a large rural cohort in South-Western
Uganda (4).

LFTs are usually the first approach to evaluation of liver disease (reference ranges and causes of
derangement are summarised in Suppl Table 1). In addition, liver synthetic function can be assessed
by measuring prothrombin time; platelet production may be decreased in chronic liver disease due to
hypersplenism, decreased thrombopoietin levels and bone marrow suppression (5). Abnormal LFTs

are often non-specific and can arise transiently in association with many acute illnesses or usage of
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medications. However, persistent derangement can indicate chronic liver disease, with associated
morbidity and mortality (6). The pattern of derangement can sometimes help to establish aetiology —

for example AST/ALT ratio >2 is characteristically associated with alcoholic hepatitis (7,8).

Determination of the origin of liver disease and ascertainment of treatment requirements necessitates
accurate characterisation of the degree of liver disease. Liver biopsy allows objective grading of
fibrosis and can provide information about the likely aetiology of liver disease based on specific
changes to cellular architecture. However, biopsy is costly, requires experts to undertake the
procedure and analyse samples, and exposes patients to potentially life-threatening risks. Imaging
can also be employed to assess fibrosis. Typically, this comprises ultrasound-based techniques,
including fibroscan to derive elastography scores. In most low and middle-income settings,
evaluation of liver disease currently depends on use of non-invasive (blood) markers, combined with

ultrasound and/or fibroscan when available.

Non-invasive fibrosis blood tests are relatively simple and offer a safe route to assess for liver
fibrosis, appealing in resource limited settings. Scores of liver fibrosis, such as AST to Platelet Ratio
Index (APRI), fibrosis-4 (FIB-4), GGT to platelet ratio (GPR), red cell distribution width to platelet ratio
(RPR) and S-index have been derived using liver enzymes (ALT, AST, GGT) in combination with
platelet count. However diagnostic accuracy is not well established in sSA and can be influenced by
the population being assessed and the nature of underlying liver disease (9—14). GPR has recently
been reported as an independent predictor of significant fibrosis in treatment naive Gambian patients
with chronic hepatitis B (CHB) infection (12). However, further studies are needed to determine the

specificity and sensitivity of different scores in different settings.

Appropriate reference ranges for LFTs are crucial for optimising the detection of underlying liver
disease (15). Application of reference ranges defined in one setting to different populations may lead
to either under- or over-estimation of abnormalities (15-17). As well as being dependent on the
population being assessed, the distribution of LFTs in any given setting can also be influenced by the
type of instrument, reagents used, and the strength of quality assurance (17). Efforts have been made
to establish ‘population-specific’ reference ranges (16,18); one example is through the application of
cross-sectional data from seven South-Eastern African countries (16). However, such local reference
ranges for Africa have been derived from cross-sectional data collected in adults without addressing
the potential prevalence of underlying liver disease. Thus, while American reference ranges

potentially over-estimate of the burden of liver disease in an African setting, it is also possible that
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locally derived reference ranges under-estimate the burden (as they are based on thresholds that

have been derived from populations in which liver disease is highly prevalent).

We here set out to assess LFTs and fibrosis scores derived from a large, well defined population
cohort in rural South-Western Uganda (19). We applied reference ranges set in both America and in
Africa (16,20), in order to assess the possible burden of liver disease, highlighting the discrepancies
that arise as a result of the difference between thresholds. We derived fibrosis scores to further
evaluate the potential prevalence of liver disease in this setting and to estimate the contributions of

alcohol and BBVs to the burden of disease.

METHODS

Study design and study population

We conducted a cross-sectional study in a rural population in Kyamulibwa, in the Kalungu district of
South-Western Uganda as part of the survey of the General Population Cohort (GPC). The GPC is a
community-based cohort established in 1989 with funding from the UK Medical Research Council
(MRC) in collaboration with the Uganda Virus Research Institute (UVRI) (21). Regular census and
medical surveys have been conducted in this population cohort. In 2011, data collection included
screening for viral hepatitis and LFTs among 8,145 adults (216 years), which we used for this

analysis.

Data collection

Demographic and health history data were collected using questionnaires and standardised
procedures described elsewhere (21,22). Blood samples were drawn at home and transported for
testing at the Medical Research Council central laboratories in Entebbe. LFTs (serum AST, ALT, ALP,
GGT and BR) were measured using a Cobas Integra 400 plus machine, with Roche reagents.
Screening for HIV testing was done using an algorithm recommended by the Uganda Ministry of
Health, based on initial screening with a rapid test. If the test result was negative, the participant was
considered to be HIV negative. If the test result was positive, the sample was re-tested with the rapid
test HIV-1 or -2 Stat-Pak. If both tests resulted in a positive result, the participant was diagnosed as
HIV positive. If the tests gave discordant results, the sample was further evaluated with the rapid test
Uni-Gold Recombinant HIV-1/2. For those samples assessed by all three tests, two positive test
results were interpreted as positive, and two negative results were considered negative. HBV surface
antigen (HBsAg) testing was conducted using Cobas HBsAg Il (2011-08 V10), and those who tested

positive were invited for further serologic testing. HCV was tested using a combination of
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immunoassays followed by PCR, as previously described (23). Normal serum levels of liver enzymes
were classified according to the American reference range (ARR, MGH Clinical Laboratories) and
Local Reference Ranges (LRR, (16); Suppl Table 1). We excluded individuals <19 years from ALP

analysis, since elevated ALP can be attributable to bone growth in teenagers.

Data from the full blood count was used to calculate fibrosis scores (mean corpuscular volume,
MCV and platelet count). This was collected starting part-way through the 2011 data collection
period; the data are, therefore, population-based, although based on only a subset of the whole
cohort (n=1,877).

Calculation of fibrosis scores and AST/ALT ratio

Where data were available (n=1,877), we calculated APRI, FIB-4, GPR, RPR and S-Index. The
formulae for calculating these scores are presented in Suppl Table 2, along with the sensitivity and
specificity of each, based on previous studies. We used previously established thresholds to suggest
the presence of liver fibrosis, as follows: APRI >0.7 (24), FIB-4 >3.25 (25), GPR >0.32 (12), RPR
>0.825 (26), S-index >0.3 (27). We calculated AST/ALT ratio; a score >2 has been associated with
alcoholic hepatitis (8).

Statistical Analysis

We analysed data using standard statistical software, Stata/IC 13 (Stata Corporation, College Station,
USA) and GraphPad Prism v7:0. We summarised participant baseline characteristics using
proportions (%) and these were stratified by sex. We reported prevalence and distribution of LFTs,
laboratory markers of fibrosis and elastography scores using descriptive statistics. We reported p-
values from chi-square tests, comparing the proportions of each potential risk factor between male

and female participants.

We used logistic regression in our univariate and multivariate analyses, using the threshold for
significance set at 0.05, to estimate the odd ratios (OR), along with its 95% confidence intervals (95%
Cl), to identify potential factors associated with abnormal LFTs and liver fibrosis scores, using a
forward stepwise approach to develop our multivariate models. We added risk factors that were
identified in the age and sex adjusted univariate analysis to the multivariate model. The final
multivariate models for each LFT and liver fibrosis score were obtained by excluding variables in the
final model until all remaining variables were associated with abnormal LFTs and liver fibrosis scores

at the p<0.05 threshold. Once the final multivariate model had been established, variables that were
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eliminated through this forward stepwise approach were added back to the model and were reported
if associated at the p<0.05 threshold, to reduce the effects of residual confounding. Due to the low
number of individuals with active HCV infection at the time of the study, we did not include this sub-
group in univariate or multivariate analysis. These HCV RNA positive individuals have been
described in more detail elsewhere (28). We present results of multivariate analysis in the form of
Forrest plots generated using Microsoft Excel. A tabular form of the multivariate analysis containing
the adjusted odds ratios (Adj. OR), and 95% Cls are included in the supplementary section of the

manuscript.

Ethics

Ethics approval was provided by the Science and Ethics Committee of the Uganda Virus Research
Institute (GC/127/12/11/06), the Ugandan National Council for Science and Technology (HS870), and
the East of England-Cambridge South (formerly Cambridgeshire 4) NHS Research Ethics Committee
UK (11/H0305/5). All participants provided written informed consent.

Patient and public involvement

Patients and the public were not involved in the design, conduct and reporting of the research.

RESULTS

Characteristics of study population

We analysed complete data for 8,099 participants (Suppl Table 3). Compared to females, there were
more males who were HBV positive, (prevalence 3% vs 2%, respectively; p<0.001) and had
consumed alcohol in the past 30 days, (40% vs 33%, respectively; p<0.001). More females were
HIV positive (9% vs 6%, respectively; p<0.001). Males were more likely to be underweight (31% vs

16%), and females to be overweight (18% vs 5%); p<0.001 in both cases.

Proportion of population defined as having abnormal LFTs varies according to the reference
range that is applied

The proportion of the population falling above the upper limit of normal (ULN) for each parameter is
shown in Table 1, with ALT, AST and GGT distributions in Fig 1A-C (full data for all LFTs are shown
in Suppl Fig 1). These results highlight the different burden of disease that can be estimated
according to the reference range that is applied, with a higher proportion of the population falling
above the ULN when the ARR was applied compared to the LRR (Fig 1A, B). Most striking, for AST,

13% of the population had a value that was deemed to be elevated based on ARR, compared to only
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3% based on the LRR (Fig 1B). Using the ARR, ALT and BR were significantly more likely to be
above the ULN in males than in females, and ALP was more likely to be higher in females (p<0.001 in
each case, Table 1). These sex differences were not apparent when the LRR was applied. OR for

deranged LFTs and fibrosis scores according to age and sex is shown in Suppl. fig 2.

The highest prevalence of liver fibrosis is predicted using the GPR score

We calculated APRI, FIB-4, GPR, RPR and S-index scores (Table 1). The estimated prevalence of
fibrosis was highest when based on GPR score (23.5%; Fig 1D), compared to FIB-4 (5.3%), APRI
(3.2%), S-index (3.9%) and RPR (0.1%). We excluded RPR scores from further statistical analysis
because so few individuals were classified as having an elevated score (we therefore did not have
statistical power to detect any factors associated with abnormal score). Because the APRI is
derived using the ULN of AST, the proportion of the population classified as having a score
consistent with liver fibrosis changes according to whether the ARR or LRR is used (Table 1).
Based on previous validation among African individuals, there is evidence to suggest that GPR is
the most accurate score for staging liver fibrosis (12); applying this approach, there is a prevalence

of almost 1 in 4 adults with liver fibrosis in this population.

Evidence for the contribution of alcohol to liver disease

The prevalence of AST/ALT ratio >2, suggestive of alcoholic hepatitis, was 11% (888/8,099) (Fig
1E). There was a significant relationship between self-reported alcohol consumption and elevated
AST/ALT ratio (p<0.001; Suppl Fig 3). However, 57% of participants with AST/ALT ratio >2 reported
never having consumed alcohol (Fig 1E), possibly reflecting either under-reporting of alcohol use
and/or other factors that underpin this pattern of LFTs. Self-reported alcohol consumption was
associated with raised LFTs, as follows: ALT (Adj. OR 1.33, 95% CI 1.09,1.63) AST (Adj. OR 1.53,
95% CI 1.30, 1.78) GGT (Adj. OR 2.00 95% CI 1.69, 2.36), and with abnormal fibrosis scores,
particularly GPR (Adj. OR 1.96, 95% CI 1.52, 2.54). All ORs, adjusted ORs, their respective 95%

confidence intervals and p-values are shown in Table 2, and selected variables in Fig 2.

A raised GGT level in combination with AST/ALT ratio >2 can be used to increase the sensitivity of
detection of alcoholic hepatitis (8). GGT levels were significantly higher among males with AST/ALT
ratio 22 (p<0.001), but there was no relationship between GGT and AST/ALT ratio in females (p=0.7);
Suppl Fig 4. This potentially indicates that alcohol is of more influence as a cause of an elevated
AST/ALT ratio in men than in women. There was no significant association between AST/ALT ratio 22

and the presence of an elevated GPR score, predicting fibrosis (p=0.2; data not shown). We
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calculated population attributable risk (PAR) as a way to assess the relative contribution of different
risk factors to the overall burden of liver disease; Table 3. Overall, the most striking contribution arose
from reported alcohol consumption, which accounted for 64% of abnormal S-index scores, 32% of

elevated FIB-4 scores, and 19% of GPR abnormalities.

Abnormal LFTs and/or elevated fibrosis scores are associated with sex, age, and body mass
index

Females were less likely to have high fibrosis scores based on FIB-4 compared to males (Adj. OR:
0.6), APRI (Adj. OR: 0.42), and S-Index (Adj. OR: 0.37) compared to males. FIB-4 score increased
markedly with age: adults aged 40 — 49 (Adj. OR: 7.04), 50 — 59 (Adj. OR: 11.29), and adults >60
years (Adj. OR: 25.15) were more likely to have a higher FIB-4 than individuals < 39 years.
Elevated BMI was associated only with a rise in GGT (Adj. OR: 1.47). However, being underweight
was associated with a more pronounced pattern of liver derangement, including elevations in ALT
(Adj. OR: 1.40), AST (Adj. OR: 1.44), GGT (Adj. OR: 1.37), abnormal fibrosis scores (APRI Adj.
OR: 1.72,) and with raised AST/ALT ratio (Adj. OR: 1.61). 95% CI in each case are shown in Table
2.

Relationship between BBV infection and liver disease

HIV infection was associated with abnormal liver function tests, with significant OR for increased
ALT, AST, ALP and GGT, as well as with raised GPR and S-index (on univariate and multivariate
analysis; Table 2). HBV infection was significantly associated with a rise in hepatic transaminases
(OR for raised ALT and AST 2.6 and 2.4 respectively, on multivariate analysis), and with liver
fibrosis as measured by APRI and GPR (OR 3.6 and 4.2 respectively, on multivariate analysis).
We investigated the prevalence of BBV infection among individuals with raised fibrosis scores.
There was an association between the presence of HIV or HBV and raised GPR (p=0.005) and S-
Index (p<0.001). Therefore, GPR and S-Index may be the most sensitive markers of inflammation
and/or fibrosis in the context of HBV or HIV infection. HIV and HBV were associated with a lesser
proportion of liver disease than alcohol based on calculation of PAR (Table 3), but still contributed to
elevations in both LFTs and fibrosis scores. The OR for deranged LFTs/fibrosis scores in the context

of HIV or HBV infection is shown in Fig 2.

Liver disease of unknown aetiology
Among individuals with GPR>0.32, 33.8% had either BBV infection or had AST/ALT>2 (suggesting
potential alcoholic hepatitis) (Fig 1D; Suppl Fig 5). However, this illustrates that 66% have raised
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fibrosis scores in the absence of a history of alcohol use, or HIV or HBV infection, suggesting that
other factors unaccounted for in this study are likely to be contributing to the overall burden of liver
disease. True prevalence of liver disease cannot be ascertained until reference ranges have been
more carefully defined, correlating LFTs and fibrosis scores with the confirmed presence of

underlying liver disease based on imaging or biopsy.

