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Abstract
Aims/hypothesis South Asians have a two- to fivefold higher risk of developing type 2 diabetes than those of white European
descent. Greater central adiposity and storage of fat in deeper or ectopic depots are potential contributing mechanisms. We
collated existing and new data on the amount of subcutaneous (SAT), visceral (VAT) and liver fat in adults of South Asian and
white European descent to provide a robust assessment of potential ethnic differences in these factors.
Methods We performed a systematic review of the Embase and PubMed databases from inception to August 2021. Unpublished
imaging data were also included. The weighted standardised mean difference (SMD) for each adiposity measure was estimated
using random-effects models. The quality of the studies was assessed using the ROBINS-E tool for risk of bias and overall
certainty of the evidence was assessed using the GRADE approach. The study was pre-registered with the OSF Registries
(https://osf.io/w5bf9).
Results We summarised imaging data on SAT, VAT and liver fat from eight published and three previously unpublished
datasets, including a total of 1156 South Asian and 2891 white European men, and 697 South Asian and 2271 white
European women. Despite South Asian men having a mean BMI approximately 0.5–0.7 kg/m2 lower than white European
men (depending on the comparison), nine studies showed 0.34 SMD (95% CI 0.12, 0.55; I2=83%) more SAT and seven studies
showed 0.56 SMD (95% CI 0.14, 0.98; I2=93%) more liver fat, but nine studies had similar VAT (−0.03 SMD; 95% CI −0.24,
0.19; I2=85%) compared with their white European counterparts. South Asian women had an approximately 0.9 kg/m2 lower
BMI but 0.31 SMD (95% CI 0.14, 0.48; I2=53%) more liver fat than their white European counterparts in five studies.
Subcutaneous fat levels (0.03 SMD; 95% CI −0.17, 0.23; I2=72%) and VAT levels (0.04 SMD; 95% CI −0.16, 0.24; I2=71%)
did not differ significantly between ethnic groups in eight studies of women.
Conclusions/interpretation South Asian men and women appear to store more ectopic fat in the liver compared with their white
European counterparts with similar BMI levels. Given the emerging understanding of the importance of liver fat in diabetes
pathogenesis, these findings help explain the greater diabetes risks in South Asians.
Funding There was no primary direct funding for undertaking the systematic review and meta-analysis.
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Introduction

South Asians living in Europe and North America have a two-
to fivefold higher risk of developing type 2 diabetes than their
counterparts of white European descent living in the same
countries and develop the disease at a younger age and lower
BMI [1–3]. Furthermore, South Asians exhibit a 30–100%
higher mortality risk for coronary heart disease and cardiovas-
cular disease than their white European counterparts [4–6]. In
addition, South Asians without diabetes have higher fasting
glycaemic indices than white Europeans, and greater levels of
insulin resistance [7, 8]. Conventional cardiometabolic factors
do not account for the magnitude of the inter-ethnic differ-
ences in the burden of type 2 diabetes and cardiovascular
disease. Smoking is less prevalent among South Asians [8],
but overall caloric intake appears not to differ meaningfully
between the two ethnic groups, with South Asians consuming
larger quantities of polyunsaturated fats [9]. Diabetes rates are
also increasing rapidly in all South Asian countries.

It has been suggested that increased central adiposity and
storage of fat in deeper abdominal compartments, such as
around the viscera or liver [1, 10], may be a key pathway
leading to greater insulin resistance and subsequent type 2
diabetes and cardiovascular disease in South Asians. Some
authors have hypothesised that South Asians have a lower
capacity to store fat subcutaneously, leading to earlier ‘spill-
over’ into harmful secondary visceral and ectopic depots, the
so-called ‘adipose tissue overflow’ hypothesis [11, 12].

However, the evidence from studies comparing the fat distri-
bution in the two ethnic groups is conflicting; one study
suggests that South Asians store more fat subcutaneously
[13], whilst another suggests that they accumulate excess fat
both subcutaneously and intra-abdominally [14], and another
showing no substantial difference in fat depots between the
two groups [12]. The fact that many of those studies were
relatively small and thus lack of power, together with differ-
ences in study characteristics, may have contributed to the
discrepancy in the findings. The aim of our study was to
systematically collate all existing published data comparing
the amounts of subcutaneous (SAT) and visceral (VAT)
adipose tissue and liver fat between South Asian and white
European adults, and supplement this with unpublished data
from our group and the UK Biobank study, to provide the
most robust assessment to date of potential ethnic differences
in the levels of fat in key metabolic fat compartments.

