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Context: Intrapancreatic lipid (IPL) has been linked witttdo-cell dysfunction. Black
populations suffer disproportionately from typeilebtes (T2D) and show distinctions in
beta-cell function compared to Whites.

Objective: We aimed to quantify IPL in White European (WE}@&lack West African
(BWA) men with early T2D, and to investigate redaiships between IPL and beta-cell
insulin secretory function (ISF).

Design, Setting and ParticipantsWe performed a cross-sectional assessment of 1&aMiE
19 BWA middle-aged men with early T2D as part & 8outh London Diabetes and
Ethnicity Phenotyping (Soul-Deep) study.

Main Outcome Measures:Participants underwent Dixon magnetic resonaneging to
determine IPL in the pancreatic head, body, andaad subcutaneous and visceral adipose
tissue volumes. Modelled first-phase and secondelaF were comprehensively
determined using c-peptide measurements during@uBmeal tolerance test and a 2-hour
hyperglycemic clamp test.

Results: WE men had higher mean IPL than BWA mEr@.029), mainly due to higher IPL
in the pancreatic head in WE md?=0.009). Mean IPL was inversely associated witlilyra
stimulated first-phase ISF in WE but not BWA menEW=-0.554P=0.026; BWA: r=-
0.183,P=0.468); there was no association with orally stated second-phase ISF in either
WE or BWA men. No significant associations wererfdletween mean IPL and
intravenously stimulated ISF.

Conclusions:IPL is lower in BWA than WE men with early T2D,dthe lack of inverse
association with orally stimulated first phase IBBWA men indicates that IPL may be a
less important determinant of the development & T2BWA compared to WE men.

We have shown that intrapancreatic lipid is associated with orally stimulated beta-cell insulin secretory
function in White European men but not Black West African men with early type 2 diabetes
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ABBREVIATIONS

ALT: Alanine aminotransferase
BMI :Body mass index

BWA: Black West African

CV: Coefficient of variation

HbA1C: Glycated hemoglobin
IAUC: Incremental area under the curve
IHL: Intrahepatic lipids

IPL: Intrapancreatic lipids

ISF: Insulin secretory function

MRI: Magnetic resonance imaging
SAT: Subcutaneous adipose tissue
VAT: Visceral adipose tissue

WE: White European

INTRODUCTION

Type 2 diabetes is more prevalent and developyatiager age amongst populations of
Black compared to White European ethnicity (1,2)e pathophysiological processes of type
2 diabetes are well documented and include insaBistance, ectopic fat deposition and
pancreatic beta-cell dysfunction (3). The role ahgreatic lipid accumulation in the
development of type 2 diabetes is receiving inénggattention. Through the process of
lipotoxicity, intrapancreatic lipid (IPL) is belied to cause beta-cell damage (4,5) through
the release of lipid intermediates and free fatigsinterfering with cellular signalling and
causing beta-cell apoptosis (6).vivo studies have shown consistently that IPL is inelgrs
associated with insulin secretory function (ISpedfically the first phase response (4,7).
Like visceral adipose tissue (VAT) and intrahepégis (IHL), IPL has been found to be
elevated in individuals with type 2 diabetes (8&8)d in studies investigating reversal of type
2 diabetes, mobilization of IPL appears to be ad@yponent of achieving normalization of
glycaemia (10).

There is growing evidence of distinctions in théhpphysiology of type 2 diabetes in
populations of African ancestry. Typically lowewéds of VAT and IHL are reported
compared to White populations (11). Additionallydeell dysfunction is more evident; a
higher insulin response to glucose stimulatioroissistently reported amongst healthy and
prediabetic populations compared to those of Wétiaicity (12,13), while in the diabetic
state, Black men may have lower insulin secreti@mtWhite men in response to both oral
and intravenous glucose (14). To date there has Ibeg#ed investigation of the impact of
Black ethnicity on IPL and its relation to the nieiic abnormalities of type 2 diabetes but
given the lesser deposition of VAT and greatersetadysfunction that is typically
observed in Black populations it is reasonableyfmokhesise that IPL, and its role in the
pathophysiology of type 2 diabetes, may differ bynecity. Indeed a small number of studies
in healthy adults and adolescents have reportedrltfl. among Black populations
compared to other ethnic groups (7,15,16) and,domaparison of healthy and prediabetic
adolescents of African-American and Latino ethgidiPL was found to be the strongest
predictor of prediabetes in African-Americans bat batinos (17). Investigations of the
impact of IPL on beta-cell function in Black popiiteas have shown inconsistent findings;
whilst no relationship was found between IPL argllim secretory function in adolescents,
studies in healthy adults have shown that IPL isenstrongly associated with beta-cell
function in African-Americans compared to otherretigroups (7,15). To date studies of IPL