DISCUSSION

Liver disease is not well characterised in many parts of sSA despite the high prevalence of HIV and
HBV, and potential exposure to hepatotoxins (1,3). In this study, we used cross-sectional data from a
large population cohort to estimate the burden of liver disease and to assess the possible impact of
BBV infection and alcohol consumption. The prevalence of abnormal LFTs depends on the reference
range that is applied. The ARR suggests a higher prevalence of liver disease, therefore including
more false-positives. The LRR was established based on individuals recruited from several countries
across Africa (Rwanda, Uganda, Kenya, Zambia) (16). While the values were derived from
purportedly healthy adults, it is impossible to rule out a high background prevalence of underlying
liver disease; in defining higher values for the ULN of all tests, the LRR is more susceptible to false-

negatives if used to screen for liver disease.

LFTs are a blunt tool for assessment of liver health, with many potential confounding factors. This
current study only accounts for a limited range of aetiological agents, and we did not include other

potentially relevant factors such as Schistosomiasis infection, exposure to aflatoxin and use of
traditional medications. Furthermore, LFTs were measured at only one point in time, potentially

overcalling liver disease as a result of transient abnormalities. Further studies will be required to

investigate a greater range of risk factors, and to undertake longitudinal follow-up.

Composite fibrosis scores have been developed with the aim of improving sensitivity of detection of
liver disease (29), but these scores also depend on platelet count which can be influenced by diverse
factors. For example, in some African populations, thrombocytopenia is common due to infections
such as malaria, schistosomiasis, HIV or endemic parasites, as well as being influenced by
inflammatory conditions and certain drugs (9,10). We only had platelet counts for a sub-set of our
study population, limiting the number for whom we could determine APRI, FIB-4, GPR, S-Index and
RPR scores. Data surrounding the use of these scores in sSA is variable, but since in many low-

income settings alternative diagnostic equipment is unavailable, non-invasive approaches are vital to
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estimate liver damage and to stratify clinical management decisions.

APRI and FIB-4 are currently recommended by the World Health Organisation (WHQO) for
assessment of hepatic fibrosis in patients with chronic HBV or HCV infection (30,31). However, there
is evidence showing that APRI is more accurate in assessing liver fibrosis among individuals with
chronic HCV compared to HBV infection (11). GPR and S-Index have been validated in small studies
in sSA, and have been associated with improved classification of liver fibrosis in chronic HBV
infection when compared to APRI and FIB-4 (12—-14). It is apparent that either larger studies, or
indeed a meta-analysis, are required to further assess the accuracy of these tests in different
populations. GPR and S-index may be worthwhile options to include in routine clinical practice to
assess for liver fibrosis in African populations, given the high burden of HBV in this continent (32,33).
RPR has been used to detect fibrosis among individuals with chronic HBV in China (26), however
this score was excluded from our analysis due to a very small number of individuals falling above the

suggested threshold for fibrosis.

The prevalence of AST/ALT ratio >2 in this population is 11%, suggesting potential alcoholic
hepatitis (34), concordant with a previous study in Uganda in which 10% of the population was
estimated to have alcoholic hepatitis (35), and with data from Uganda's non-communicable diseases
risk factor survey which estimated that almost 10% of Ugandan adults have alcohol use disorders
(36). Data from emergency attendances at Mulago Hospital in Kampala recorded 47% who
reported alcohol use, while 21% and 10% met the study definitions of alcoholic misuse and
alcoholic liver disease, respectively (35). Our data are based on self-reported alcohol consumption
so may underestimate the true extent of alcohol use. We were unable to quantify alcohol intake or the
nature of the alcohol consumed: this is challenging as alcohol is often home-brewed or home-distilled
from locally grown grains or fruits, and the alcohol content may vary widely; e.g. the alcohol content of
locally produced maize-based brews and liquor in Kenya ranged from 2%-7% and 18%-53%,
respectively (36). The global challenge of morbidity and mortality associated with alcohol use is
highlighted by recent studies from the Global Burden of Disease consortium, in which alcohol
ranks as the seventh highest cause of DALYs and deaths and worldwide (2), and together with

HBV infection is a leading aetiological agent of liver cancer (37).

Abnormal LFTs are common in HIV infection for diverse reasons including direct cytopathic effects of
HIV on the hepatocytes, co-infection with other BBVs, opportunistic infection, malignancy, ART or

other drugs, or secondary to other factors such as alcoholism (38—41). Although a proportion of our
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study population with fibrosis were infected with BBV (21.6%) and/or had a history of alcohol
consumption (12.2%), there was a residual proportion with scores suggestive of fibrosis and AST/ALT
ratio >2 who cannot be accounted for through either alcohol or BBV infection. This implies that other
factors contribute towards liver dysfunction in this population; a recently published article reported
approximately 30% of liver cirrhosis in Africa are not attributed to HBV, HCV, or alcohol misuse and
could be as a result of other understudied factors such as NAFLD and use of traditional medicine
(35). Aflatoxin exposure is associated with liver cirrhosis and is among the major causes of
hepatocellular carcinoma globally, with most cases reported from sSA. Within a previous study of the
GPC, >90% of individuals had evidence of exposure (42—44).

In our population women were significantly more likely to be overweight women than men. This may
be associated with a higher incidence of NAFLD in women. However, typically only mild rises in ALT
are seen, and 80% of those with NAFLD have normal LFTs (45-47) so may not be identified within
our current dataset. Diagnosis of NAFLD therefore depends on ultrasound scan (USS); previous
studies have consistently shown 70-80% of obese patients have NAFLD on imaging (46,48,49).
These imaging modalities were not available in our population, so we are unable to comment
specifically on the possible prevalence of NAFLD. Interestingly, in this setting low body weight was
more associated with deranged LFTs and with biochemical evidence of liver fibrosis, suggesting a
range of pathology that may contribute to liver disease, including organ-specific effects of under-
nutrition or stunting (37), as well as the effect of general systemic illness. Further studies are required

to investigate the specific relationship between BMI and liver fibrosis in African populations.

In African populations, HCV infection has frequently been often over-reported due to a reliance on
HCV-antibody (HCV-Ab) testing, which detects not only current infection but also previous
exposure, and is known to be susceptible to false positive results (28). In this cohort, 298/8145
(3.7%) individuals tested HCV-Ab positive, but among these only 13 were HCV RNA positive
(overall prevalence 13/8145 = 0.2%).

Appropriate reference ranges for LFTs are necessary to contribute to an understanding of the burden
and aetiology of liver disease. Further work is required to determine appropriate thresholds for the
ULN of different parameters in different settings in sSA, and to determine which fibrosis score is most
specific, through application of a more widespread approach to elastography and/or other imaging. At
present, we have identified alcohol, HIV and HBV as risk factors for deranged LFTs and liver fibrosis,

with a striking contribution made by alcohol, but further investigation is needed to determine other risk
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factors that contribute to liver disease in this setting.
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FIGURE LEGENDS

Fig 1: Liver function tests and hepatic fibrosis scores among adults in the Uganda General
Population Cohort. Distribution of (A) ALT, (B) AST and (C) GGT. Dashed vertical lines indicate
upper limit of normal (ULN) based on American reference range, ARR (blue) and local reference
range, LRR (red), as shown in Suppl Table 2. Note no LRR for GGT. (D) Proportion of the
population with an elevated GPR score, and among those with elevated GPR the proportion with a
defined risk factor for fibrosis. (E) Proportion of the population with an elevated AST/ALT ratio, and

among those with an elevated ratio the proportion with a self-reported history of alcohol intake.

Fig 2: Forrest plots to show odds ratio (OR) for host risk factors and elevated LFTs or
fibrosis scores in the Uganda General Population Cohort. Data are presented for the final
multivariate model for ALT, AST, APRI, GPR, and AST/ALT and we show variables that were
independently associated with the outcome (statistically significant at the P<0.05 level after

adjusting for other variables).

SUPPLEMENTARY DATA
All supporting data are accessible on-line via the following link:
https://figshare.com/s/0b08de8a740991a7aa22 (this will be converted to a permanent DOI on

acceptance of the paper).

Metadata table: raw data for 8145 adults in the Uganda General Population cohort (available

as .xls and .csv files)

Supporting data file (pdf file) contains the following tables and figures:

Suppl Table 1: Origin, reference ranges and clinical significance of liver functions tests (LFTs)

Suppl Table 2: Scores to estimate liver fibrosis, calculated from liver function tests

Suppl Table 3: Description of characteristics of study participants with liver

function test (LFT) results from the Ugandan General Population Cohort (N=8,099)
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Suppl Fig 1: Distribution of liver function tests in Uganda General Population Cohort. Dashed
vertical lines indicate upper limit of normal (ULN) based on American reference range, ARR (orange
line is the ULN for female; blue line is the ULN for males) and local reference range, LRR (black),
as shown in Suppl Table 1. Note no LRR for GGT. ULN for bilirubin using ARR is the same for both
male and female, indicated by red dashed line. Data are shown for study participants aged =16
years, apart from ALP which is shown for participants aged =20 to exclude teenagers who may

have elevated ALP as a normal physiological consequence of bone growth.

Suppl Fig 2: Odds ratio for deranged ALT, AST, APRI, GPR and AST/ALT among participants

grouped by sex and age.

Suppl Fig 3: Proportion of Uganda General Population cohort reporting alcohol consumption
among individuals with and without AST/ALT ratio >2

Suppl Fig 4: Proportion of Uganda General Population Cohort with elevated GGT, according to
AST/ALT ratio. (A) males, with upper limit of normal GGT=61 (B) females, with upper limit of normal
GGT=36. P-values by Fisher's Exact Test.

Suppl Fig 5: Proportion of Uganda General Population Cohort with blood borne virus (BBV)
infection, according to GPR score. P-value by Fisher’'s Exact Test, showing significant enrichment

of BBV infection among individuals with elevated GPR score >0.32.
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TABLES

Table 1: Study participants from the Uganda General Population Cohort with abnormal LFT results a
upper limit of normal according to American reference range (ARR) and local reference ranges (LRR

BMJ Open

fibrosis scores based on

Enzyme Type
ALT?

Abnormal ARR’
Abnormal LRR™

AST?

Abnormal ARR’
Abnormal LRR™

GGT?3

Abnormal ARR’

BR?

Abnormal ARR’
Abnormal LRR"™

ALP2#

Abnormal ARR’
Abnormal LRR"™

FIB-42
Abnormal™
APRI25

Abnormal ARR""™
Abnormal LRR™ ™

GPR?
Abnormal™
AST/ALT?
Abnormal™
S-Index?
Abnormal™

Total
n/N (%)

573 /8,099 (7.1)
209 / 8,099 (2.6)

1,011/ 8,099 (12.5)
241 /8,099 (3.0)

889 /8,099 (11.0)

1,051/ 8,099 (13.0)
497 /8,099 (6.1)

1,161/5,616 (20.7)
139/ 5,616 (2.5)

99 /1,877 (5.3)

145/ 1,877 (7.7)
60 /1,877 (3.2)

441 /1,877 (23.5)
882 /8,099 (10.9)

73/1,877 (3.9)

Male
n/N (%)

162 / 3,542 (4.6)
87 /3,542 (2.5)

434 /3,542 (12.3)
123 /3,542 (3.5)

362 /3,542 (10.2)

635/ 3,542 (18.0)
214/ 3,542 (6.0)

315/2,273 (13.9)
60 /2,273 (2.6)

54 / 824 (6.6)

95/ 824 (11.5)
421824 (5.1)

185 / 824 (22.5)
420/ 3,542 (11.9)

50/ 824 (6.1)

Female

n/N (%)

411/ 4,557 (9.0)
122/ 4,557 (2.7)

577 1 4,557 (12.7)

118 / 4,557 (2.6)

527 / 4,557 (11.6)

416/ 4,557 (9.1)
283 /4,557 (6.2)

846 / 3,343 (25.3)

792,273 (2.4)
45/1,053 (4.3)

50/ 1,053 (4.8)
18 /1,053 (1.7)

256 / 1,053 (24.3)

462 / 4,557 (10.1)

23/1,053 (2.2)

p value’

<0.001
0.53

0.58
0.02

0.06

<0.001
0.75

<0.001
0.513

0.03

<0.001
<0.001

0.35

0.01

<0.001

1 p-value calculated to determine whether significant difference between males and females in each category using chi-square test ZALT - Alanine Transminase,
AST - Aspartate Transminase, GGT - Gamma-glutamyl transpeptidase, ALP - Alkaline Phosphatase, BR - Total Bilirubin, FIB-‘%- fibrosis 4, APRI - AST to
Platelet Ratio Index, GPR - GGT to platelet ratio, AST/ALT ratio - Aspartate/ Alanine ratio. 3 LRR for GGT not defined. 4 Individuégs under the age of 19 were

excluded.® APRI score calculated using ULN of AST using both the ARR and LRR.

* Abnormal LFTs, according to ARR, are defined as test results outside of the following ranges: ALT (Male: 10 — 55 U/L, Female: 7 =230 U/L), AST (Male: 10 — 40 U/L,
Female: 9 — 32 U/L), GGT (Male: 8 — 61 U/L, Female: 5 — 36 U/L), BR (0 — 17 mmol/L), ALP (Male: 45 — 115 U/L, Female: 30 — 100 8/L). ** Abnormal LFTs, according
to LRR, are defined as test results outside of the following ranges: ALT (8 — 61 U/L), AST (14 — 60 U/L), BR (2.9 — 37 mmol/L), ALP:248 — 164 U/L). *** Threshold used