Methods

The study, which was pre-registered with the OSF Registries
(https://osf.io/w5bf9), was conducted according to the
PRISMA guidelines [15], and followed a structured protocol
that was agreed among the authors in advance of the literature
search. Data eligible for meta-analysis included both original
research and existing publications identified by systematic
review.
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Original research Unpublished data from two studies under-
taken by the authors were included in the meta-analysis. Both
studies were cross-sectional and assessed the lifestyle and
cardiometabolic risk factors of South Asian and white
European men and women, without diabetes, aged 40–70
years, who lived in Scotland (UK). Both studies have been
described in detail elsewhere [8, 16], and involved radiologi-
cal assessment of fat distribution in men and women. The
methodology for fat measurement and the demographic char-
acteristics of participants with radiological assessment are
shown in electronic supplementary material (ESM) Methods
and ESMTable 1). In addition, we included new data from the
UK Biobank. UK Biobank is a large prospective study that
recruited 502,643 participants (response rate 5.5%) between
2006 and 2010, age range 37–73 years, and consented for their
records to be linked with routine data (hospital admissions and
death registries). Participants attended one of 22 assessment
centres across the UK, where they completed a touch screen
questionnaire, had physical measurements taken, and provid-
ed biological samples as described in detail elsewhere [17,
18]. The UK Biobank imaging study began in 2014, and
intends to collect imaging data of the vital organs, including
MRI measures of abdominal body fat, by recalling 100,000
participants. At the time of performing the analyses for this
study, abdominal MRI data were available for approximately
30,000 participants. We used abdominal imaging data from
South Asians without diabetes who were matched for age, sex
and BMI with white Europeans without diabetes in a 1:5 ratio
to maximise statistical power. The protocol for abdominal fat
measurement in the UK Biobank imaging study has been
published elsewhere [19, 20].

Systematic review of published data and selection criteria To
identify existing publications, we searched the Embase and
PubMed databases from inception to August 2021, combining
the MeSH terms ‘obesity’, ‘adipocyte’, ‘liver’, ‘south asia’,
‘asian continental ancestry group’, ‘caucasian’ and ‘europe-
an’, and using the keywords ‘obes*’, ‘fat*’, adipos*’,
‘liver?fat*’, ‘fatty?liver*’, ‘south?asia*’, ‘india*’, ‘bangla-
desh*’, ‘sri?lanka*’, ‘pakistan*’, ‘caucasian*’, ‘white*’ and
‘european*’ with Boolean rules. A search filter for studies
related to humans with a restriction to English language was
included. Two researchers (JM and SI) screened all the titles
and abstracts, and studies were read in full when they fulfilled
the selection criteria. The reference lists of eligible studies
were hand-searched to find further relevant studies. Grey liter-
ature was also searched via the OpenGrey website (https://
opengrey.eu/).

We included studies that met the following criteria: (1)
participants were men or women aged over 18 years; (2)
participants had measurements of abdominal SAT and VAT,
and/or liver fat by computed tomography (CT) orMRI; (3) the

study included a South Asian group and a comparison group
of white European descent; and (4) any study design apart
from case reports. South Asian ethnic background was either
reported as such in the studies or participants were of Indian,
Pakistani, Bangladeshi or Sri Lankan background. In the
meta-analysis, we included studies for which we could extract
mean values and standard deviations from published or
requested data. We only included data stratified by sex. Two
researchers (JM and SI) independently assessed the papers for
final selection. Any discrepancies were resolved by discus-
sion. A third reviewer (JMRG) was consulted if any unre-
solved issues persisted.

Data extraction and quality assessmentWe developed a data
extraction spreadsheet that included the following informa-
tion: study characteristics (first author, year of publication,
number of people of South Asian descent and number of
people of white European descent, study design), study
sample characteristics (sex, mean age and BMI, mean fasting
glucose and insulin, diagnosis of diabetes [yes or no]), test
characteristics (method of measuring abdominal and/or liver
fat, mean value for fat quantity and standardised mean differ-
ence [SMD] for each group). If the numerical data were not
extractable from the published data, the authors were
contacted via email. We were unable to obtain data for insulin
and glucose concentrations for four studies [19, 21–25].
References [22–24] are multiple papers referring to one study
dataset.