2
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and beta-cell function in Black populations haverbémited to healthy cohorts in which
there is limited development of the metabolic abmadities of type 2 diabetes. Furthermore,
these studies have assessed only the first phsignisecretory response, and only indirect
assessments of insulin secretion have been perfipnriech have limited utility in Black
populations as they do not account for hepaticlimslearance, for which ethnic differences
are well established (18). We recently reportedcdsfin second phase insulin secretory
function, through comprehensive modelling of C-mptpresent in Black African but not
White European men with early type 2 diabetes (IAg aim of the present study was to
assess IPL and investigate its relationship wigt &nd second phase ISF, assessed
comprehensively using c-peptide modelling, to esplbe hypothesis that men of Black
(West) African ethnicity with early type 2 diabete#l have significantly lower IPL
compared to White European men.

MATERIALS AND METHODS

This investigation was conducted as part of thettfSbhandon Diabetes and Ethnicity
Phenotyping study (Soul-Deep), details of which lbariound elsewhere (19). The study was
conducted at King’s College Hospital and Guy’s HtapLondon, and approved by the
London Bridge National Research Ethics Committ&¥L(@/1859); all participants provided
informed consent. Recruitment and data collectiak fplace April 2013-January 2015.

Participants

Potential participants were identified through mimncare practices in South London. Men
of White European (WE) or Black West African (BW#éthnicity were recruited: ethnicity
was self-declared and confirmed through grandpaténthplace where the countries
included were North West European and West Afrcamtries, defined by the UNSD.
Participants provided information of birthplaceigiility was confirmed in a screening visit
and participants considered eligible if they met fibllowing criteria: aged between 18-65
years of age; BMI 20-40 kgfmrecent diagnosis of type 2 diabetes (less thgeabs prior to
starting the study); using only lifestyle alonenoth metformin to manage their diabetes.
Exclusion criteria included: use of thiazolidined insulin, oral steroids, beta-blockers or
other medication which may affect the study outcpooatradiction for magnetic resonance
imaging (MRI), such as having metal implants; hgvidney or liver damage identified by a
serum creatinine of above 150 mmol/l or serum akatiansaminase level increased more
than 2.5-fold above the upper limit of the refeenange, respectively.

Procedures

Participants attended three assessment visitsidora order within a maximum period of 6
months. Each participant underwent an MRI scama$sessment of IPL, a 2-hour
hyperglycemic clamp (HC) and a mixed meal toleraese (MTT) for assessment of ISF
through the measurement and mathematical modelficgpeptide. For each assessment
participants attended in a fasted state havingiredd from eating or drinking anything other
than water from 10pm the night prior. Participamé&e instructed to refrain from strenuous
exercise and physical activity in the 48 hours ed#tg the visit, refrain from consuming
alcohol in the 24 hours preceding the visit, anddosume a standardized diet the day prior
(~50% of calories from carbohydrate, evenly sprisadughout the day, with no more than
30% of daily carbohydrate consumed in the evenieglinParticipants on metformin were
instructed to cease taking it for 7 days priordolevisit.