to predict liver fibrosis: APRI > 0.7. FIB-4 >3.25. GPR >0.32. RPR >0.825. S-Index >0.3
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2 Table 2: Univariate and multivariate analysis for factors associated with abnormal liver functlor'stests according to American
3 reference ranges (ARR) for ALT, AST, ALP, GGT, and TB, and laboratory markers of fibrosis in Sdults in the Uganda General
g Population Cohort. %
o
6 ALT 7.6 AST 16 ALP 148 GGT 16 TB 76 FIB-4 77 APRI 7% GPRO7 AST/AL S-Index 37
OR OR (95% OR OR (95% OR (95% OR (95% OR (95% OR (2% T OR (95%
7 (95% cl) (95% cl) cl) cl) cl) Ci OR cl)
8 cl cl) < (90513%
9 UNIVARIATE ANALYSIS S
10 Sex
Male Ref Ref Ref Ref Ref Ref Ref Ra'\ﬁ’ Ref Ref
11 Female 2.06 1.04 0.93 1.15 0.46 0.64(0.42,0. 0.38 110 B 0.84 0.35
12 (1.71,2. (0.91,1.18 (0.84,1. (1.00,1.32)* (0.20,0.24 96)* (0.27,0.55 (0.89,1.38)" (0.73,0. (0.21,0.57
5 a9y s o1yes e oo = 96)* e
Age s
14 <19 Ref Ref - Ref Ref Ref Re2. Ref
Ref® 8 Ref®
15 20-29 1.33 0.9 Ref* 2.61 1.46 2,57 263 2 0.55
16 (1.03,1. (0.73,1.11 (1.92,3.56)** (1.22,1.75 (1.41,4.71 (1.72.483)" (0.43,0.
e 73y s H yror y . = 70y
30-39 1.58 117 0.72 6.59 1.15 3.15 6.22 S 0.67
18 (1.22,2. (0.95,1.43 (0.60,08 (5.00,8.72)* (0.94,1.39 (1.76,5.68 (4.21,918)** (0.53,0.
04y s 7y . s oo : 2 85)"*
19 40-49 1.41 147 0.48 8.34 1.02 8.48 4.00 763 T 0.83 5.02
20 (1.04,1. (1.12,1.80 (0.38,0. (6.29,11.07) (0.83,1.27 (3.95,18.18) (2.22,7.18 (5.12,1536) (0.65,1. (2.79,9.68
py 87)" Jroe 50)++ s yror ] 05)s yooe
50-59 1.38 1.57 0.82 8.03 0.92 14.60 3.50 910 S 1.11 4.71
22 (1.00,1. (1.25,2.00 (0.66,1. (5.93,10.86) (0.71,1.18 (9.86,31.03) (1.80,6.73 (5.91,780)* (0.86,1. (2.31,9.59
53 90)* e 02y s yroe . 8 43y yroe
>60 1.39 1.24 1.28 6.84 0.56 34.88 3.68 820 T 2.23 5.43
24 (1.03,1. (0.98,1.55 (1.06,1. (5.09,9.20)* (0.42,0.74 (17.80,68.39 (2.00,7.00 (5.42,1341) (1.82,2. (2.84,10.3
. 88)" s 5a)™ . e e yroe s 7oy gyee+
Alcohol
26 No Ref Ref Ref Ref Ref Ref Ref Re% Ref Ref
57 Yes 1.41 1.57 1.0 2.14 0.99 2.02 1.60 210 S 1.28 6.09
58 (1.16,1. (1.35,1.83 (0.86,1. (1.83,2.51)* (0.85,1.15 (1.22,3.32)* (1.04,2.31 (161 266)** (1.08,1. (3.16,11.7
70y e 13y . s * 50) Dy
29 BMI 2 O
Normal Ref Ref Ref Ref Ref Ref Ref Reg Ref Ref
30 Underw 1.41 1.45 1.17 1.42 0.69 1.78 1.78 107 1.62 1.87
31 eight (1.12,1. (1.23,1.71 (0.96,1. (1.16,1.73)** (0.57,0.83 (1.06,3.00) (1.10,2.60 (0.78,1 %) (1.37,1. (1.04,3.33
77y oo sy e * - 92y ¥
32 Overwei 1.10 0.73 0.93 1.36 0.75 0.74 0.91(0.50, 115 0.57 0.87
33 ght (0.85,1. (0.58,0.92 0.77.1. (1.11,1.66)** (0.59,0.95 (0.35,1.56) 1.65)™ (0.82,1%p)yrs (0.42,0. (0.38,2.03
41) ) 13) )* o 76)* )s
34 HIV Z
status =
22 Negativ Ref Ref Ref Ref Ref Ref Ref Rea Ref Ref
e o
37 Positive 1.63 2.30 1.47 4.83 0.21 0.28 1.30 388 T 1.06 4.00
(1.24,2. (1.87,2.83 (1.19,1. (3.98,5.85)* (0.14,0.33 (0.07,1.20) (0.68,2.30 (2.62,533)" (0.80,1. (2.08,7.69
38 15y ye 81y * yo s H 8 42y yor
39 HBV ot
status o
40 Negativ Ref Ref Ref Ref Ref Ref Ref Reg Ref Ref
e
41 Positive 2.61 2.52 1.07 1.80 1.10 2.01 3.56 424 8 0.98 4.92
42 (1.77,3. (1.84,3.44 (0.72,1. (1.24,2.60)** (0.76,1.60 (0.62,6.50) (1.80,7.10 (2.27,783) (0.63,0. (2.07,11.6
43 84y Jroe 60y . s Jroe TS 15y gy
=0
44 , , . . o = 22
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Sex ©

Male Ref Ref Ref Ref Ref Ref Ref Ref 8 Ref Ref

Female 2.30 1.20 2.1 1.01 0.46 0.62 0.42 111 N 0.90 0.37
(1.89,2. (1.04,1.38 (1.83,2. (0.86,1.19)" (0.40,0.53 (0.40,0.97)* (0.30,0.62 (0.87, 1%1) (0.78,1. (0.22,0.63
81y ) 44y e ) o 06)s e

Age S

<19 Ref Ref - Ref Ref Ref Ref Ref

20-29 1.26 0.89 Ref* 1.69 1.52 Ref* 3.22 186 F 0.57 Ref*
(0.95,1. (0.70,1.12 (1.19,2.41)** (1.25,1.84 (1.66,6.22 (1.19,222)* (0.44,0.
68)7s ys e > Q 75y

30-39 1.35 1.00 0.68 3.96 1.29 3.55 370 & 0.72
(1.00,1. (0.79,1.27 (0.56,0. (2.87,5.46)** (1.02,1.59 (1.81,7.00 (2.43,5166)** (0.55,0.

80)* ys 82)*** * ) yrr* * 8 95)*

40-49 1.13 1.20 0.46 4.87 1.17 7.04 4.00 445 © 0.93 2.68
(0.83,1. (0.95,1.52 (0.37,0. (3.54,6.70)** (0.94,1.47 (3.19,15.52) (2.04,7.82 (2.88,6@7)** (0.71,1. (1.37,5.26
56)7 ys 57y * ys ok ok 21y )

50-59 1.09 1.29 0.82 5.02 1.01 11.29 3.45 5.75 1.22 2.76
(0.77,1. (0.99,1.67 (0.66,1. (3.58,7.02)** (0.78,1.32 (5.13,24.80) (1.65,7.22 3 61 9%5)** (0.92,1. (1.29,5.90
55)ns )ns Oz)ns * )ns Jedkede )** 61 )ns )**

>60 1.13 1.00 1.32 4.98 0.60 25.15 3.50 5.39 % 2.20 3.34
(0.81,1. (0.78,1.30 (1.09,1. (3.59,6.90)** (0.45,0.80 (12.32,51.35 (1.73,7.11 (3.42,8@7)** (1.74,2. (1.63,6.84
57)ns ys 59)™* * yer yeer y* * éh 77y )

Alcohol 3

No Ref Ref - Ref - Ref Ref Ref Ref Ref

Yes 1.33 1.53 - 2.00 - 2.05 1.51 196 = 1.26 5.23
(1.09,1. (1.30,1.78 (1.69,2.36)** (1.24,3.40)* (1.00,2.27 (1.52,23 ) (1.06,1. (2.72,10.0
63)** ) * ) * 8 50)** 4yr**

BMP? 3

Normal Ref Ref - Ref Ref - Ref - o Ref -

Underw 1.40 1.44 - 1.37 0.70 - 1.72 - _8 1.61 -

eight (1.11,1. (1.21,1.70 (1.11,1.68)** (0.58,0.83 (1.11,2.65 > (1.36,1.

75)* yee ) ) g 91)***

Overwei 1.12 0.75 - 1.47 0.72 - 0.95 - = 0.56 -

ght (0.87,1. (0.60,0.95 (1.19,1.82)** (0.57,0.92 (0.52,1.73 8 (0.42,0.
44y ) * ) s 3 76)*

HIV =~

status g

Negativ Ref Ref Ref Ref Ref - - Ref e} - Ref

e o

Positive 1.59 2.13 1.47 4.76 0.22 - - 384 O - 3.58
(1.20,2. (1.72,2.63 (1.19,1. (3.89,5.82)** (0.14,0.34 2 58 5%0)** (1.84,6.94
10y e 81y * e N )

HBV ~

status N

Negativ Ref Ref - Ref - - Ref Ref 8 - Ref

e w

Positive 2.61 2.40 - 1.65 - - 3.60 426 o - 4.37
(1.76,3. (1.74,3.31 (1.11,2.45)* (1.79,7.27 (2.23,822)** (1.80,10.5
86)*** yr ) * % g+

TALT - Alanine Transminase, AST - Aspartate Transminase, GGT - Gamma-glutamyl transpeptidase, ALP - Alkaline Phosphatase, BR -Total Bilirubin, FIB-4 - flb"65|s4 APRI - AST to Platelet Ratio Index, GPR - GGT to plate

Alanine ratio. OR - odds ratio.
2Body Mass Index (BMI) Classification according to WHO (weight/height?: kg/m?): Underweight (<18.5 kg/m2), Normal weight (18.5 — 24.99 kg/m?), Overweight (@ 0 —29.99 kg/m?), Obese (>30.0 kg/m?)

3 An S-index score of >0.3 is suggestive of liver fibrosis
4 Individuals under the age of 19 were excluded. Reference age group is 20 — 29

5Reference age group consists of all individuals under the age of 39

6 Abnormal LFTs, according to ARR, are defined as test results outside of the following ranges: ALT (Male: 10 — 55 U/L, Female: 7 — 30 U/L), AST (Male: 10 — 4@/L Female: 9 — 32 U/L),

GGT (Male: 8 - 61 U/L, Female: 5 - 36 U/L), BR (0 — 17 mmol/L), ALP (Male: 45 — 115 U/L, Female: 30 — 100 U/L)

7 Threshold used to predict liver fibrosis: APRI > 0.7. FIB-4 >3.25. GPR >0.32. RPR >0.825. S-Index >0.3

# APRI score calculated using ULN of AST using African reference range

Significance level: * = (p<0.05), ** = (p<0.01), *** = (p<0.001), ns = (p>0.05)
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Table 3: Relative risk, population attributable risk (PAR) percent, and the number of |nd|V|duaIsz§N|th
abnormal liver function tests in the Uganda General Population Cohort. Analysis according to An&rlcan

reference ranges (ARR for ALT, AST, ALP, GGT, and TB) %
o
Variable ALT AST ALP GGT 7B FIB- APRI GPR AST/ S-
1,3 1,3 13 13 1,3 414 1,44 1,4 quT Index
haeg 24
Alcohol+ <
Abnormal Result n 248 467 533 555 381 72 80 260 379 60
(%) (8.5) (16.0 (19.6 (19) (13.1 (1.0 (12.2 (39.8) %13.0 (9.2)
) ) ) ) 5)
RR (95% CI)' 14 15 1.2 2.9 1.0 5.0 2.3 2.7 .3 8.7
(1.2 (1.4 (0.9 (26 (0.9 (3.2 (1.7 (23— 1.2 48—
- - - - - - - 3.2) = 15.6)
1.6) 1.7) 1.7) 3.4) 1.1) 7.7) 3.2) Y5
PAR (%)"6 1.3 15.9 0.6% 413 0.3% 58.2 31.3 37.1% 308 72.7%
% % % % % 24,
Adj. PAR (%)56 10.0 13.9 - 26.7 1.0% 324 16.2 19.4% $.0% 64.0%
% % 2.6% % % % 2
HIv+ o
Abnormal Result n 71 144 142 227 21 2 14 73 39 15
(%) 1.7 (23.7 (24.8 (37.3 (3.5) (1.6) (11.0 (57.5) 59.7) (11.8)
) ) ) ) )
RR (95% CI)! 1.7 2.0 1.2 42 0.3 0.3 15 2.7 3.9 3.6
(1.4 (1 8 (1.1 (3 7 (0.2 (0.1- (o 9 (23- Qo7 (21-
- - - 1.1) 3.3) = 6.1)
2.2) 2.4) 1.4) 4.8) 0.4) 2.5) 3.1)
PAR (%)'6 5.3% 7.3% 2.2% 19.5 - - 3.1% 10.5% <) 14.7%
% 6.0% 5.09 D.9%
% >
Adj. PAR (%)56 4.3% 6.5% 1.1% 17.6 - - 1.4% 8.3% o 13.6%
% 6.0% 4.6% D%
HBV+ o
Abnormal Result n 33 56 32 39 35 4 13 25 %2 8
(%) (15.0 (25.4 (19.5 (7.7 (16) (8.2) (26.5 (51.0) 10.0 (16.3)
) ) ) ) 3)
RR (95% CI)! 2.2 2.1 0.9 16 1.2 16 15 2.2 : 9 46
(1.6 (1.7 .7 (1.2 (0.9 (0.6 (0.9 (1.7- go.a (2.3-
- - - - - - - 3.0) o 9.0)
3.0) 2.7) 1.3) 2.2) 1.7) 4.1) 2.5) F.4)
PAR (%)'® 3.1% 2.9% - 1.7% 0.6% 1.5% 3.1% 3.1% = 8.6%
0.2% N.2%
Adj. PAR (%)56 3.3% 2.8% 0.02 1.4% 0.2% 1.4% 5.7% 2.9% - 7.6%
% 3.3%

TALT - Alanine Transminase, AST - Aspartate Transminase, GGT - Gamma-glutamyl transpeptidase, ALP - Alkaline Phosphatase, BR - Total Bilirubin, FIB-4 - fiosis 4, APRI -
AST to Platelet Ratio Index, GPR - GGT to platelet ratio, AST/ALT ratio - Aspartate/ Alanine ratio, RR - relative risk, PAR (%) - population attributable risk perce[g%% Cl denotes
95% confidence interval

2 An S-index score of >0.3 is suggestive of liver fibrosis
3 Abnormal LFTs, according to ARR, are defined as test results outside of the following ranges: ALT (Male: 10 — 55 U/L, Female: 7 — 30 U/L), AST (Male: 10 — 4(&’U/L Female: 9 —
32 U/L), GGT (Male: 8 — 61 U/L, Female: 5 — 36 U/L), BR (0 — 17 mmol/L), ALP (Male: 45 — 115 U/L, Female: 30 — 100 U/L)
4 Threshold used to predict liver fibrosis: APRI > 0.7. FIB-4 >3.25. GPR >0.32. RPR >0.825. S-Index >0.3

5 Adjusted for age, sex, alcohol consumption, HBV diagnosis, HIV status, and Body Mass Index.

6 A measure of zero indicates of no association between the risk factor and abnormal liver function tests. A positive value indicates that the exposure to the risk fator is a risk

(.Q

oid 1

factor, while a negative value indicates that it is a protective factor. %
# APRI score calculated using ULN of AST using African reference range o
+ number of abnormal result, RR and PAR (%) are based on individuals who were classified as positives within each variable (ie. Alcohol drinkers, HIV positive,EBV positive)
o
o
ke
=<
a
=
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Liver function tests and fibrosis scores in a rural population
in Africa: a cross-sectional study to estimate the burden of

disease and associated risk factors

CONTENTS

Suppl Table 1: Origin, reference ranges and clinical significance of liver function
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1

2

3 Suppl data Table 1: Origin, reference ranges and clinical significance of liver function tests

4 (LFTs) identified from published literature (7,10,54). LRR: local reference range (derived from

Z populations in Africa); ARR: American reference range.