We used a preliminary version of the ROBINS-E tool (risk
of bias in non-randomised studies of exposures) to assess the
risk of bias in the individual studies selected across seven
domains; the results for the individual studies were then
summarised to provide an overall study-level assessment
regarding the risk of bias (low, moderate, serious or critical)
[ 2 6 ] . We a l s o u s ed t h e GRADE (G r a d i n g o f
Recommendations, Assessment, Development and
Evaluations) approach to assess the overall certainty of
evidence of the meta-analysis findings to provide an evidence
certainty score (very low, low, moderate or high) [27].

Data analysis We used Stata software version 14.1 (Stata,
USA) for statistical analysis. The weighted SMD (with 95%
CI) was calculated by combining the mean differences in fat
between the two groups in each study using a random-effects
model. One study reported hepatic attenuation to assess liver
fat, rather than the liver fat percentage [28]. As lower hepatic
attenuation implies higher liver fat, the sign of the
standardised mean ethnic difference in hepatic attenuation
was reversed to make the findings comparable with other
studies. Analyses were stratified by sex. We performed two
sensitivity analyses: (1) by separating the studies that included
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any participants with diabetes from those without diabetes to
assess whether the presence of diabetes modified the results,
and (2) by only including the studies with matched BMI
between the ethnic groups. We also performed an analysis
stratified by assessment tool (CT vs MRI). Heterogeneity
resulting from the mean difference in each study not being
identical with the pooled estimate was quantified using the
I2 measure [29].

We assessed the risk of publication bias and potential
small-study effect by constructing funnel plots, which plot
the mean difference from each study against the SEM as a
measure of study size [30].

Ethics Previously unpublished data from studies by Iliodromiti
et al and Ghouri et al were included in these analyses [8, 16].
Both studies were approved by theWest of Scotland Research
Ethics Committee, and performed according to the
Declaration of Helsinki. All participants gave written
informed consent to participate. The UK Biobank study was
approved by the North West Multi-Centre Research Ethics
Committee, and all participants provided written informed
consent to participate. Ethical approval was not required for
the analysis of data from previously published studies.

Results

Original research Two of the studies included were studies
performed by our group for which data on radiologically
assessed adiposity measures had not previously been
published. The methodology of fat measurement for these
two studies is described in ESM Methods. ESM Table 1
summarises the demographic and cardiometabolic profile of
the participants with radiological data from the unpublished
studies by Ghouri et al and Iliodromiti et al. Other data from
these studies have been reported previously [8, 16].

Systematic search results Figure 1 shows the search and
numerical selection flowchart. The systematic search of the
biomedical databases resulted in 3228 hits; including 2248
from the Embase search and 975 from PubMed. Five addi-
tional studies were identified by bibliographic search. Of
these, 99 papers were selected and read in full, of which 89
were excluded for a variety of reasons as detailed in Fig. 1.
Therefore, 11 studies (with one study contributing two differ-
ent but not overlapping datasets [21]) including data from the
UK Biobank, were finally selected for the meta-analyses
(n=4047 men and 2968 women for SAT and VAT compari-
sons and n=3071 men and 2651 women for liver fat compar-
ison) [12, 13, 21–25, 31, 32]. The papers by Kohli and Lear
and Dick et al [23, 24] refer to the same study, data for which

were initially published by Lear et al [22]. The study by Shah
et al [28] did not present data stratified by sex, but the authors
kindly shared stratified results after we contacted them by
email.

Description of studies Table 1 summarises the characteristics
of the studies included in the systematic review. ESMTables 2
and 3 summarise the mean age, BMI and fasting glucose and
insulin levels (when available) for all the included studies,
stratified by sex and ethnicity. The mean age did not differ
between ethnic groups of either sex. South Asian men had a
mean BMI that was approximately 0.7 kg/m2 lower for the
SAT and VAT comparisons and approximately 0.5 kg/m2

lower for the liver fat comparison compared with their white
European counterparts. South Asian women had a mean BMI
that was approximately 0.9 kg/m2 lower for SAT, VAT and
liver fat comparisons compared with their white European
counterparts.