MRI fat quantification

A Dixon-based MRI sequence was used on a 1.5 Bstaens scanner to acquire images for
the assessment of IPL. With the participant lyingise, images were obtained from the neck
to the knee (excluding the arms) with coils plaoadhe abdominal region. During
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acquisition of the abdominal images, upon instarcby the radiographer, participants
undertook three 15-second breath holds to reducmmartefacts. For each participant, 320
contiguous, 3mm slice thickness, T1-weighted trars¥ spin-echo images (repetition time:
6.77ms; echo time: 4.77ms (in-phase), 2.39ms (bptiase), flip angle: 10°), were obtained.
Intrapancreatic fat was determined by analysis Bl Mhages on the HOROS V 1.1.7
software (www.horosproject.org; accessed 21/10/pB¢Tocating one or more axial images
with the largest area of the head, body and taiefpancreas and extracting the
corresponding fat and water images. On each diathend water images, one circular region
of interest of 1crhwas drawn on each of the head, body and taileptincreas as shown in
Figure 1. A region of 1cfiwas used as recommended by a recent review of miagne
resonance methods used to determine IPL as iten#ue regions are within the border of
the pancreas and to avoid inclusion of VAT andgplenic vein (9). By using the following
formula: %IPL = (F/(F+W))*100, the pancreatic faadtion was calculated in each region:
IPLyeaD, IPLsopy, IPLrai, and IPLyean Was calculated as the average of the head, body and
tail regions. Due to the subjective nature of lowathe regions of interest on the head, body
and tail of the pancreas, IPL quantification wasdiated by 2 independent investigators
with a significant correlation reported (r=0.62%0.001) and an inter-observer CV of 14%.
Total abdominal VAT mass and SAT mass from the nedke knee region (excluding
arms) were quantified using an automated analysttod (Klarismo Ltd., London, UK). For
VAT mass quantification, each image in the abdoimegion was analyzed for VAT area
and the area was multiplied by the slice thickriésgmm to get the volume of VAT. For
SAT mass quantification, all MRI images that wecguired were analyzed for SAT area
which was multiplied by the slice thickness of 3rtomget the volume of SAT. The volume of
VAT and SAT were converted from mirto liters and then converted to kg by multiplying
0.9 kg/l (the density of fat) (20).

Insulin secretory function during a hyperglycemic ¢éamp

A 2-hour hyperglycemic clamp was conducted for sssent of ISF (21). Following
collection of three basal blood samples, a 20%agadnfusion was administered to achieve
a hyperglycemic state of 6.9mmol/l above basakfperiod of 2 hours. Blood samples were
collected at -20, -10, 0, 2, 4, 6, 8, 10, 15, 21,49, 50, 60, 75, 90, 105, and 120 minutes to
measure plasma glucose, and serum insulin andtapep

Insulin secretory function during a meal tolerancetest

A three-hour mixed meal tolerance test was conduct@ssess ISF under physiological
conditions. After an overnight fast, participantmsumed a liquid milkshake (Ensure Plus,
Abbott Nutrition, UK) providing 6 kcals/kg body wght, containing carbohydrates, protein
and fat. Blood samples were taken at -10, 0, 103@040, 50, 60, 75, 90, 120, 150, and 180
minutes to measure plasma glucose, and serumriresudi c-peptide.

Calculations

The incremental area under the curve (IAUC) wasutated, using the trapezoidal rule, for
insulin and c-peptide responses to each challéigealculate an index of first and second
phase insulin secretion in the hyperglycemic clawgused the iAUC for c-peptide over O-
10 minutes for first phase, and 10-120 minuteséwmond phase, in analogy to DeFroatzo
al.(21).

Model-based measurement of beta-cell function:

the glucose, insulin and c-peptide curves durirghyperglycemic clamp and meal tolerance
test were modelled using methods previously desdr{B2-24) (SAAM-II 1.2 software;
SAAM Institute, Seattle, WA). The main outputs o tmodel are: glucose sensitivity of
first-phase secretiorot), expressed as the amount of insulin secreteglsiponse to a rate of
increase in glucose of 1 mmol/l between time 0 &nain of the study, in
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(pmoIEm‘2 BS,)\/( mmalt 0 mfﬁ) - glucose sensitivity of second-phase secretis)) (

expressed as the steady state insulin secreti@emratsponse to a step increase in glucose of

1 mmol/l above baseline, i(‘pmoIEmin‘l Om? BS)V( mmﬁl"l).

Biochemical analyses

We measured plasma glucose by automated glucogganéyellow Spring Instruments,
2300 STAT Glucose Analyzer, Ohio, USA); serum imsbly immunoassay using
chemiluminescent technology (ADVIA Centaur Syst@&mmens Healthcare Ltd. Camberly,
UK), where the inter-assay and intra-assay coefiiisi of variation (CVs¥ 5.9% and 4.6%,
respectively; serum c-peptide by radioimmunoashkéligore Ltd, Hertfordshire, UK).