7

8 Biomarker Origin LRR ARR Common causes of derangement (Abnormal

9 elevation for all markers other than albumin)

10

11

g Alanine Highest 8- Male: 10 - e Acute / chronic viral hepatitis
transferase concentration 61U/L 55 U/L (EBV/CMV/HBV/HCV/HEV)

14 (ALT) in hepatocytes Female: 7 Alcoholism

15 (small a“?OU”tS_ - 30 UL Non-alcoholic fatty liver disease

16 in other tissues: (NAFLD)

17 ;ndl::gf: ’ e Drugs: antipsychotics, antibiotics,

18 tissues, statins.

19 intestines, e Autoimmune hepatitis

20 colon, prostate, e Ischaemic liver damage

21 and brain) e Haemochromatosis

22 e  Wilson’s disease

23 e Coeliac disease

24

25 Aspartate Hepatocytes 14 - 60 Male: 10 - e The causes listed for raised ALT.

26 transferase Cardiac muscle U/iL 40 U/L e As AST is abundant in skeletal, cardiac

27 (AST) Skeletal muscle Female: 9 and smooth muscle it may also be

28 -32 UL elevated in patients with cardiac

29 disease, myositis or muscular

30 dystrophy.

31

32 Alkaline Liver (from 48 - 164 Male: 45 - e Bile duct obstruction

33 phosphatase biIi_ary . uiL 115 UL e  Primary biliary cirrhosis

34 (ALP) gplthehum) :Egm%'g: e  Primary sclerosing cholangitis

35 P:)arl?anta UL e Drugs: Antibiotics, antiepileptics,

36 MAOI's

37 e Bone growth, and bone disease

38 Pregnancy

39 Hepatic congestion from right sided

40 heart failure

41 . .

42 Gamma- Llyer Nil _ Male: 8 - e  Obesity

43 ?rla?fs‘rf];)r/:se gfnncer}éas :vallabl glggl_e' 5 ®  Hepatoblliary disease

44 (GGT) Intestine -36 UIL * Pancrealic disease

45 Prostate * Alcoholism

46 e Drugs: carbamazepine, phenytoin, and

barbituates.

47

48

49 Bilirubin (BR) Red blood cells 2.9- 0-17 Unconjugated hyperbilirubinaemia

50 Liver 37.0 mmol/L ¢ Haemolysis (sickle cell disease and

51 Bone marrow mmol/L malaria particularly relevant)

52 e Ineffective erythropoiesis

53 e Gilbert's syndrome

54 e  Drugs: Rifampicin

55 Conjugated hyperbilirubinaemia

56 . Li_v_er disease _

57 e Biliary obstruction

58

59

60
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Albumin (Alb) Liver; acute 35-52 35-55 Lowered in association with:
phase marker. g/L g/L e  Chronic liver disease.

Nephrotic syndrome,

Protein losing enteropathy,
Protein Energy Malnutrition
Hypercatabolic states, e.g. in

association with malignancy, infection.

e Congestive cardiac failure

LRR: Local Reference Ranges derived from a study by Karita et al (19). All ranges are for both male

and female.

ARR: American Reference Ranges derived from MGH Clinical Laboratories.
MAOI: Monoamine oxidase inhibitors
*No local references were available for Gamma GT
4Bilirubin measurement is total Bilirubin concentration measured in mmol/L
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Suppl Table 2: Scores to estimate liver fibrosis, calculated from liver function

tests
Score | Formula Threshold | Sensitivity and specificity of
used to fibrosis threshold (derived from
predict previous studies)
fibrosis
APRI | (AST/ULN AST*100)/ | 0.7 Sensitivity: 77%
platelet count Specificity: 72%
Derived from meta-analysis of studies
of HCV infection (26).
FIB-4 | (Age in years*AST) / 3.25 Specificity: 97%
(platelet count * VALT Positive predictive value: 65%
level) Derived from HIV/HCV coinfected
individuals (27).
GPR | (GGT/ULN of 0.32 Optimal cut-off value for predicting
GGT/platelet count) significant fibrosis.
x100 Derived from individuals with chronic
HBYV infection in The Gambia (14).
RPR | Red cell distribution 0.825 Sensitivity: 63.1%
width%/ platelet count Specificity: 85.5%
Positive predictive value: 65%
Derived from individuals with chronic
HBYV infection in China (28).
S- (1000xGGT)+(platelet | 0.3 Specificity: 94%
index | count x Albumin?) Positive predictive value: 87%

Accuracy: 68%
Derived from individuals with chronic
HBYV infection in Egypt (29).

AST = Aspartate transaminase at u/l, ULN = upper limit of normal,
ALT = Alanine transaminase at ul/l
GGT= Glutamyltansferase at u/l, ULN = upper limit of normal,
Platelet count at 109/L
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Suppl Table 3: Description of characteristics of study participants

with liver function test (LFT) results from the Ugandan General

Population Cohort (N=8,099)

Variable Total n(%) Male n(%) Female n(%) p value’
8,099 (100.00) 3,542 (100.00) 4,557 (100.00)

Age Group

16-19 2,481 (30.6) 1,268 (35.8) 1,213 (26.6) <0.001

20-29 1,508 (18.6) 618 (17.5) 890 (19.5) 0.02

30-39 1,349 (16.6) 510 (14.4) 839 (18.4) <0.001

40-49 1,095 (13.5) 454 (12.8) 641 (14.0) 0.10

50-59 744 (9.2) 315 (8.9) 429 (9.4) 0.42

>60 922 (11.4) 377 (10.8) 545 (12.0) 0.06

Max Education

None 759 (9.4) 208 (5.9) 551 (12.1) <0.001

Primary 5,165 (63.8) 2,380 (67.2) 2,785 (61.1) <0.001

Secondary 1,839 (22.7) 793 (22.3) 1,046 (23.0) 0.54

Higher Level 336 (4.1) 161 (4.5) 175 (3.8) 0.1

SES?

Lower 2,309 (34.6) 1,048 (35.7) 1,261 (33.6) 0.08

Middle 2,175 (32.5) 945 (32.1) 1,230 (32.8) 0.59

Upper 2,203 (32.9) 944 (32.1) 1,259 (33.6) 0.22

HIV Status

Negative 7,483 (92.5) 3,331 (94.1) 4,152 (91.2)

Positive 608 (7.5) 208 (5.9) 400 (8.8) <0.001

Hepatitis B

Negative 7,878 (97.3) 3,420 (96.6) 4,458 (97.8)

Positive 220 (2.7) 122 (3.4) 98 (2.2) <0.001

Hepatitis C

Negative 8,086 (99.8) 3,533 (99.7) 4,553 (99.9)

Positive 13 (0.2) 9(0.3) 4 (0.1) 0.06

BMPE

Normal weight 5,095 (65.1) 2,259 (64.4) 2,836 (65.7) 0.23

Underweight 1,772 (22.7) 1,075 (30.6) 697 (16.1) <0.001

Overweight/Obese 960 (12.2) 175 (5.0) 785 (18.2) <0.001

Alcohol Consumption*

Never drinkers 5,180 (64.0) 2,120 (59.9) 3,060 (67.2)

Drinkers 2,919 (36.0) 1,422 (40.1) 1,497 (32.8) <0.001

" p-value calculated to determine whether significant difference between males and
females in each category using chi-square test

2Socio-economic Score (SES) derived from conducting Principle Component Analysis
(PCA) on a statistical software using variables relating to household infrastructure and
property ownership

3Body Mass Index (BMI) Classification according to WHO (weight/height?: kg/m?):
Underweight (<18.5 kg/m?), Normal weight (18.5 — 24.99 kg/m?), Overweight (25.0 —
29.99 kg/mZ2), Obese (>30.0 kg/m?2)

4 Alcohol consumption based on self-reported history of consuming alcohol vs never
consuming alcohol
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Suppl Fig 1: Distribution of liver function tests in Uganda General Population

Cohort.

Top row: ALT -alanine transferase, AST — aspartate transferase, GGT —
gamma glutamyl transferase
Bottom row: BR — bilirubin, ALP — alkaline phosphatase.
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Suppl Fig 2: Odds ratio for deranged ALT, AST, APRI, GPR and AST/ALT
among participants grouped by sex and age, by multivariate analysis.
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9 Suppl! Fig 3: Proportion of Uganda General Population Cohort reporting
10 alcohol consumption among individuals with and without AST/ALT ratio >2
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Suppl Fig 4: Proportion of Uganda General Population Cohort with
elevated GGT, according to AST/ALT ratio. (A) males, with upper limit of
normal GGT=61 (B) females, with upper limit of normal GGT=36. P-values by
Fisher’s Exact Test
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9 Suppl Fig 5: Proportion of Uganda General Population Cohort with blood
10 borne virus (BBV) infection, according to GPR score. P-value by Fisher’s
Exact Test, showing significant enrichment of BBV infection among individuals
with elevated GPR score >0.32.
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item
No

Recommendation

Title and abstract 1

(a) Indicate the study’s design with a commonly used term in the title or the

abstract

(b) Provide in the abstract an informative and balanced summary of what

was done and what was found

Introduction

Background/rationale 2

Explain the scientific background and rationale for the investigation being

reported

Objectives 3

State specific objectives, including any prespecified hypotheses

Methods

Study design 4

Present key elements of study design early in the paper

Setting

Describe the setting, locations, and relevant dates, including periods of

recruitment, exposure, follow-up, and data collection

Participants 6

(a) Cohort study—Give the eligibility criteria, and the sources and methods
of selection of participants. Describe methods of follow-up

Case-control study—Give the eligibility criteria, and the sources and
methods of case ascertainment and control selection. Give the rationale for
the choice of cases and controls

Cross-sectional study—Give the eligibility criteria, and the sources and

methods of selection of participants

(b) Cohort study—For matched studies, give matching criteria and number
of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the

number of controls per case

n/a

Variables 7

Clearly define all outcomes, exposures, predictors, potential confounders,

and effect modifiers. Give diagnostic criteria, if applicable

6,7

Data sources/ 8*

measurement

For each variable of interest, give sources of data and details of methods of
assessment (measurement). Describe comparability of assessment methods if
there is more than one group

Bias 9

Describe any efforts to address potential sources of bias

Study size 10

Explain how the study size was arrived at

Quantitative variables 11

Explain how quantitative variables were handled in the analyses. If

applicable, describe which groupings were chosen and why

Statistical methods 12

Continued on next page

(a) Describe all statistical methods, including those used to control for

confounding

(b) Describe any methods used to examine subgroups and interactions

(c) Explain how missing data were addressed

7,8

(d) Cohort study—If applicable, explain how loss to follow-up was
addressed

Case-control study—If applicable, explain how matching of cases and
controls was addressed

Cross-sectional study—If applicable, describe analytical methods taking

account of sampling strategy

6,7

(e) Describe any sensitivity analyses
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Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially 8,9
eligible, examined for eligibility, confirmed eligible, included in the study, and
completing follow-up, and analysed tables
(b) Give reasons for non-participation at each stage n/a
(¢) Consider use of a flow diagram n/a
Descriptive 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and Suppl
data information on exposures and potential confounders table
3
(b) Indicate number of participants with missing data for each variable of interest Tables
(¢) Cohort study—Summarise follow-up time (eg, average and total amount) n/a
Outcome data 15*  Cohort study—Report numbers of outcome events or summary measures over time n/a
Case-control study—Report numbers in each exposure category, or summary n/a
measures of exposure
Cross-sectional study—Report numbers of outcome events or summary measures Tables
Main results 16  (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and Tables
their precision (eg, 95% confidence interval). Make clear which confounders were
adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized Tables
(c) If relevant, consider translating estimates of relative risk into absolute risk for a n/a
meaningful time period
Other analyses 17  Report other analyses done—eg analyses of subgroups and interactions, and n/a
sensitivity analyses
Discussion
Key results 18  Summarise key results with reference to study objectives 11
Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or 11,12
imprecision. Discuss both direction and magnitude of any potential bias
Interpretation 20  Give a cautious overall interpretation of results considering objectives, limitations, 12,13
multiplicity of analyses, results from similar studies, and other relevant evidence
Generalisability 21  Discuss the generalisability (external validity) of the study results 12
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 14

*@Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

applicable, for the original study on which the present article is based

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.

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


http://bmjopen.bmj.com/

BMJ Open

BM) Open

Liver function tests and fibrosis scores in a rural population
in Africa: a cross-sectional study to estimate the burden of
disease and associated risk factors

Journal:

BMJ Open

Manuscript ID

bmjopen-2019-032890.R1

Article Type:

Research

Date Submitted by the
Author:

16-Jan-2020

Complete List of Authors:

O'Hara, Geraldine; London School of Hygiene and Tropical Medicine,
Faculty of Infectious and Tropical Diseases

Mokaya, Jolynne; Nuffied Department of Medicine

Hau, Jeffrey; London School of Hygiene and Tropical Medicine, Faculty of
Infectious and Tropical Diseases

Downs, Louise; Oxford University Hospitals NHS Foundation Trust,
Department of Microbiology and Infectious Diseases

McNaughton, Anna; University of Oxford, Nuffield Department of
Medicine

Karabarinde, Alex; Medical Research Council/Uganda Virus Research
Institute

Asiki, G; Medical Research Council/Uganda Virus Research Institute
Seeley, Janet; London School of Hygiene and Tropical Medicine,
Department of Global Health &Development

Matthews, Philippa; University of Oxford, Nuffield Department of
Medicine; Oxford University Hospitals NHS Foundation Trust, Department
of Microbiology and Infectious Diseases

Newton, Robert; Medical Research Council/Uganda Virus Research
Institute

<b>Primary Subject
Heading</b>:

Gastroenterology and hepatology

Secondary Subject Heading:

Infectious diseases, Global health, HIV/AIDS, Public health

Keywords:

Epidemiology < TROPICAL MEDICINE, Hepatology < INTERNAL
MEDICINE, HIV & AIDS < INFECTIOUS DISEASES

ONE™

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

"1yBuAdoo Ag peroalold 1sanb Aq €20z ‘22 1890100 U0 /w02 [wg-uadolwg//:dny wolj papeojumoq "0Z0Z YoIelN TE U0 068Z£0-6T0Z-Uadolwa/9gTT 0T Se paysiignd 1say :uado rIANG


http://bmjopen.bmj.com/

Page 1 of 33

oNOYTULT D WN =

BMJ Open

BM)

I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance
with the terms applicable for US Federal Government officers or employees acting as part of their official
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative
Commons licence — details of these licences and which Creative Commons licence will apply to this Work are set
out in our licence referred to above.

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, | confirm this Work has not been
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate
material already published. | confirm all authors consent to publication of this Work and authorise the granting
of this licence.