Quality assessment ESM Tables 4 and 5 present the study-
level judgements of bias using the ROBINS-E tool for the
SAT and VAT, and the liver fat outcomes, respectively.
Four studies for SAT and VAT and two studies for liver fat
outcomes were rated at moderate risk of confounding due to
differences in BMI between ethnic groups for one or both
sexes. In all instances where this occurred, the BMI values
were lower in the South Asian group, which would have acted
to bias the differences between the ethnic groups in the
outcome towards the null. One study was rated as being at
serious risk of confounding due to inclusion of participants
with diabetes in the sample and BMI differences between
groups. All studies, except UK Biobank in which outcome
measures of SAT, VAT and liver fat were obtained using an
automated algorithm, were rated as having a moderate risk of
bias for the measurement of outcomes, as these measures were
not reported to have been undertaken in a blinded manner,
which may have biased findings against the null hypothesis
as assessors may have expected more ectopic fat in South
Asian participants. Thus, the overall study-level bias was rated
as moderate for all studies, except that by Eastwood et al [21],
which was rated as having serious risk of bias, and the UK
Biobank study, which was rated as having low risk of bias.
ESM Table 6 summarises the certainty of evidence for studies
included in meta-analysis as assessed using the GRADE
approach. The overall certainty of evidence from summary
findings of the meta-analysis was assessed as moderate due
to heterogeneity, study limitations/bias, and possible publica-
tion bias for the SAT/VAT outcomes (see below). However,
in the sensitivity analyses described below, exclusion of stud-
ies that included participants with diabetes, and only including
studies in which BMI was matched between ethnic groups,
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did not materially affect the findings. Factors that increased
the summary certainty of evidence from low to moderate
included large numbers of participants, the size of effect,
precision and directness.

Meta-analysis

We summarised imaging data on SAT and VAT from 1156
South Asian men and 2891 white European men (of compa-
rable age but the mean BMI in South Asians was approxi-
mately 0.7 kg/m2 lower). We also compared data on liver fat
from 677 South Asian men vs 2394 white European men (of
comparable age but the mean BMI in South Asians was
approximately 0.5 kg/m2 lower). For women, we compared
the data on SAT and VAT from 697 South Asian participants
vs 2271 white European participants (of comparable age but
the mean BMI in South Asians was approximately 0.9 kg/m2

lower), and data on for liver fat from 575 South Asian partic-
ipants vs 2076 white European participants (of comparable
age but the mean BMI in South Asians was approximately
0.9 kg/m2 lower).

Figure 2 shows the SMD in fat in men. In nine studies,
South Asian men had 0.34 SMD (95% CI 0.12, 0.55;
I2=83%; p<0.001) more SAT than their white European coun-
terparts. In seven studies, South Asian men had 0.56 SMD
(95% CI 0.14, 0.98; I2=93%; p<0.001) more liver fat than
their white European counterparts. There was no substantial
difference in VAT between South Asian and white European
participants in nine studies (SMD −0.03; 95% CI −0.24, 0.19;
I2=85%; p<0.001). All meta-analyses in men showed high
heterogeneity. Figure 3 shows the SMD in fat in women.
There was no substantial difference between South Asian
and white European participants in eight studies of SAT or
VAT (SMD 0.03; 95% CI −0.17, 0.23; I2=72%; p=0.001 and
SMD 0.04; 95% CI −0.16, 0.24; I2=71%; p=0.001,

3228 papers identified and screened
• 2248 identified from EMBASE
• 975 identified from Pubmed
• 5 identified from bibliographic review

3129 excluded during the initial screen as did not meet 
inclusion criteria
• 3007 had unrelated outcomes
• 102 were duplicates
• 14 did not have MRI or CT measurements
• 6 did not have control group 

99 papers screened in full text

89 excluded 
• 7 review papers
• 75 did not have CT or MRI measurements
• 5 did not have correct ethnic groups
• 2 did not have control group 

10 papers included in qualitative synthesis

• 3 papers merged as used the same participant pool

8 papers included in quantitative synthesis 
(meta-analysis) from systematic search

3 studies included in quantitative synthesis 
(meta-analysis) from unpublished data

11 papers/studies included in quantitative 
synthesis 
(meta-analysis) in total

Fig. 1 Flow chart of the search
strategy
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respectively). In five studies, South Asian women had 0.31
SMD (95%CI 0.14, 0.48; I2=53%; p=0.07) more liver fat than
their white European counterparts. For women, all meta-
analyses showed high heterogeneity, except for the liver fat
data, which showed moderate heterogeneity.