Statistical Analyses

Variables that were positively skewed were log-4farmed to give a Normal distribution.
Significance of differences in variables of intérdestween the ethnic groups were tested
using independent samples t-test for Normal dataMann-Whitney U test for data that
could not be transformed to Normal. To investiggteic differences in IPL we initially
conducted independent samples t-tests; we thenANE®DVA, adjusting for VAT, to
determine if differences in IPL were independenVAiT. The associations between IPL and
parameters of ISF were explored using Pearsonigelation; partial correlation was used to
investigate these associations while adjusting/®F. To investigate ethnic differences in
the distribution of IPL between the head, body taildof the pancreas, a mixed between-
within subjects ANOVA was performed. SPSS versidrO2vas used for all statistical
analyses angd values < 0.05 were considered statistically sigaift.

RESULTS

Participant characteristics

Nineteen BWA and 18 WE men were studied (Figurd B BWA men were first-
generation West African migrants (born in Nigeria11; Ghana, n=5; Sierra Leone, n=2,
Ivory Coast, n=1). The characteristics of the twh& groups are presented in Table 1. The
groups were well-matched for age, weight and BMthwo significant differences in
diabetes duration, fasting glucose, HbAlc, bloaspure, liver function as represented by
ALT, and measures of cholesterol (Table 1). Metiorase was not different between the
two ethnic groupsR=0.248) with 56% of the WE and 74% of the BWA meingy treated
with metformin. Waist circumference was higherhaligh not statistically, in the WE men.
Fasting triglyceride concentrations were signifttahigher in WE men. Analysis of MRI
images of the whole abdominal cavity showed thatwtkight of abdominal VAT was
significantly higher in WE men, however, there wasethnic difference in SAT measured
between the neck and knee (excluding arms) (Tgble 1

Insulin secretory function

The c-peptide responses to the intravenous (hyysegiic clamp) and oral (meal tolerance
test) stimulation are shown in Table 2. Basal ctiepwvas significantly lower in BWA
compared to WE men, although there were no ethfiereinces in basal insulin (Table 2).
The c-peptide iIAUC during the meal test was sigaifitly lower among the BWA men; this
was also the case in the hyperglycemic clamp, palty in the 7 phase (Table 2). The c-
peptide data were modelled alongside the glucosesuo provide an estimate of first and
second phase glucose sensitivity of the beta-g&llando?®, respectively); the modelled data
showed similar findings of lower'2phase insulin secretion, although the resultsdatio
reach statistical significance.

Pancreatic fat analysis
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Mean IPL, as well as IPL of the head, body andr&gjlons are shown in Figure 3. BWA men
exhibited significantly lower IPkean than WE men (WE: 10.08 (SD 2.46BWA: 8.22

(SD 2.51) %P=0.029), which was driven by significantly lowelLlizp in the BWA men
(WE: 9.66 (SD 3.14ysBWA: 7.03 (SD 2.65) %P=0.009). After adjustment for VAT
IPLmean Showed no significant ethnic differences (WE: 988 0.65vsBWA: 8.60 (SE

0.63) %,P=0.305) and the ethnic difference in IRkp reduced in significance (WE: 9.04
(SE 0.68vsBWA: 7.18 (SE 0.66) %?=0.074). We investigated regional IPL depositiohs o
the head, body and tail regions within and betwesssh ethnic group using a mixed between-
within subjects ANOVA. There were significant diiémces in IPL between the pancreatic
sections in BWA men (Wilks’ Lambda=0.7950.019), with a significant main effect for
ethnicity P=0.029). There were no significant differenceshia distribution of IPL between
the two ethnic group$?€0.474).

Relationships between IPL and ISF

Associations between IPL and measures of insutiresery function are shown in Table 3.
The IPLyean Was significantly inversely associated with mest tf' phase insulin secretion
(c%) in WE men but the relationship while negative swat significant in BWA men (WE:
r=-0.55,P=0.026; BWA r=-0.18P=0.468) (Figure 4); the association was specifjoaith
IPLyeap in the WE menH=0.023) (Table 3). There was no evidence for alimelationship
between IPlean and meal test™ phase insulin secretion?) in either ethnic group (WE:
r=0.06,P=0.813; BWA: r=0.05P=0.856). There were no significant associationsifbu
between IPlean and intravenously stimulated insulin secretiohgnda®) in either ethnic
group, Table 3. However, analysis of region-spe@8sociations with intravenously
stimulated insulin secretiowt ando?), presented in Table 3, showed inverse assocation
between IPka. with botha® (P=0.092) ands? (P=0.074) which neared statistical
significance in WE men but not in BWA meor{ P=0.18;0% P=0.26). There were no
changes in the significance of relationships betw®& (mean and region-specific) and ISF
after adjusting for VAT (data not shown).