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


https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/
http://bmjopen.bmj.com/

oNOYTULT D WN =

ocouuuuuuuuuudbhDdDDDBDDADMNDMDAEDAEDWWWWWWWWWWNNNNNNNNNDN=S =2 @22 aQaaa0
cowvwoOoONOUMMNWN-—_,ODVONOOULLDdMNWN OOV OONOUDMMNWN—_,rODVOVONOOULLDdMNWN-_,ODOVUOONOOUED WN = O

BMJ Open

Liver function tests and fibrosis scores in a rural population in Africa:
a cross-sectional study to estimate the burden of disease

and associated risk factors

Geraldine A O’Hara'¥, Jolynne Mokaya?', Jeffrey P Hau':3, Louise O Downs?4, Anna L McNaughton?,

Alex Karabarinde?, Gershim Asiki®?®, Janet Seeley?¥¢, Philippa C Matthews?** Robert Newton37#

"Faculty of Infectious and Tropical Diseases, London School of Hygiene and Tropical Medicine,
London, United Kingdom
°Nuffield Department of Medicine, University of Oxford, Medawar Building for Pathogen Research,
South Parks Road, Oxford OX1 3SY, UK;
3 Medical Research Council/lUganda Virus Research Institute and London School of Hygiene and
Tropical Medicine Uganda Research Unit, Entebbe, Uganda;
4Department of Infectious Diseases and Microbiology, Oxford University Hospitals NHS Foundation
Trust, John Radcliffe Hospital, Headington, Oxford OX3 9DU, UK;
SAfrican Population and Health Research Center, Nairobi, Kenya;
6Department of Global Health and Development, London School of Hygiene and Tropical Medicine,
Tavistock Place, London, UK;

"Department of Health Sciences, University of York, York, United Kingdom;
* These authors contributed equally
# These authors contributed equally
CORRESPONDING AUTHOR: Philippa Matthews, Email: philippa.matthews@ndm.ox.ac.uk
KEY WORDS
Hepatitis, liver function tests, epidemiology, prevalence, alcohol, alcoholic liver disease, HBV, HIV,

Uganda, Africa, cirrhosis, fibrosis

ACKNOWLEDGEMENTS: Nil

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

Page 2 of 33

"1yBuAdoo Ag peroalold 1sanb Aq €20z ‘22 1890100 U0 /w02 fwg-uadolwg//:dny wolj papeojumoq "0Z0Z YoIelN TE U0 068Z£0-6T0Z-Uadolwa/9eTT 0T Se paysiignd 1say :uado rIANG


http://bmjopen.bmj.com/

Page 3 of 33 BMJ Open

1

2

3
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Z e ALT — alanine transferase

7 o APRI - AST to Platelet Ratio Index

8

9 ¢ ARR — American reference range

1(1) o AST - aspartate transaminase

12 e BR - bilirubin

13

14 e BBV - blood borne virus (HIV, HBV, HCV)
:2 e FIB-4- fibrosis-4

17 o GGT — gamma glutamyl-transferase
12 ¢ GPC — general population cohort, Uganda
20 e GPR - GGT to platelet ratio

21

22 o HBV — hepatitis B virus

;i e HCV — hepatitis C virus

25 ¢ HIV — human immunodeficiency virus
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27 e LFTs — liver function tests

;g ¢ LRR —local reference range

30 e NAFLD - non-alcoholic fatty liver disease
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32 ¢ OR - odds ratio

gi e PAR — population attributable risk

35 e RPR- red cell distribution width to platelet ratio
36

37 e sSA - sub Saharan Africa

gg e ULN — upper limit of normal

40 e USS — ultrasound scan
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ABSTRACT

Objectives: Liver disease is a major cause of morbidity and mortality in sub-Saharan Africa, but its
prevalence, distribution and aetiology have not been well characterised. We therefore set out to
examine liver function tests (LFTs) and liver fibrosis scores in a rural African population.

Design: We undertook a cross-sectional survey of LFTs. We classified abnormal LFTs based on
reference ranges set in America and in Africa. We derived fibrosis scores (AST to Platelet Ratio Index
(APRI), fibrosis-4 (FIB-4), GGT to platelet ratio (GPR), red cell distribution width to platelet ratio (RPR),
and S-index). We collected information about alcohol intake, and infection with human
immunodeficiency virus (HIV), hepatitis B virus (HBV) and hepatitis C virus (HCV).

Setting: We studied a population cohort in South-Western Uganda.

Participants: Data were available for 8,099 adults (median age 30 years; 56% female).

Results: The prevalence of HBV, HCV and HIV infection was 3%, 0.2% and 8%, respectively. The
prevalence of abnormal LFTs was higher based on the American reference range compared to the
African reference range (e.g. for AST 13% vs 3%, respectively). Elevated AST/ALT ratio was
significantly associated with self-reported alcohol consumption (p<0.001), and the overall prevalence
of AST/ALT ratio >2 was 11% (suggesting alcoholic hepatitis). The highest prevalence of fibrosis was
predicted by the GPR score, with 24% of the population falling above the threshold for fibrosis. There
was an association between the presence of HIV or HBV and raised GPR (p=0.005) and S-Index
(p<0.001). By multivariate analysis, elevated LFTs and fibrosis scores were most consistently
associated with older age, male sex, being under-weight, HIV or HBV infection, and alcohol
consumption.

Conclusions: Further work is required to determine normal reference ranges for LFTs in this setting,

to evaluate the specificity and sensitivity of fibrosis scores, and to determine aetiology of liver disease.
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ARTICLE SUMMARY

Strengths and Limitations of the Study
e This is a cross sectional study of a large well-defined population cohort in rural South-Western
Uganda where the burden of liver disease and its aetiology is not well described, based on liver
function tests (LFTs).
¢ Our cross-sectional analysis of LFTs and fibrosis scores provides insights into some of the risk
factors for liver disease, allowing us to make preliminary estimates of the burden of liver disease, and
particularly highlighting a significant contribution of alcohol. .
¢ LFTs are a blunt tool for assessment of liver health, with many potential confounding factors. This
current study only accounts for a limited range of aetiological agents.
o LFTs were measured at only one point in time, potentially overcalling liver disease as a result of
transient abnormalities.
¢ A high HIV prevalence may be a confounding factor, causing abnormalities in platelet counts and

elevation in LFTs that may not correlate well with underlying liver disease.
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INTRODUCTION

Liver disease causes an estimated 200,000 deaths each year in sub-Saharan Africa (sSA) as a result
of liver cirrhosis and hepatocellular carcinoma (1). More than 80% of Africa’s burden of liver disease
has been attributed to endemic blood borne virus (BBV) infections, such as HIV, hepatitis B (HBV) and
hepatitis C (HCV), alcohol, hepatotoxic medications (including traditional and herbal medicines), non-
alcoholic fatty liver disease (NAFLD) and exposure to aflatoxins (1-3). However, the prevalence,
distribution and aetiology of liver disease in many parts of Africa have not been well characterised, and
the neglect of cirrhosis has recently been highlighted (2). In order to improve screening for liver
disease, and to implement appropriate investigations and intervention, we have undertaken a survey
of liver function tests (LFTs) together with demographic data for a large rural cohort in South-Western
Uganda (4).

The term ‘LFTs’ can be ambiguous, as it is widely applied to biochemical markers of liver inflammation
or biliary obstruction, rather than genuine hepatic function. These include aspartate aminotransferase
(AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), gamma-glutamyl transferase
(GGT), and bilirubin (BR). This panel of blood biomarkers is usually the first approach to evaluation of
liver disease; reference ranges and causes of derangement are summarised in Suppl Table 1 (5). In
addition, true tests of liver synthetic function can be assessed by measuring prothrombin time or
albumin, and platelet production may be decreased in chronic liver disease due to hypersplenism,
decreased thrombopoietin levels and bone marrow suppression (6). Abnormal LFTs are often non-
specific and can arise transiently in association with many acute illnesses or usage of medications.
However, persistent derangement can indicate chronic liver disease, with associated morbidity and
mortality (7). The pattern of derangement can sometimes help to establish aetiology — for example

AST/ALT ratio >2 is characteristically associated with alcoholic hepatitis (8,9).

Determination of the origin of liver disease and stratification for treatment necessitates estimation of
the extent and nature of hepatic injury. Liver biopsy allows objective grading of fibrosis and can provide
information about the likely aetiology of liver disease based on specific changes to cellular architecture.
However, biopsy is costly, requires experts to undertake the procedure and analyse samples, and
exposes patients to potentially life-threatening risks. Imaging can also be employed to assess fibrosis.
Typically, this comprises ultrasound-based techniques, including fibroscan to derive elastography
scores. In most low and middle-income settings, evaluation of liver disease currently depends on use

of non-invasive (blood) markers, often combined with ultrasound and/or fibroscan when available.
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Non-invasive fibrosis blood tests are relatively simple and offer a safe route to assess for liver fibrosis,
appealing in resource limited settings. Scores of liver fibrosis, such as AST to Platelet Ratio Index
(APRI), fibrosis-4 (FIB-4), GGT to platelet ratio (GPR), red cell distribution width to platelet ratio (RPR)
and S-index have been derived using liver enzymes (ALT, AST, GGT) in combination with platelet
count. However, diagnostic accuracy is not well established in sSA and can be influenced by the
population being assessed and the nature of underlying liver disease (10-15). GPR has recently been
reported as an independent predictor of significant fibrosis in naive Gambian patients with chronic
hepatitis B (CHB) infection (13), while the usefulness of cut-off values for APRI scores in CHB has
been questioned (16). However, further studies are needed to determine the specificity and sensitivity

of different scores in different settings.

Appropriate reference ranges for LFTs are crucial for optimising the detection of underlying liver disease
(17). Application of reference ranges defined in one setting to different populations may lead to either
under- or over-estimation of abnormalities (17—19). As well as being dependent on the population being
assessed, the distribution of LFTs in any given setting can also be influenced by the type of instrument,
reagents used, and the strength of quality assurance (19). Efforts have been made to establish
‘population-specific’ reference ranges (18,20); one example is through the application of cross-sectional
data from seven South-Eastern African countries (18). However, such local reference ranges for Africa
have been derived from cross-sectional data collected in adults without addressing the potential
prevalence of underlying liver disease. Thus, while American reference ranges potentially over-estimate
of the burden of liver disease in an African setting, it is also possible that locally derived reference
ranges under-estimate the burden (as they are based on thresholds that have been derived from

populations in which liver disease is highly prevalent).

We here set out to assess LFTs and fibrosis scores derived from a large, well defined population cohort
in rural South-Western Uganda (21). We applied reference ranges set in both America and in Africa
(18,22), in order to assess the possible burden of liver disease, highlighting the discrepancies that arise
as a result of the difference between thresholds. We derived fibrosis scores to further evaluate the
potential prevalence of liver disease in this setting and to estimate the contributions of alcohol and

BBVs to the burden of disease.

METHODS
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Study design and study population

We conducted a cross-sectional study in a rural population in Kyamulibwa, in the Kalungu district of
South-Western Uganda as part of the survey of the General Population Cohort (GPC). The GPC is a
community-based cohort established in 1989 with funding from the UK Medical Research Council
(MRC) in collaboration with the Uganda Virus Research Institute (UVRI) (23). Regular census and
medical surveys have been conducted in this population cohort. In 2011, data collection included

screening for viral hepatitis and LFTs among 8,145 adults (=16 years), which we used for this analysis.

Data collection

Demographic and health history data were collected using questionnaires and standardised procedures
described elsewhere (23,24). Blood samples were drawn at home and transported for testing at the
Medical Research Council central laboratories in Entebbe. LFTs (serum AST, ALT, ALP, GGT and BR)
were measured using a Cobas Integra 400 plus machine, with Roche reagents. Screening for HIV
testing was done using an algorithm recommended by the Uganda Ministry of Health, based on initial
screening with a rapid test. If the test result was negative, the participant was considered to be HIV
negative. If the test result was positive, the sample was re-tested with the rapid test HIV-1 or -2 Stat-
Pak. If both tests resulted in a positive result, the participant was diagnosed as HIV positive. If the tests
gave discordant results, the sample was further evaluated with the rapid test Uni-Gold Recombinant
HIV-1/2. For those samples assessed by all three tests, two positive test results were interpreted as
positive, and two negative results were considered negative. HBV surface antigen (HBsAg) testing was
conducted using Cobas HBsAg Il (2011-08 V10), and those who tested positive were invited for further
serologic testing. HCV was tested using a combination of immunoassays followed by PCR, as
previously described (25). Normal serum levels of liver enzymes were classified according to the
American reference range (ARR, MGH Clinical Laboratories) and Local Reference Ranges (LRR, (18);
values listed in Suppl Table 1 (5)). We excluded individuals <19 years from ALP analysis, since

elevated ALP can be attributable to bone growth in teenagers.

Data from the full blood count was used to calculate fibrosis scores (mean corpuscular volume, MCV
and platelet count). This was collected starting part-way through the 2011 data collection period; the

data are, therefore, population-based, although based on only a subset of the whole cohort (n=1,877).
Calculation of fibrosis scores and AST/ALT ratio

Where data were available (n=1,877), we calculated APRI, FIB-4, GPR, RPR and S-Index. The

formulae for calculating these scores are presented in Suppl Table 2 (5), along with the sensitivity and
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specificity of each, based on previous studies. We used previously established thresholds to suggest
the presence of liver fibrosis, as follows: APRI >0.7 (26), FIB-4 >3.25 (27), GPR >0.32 (13), RPR >0.825
(28), S-index >0.3 (29). We calculated AST/ALT ratio; a score >2 has been associated with alcoholic
hepatitis (9).

Statistical Analysis

We analysed data using standard statistical software, Stata/IC 13 (Stata Corporation, College Station,
USA) and GraphPad Prism v7-0. We summarised participant baseline characteristics using proportions
(%) and these were stratified by sex. We reported prevalence and distribution of LFTs, laboratory
markers of fibrosis and elastography scores using descriptive statistics. We reported p-values from chi-
square tests, comparing the proportions of each potential risk factor between male and female
participants. We also reported the medians and inter-quartile ranges (IQR) of each LFT and liver fibrosis
scores. We compared the difference in medians of LFTs and liver fibrosis scores for each potential risk

factor using the Kruskal-Wallis test.

We used logistic regression in our univariate and multivariate analyses, using the threshold for
significance set at 0.05, to estimate the odd ratios (OR), along with its 95% confidence intervals (95%
Cl), to identify potential factors associated with abnormal LFTs and liver fibrosis scores, using a forward
stepwise approach to develop our multivariate models. We added risk factors that were identified in the
age and sex adjusted analysis to the multivariate model. The final multivariate models for each LFT
and liver fibrosis score were obtained by excluding variables in the final model until all remaining
variables were associated with abnormal LFTs and liver fibrosis scores at the p<0.05 threshold. Once
the final multivariate model had been established, variables that were eliminated through this forward
stepwise approach were added back to the model and were reported if associated at the p<0.05

threshold, to reduce the effects of residual confounding.

Due to the low number of individuals with active HCV infection at the time of the study, we did not
include this sub-group in univariate or multivariate analysis. These HCV RNA positive individuals
have been described in more detail elsewhere (30). We present results of multivariate analysis in the

form of Forrest plots generated using Microsoft Excel.

We calculated population attributable risk (PAR) as the proportion of the cases of liver dysfunction

(defined either as elevated LFTs or fibrosis score) in the population that is due to exposure to alcohol,

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

"1yBuAdoo Ag peroalold 1sanb Aq €20z ‘22 1890100 U0 /w02 fwg-uadolwg//:dny wolj papeojumoq "0Z0Z YoIelN TE U0 068Z£0-6T0Z-Uadolwa/9eTT 0T Se paysiignd 1say :uado rIANG


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open Page 10 of 33

HIV or HBV. This provides us with an estimate of the proportion of liver dysfunction that would be

eliminated if exposure were removed (31).