Sensitivity analysis No studies investigating liver fat included
any participants with diabetes. When we compared data for
VAT and SAT in South Asian vs white European men and
women after excluding data from the one study that included
participants with diabetes [21], the results did not materially
change for either sex (ESM Figs 1 and 2). For the studies with
matched BMI between the two ethnic groups, point estimates
for the standardised differences in SAT and liver fat between
South Asian and white European men were similar to those
observed in analyses including all studies (ESM Figs 3 and 4),
although the 95% CI were wider. Findings were similar in
studies using MRI vs CT as the assessment tool (ESM Figs
5–8).

Publication bias ESM Fig. 9 presents funnel plots for each
main analysis, suggesting symmetry and therefore a small
likelihood of publication bias or small-study effect for VAT
and liver fat for men and liver fat for women. We cannot
exclude the possibility of publication bias or a small-study
effect for SAT and VAT for women and SAT for men, with
the asymmetry in the funnel plots suggesting that small studies
showing greater abdominal fat for white European partici-
pants may be lacking.

Discussion

To our knowledge, this evidence synthesis, including data
from 1853 participants of South Asian descent and 5162
participants of white European descent, is the largest
analysis comparing robust imaging data (CT or MRI) of
various abdominal fat compartments between South Asian
and white European adults. These data suggest that both
South Asian men and women store greater ectopic fat in
the liver at a lower BMI compared with their counterparts
of white European descent, and that there may be a sex-
specific difference in ethnic distribution of SAT. South
Asian men had greater amounts of SAT and ectopic fat
accumulated in the liver than their white European coun-
terparts despite having a slightly lower BMI, although this
was not clearly accompanied by higher levels of VAT. In
women, there was no substantial difference in SAT or VAT
distribution between South Asians and white European
participants; however, like men, South Asian women had
more ectopic fat in the liver compared with their white
European counterparts, despite having a BMI that was

approximately 0.9 kg/m2 lower. The slightly lower BMI
in the South Asian participants compared with white
European participants in these studies may have contribut-
ed to the absence of a difference in VAT between the two
ethnic groups. In the subset of studies where the BMI did
not differ between the ethnic groups [16, 19, 22–25], South
Asian men and women showed a numerically higher level
of VAT, as well as higher levels of SAT and ectopic liver
fat, compared with men and women of white European
descent, but the statistical power in these subgroup analy-
ses was limited. Thus, taking all data together, we can be
most confident about the finding of higher liver fat levels
in South Asian participants, as there were similar findings
in both South Asian men and women relative to their white
European counterparts, and broadly concordant findings in
the subgroups of those without diabetes or matched for
BMI. In addition, the liver analyses showed a low likeli-
hood of publication bias or small-study effect. However,
given the available data, our conclusions about ethnic
differences in VAT are more cautious.

The central role of the liver in diabetes pathogenesis has
become increasingly apparent in recent years, with the organ
being a site of excess fat storage in those with hyperinsulina-
emia due to either genetic or familial factors, with consequent
excessive hepatic gluconeogenesis [33]. It has been shown
that surrogate markers of liver fat and their change over time
predict diabetes [33, 34], whereas substantial weight loss from
use of low-energy diets can lead to rapid fat loss from the liver
and improved insulin sensitivity in people with diabetes [34].
These studies were performed predominantly in participants
of white European origin, and align with the importance of
liver fat in the pathogenesis of diabetes in this ethnic group, as
well with molecular mechanisms whereby fat-derived metab-
olites impair insulin signalling [35]. Export of excessive triac-
ylglycerol from the liver may also be a key feature in the beta
cell dysfunction in those who develop diabetes [33], and
South Asians are known to have elevated circulating triacyl-
glycerol levels at similar levels of BMI compared with white
Europeans [36]. More recently, genetic studies have further
suggested a causal role for liver fat in the pathogenesis of type
2 diabetes [37].

Greater SAT at a lower BMI in South Asian men implies
there must be lower lean muscle mass in this group, which is
an additional independent risk factor for type 2 diabetes [38],
and other data has shown that lower lean mass contributes to
the higher levels of insulin resistance observed in South
Asians compared with other ethnic groups [39]. Clearly, in
view of the present findings, more work on understanding
ethnic differences in ectopic fat is urgently needed, including
examining why South Asians appear to accumulate liver fat
more rapidly at lower BMIs, and whether excess liver fat can
be reversed by lifestyle measures, in particular intentional
weight loss, in this group.