DISCUSSION

In our comparison of BWA and WE men with early tydiabetes, we found ethnic
differences in the deposition of pancreatic fat aséssociation with beta-cell function. Men
of BWA ethnicity exhibited significantly lower IPtompared to WE men, predominantly
due to lower IPL deposition in the head of the paas. Furthermore, we have recognized
ethnic distinctions in the relationship between Hd ISF such that IPL is inversely
associated with ISF only in WE men leading us tecsiate that IPL may be a less important
determinant of the development of T2D in BWA thaik Wien.

The accumulation of IPL and other depots of ectégiiés thought to occur due to
reduced expandability of SAT during energy surpassyell as prolonged release of free
fatty acids from SAT, due to adipocyte insulin s¢shce, which subsequently deposit as
ectopic fat (8,25). The interrelated nature of pictdat depots has been demonstrated in the
work of Leet al.who showed a correlation between VAT, IHL and IRPLa multi-ethnic
cohort (15). Since it is well established that VAAd IHL are significantly lower in Black
populations (26,27) we hypothesized that IPL wdaddower too. In line with previous
studies our BWA men exhibited significantly loweAY than the WE men and we found
that IPL no longer differed by ethnicity after asfjng for VAT. This suggests the lower IPL
in BWA is driven by lower VAT and indicates a caitrole of VAT in determining IPL
deposition. Our findings extend into type 2 diabetarlier studies of healthy individuals who
have reported significantly lower IPL among AfrieAmericans compared to White and
Hispanic ethnic groups (7,15). Furthermore, we g®wovel data on differences in regional
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deposition of IPL according to ethnicity showing thigher IPL deposition in WE men to be
specific to the head of the pancreas. This is itgpdmgiven that the development of type 2
diabetes has been shown to be specifically assacigth loss of beta-cell mass from the
pancreatic head (28) and several studies have shiokgbetween lipotoxicity and beta-cell
apoptosis (6,29). During the progression from ndmghacose tolerance to type 2 diabetes,
loss of first phase ISF is understood to be thet mritscal dysfunction of the beta-cells (30),
and the detrimental effects of IPL have consisyemtlen shown to relate to first phase ISF
(4,31). Our protocol enabled us to differentiatstfand second phase insulin secretory
function and investigate, for the first time, ethdifferences in the relationship between
these and IPL. Considering this, our findings ssg¢ieat beta-cell lipotoxicity may be a less
important determinant of ISF in BWA compared to WAENn. This is consistent with findings
of a recent investigation in prepubertal youth @ridan-American and Caucasian ethnicity
(32) that reported significantly greater decline®éta-cell function in Caucasian youth in
response to a lipid infusion, suggesting greatsceaptibility of the beta-cells to acute
lipotoxicity in Caucasian youth compared to AfriecAmericans, although it should be noted
that IPL was not measured in this study. Until netudies of IPL in Black populations have
been limited to only %t phase ISF, expressed as the ‘acute insulin resporeasured using
the intravenous glucose tolerance test (7,15,18i)strour findings indicate the potential
importance of also assessinY ghase ISF. Our results showing that BWA men hawet
second phase ISF, which we have previously explioretbre detail (14), indicates that a
decrease in second phase ISF may have a more @oingitiological role in beta-cell
dysfunction in Black populations but is not relatedPL.

Contradictory to our findings, Szczepangtikal.reported that IPL was associated with
the intravenous glucose tolerance test ‘acuteimsesponse’ in both normal glucose tolerant
White and African-American ethnic groups (7). Tloaite insulin response is considered
comparable to the first phase response of the giymamic clamp but in this case, only
insulin was measured. In our study, we have queadtiSF through the measurement of c-
peptide, which provides a more accurate estimatidyeta-cell function than measuring
insulin alone. This is particularly important whetdying ethnic comparisons of beta-cell
function as it has been extensively reported thatiBpopulations exhibit significantly
different insulin responses to glucose compareattier ethnic groups, and this response
results from a combination of altered insulin sgoreand hepatic insulin clearance. To date,
many ethnic comparison studies have been limitebdeaneasurement of insulin.