Ethics

Ethics approval was provided by the Science and Ethics Committee of the Uganda Virus Research
Institute (GC/127/12/11/06), the Ugandan National Council for Science and Technology (HS870), and
the East of England-Cambridge South (formerly Cambridgeshire 4) NHS Research Ethics Committee
UK (11/H0305/5). All participants provided written informed consent.

Patient and public involvement

Patients and the public were not involved in the design, conduct or reporting of this research.

RESULTS

Characteristics of study population

We analysed complete data for 8,099 participants (summarised in Suppl Table 3 (5)). Compared to
females, there were more males who were HBV positive, (prevalence 3% vs 2%, respectively;
p<0.001) and had consumed alcohol in the past 30 days, (40% vs 33%, respectively; p<0.001). More
females were HIV positive (9% vs 6%, respectively; p<0.001). Males were more likely to be
underweight (31% vs 16%), and females to be overweight (18% vs 5%); p<0.001 in both cases.

Median and IQR for each parameter analysed are presented in Suppl Table 4 (5).

Proportion of population defined as having abnormal LFTs varies according to the reference
range that is applied

The proportion of the population falling above the upper limit of normal (ULN) for each parameter is
shown in Table 1, with ALT, AST and GGT distributions in Fig 1A-C (full data for all LFTs are shown
in Suppl Fig 1 (5)). These results highlight the different burden of disease that can be estimated
according to the reference range that is applied, with a higher proportion of the population falling
above the ULN when the ARR was applied compared to the LRR (Fig 1A, B). Most striking, for AST,
13% of the population had a value that was deemed to be elevated based on ARR, compared to only
3% based on the LRR (Fig 1B). Using the ARR, ALT and BR were significantly more likely to be above
the ULN in males than in females, and ALP was more likely to be higher in females (p<0.001 in each
case, Table 1). These sex differences were not apparent when the LRR was applied. OR for deranged

LFTs and fibrosis scores according to age and sex is shown in Suppl. fig 2 (5).
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The highest prevalence of liver fibrosis is predicted using the GPR score

We calculated APRI, FIB-4, GPR, RPR and S-index scores (Table 1). The estimated prevalence of
fibrosis was highest when based on GPR score (23.5%; Fig 1D), compared to FIB-4 (5.3%), APRI
(3.2%), S-index (3.9%) and RPR (0.1%). We excluded RPR scores from further statistical analysis
because so few individuals were classified as having an elevated score (we therefore did not have
statistical power to detect any factors associated with abnormal score). Because the APRI is derived
using the ULN of AST, the proportion of the population classified as having a score consistent with
liver fibrosis changes according to whether the ARR or LRR is used (Table 1). Based on previous
validation among African individuals, there is some limited evidence to suggest that GPR is the most
accurate score for staging liver fibrosis (13); applying this approach, there is a prevalence of almost

1 in 4 adults with liver fibrosis in this population.

Evidence for the contribution of alcohol to liver disease

The prevalence of AST/ALT ratio >2, suggestive of alcoholic hepatitis, was 11% (888/8,099) (Fig 1E).
The median and IQR of GGT among alcohol drinkers were significantly larger than non-drinkers (23.2
(15.6-38.9) vs 17.3 (12.8-23.7)); (Suppl Table 4 (5)). There was a significant relationship between self-
reported alcohol consumption and elevated AST/ALT ratio (p<0.001; Suppl Fig 3 (5)). However, 57%
of participants with AST/ALT ratio >2 reported never having consumed alcohol (Fig 1E), possibly
reflecting either under-reporting of alcohol use and/or other factors that underpin this pattern of LFTs.
Self-reported alcohol consumption was associated with raised LFTs, as follows: ALT (Adj. OR 1.33,
95% CIl 1.09,1.63) AST (Adj. OR 1.53, 95% CI 1.30, 1.78) GGT (Adj. OR 2.00 95% CI 1.69, 2.36),
and with abnormal fibrosis scores, particularly GPR (Adj. OR 1.96, 95% CI 1.52, 2.54). All ORs,
adjusted ORs, their respective 95% confidence intervals and p-values are shown in Table 2, and

selected variables in Fig 2.

A raised GGT level in combination with AST/ALT ratio >2 can be used to increase the sensitivity of
detection of alcoholic hepatitis (9). GGT levels were significantly higher among males with AST/ALT
ratio 22 (p<0.001), but there was no relationship between GGT and AST/ALT ratio in females (p=0.7);
Suppl Fig 4 (5). This potentially indicates that alcohol is of more influence as a cause of an elevated
AST/ALT ratio in men than in women. There was no significant association between AST/ALT ratio =2
and the presence of an elevated GPR score, predicting fibrosis (p=0.2; data not shown). We calculated
population attributable risk (PAR) as a way to assess the relative contribution of different risk factors to

the overall burden of liver disease; Table 3. Overall, the most striking contribution arose from reported
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alcohol consumption, which accounted for 64% of abnormal S-index scores, 32% of elevated FIB-4

scores, and 19% of GPR abnormalities.

Abnormal LFTs and/or elevated fibrosis scores are associated with sex, age, and body mass
index

Compared to males, females were less likely to have high fibrosis scores based on FIB-4 (Adj. OR:
0.6), APRI (Adj. OR: 0.42), and S-Index (Adj. OR: 0.37). FIB-4 score increased markedly with age:
adults aged 40 — 49 (Adj. OR: 7.04), 50 — 59 (Adj. OR: 11.29), and adults >60 years (Adj. OR: 25.15)
were more likely to have a higher FIB-4 than individuals <40 years. Elevated BMI was associated
only with a rise in GGT (Adj. OR: 1.47). However, being underweight was associated with a more
pronounced pattern of liver derangement, including elevations in ALT (Adj. OR: 1.40), AST (Adj. OR:
1.44), GGT (Adj. OR: 1.37), abnormal fibrosis scores (APRI Adj. OR: 1.72,) and with raised AST/ALT
ratio (Adj. OR: 1.61). 95% ClI in each case are shown in Table 2.

Relationship between BBV infection and liver disease

HIV infection was associated with abnormal liver function tests, with significant OR for increased
ALT, AST, ALP and GGT, as well as with raised GPR and S-index (on univariate and multivariate
analysis; Table 2). Individuals with HIV or HBV infection had higher liver function tests (ALT, AST,
ALP, GGT) and elevated liver fibrosis scores (FIB-4, APRI, GPR, and S-Index) compared to
uninfected individuals (Suppl Table 4 (5)). HBV infection was significantly associated with a rise in
hepatic transaminases (Adj. OR for raised ALT and AST 2.6 and 2.4 respectively), and with liver
fibrosis as measured by APRI and GPR (Adj. OR 3.6 and 4.2 respectively). We investigated the
prevalence of BBV infection among individuals with raised fibrosis scores. There was an association
between the presence of HIV or HBV and raised GPR (p=0.005) and S-Index (p<0.001). HIV and
HBV were associated with a lesser proportion of liver disease than alcohol based on calculation of PAR
(Table 3), but still contributed to elevations in both LFTs and fibrosis scores. The OR for deranged

LFTs/fibrosis scores in the context of HIV or HBV infection is shown in Fig 2.

Liver disease of unknown aetiology

Among individuals with GPR>0.32, 33.8% had either BBV infection or had AST/ALT ratio >2
(suggesting potential alcoholic hepatitis) (Fig 1D; Suppl Fig 5 (5)). However, this illustrates that 66%
have raised fibrosis scores in the absence of a history of alcohol use, or HIV or HBV infection,
suggesting that other factors unaccounted for in this study are likely to be contributing to the overall

burden of liver disease. In the setting of a population-based cohort (where the background prevalence
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of liver fibrosis is relatively low), many of those with an abnormal test result may not have liver disease;
these ‘false positive’ cases of elevated GPR may also account for some of the 66% in whom we could
not identify a risk factor. True prevalence of liver disease cannot be ascertained until reference ranges
have been more carefully defined, correlating LFTs and fibrosis scores with the confirmed presence

of underlying liver disease based on imaging or biopsy.

DISCUSSION

Liver disease is not well characterised in many parts of sSA despite the high prevalence of HIV and
HBV, and potential exposure to hepatotoxins (1,3). In this study, we used cross-sectional data from a
large population cohort to estimate the burden of liver disease and to assess the possible impact of
BBV infection and alcohol consumption. The prevalence of abnormal LFTs depends on the reference
range that is applied. The ARR suggests a higher prevalence of liver disease, therefore including more
false-positives. The LRR was established based on individuals recruited from several countries across
Africa (Rwanda, Uganda, Kenya, Zambia) (18). While the values were derived from purportedly healthy
adults, it is impossible to rule out a high background prevalence of underlying liver disease; in defining
higher values for the ULN of all tests, the LRR is more susceptible to false-negatives if used to screen
for liver disease. Composite fibrosis scores have been developed with the aim of improving sensitivity
of detection of liver disease (32), but these it is striking that there is a large variation in the prevalence
of liver fibrosis estimated by different scores, ranging from 23.5% based on assessment using GPR,
down to <1% with RPR. This discrepancy highlights the differing performance of different scores, but
in the absence of elastography data we are currently unable to determine which test offers the most

accurate assessment.

LFTs are a blunt tool for assessment of liver health, with many potential confounding factors. This
current study only accounts for a limited range of aetiological agents, and we did not include other

potentially relevant factors such as Schistosomiasis infection, exposure to aflatoxin and use of
traditional medications. Furthermore, LFTs were measured at only one point in time, potentially

overcalling liver disease as a result of transient abnormalities. Further studies will be required to

investigate a greater range of risk factors, and to undertake longitudinal follow-up.

Fibrosis scores also depend on platelet count which can be influenced by diverse factors. For example,
in some African populations, thrombocytopenia is common due to infections such as malaria,

schistosomiasis, HIV or endemic parasites, as well as being influenced by inflammatory conditions and
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certain drugs (10,11). We only had platelet counts for a sub-set of our study population, limiting the
number for whom we could determine APRI, FIB-4, GPR, S-Index and RPR scores. Data surrounding
the use of these scores in sSA is variable, but since in many low-income settings alternative diagnostic
equipment is unavailable, non-invasive approaches are vital to estimate liver damage and to stratify
clinical management decisions. The finding that almost 1:4 individuals in this population study had an
abnormal GPR score is concerning and striking. This could be influenced by high GGT values
(potentially in association with alcohol), or low platelet counts (for the reasons outlined above).
However, it should also be noted that we used stringent thresholds for GGT, with different thresholds
for the upper limit of normal in males and females (Suppl Table 1 (5)), which influence the proportion

of the population meeting the threshold for elevation of both GGT and GPR.

APRI and FIB-4 are currently recommended by the World Health Organisation (WHO) for assessment
of hepatic fibrosis in patients with chronic HBV or HCV infection (33,34). However, the evidence is
limited, and to some extent conflicting. One report concludes that APRI is more accurate in assessing
liver fibrosis among individuals with chronic HCV compared to HBV infection (12). Meanwhile, GPR
and S-Index have been validated in small studies in sSA, and have been associated with improved
classification of liver fibrosis in chronic HBV infection when compared to APRI and FIB-4 (13-15). A
study in Ethiopia reported a similar specificity of APRI, GPR and FIB-4 for the detection of fibrosis and
cirrhosis [ref Desalegn doi: 10.1111/liv.13393]. It is apparent that either larger studies, or indeed a meta-
analysis, are required to further assess the accuracy of these tests in different populations and in the
context of different underlying disease processes. GPR and S-index may be worthwhile options to
include in routine clinical practice to assess for liver fibrosis in African populations, given the high burden
of HBV in this continent (35,36). RPR has been used to detect fibrosis among individuals with chronic
HBV in China (28), however this score was excluded from our analysis due to a very small number of

individuals falling above the suggested threshold for fibrosis.

The prevalence of AST/ALT ratio >2 in this population is 11%, suggesting potential alcoholic hepatitis
(37), concordant with a previous study in Uganda in which 10% of the population was estimated to have
alcoholic hepatitis (38), and with data from Uganda's non-communicable diseases risk factor survey
which estimated that almost 10% of Ugandan adults have alcohol use disorders (39). Data from
emergency attendances at Mulago Hospital in Kampala recorded 47% who reported alcohol use,
while 21% and 10% met the study definitions of alcoholic misuse and alcoholic liver disease,
respectively (38). Our data are based on self-reported alcohol consumption so may underestimate the

true extent of alcohol use. We were unable to quantify alcohol intake or the nature of the alcohol

13

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

"1yBuAdoo Ag peroalold 1sanb Aq €20z ‘22 1890100 U0 /w02 fwg-uadolwg//:dny wolj papeojumoq "0Z0Z YoIelN TE U0 068Z£0-6T0Z-Uadolwa/9eTT 0T Se paysiignd 1say :uado rIANG


http://bmjopen.bmj.com/

Page 15 of 33 BMJ Open

oNOYTULT D WN =

consumed: this is challenging as alcohol is often home-brewed or home-distilled from locally grown
grains or fruits, and the alcohol content may vary widely; e.g. the alcohol content of locally produced
maize-based brews and liquor in Kenya ranged from 2%-7% and 18%-53%, respectively (39). The
global challenge of morbidity and mortality associated with alcohol use is highlighted by recent
studies from the Global Burden of Disease consortium, in which alcohol ranks as the seventh highest
cause of DALYs and deaths and worldwide (2), and together with HBV infection is a leading
aetiological agent of liver cancer (40). Further data collection using validated tools to quantify the
frequency, volume and patterns of alcohol consumption will be important to improve insights into the

relationship between alcohol and liver disease in our population setting.

The calculation of PAR that we have undertaken in this study should be interpreted with caution, as
we recognise that robust assessment of exposure to alcohol is difficult, and the markers we are
using to represent underlying liver disease each comes with associated caveats. We have
nevertheless included this analysis as part of our output on the grounds that it is congruent with
other aspects of the analysis in highlighting a likely significant role for alcohol as a driver of liver
disease, and therefore may be of influence in informing future studies as well as underpinning

appropriate interventions.

Abnormal LFTs are common in HIV infection for diverse reasons including direct cytopathic effects of
HIV on hepatocytes, co-infection with other BBVs, opportunistic infection, malignancy, ART or other
drugs, or secondary to other factors such as alcoholism (41—44). Although a proportion of our study
population with fibrosis were infected with BBV (21.6%) and/or had a history of alcohol consumption
(12.2%), there was a residual proportion with scores suggestive of fibrosis and AST/ALT ratio >2 who
cannot be accounted for through either alcohol or BBV infection. This is in keeping with other studies
from Africa that report a high proportion of cases of liver disease that are not attributable to viral infection
or alcohol and could be as a result of other understudied factors such as NAFLD and use of traditional
medicine (38,45). Khat chewing (a popular recreational drug in some settings), was recently found to
be a major cause of unexplained liver disease in east Ethiopia (45). Aflatoxin exposure is associated
with liver cirrhosis and is among the major causes of hepatocellular carcinoma globally, with most cases
reported from sSA. Within a previous study of the GPC, >90% of individuals had evidence of exposure
(46-48).