Diabetologia



According to the ‘adipose tissue overflow’ hypothesis [11,
12], fat deposition starts predominantly in the subcutaneous
region until inflammatory mediators halt the recruitment of
new adipocytes. At this point, the capacity of subcutaneous
tissue for further fat storage is reduced, and positive energy
balance leads to an overflow of fatty acids to deeper adipose
compartments (i.e. visceral) or ectopic tissues (i.e. hepatic).
The ‘tipping’ point at which subcutaneous tissue reaches its
maximum storage capacity is thought to vary for each indi-
vidual, and depends on genetic and environmental factors
[40], and it has been hypothesised that this occurs at a lower
BMI in South Asians [11, 12]. The present findings are
partially in agreement with this. South Asian participants of
both sexes accumulated more ectopic fat in the liver at similar
or lower BMI than white European participants. However,
South Asian men also had higher levels of SAT, so the relative
importance of a lower capacity for SAT storage vs greater
overall adipose tissue accumulation at a given BMI in terms
of higher liver fat levels is unclear. Nevertheless, data suggest
that South Asian men have larger adipocytes in their subcuta-
neous compartment compared with their white European
counterparts even when they are matched for total and abdom-
inal body fat [13]. Thus, it is plausible and consistent with our
findings that the subcutaneous adipocytes in South Asian men
have the capacity to become more hypertrophic and therefore
allow accumulation of more fat in superficial depots. In addi-
tion, hypertrophic adipocytes are associated with greater insu-
lin resistance, which may be the mediating pathway in the
development of type 2 diabetes [13].

Strengths and weaknesses To our knowledge, this is the first
study pooling imaging data from abdominal fat compartments in
a large group of South Asian participants and comparing this
with data from individuals of white European origin. We only
included data obtained using CT andMRI, which are considered
the gold standards for measuring abdominal fat, to minimise
heterogeneity and measurement bias. We used an extensive
search to ensure all the available relevant published and unpub-
lished studies were included. However, we used a filter to restrict
searches to ‘humans’ and ‘English language’.While it is unlikely
that studies including both South Asians and a white European
comparator group would not be published in English, the use of
filters may have excluded very recently completed studies that
had not yet completed the MEDLINE indexing process.
Although the process of systematic review and meta-analysis is
a robust way of estimating the true difference with less random
error because of increased sample size, the mean differences
estimated by the pooled data are subject to the limitations of
the primary studies. Between-study heterogeneity may be self-
limiting when pooling studies together to estimate a summary
measure; however, we calculated the pooled estimate by using a
random-effects model that accounts for unexplained heterogene-
ity within studies. We used established methodology to assess

the impact of small-study bias on our pooled estimates and
acknowledge that some potential biases may have occurred,
although liver estimates, the most interesting and novel finding
in our study, appear not to be meaningfully influenced. In addi-
tion, the results were similar in men and women, lending confi-
dence that the findings are real. The sensitivity analysis on a
subset of studies that included participants matched for BMI
had limited power but showed biologically plausible results that
South Asians of both sexes store more fat in all fat depots for any
given BMI compared with their white European counterparts.
The same was true when we examined data in those without
diabetes.

ConclusionWe conclude that both SouthAsianmen andwomen
store more fat in ectopic depots (liver) at a lower or comparable
BMI than their counterparts of white European origin. South
Asianmen, but not women, appear to accumulatemore fat super-
ficially compared with their white European counterparts, but
evidence for ethnic differences in VAT accumulation was less
clear-cut, with no statistically significant differences between
ethnic groups observed for this outcome.

Given our knowledge of the importance of liver fat in
diabetes, the excess liver fat at a lower BMI in the South
Asians compared with their counterparts of white European
descent may be a key factor contributing to the development
of insulin resistance and type 2 diabetes at lower levels of
overall adiposity in South Asians. Further work is now needed
to understand why South Asians accumulate liver fat more
readily and at lower BMIs than their counterparts of white
European descent, and to what extent weight loss interven-
tions can normalise liver fat and blood glucose levels as they
have been shown to do in white Europeans.
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but unedited supplementary material available at https://doi.org/10.1007/
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