We found ethnic differences in the regional disttibn of IPL within the pancreas
whereby BWA men had significantly higher IPL in tiad compared to the head of the
pancreas whilst in WE men there was no apparerdrabvariation in IPL deposition.
However, when we looked at region-specific relalips between IPL and ISF we found, in
WE men, an inverse relationship, which nearedssiedil significance, between IR the tall
with both intravenously-stimulated first phase ardond phase ISF which was not seen in
BWA men. Studies conducted in humans have showorrabvariation in the distribution of
beta-cells within the pancreas, concluding thatethe more than a 2-fold greater density of
beta-cells in the tail of the pancreas compardtaediead and body (28). The inverse
relationship we observed, albeit of borderlineistigal significance, between IPL in the tail
and ISF in WE men may indicate greater beta-qadtéxicity in WE men and in turn
reduced beta-cell function in the tail of the p&as;, an association not seen in the BWA
men. We propose further work should be conductedvestigate ethnic differences in the
role of regional IPL on regional specific beta-sellithin the pancreas.

Our study design, using both the HC and MTT, erdhbketo compare for the first time in
a single study distinctions in the associationsvben IPL and ISF in response to orally
versus intravenously stimulated glycemia. Our figgi of significant associations only
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between IPL and orally-stimulated ISF help to explarevious contradictory results between
studies that have used oral versus intravenousauei{31,33). These findings suggest an
interaction between incretin hormones, IPL and I88eed, recent studies have shown a link
between beta-cell lipotoxicity and reduced incretifect where increasing concentrations of
free fatty acids were associated with a down regulaf the GLP-1 receptor in a mouse
model (34). Our results may suggest that IPL negBtimpacts on incretin signaling in beta-
cells and further hinder insulin secretory respdonse meal in WE men but not BWA men.
This ethnic difference may be explained by diffexsin incretin levels, which have
previously differed between Black and White pogolas with some studies reporting higher
incretins in Blacks (14,35,36) while others regower(37); further investigations are needed
to understand the ethnic differences in relatigmshietween incretins and IPL.

Our study has several strengths including the mreasent of c-peptide for the
assessment of insulin secretion, and the use ofrtetbhods to comprehensively measure
insulin secretory function, distinguish first aretend phase secretion and the role of incretin
hormones. Another strength is our investigationegional variation of IPL in the head, body
and tail of the pancreas and how this differs betwend within each ethnic group. Our study
also benefits from MRI analysis of pancreatic faich has been suggested to be superior to
magnetic resonance spectroscopy (MRS) for IPL aisabue to the irregular size and
morphology of the pancreas, particularly in diabetpulations (9,38,39). However, this
study is not without its limitations. Small regioointerest were used in the MRI analysis of
IPL to reduce contamination with VAT, as recommehbg investigators of methods used to
quantify IPL by Dixon-MRI (9,40), although, we castrguarantee that VAT contamination
did not occur due to poor participant compliancthuhe breath-holds. Also, we cannot
determine if mean IPL represents total IPL sincedwienot measure the volume of the
pancreas which is reported to be 33% less in iddads with early type 2 diabetes compared
to healthy controls (41). Our study is deliberatetyited to studying men as there is
consistent evidence for gender differences in #tagphysiology of type 2 diabetes in
African populations (42,43), we acknowledge tha timits the generalizability of our
findings. However, despite the higher prevalence/pé 2 diabetes in Black women
compared to Black men (1), our data are valuabéetduhe lack of studies conducted in men
in this field. Furthermore, our study focused oad¥ West African ethnicity and all our
participants were first generation migrants (bereauntries of West Africa). We
acknowledge that when comparing our study to pres/igorks there may be differences
between Black populations residing in the UK wtibge residing in the US or other regions
in terms of lifestyle behaviors, socioeconomic éast and access to healthcare that may
influence the development of type 2 diabetes. Weotdetermine a causal relationship
between beta-cell function and IPL accumulation huthe cross-sectional nature of this
study. Our study was also conducted on a small lEasige although, despite this, is
comparable in size to other studies carried ouPhnand ISF. An investigation of normal
glucose tolerant and impaired glucose tolerantgsaf both WE and BWA ethnicity would
enable us to gain an understanding of the effelfelolaccumulation on beta-cell function
during the progression of type 2 diabetes.