In our population women were significantly more likely to be overweight women than men. This may be

associated with a higher incidence of NAFLD in women. However, typically only mild rises in ALT are
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seen, and 80% of those with NAFLD have normal LFTs (49-51) so may not be identified within our
current dataset. Diagnosis of NAFLD therefore depends on ultrasound scan (USS); previous studies
have consistently shown 70-80% of obese patients have NAFLD on imaging (50,52,53). These imaging
modalities were not available in our population, so we are unable to comment specifically on the
possible prevalence of NAFLD. Interestingly, in this setting low body weight was more associated with
deranged LFTs and with biochemical evidence of liver fibrosis, suggesting a range of pathology that
may contribute to liver disease, including organ-specific effects of under-nutrition or stunting (40), as
well as the effect of general systemic iliness. Further studies are required to investigate the specific

relationship between BMI and liver fibrosis in African populations.

In African populations, HCV infection has frequently been often over-reported due to a reliance on
HCV-antibody (HCV-Ab) testing, which detects not only current infection but also previous exposure,
and is known to be susceptible to false positive results (30). In this cohort, 298/8145 (3.7%)
individuals tested HCV-Ab positive, but among these only 13 were HCV RNA positive (overall
prevalence 13/8145 = 0.2%).

Appropriate reference ranges for LFTs are necessary to contribute to an understanding of the burden
and aetiology of liver disease. Further work is required to determine appropriate thresholds for the ULN
of different parameters in different settings in sSA, and to determine which fibrosis score is most
specific, through application of a more widespread approach to elastography and/or other imaging. At
present, we have identified alcohol, HIV and HBV as risk factors for deranged LFTs and elevated liver
fibrosis scores, with a striking contribution made by alcohol, but further investigation is needed to

determine other risk factors that contribute to liver disease in this setting.
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FIGURE LEGENDS

Fig 1: Liver function tests and hepatic fibrosis scores among adults in the Uganda General
Population Cohort. Distribution of (A) ALT, (B) AST and (C) GGT. Dashed vertical lines indicate
upper limit of normal (ULN) based on American reference range, ARR (blue) and local reference
range, LRR (red), as shown in Suppl Table 2 (5). Note no LRR for GGT. (D) Proportion of the
population with an elevated GPR score, and among those with elevated GPR the proportion with a
defined risk factor for fibrosis. (E) Proportion of the population with an elevated AST/ALT ratio, and

among those with an elevated ratio the proportion with a self-reported history of alcohol intake.

Fig 2: Forrest plots to show odds ratio (OR) for host risk factors and elevated LFTs or fibrosis
scores in the Uganda General Population Cohort. Data are presented for the final multivariate
model for ALT, AST, APRI, GPR, and AST/ALT, showing variables that were independently
associated with the outcome (statistically significant at the P<0.05 level after adjusting for other

variables).
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SUPPLEMENTARY DATA
All supporting data are accessible on-line at FigShare: O’Hara, Geraldine; Mokaya, Jolynne; Hau,
Jeffrey; Downs, Louise; Karabarinde, Alex; Asiki, Gershim; et al. (2019): Liver function tests and fibrosis

scores in a rural population in Africa. figshare. Dataset. https://doi.org/10.6084/m9.figshare.8292194

Metadata table: raw data for 8145 adults in the Uganda General Population cohort (available as .xls

and .csv files)

STROBE statement: checklist of items that should be included in reports of observational studies
(pdf file)

Supporting data file (pdf file) contains the following tables and figures:

Suppl Table 1: Origin, reference ranges and clinical significance of liver function tests (LFTs)

Suppl Table 2: Scores to estimate liver fibrosis, calculated from liver function tests

Suppl Table 3: Description of characteristics of study participants with liver function
test (LFT) results from the Ugandan General Population Cohort (N=8,099)

Suppl Table 4: Median and inter-quartile range for each liver function test, with the

population divided by risk factors

Suppl Fig 1: Distribution of liver function tests in Uganda General Population Cohort. Dashed
vertical lines indicate upper limit of normal (ULN) based on American reference range, ARR (orange
line is the ULN for female; blue line is the ULN for males) and local reference range, LRR (black), as
shown in Suppl Table 1. Note no LRR for GGT. ULN for bilirubin using ARR is the same for both male
and female, indicated by red dashed line. Data are shown for study participants aged 216 years, apart
from ALP which is shown for participants aged =20 to exclude teenagers who may have elevated

ALP as a normal physiological consequence of bone growth.

Suppl Fig 2: Odds ratio for deranged ALT, AST, APRI, GPR and AST/ALT among participants grouped

by sex and age
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Suppl Fig 3: Proportion of Uganda General Population cohort reporting alcohol consumption
among individuals with and without AST/ALT ratio >2

Suppl Fig 4: Proportion of Uganda General Population Cohort with elevated GGT, according to
AST/ALT ratio.

Suppl Fig 5: Proportion of Uganda General Population Cohort with blood borne virus (BBV)

infection, according to GPR score.

23

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

"1yBuAdoo Ag peroalold 1sanb Aq €20z ‘22 1890100 U0 /w02 fwg-uadolwg//:dny wolj papeojumoq "0Z0Z YoIelN TE U0 068Z£0-6T0Z-Uadolwa/9eTT 0T Se paysiignd 1say :uado rIANG


http://bmjopen.bmj.com/

Page 25 of 33 BMJ Open
g
N
o
1 z
2 3
3 TABLES 3
4 S
5 Table 1: Study participants from the Uganda General Population Cohort with abnormal LFT results and fibrosis scores based on
7 upper imit of normal accor ing o American reference range and local rererence ranges
6 limit of I ding to A f ARR) and local ref LRR
Q
8 Enzyme Type Total Male Female g p value’
9 n/N (%) n/N (%) n/N (%) S
10 ALT? ©
11 Abnormal ARR’ 573 /8,099 (7.1) 162/ 3,542 (4.6) 411/4,557 (9.0) Y <0.001
norma { . , . , . .
12 Ab | LRR™ 209/ 8,099 (2.6) 87 13,542 (2.5) 122/4,557 (27) g 0.53
13 AST? E_,
14 Abnormal ARR’ 1,011 /8,099 (12.5) 434 /3,542 (12.3) 577/4,557 (12.7) 2 0.58
15 Abnormal LRR™ 241 /8,099 (3.0) 123/ 3,542 (3.5) 118/4,557 (26) 2 0.02
16 GGT?3 g
17 Abnormal ARR’ 889 /8,099 (11.0) 362 /3,542 (10.2) 527 /4,557 (11.6) = 0.06
BR? g
18 Abnormal ARR’ 1,051 /8,099 (13.0) 635 /3,542 (18.0) 416 /4,557 (9.1) g <0.001
19 Abnormal LRR™ 497 /8,099 (6.1) 214/ 3,542 (6.0) 283/4,557 (6.2) 3 0.75
20 ALP24 -t'SD
21 Abnormal ARR’ 1,161 /5,616 (20.7) 315/2,273 (13.9) 846 /3,343 (25.3) = <0.001
22 Abnormal LRR™ 139/5,616 (2.5) 60/2,273 (2.6) 7912,273 (2.4) 5’ 0.513
23 FIB-42 E
24 Abnormal™ 99/1,877 (5.3) 54 /824 (6.6) 45/1,053 (4.3) 3 0.03
25 APRI25 S
26 Abnormal ARR™™ 145/1,877 (7.7) 95/824 (11.5) 50/1,053 (4.8) o <0.001
27 Abnormal LRR" ™ 60/1,877 (3.2) 42 /824 (5.1) 18/1,053 (1.7) g_’ <0.001
28 GPR? 9
;g Abnormal™ 441/1,877 (23.5) 185/ 824 (22.5) 256 /1,053 (24.3) ﬁ 0.35
31 AST/ALT? 8
N
32 Abnormal™ 882 /8,099 (10.9) 420/ 3,542 (11.9) 462 /4,557 (10.1) g 0.01
33 S-Index? o
34 Abnormal™ 731/1,877 (3.9) 50/824 (6.1) 23/1,053 (2.2) S <0.001
35 i
36 " p-value calculated to determine whether significant difference between males and females in each category using chi-square test. EALT Alanine Transminase,
37 AST - Aspartate Transminase, GGT - Gamma-glutamyl transpeptidase, ALP - Alkaline Phosphatase, BR - Total Bilirubin, FIB-4 - f|br;§3|s 4, APRI - AST to Platelet
Ratio Index, GPR - GGT to platelet ratio, AST/ALT ratio - Aspartate/ Alanine ratio. 3 LRR for GGT not defined. 4 Individuals under tl% age of 19 were excluded.?
38 APRI score calculated using ULN of AST using both the ARR and LRR.
39 * Abnormal LFTs, according to ARR, are defined as test results outside of the following ranges: ALT (Male: 10 — 55 U/L, Female: 7 =230 U/L), AST (Male: 10 — 40 U/L,
40 Female: 9 — 32 U/L), GGT (Male: 8 — 61 U/L, Female: 5 — 36 U/L), BR (0 — 17 mmol/L), ALP (Male: 45 — 115 U/L, Female: 30 — 100 8/L). ** Abnormal LFTs, according
41 to LRR, are defined as test results outside of the following ranges: ALT (8 — 61 U/L), AST (14 — 60 U/L), BR (2.9 — 37 mmol/L), ALP:248 — 164 U/L). *** Threshold used
42 to predict liver fibrosis: APRI > 0.7; FIB-4 >3.25; GPR >0.32; RPR >0.825; S-Index >0.3. a
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Table 2: Univariate and multivariate analysis for factors associated with abnormal liver functloﬁétests according to American
reference ranges (ARR) for ALT, AST, ALP, GGT, and TB, and laboratory markers of fibrosis in Sdults in the Uganda General
Population Cohort.