In conclusion, our study demonstrates ethnic dfiees in the deposition of pancreatic
fat and its association with beta-cell function.r@adings of lower IPL among BWA men
with type 2 diabetes suggest that lipotoxicityhie pancreas may be less dominant in the
pathogenesis of type 2 diabetes in BWA comparaifomen. Furthermore, ethnic
distinctions in the relationship between IPL anB ssich that it relates to insulin secretory
function in WE men but not BWA men, suggest that tiRay be a lesser determinant of beta-
cell dysfunction in BWA men with early type 2 didbg.
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Figure 1: Selection of positioning of the circular regiorisrderest in the pancreas head,
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drawn on the body of the pancreas on an axial abddmIRI image. Panel (d) shows a
coronal MRI image with the horizontal line depicfithe position of axial image (c).

12

610z Ateniged GO uo Jasn uopuo 969109 s,6ul A G9/£915/60810-810Z°0l/01LZ L 0L/10P/A0BISAE-D[DILE-80UBAPE/WSD(/W00dNo dlWspese)/:SdjjY WoJj papeojumMoq



THE JOURNAL OF CLINICAL
ENDOCRINOLOGY & METABOLISM

=
L
O
“

ADVANCE ARTICLE:

ENDOCRINE =
SOCETY Ema

The Journal of Clinical Endocrinology & Metabolism; Cogti 2018 DOI: 10.1210/jc.2018-01809

Figure 2: Study flow chart. Of the 57 participants initiallgsessed for eligibility, 19 Black
West African and 18 White European men were erdotli® the study and 20 participants
were excluded of whom 15 were not eligible, 2 haxt@indications for MRI, 1 had poor
MRI image quality and was therefore excluded, apaicipants withdrew consent.

Figure 3: Mean intrapancreatic lipids and intrapancreapi of the head, body and talil,
data presented by ethnicity. Data presented as m&ah *Significant p<0.05 as determined
by an independent samples t-test between WE and B\&W

Figure 4: Relationships between log mean intrapancreatid &pd orally stimulated first
phase insulin secretory functiost, [(pmol/n? BSA)/(mmol/l min)] in WE and BWA men.
White circles = BWA men, black circles = WE menshded line = BWA men, solid line =
WE men. Mean intrapancreatic fat was calculateith@snean of the pancreatic fat fraction of
the head, body, and tail of the pancreas quantifé#tlg a Dixon based sequence MRI
method.

Table 1: Clinical characteristics of Black Westié&m and White European men

BWA (n=19) WE (n=18 P
Age (years)t 54 (12) 59 (6) 0.51
Weight (kg) 92.6 +12.1 99.8 +16.7 0.14
BMI (kg/m?) 30.0+3.6 31.5+4.1 0.24
Waist circumference (cm) 105.0+9.9 111.9+13.0 0.08
VAT, total (kg)¥ 3.7 (3.1-4.5) 5.6 (4.6-7.0) 0.003
SAT (kg)f 11.5 (9.6-13.6) 13.2 (10.9-15.8) 0.25
Diabetes duration (years)t 3.0 (2.0) 3.0 (1.3) 0.34
Fasting glucose (mmol/l) 6.56 + 0.73 6.88 +1.33 380.
HbAlc (%) 6.71 +0.67 6.64 + 0.70 0.79
HbAlc (mmol/mol) 49.8+7.5 49.1+7.6 0.79
ALTE (1U/]) 27.3 (22.5-33.1) 31.2 (25.7-37.7) 0.31
Systolic BP (mm Hg) 136.6 + 13.5 130.9 +14.2 0.22
Diastolic BP (mm Hg) 85.8+7.6 82.6 £ 9.5 0.25
Total cholesterol (mmol/l) 4.09 +0.72 4.27 £0.70 0.44
LDL-cholesterol (mmol/l) 2.32 £0.54 2.28 £ 0.66 80.
HDL-cholesterol (mmol/l) 1.17 +0.37 1.19£0.25 80D.
Triglyceride (mmol/l)t 1.10 (0.60) 1.60 (1.25) 0.0

Data presented as mean + SD or geometric mean (95%rQd)gftransformed dat&) or median (interquartile
range) for non-parametric dath (P values determined using independent samples t-tests foathpr
distributed data otherwise Mann-Whitney test. NWE=17, BWA=18"WE=17, BWA=17.
Abbreviations:ALT, alanine aminotransferase; BP, bloodsuee; BWA, Black West African; HbAlc, glycated
hemoglobin; HDL, high density lipoprotein; LDL, low densliggoprotein; SAT, subcutaneous adipose tissue;
VAT, visceral adipose tissue; WE, White European.

Table 2: Metabolic parameters of beta-cell functiothe Black West African and White
European men

BWA (n=19) WE (n=18) P
Basal insulin (pmol/l)¥ 84.0 (67.3-104.8) 110.1 (79.2-153.0) 0.15
Basal c-peptide (nmol/Ij 0.57 (0.31) 0.84 (0.33) 0.006
Meal tolerance test resultd
c-peptide IAUC (nmol/l mir) 63.3 + 19.6 91.0 £30.1 0.00:¢
o’ [(pmol/n? BSA)/(mmol/l min®)] 1460 + 1161 1155 + 678 0.36
o [(pmol min™ m? BSA)/mmol/l)]t 63.0 (42.8-92.7) 69.6 (51.7-93.7) 0.67
Hyperglycemic clamp results
c-peptide iIAUC 0-10 mins (nmol/l miit 0.18 (0.46) 0.28 (1.74) 0.35
c-peptide iIAUC 10-120 mins (nmol/l mithit 55.7 (39.3-78.9) 108.3 (86.0-136) 0.00z
o [(pmol/n? BSA)/(mmol/l mir*)]t 20.3 (118.1) 25.6 (126.0) 0.90
o [(pmol min* m? BSA)/mmol/l)]t 8.2 (15.3) 16.1 (26.0) 0.08

Data presented as mean £ SD or geometric mean (95%rdt)ftransformed data (1) or median (interquartile
range) for non-parametric dath) (P values determined using independent samples t-tests foathpr
distributed data otherwise Mann-Whitney test. N¥E=16, BWA=18.
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Abbreviations: BWA, Black West African; iAUC, incrementaka under the curve; WE, White Europe.dn;
first phase insulin secretory functiasf, second phase insulin secretory function.

Table (3): Pearson’s correlation coefficients betw#d’L and metabolic measures of insulin
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secretory function

Meal test 1 phase insulin Meal test 2° phase insulin Hyperglycemic clamp®i Hyperglycemic clamp™

secretory functionc®)? secretory functiond?®)? phase insulin secretory phase insulin secretory

function @*)° function ©%)°

BWA WE BWA WE BWA WE BWA WE
IPLyean | -0.18 -0.55* -0.16 0.05 -0.29 -0.24 -0.14 -0.36
IPLyeap | -0.04 -0.56* -0.09 0.13 -0.30 -0.01 -0.32 -0.27
IPLgopy | -0.21 -0.24 -0.10 0.24 -0.22 -0.16 -0.08 -0.10
IPLraiL -0.33 -0.36 -0.32 -0.16 -0.32 -0.41 -0.27 -0.43
*P<0.05

Abbreviations: BWA, Black West African; IPL, intrapanciiedipid; WE, White European.
N for "WE=16, BWA=18; n foPWE=19, BWA=18
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Assessed for eligibility (n = 57)

A

Enrolled
BWA men (n=19)

WE men (n = 18)

\

Excluded (n = 20)

e Not eligible (» = 15
e MRIcontraind caiions (v 2
e Poor MT inage ty(n=1)
o With ~onsent (x ~ 2)

A 4

(o m

Analysed and reported
BWA men (n=19)
WE men (n = 18)

( aalysed and icported

WA e (n=19)
a(n=18)

NI AN /

A
f \
Excluded from analyses
(unavailable samples, n = 3)

Analysed and reported
BWA men (n = 18)
WE men (n = 16)

N )
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