co
o
ALT 16 AST 76 ALP 746 GGT "6 TB 6 FIB-4 77 APRI 1.7# GPR '@ AST/ALT 7 S-Index 37
OR (95% ClI) OR (95% ClI) OR (95% Cl) OR (95% ClI) OR (95% ClI) OR (95% ClI) OR (95% ClI) OR (95%%/) OR (95% ClI) OR (95% ClI)
UNIVARIATE ANALYSIS =
Sex <
Male Ref Ref Ref Ref Ref Ref Ref Ref © Ref Ref
Female 2.06 1.04 0.93 1.15 0.46 0.64 0.38 1.10 g 0.84 0.35
(1.71,2.49)** (0.91,1.18)s (0.84,1.01) (1.00,1.32)* (0.20,0.24)*** (0.42,0.96)* (0.27,0.55)*** (0.89,1.38)", (0.73,0.96)* (0.21,0.57)***
* o
Age 8
<19 Ref Ref - Ref Ref Ref Ref * Ref
Ref Y Ref
20-29 1.33 0.9 Ref 4 2.61 1.46 2.57 2.63 s 0.55
(1.03,1.73)* (0.73,1.11)s (1.92,3.56)*** (1.22,1.75)*** (1.41,4.71) (1.72,4.03)"2 (0.43,0.70)***
30-39 1.58 1.17 0.72 6.59 1.15 3.15 6.22 8 0.67
(1.22,2.04)** (0.95,1.43)"s (0.60,087)*** (5.00,8.72)*** (0.94,1.39)" (1.76,5.68)*** (4.21,9. 18)*% (0.53,0.85)**
* o
40-49 1.41 1.47 0.48 8.34 1.02 8.48 4.00 7.63 = 0.83 5.02
(1.04,1.87)* (1.12,1.80)*** (0.38,0.59)*** (6.29,11.07)*** (0.83,1.27)" (3.95,18.18)*** (2.22,7.18)*** (5.12,11.36)8* (0.65,1.05)" (2.79,9.68)***
50-59 1.38 1.57 0.82 8.03 0.92 14.60 3.50 9.10 (5.91 1?0)*** 1.11 4.71
(1.00,1.90)* (1.25,2.00)*** (0.66,1.02)"s (5.93,10.86)*** (0.71,1.18)" (9.86,31.03)*** (1.80,6.73)*** g (0.86,1.43)" (2.31,9.59)***
>60 1.39 1.24 1.28 6.84 0.56 34.88 3.68 8.20 o 2.23 5.43
(1.03,1.88)* (0.98,1.55) s (1.06,1.54)** (5.09,9.20)*** (0.42,0.74)*** (17.80,68.39)*** (2.00,7.00)*** (5.42,12.41 )‘gﬁ"‘ (1.82,2.72)*** (2.84,10.39)***
Alcohol 3
No Ref Ref Ref Ref Ref Ref Ref Ref'a’ Ref Ref
Yes 1.41 1.57 1.0 2.14 0.99 2.02 1.60 2.10 _8 1.28 6.09
(1.16,1.70)** (1.35,1.83)*** (0.86,1.13)*** (1.83,2.51)*** (0.85,1.15)" (1.22,3.32)** (1.04,2.31)* (1.61,2.66)*> (1.08,1.50)** (3.16,11.72)***
* o
BMI 2 3
Normal Ref Ref Ref Ref Ref Ref Ref Ref 8 Ref Ref
Under- 1.41 1.45 117 1.42 0.69 1.78 1.78 1.07 3 1.62 1.87
weight (1.12,1.77)** (1.23,1.71)*** (0.96,1.44)s (1.16,1.73)** (0.57,0.83)*** (1.06,3.00)" (1.10,2.60)* (0.78,1.50)"~ (1.37,1.92)*** (1.04,3.33)*
Over-weight 1.10 0.73 0.93 1.36 0.75 0.74 0.91( 1.15 = 0.57 0.87
(0.85,1.41)s (0.58,0.92)** (0.77,1.13) (1.11,1.66)** (0.59,0.95)* (0.35,1.56)" 0.50,1.65)" (0.82,1 .60)"50 (0.42,0.76)*** (0.38,2.03)"
HIV status S
Negative Ref Ref Ref Ref Ref Ref Ref Ref © Ref Ref
Positive 1.63 2.30 1.47 4.83 0.21 0.28 1.30 3.88 g 1.06 4.00
(1.24,2.15)** (1.87,2.83)*** (1.19,1.81)*** (3.98,5.85)*** (0.14,0.33)*** (0.07,1.20) (0.68,2.30)" (2.62,5.73)*’:) (0.80,1.42) (2.08,7.69)***
* ~
HBYV status ]V
Negative Ref Ref Ref Ref Ref Ref Ref Ref © Ref Ref
Positive 2.61 2.52 1.07 1.80 1.10 2.01 3.56 4.24 m 0.98 4.92
(1.77,3.84)** (1.84,3.44)*** (0.72,1.60)"s (1.24,2.60)*** (0.76,1.60)" (0.62,6.50)" (1.80,7.10)*** (2.27,7.93)*:? (0.63,0.15)" (2.07,11.69)***
MULTIVARIATE ANALYSIS "g
Sex 8
Male Ref Ref Ref Ref Ref Ref Ref Ref — Ref Ref
Female 2.30 1.20 2.1 1.01 0.46 0.62 0.42 1.1 o 0.90 0.37
(1.89,2.81)** (1.04,1.38)* (1.83,2.44)*** (0.86,1.19) (0.40,0.53)*** (0.40,0.97)* (0.30,0.62)*** (0.87,1.41)" § (0.78,1.06)" (0.22,0.63)***
* @
Age o
<19 Ref Ref - Ref Ref Ref Ref e Ref
20-29 1.26 0.89 Ref* 1.69 1.52 Ref* 3.22 1.86 o 0.57 Ref5
(0.95,1.68)"s (0.70,1.12)s (1.19,2.41)** (1.25,1.84)*** (1.66,6.22)** (1.19,2. 92)*‘l< (0.44,0.75)***
30-39 1.35 1.00 0.68 3.96 1.29 3.55 3.70 o 0.72
(1.00,1.80)* (0.79,1.27)"s (0.56,0.82)*** (2.87,5.46)*** (1.02,1.59)* (1.81,7.00)*** (2.43,5. 66)*’5 (0.55,0.95)*
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0}
3
1 3
2 40-49 1.13 1.20 0.46 4.87 1.17 7.04 4.00 4.45 = 0.93 2.68
3 (0.83,1.56)"s (0.95,1.52)s (0.37,0.57)*** (3.54,6.70)*** (0.94,1.47)s (3.19,15.52)*** (2.04,7.82)*** (2.88,6.87)**‘9 (0.71,1.21)s (1.37,5.26)**
50-59 1.09 1.29 0.82 5.02 1.01 11.29 3.45 5.75 2 1.22 2.76
4 (0.77,1.55)"s (0.99,1.67)"s (0.66,1.02)"s (3.58,7.02)*** (0.78,1.32)" (5.13,24.80)*** (1.65,7.22)** (3.61 ,9.15)*10\0’ (0.92,1.61) (1.29,5.90)**
5 >60 1.13 1.00 1.32 4.98 0.60 25.15 3.50 5.39 © 2.20 3.34
(0.81,1.57)s (0.78,1.30)" (1.09,1.59)** (3.59,6.90)*** (0.45,0.80)*** (12.32,51.35)*** (1.73,7.11) (3.42,8.47)’*’2J (1.74,2.77)** (1.63,6.84)*
6 Alcohol 3
7 No Ref Ref - Ref - Ref Ref Ref w Ref Ref
Yes 1.33 1.53 - 2.00 - 2.05 1.51 1.96 = 1.26 5.23
8 (1.09,1.63)** (1.30,1.78)*** (1.69,2.36)** (1.24,3.40)* (1.00,2.27)* (1 .52,2.54)*‘% (1.06,1.50)** (2.72,10.04)***
BMFP? =2
9 Normal Ref Ref - Ref Ref - Ref - 2 Ref -
10 Underweigh 1.40 1.44 - 1.37 0.70 - 1.72 - N 1.61 -
11 t (1.11,1.75)** (1.21,1.70)** (1.11,1.68)** (0.58,0.83)*** (1.11,2.65)* 8 (1.36,1.91)*
Overweight 1.12 0.75 - 1.47 0.72 - 0.95 - o 0.56 -
12 (0.87,1.44)s (0.60,0.95)* (1.19,1.82)*** (0.57,0.92)** (0.52,1.73) o (0.42,0.76)***
13 HIV status (=]
Negative Ref Ref Ref Ref Ref - - Ref g - Ref
14 Positive 1.59 2.13 1.47 4.76 0.22 - - 3.84 = - 3.58
15 (1.20,2.10)** (1.72,2.63)** (1.19,1.81)** (3.89,5.82)*** (0.14,0.34)*** (2.58,5.70)*% (1.84,6.94)*
> @
16 HBV status =t
17 Negative Ref Ref - Ref - - Ref Ref g‘ - Ref
Positive 2.61 2.40 - 1.65 - - 3.60 4.26 3 - 4.37
18 (1.76,3.86)** (1.74,3.31)** (1.11,2.45)* (1.79,7.27)* (2.23,8.12)"%; (1.80,10.58)**
19 S
20 o
21 TALT - Alanine Transminase, AST - Aspartate Transminase, GGT - Gamma-glutamyl transpeptidase, ALP - Alkaline Phosphatase, BR -Total Bilirubin, FIB-4 - fI@QSIS 4, APRI - AST to Platelet Ratio Index, GPR - GGT to plate
Alanine ratio. OR - odds ratio.
22 2Body Mass Index (BMI) Classification according to WHO (weight/height?: kg/m?): Underweight (<18.5 kg/m?), Normal weight (18.5 — 24.99 kg/m?), Overweight (-% 0 —29.99 kg/m?), Obese (>30.0 kg/m?2)
23 3 An S-index score of >0.3 is suggestive of liver fibrosis =
4 Individuals under the age of 19 were excluded. Reference age group is 20 — 29 3
24 5Reference age group consists of all individuals under the age of 39 =
25 6 Abnormal LFTs, according to ARR, are defined as test results outside of the following ranges: ALT (Male: 10 — 55 U/L, Female: 7 — 30 U/L), AST (Male: 10 — 4@J/L Female: 9 — 32 U/L),
GGT (Male: 8 — 61 U/L, Female: 5 — 36 U/L), BR (0 — 17 mmol/L), ALP (Male: 45 — 115 U/L, Female: 30 — 100 U/L) 3
26 7 Threshold used to predict liver fibrosis: APRI > 0.7. FIB-4 >3.25. GPR >0.32. RPR >0.825. S-Index >0.3 g
27 # APRI score calculated using ULN of AST using African reference range =]
28 Significance level: * = (p<0.05), ** = (p<0.01), *** = (p<0.001), ns = (p>0.05) (@)
o
o
29 S
30 o
31 N
32 §
33 w
34 g
«Q
35 S
36 4}
37 T
o
38 T
o
39 T
40 &
41 %
o
42 2
43 L:ar
44 = 26
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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Table 3: Relative risk, population attributable risk (PAR) percent, and the number of individual
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abnormal liver function tests in the Uganda General Population Cohort. Analysis according to Angérlcan
reference ranges (ARR for ALT, AST, ALP, GGT, and TB)

w
'_\
Variable ALT 13 AST 13 ALP 13 GGT "3 TB "3 FIB-4 4 APRI 14# GPR 4 AST/AnE' 14 S-Index 24
Alcohol+ 3
Abnormal Result n (%) 248 467 533 555 381 72 80 260 37 60 (9.2)
(8.5) (16.0) (19 6) (19) (13.1) (11.0) (12.25) (39.8) (13%
RR (95% Cl)" 1.4 1.5 29 1.0 5.0 2.3 2.7 1. 8.7
(1.2-1.6) (1.4-1.7) (09—1 7) (2.6-3.4) (09-1.1) 3.2-7.7) (1.7-3.2) (2.3-3.2) (1.2 —9.5) (4.8 -
W) 15.6)
PAR (%)"® 11.3% 15.9% 0.6% 41.3% 0.3% 58.2% 31.3% 37.1% 10. 72.7%
Adj. PAR (%)%8 10.0% 13.9% -2.6% 26.7% 1.0% 32.4% 16.2% 19.4% 8.0 64.0%
HIV+ o
Abnormal Result n (%) 71 144 142 227 21 2 14 73 5%_ 15
(11.7) (23.7) (24.8) (37.3) (3.5) (1.6) (11.0) (57.5) (9. (11.8)
RR (95% Cl)! 1.7 2.0 1.2 4.2 0.3 0.3 15 2.7 0. 3.6
(1.4 -2.2) (1.8-2.4) (1.1-1.4) (3.7-4.8) (0.2-0.4) (0.1-1.1) (0.9-2.5) (2.3-3.3) (0.7 -8.1) (2.1-6.1)
PAR (%)"® 5.3% 7.3% 2.2% 19.5% -6.0% -5.09% 3.1% 10.5% -0.9% 14.7%
Adj. PAR (%)58 4.3% 6.5% 1.1% 17.6% -6.0% -4.6% 1.4% 8.3% -0. 1% 13.6%
HBV+
Abnormal Result n (%) 33 56 32 39 35 4 13 25 8
(15.0) (25.4) (19 5) (17.7) (16) (8 2) (26.53) (51.0) (109%5 (16.3)
RR (95% Cl)" 2.2 21 0.9 1.6 1.2 15 2.2 4.6
(16-30) (1.7-27) (0.7-13) (1.2-22) (09-1.7) (06 4 1) (0.9-25) (1.7-3.0) 0.6 -3.4) (2.3-9.0)
PAR (%)"® 3.1% 2.9% -0.2% 1.7% 0.6% 1.5% 3.1% 3.1% -0.2 8.6%
Adj. PAR (%)56 3.3% 2.8% 0.02% 1.4% 0.2% 1.4% 5.7% 2.9% -0.3 7.6%

Page 28 of 33

TALT - Alanine Transminase, AST - Aspartate Transminase, GGT - Gamma-glutamyl transpeptidase, ALP - Alkaline Phosphatase, BR - Total Bilirubin, FIB-4 - f803|34 APRI -
AST to Platelet Ratio Index, GPR - GGT to platelet ratio, AST/ALT ratio - Aspartate/ Alanine ratio, RR - relative risk, PAR (%) - population attributable risk percqu '95% Cl denotes
95% confidence interval

2 An S-index score of >0.3 is suggestive of liver fibrosis 3

3 Abnormal LFTs, according to ARR, are defined as test results outside of the following ranges: ALT (Male: 10 — 55 U/L, Female: 7 — 30 U/L), AST (Male: 10 — 4Q:U/L Female: 9 —
32 U/L), GGT (Male: 8 — 61 U/L, Female: 5 — 36 U/L), BR (0 — 17 mmol/L), ALP (Male: 45 — 115 U/L, Female: 30 — 100 U/L)
4 Threshold used to predict liver fibrosis: APRI > 0.7. FIB-4 >3.25. GPR >0.32. RPR >0.825. S-Index >0.3

5 Adjusted for age, sex, alcohol consumption, HBV diagnosis, HIV status, and Body Mass Index.

6 A measure of zero indicates of no association between the risk factor and abnormal liver function tests. A positive value indicates that the exposure to the risk fm:tor is a risk
factor, while a negative value indicates that it is a protective factor.

# APRI score calculated using ULN of AST using African reference range
+ number of abnormal result, RR and PAR (%) are based on individuals who were classified as positives within each variable (ie. Alcohol drinkers, HIV positive, %V positive)

oo u
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checklist of items that should be included in reports of observational studies

Liver function tests and fibrosis scores in a rural population in Africa:

a cross-sectional study to estimate the burden of disease

Item

and associated risk factors

Location in

No Recommendation manuscript
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in | Title specifies a cross-
the title or the abstract sectional study, page 1
(b) Provide in the abstract an informative and balanced Provided in abstract,
summary of what was done and what was found page 3
Introduction
Background/rationale 2 Explain the scientific background and rationale for the Included in
investigation being reported introduction, page 5-6
Objectives 3 State specific objectives, including any prespecified Final paragraph of
hypotheses introduction, page 6
Methods
Study design 4 Present key elements of study design early in the paper First paragraph of
methods, page 7
Setting 5 Describe the setting, locations, and relevant dates, including First two paragraphs
periods of recruitment, exposure, follow-up, and data of methods, page 7
collection
Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources | Included in methods
and methods of selection of participants. Describe methods of | section, page 7
follow-up
Case-control study—Give the eligibility criteria, and the
sources and methods of case ascertainment and control
selection. Give the rationale for the choice of cases and
controls
Cross-sectional study—Give the eligibility criteria, and the
sources and methods of selection of participants
(b) Cohort study—For matched studies, give matching criteria | Not applicable
and number of exposed and unexposed
Case-control study—TFor matched studies, give matching
criteria and the number of controls per case
Variables 7 Clearly define all outcomes, exposures, predictors, potential Included in methods
confounders, and effect modifiers. Give diagnostic criteria, if | page 7; further details
applicable of blood parameters
provided in suppl data
tables
Data sources/ 8* For each variable of interest, give sources of data and details | Included in methods,

measurement

of methods of assessment (measurement). Describe

comparability of assessment methods if there is more than one

page 7 and suppl data
table 1
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group

Bias 9 Describe any efforts to address potential sources of bias Included in 1%
paragraph of
discussion, page 12

Study size 10 Explain how the study size was arrived at Pragmatic approach;
data sources described
in 1% paragraph of
methods

Quantitative 11 Explain how quantitative variables were handled in the Described in methods

variables analyses. If applicable, describe which groupings were chosen | page 8 and suppl table

and why

2

Statistical methods

12 (a) Describe all statistical methods, including those used to

control for confounding

Described in methods
page 8

(b) Describe any methods used to examine subgroups and

interactions

Described in methods

page 8

(c) Explain how missing data were addressed

Described in methods

(d) Cohort study—If applicable, explain how loss to follow-up
was addressed

Case-control study—TIf applicable, explain how matching of
cases and controls was addressed

Cross-sectional study—If applicable, describe analytical
methods taking account of sampling strategy

Not applicable

(e) Describe any sensitivity analyses

Not applicable

Results

Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers Provided in
potentially eligible, examined for eligibility, confirmed eligible, methods and
included in the study, completing follow-up, and analysed denominators

specified in tables

(b) Give reasons for non-participation at each stage Not applicable
(c) Consider use of a flow diagram Not applicable

Descriptive 14*  (a) Give characteristics of study participants (eg demographic, clinical, Suppl table 3

data social) and information on exposures and potential confounders

(b) Indicate number of participants with missing data for each variable

All denominators

of interest presented in tables
(¢) Cohort study—Summarise follow-up time (eg, average and total Not applicable
amount)

Outcome data 15*  Cohort study—Report numbers of outcome events or summary Not applicable
measures over time
Case-control study—Report numbers in each exposure category, or Not applicable

summary measures of exposure

Cross-sectional study—Report numbers of outcome events or summary

measures

All denominators

presented in tables

Main results 16

(a) Give unadjusted estimates and, if applicable, confounder-adjusted
estimates and their precision (eg, 95% confidence interval). Make clear

which confounders were adjusted for and why they were included

Tables

(b) Report category boundaries when continuous variables were

categorized

Boundaries listed

in suppl table 1
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(c) If relevant, consider translating estimates of relative risk into Not applicable
absolute risk for a meaningful time period

Other analyses 17  Report other analyses done—eg analyses of subgroups and interactions, | Not applicable
and sensitivity analyses

Discussion

Key results 18  Summarise key results with reference to study objectives First paragraph of

discussion
Limitations 19  Discuss limitations of the study, taking into account sources of potential | Included in

bias or imprecision. Discuss both direction and magnitude of any

potential bias

discussion page 12-
13

Interpretation 20

Give a cautious overall interpretation of results considering objectives,
limitations, multiplicity of analyses, results from similar studies, and

other relevant evidence

Included in

discussion

Generalisability 21

Discuss the generalisability (external validity) of the study results

Included in

discussion

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 which the present

article is based

Financial support
statement is

included

*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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