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Abstract

Background: Conventional anthropometric indices (body mass in-
dex (BMI) and waist circumference (WC)) have limitations, in part,
due to ethnic differences in fat distribution. Assessment of abdomi-
nal body composition using magnetic resonance imaging (MRI) is
increasingly used to gain deeper insights into the pathophysiology of
diabetes mellitus, cardiovascular diseases and metabolic syndrome,
but the knowledge of abdominal volumes in indigenous populations
is scarce. This study aimed to assess abdominal fat distribution and
total abdominal volume using MRI in a multi-ethnic cohort that in-
cludes Maori (the indigenous people of New Zealand) and Pacific
Islanders (PI).

Methods: MRI was used to quantify subcutaneous adipose tissue
(SAT) volume, visceral adipose tissue (VAT) volume and total ab-
dominal (TAb) volume by two independent raters in a blinded fash-
ion. WC and BMI were also measured. Multinomial regression was
used to compare the volumes between ethnic groups. Linear regres-
sion was used to investigate the ethnicity-specific associations be-
tween anthropometric indices and abdominal volumes. Three statis-
tical models were built to adjust for age, sex, prediabetes/diabetes
status and other covariates.

Results: A total of 87 individuals (37 Caucasians, 24 Maori/PI and 26
others) were studied. Maori/PI had a significantly higher VAT volume
compared with Caucasians across all statistical models, with the high-
est odds ratio of 2.1 (95% confidence interval: 1.1 - 4.2; P = 0.026).
SAT and TADb volumes did not differ significantly between the groups.
WC explained up to 72.9% of variance in VAT volume among Maori/
PI and up to 50.7% among Caucasians. BMI explained up to 67.6%
of variance in VAT volume among Maori/PI and up to 52.1% among
Caucasians.

Conclusions: Greater visceral fat deposition among Maori/PI might
go some way towards explaining the increased rates of metabolic dis-
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orders observed in this ethnic group. Conventional anthropometric
indices do not correspond to the same abdominal volumes across dif-
ferent ethnic groups.
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Introduction

Distribution of abdominal fat is increasingly recognized as
a driving force behind diabetes, metabolic syndrome and
cardiovascular disorders. Modern cross-sectional imaging,
such as magnetic resonance imaging (MRI) and computed
tomography (CT), can accurately quantify the compartment-
specific distribution of adipose tissue in the abdomen. Spe-
cifically, fat accumulation around intra-abdominal organs,
termed visceral adipose tissue (VAT) [1], has emerged as a
stronger correlate of metabolic risks than subcutaneous adi-
pose tissue (SAT) [2, 3]. This can be explained by functional
and metabolic differences between the two compartments:
VAT is metabolically more active than SAT and produces
inflammatory mediators contributing to chronic low-grade
inflammation, increased insulin resistance and impaired lipid
metabolism [4-7].

Although MRI/CT is the gold standard for quantifying the
size of abdominal compartments, they are costly, time-con-
suming and labor-intensive. These factors make MRI/CT im-
practical for routine use and signify the need for developing
a more practical (yet reasonably accurate) method to measure
abdominal fat distribution. Anthropometric indices, such as
waist circumference (WC) [8-10] and body mass index (BMI)
[11, 12], are well-established predictors of morbidity and mor-
tality and are commonly used as proxies for adiposity in the
general population. However, their associations with specific
abdominal compartments (i.e. SAT, VAT and total abdominal
(TAb) volumes) in different ethnic backgrounds vary [13-15].
To date, studies investigating ethnicity-specific associations
have predominantly focused on ethnic groups in the USA,
with only a handful of studies investigating ethnic groups in
other parts of the world. In particular, there are no published
data on abdominal volumes in Maori (the indigenous people
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of New Zealand) and Pacific Islanders (PI) though they have
a significantly greater burden of obesity than Caucasians. Fur-
ther, to the best of our knowledge, abdominal fat distribution
has never been assessed in adult New Zealand population us-
ing MRIL.

The aims were to assess ethnicity-specific differences in
abdominal volumes using MRI in a multi-ethnic New Zealand
study, to investigate the associations between conventional
anthropometric indices and MRI-derived abdominal volumes
across the ethnicities and to derive ethnicity-specific equations
to predict VAT volume.

Materials and Methods

Study design

The present study represents a secondary analysis of data,
whereas the primary analysis focused on glucose metabolism
after an attack of acute pancreatitis and was published else-
where [16]. Participants were included in the study if they were
at least 18 years old, provided informed consent and had a his-
tory of acute pancreatitis. Participants were excluded if they
had chronic pancreatitis or any other disease of the exocrine
pancreas, any intervention involving the pancreas, malignancy,
pregnancy, cystic fibrosis, coeliac disease, a history of acute
infectious or inflammatory conditions requiring medical treat-
ment or evaluation in the preceding 6 months and used steroid
therapy [16]. Participants with contraindications for MRI (e.g.
metallic foreign body or electronic device implantations) were
also excluded from the study. Participants were asked to con-
firm their ethnic background and were subsequently grouped
into Caucasians, Maori/PI and Other. This study was approved
by the Health and Disability Committee and conducted in com-
pliance with the ethical standards of our institution on human
subjects as well as with the Helsinki Declaration.

Anthropometric indices

BMI (kg/m?) was measured using a digital scale with a sta-
diometer (Health o meter® Professional, 2013; ©Pelstar LLC,
McCook, IL, USA). WC (cm) was measured over light cloth-
ing at the umbilicus. Both BMI and WC were measured at the
time of MRI acquisition.

MRI acquisition and analyses

Abdominal MRI was performed at the Center of Advanced
MRI (University of Auckland) with a 3.0-Tesla MAGNETOM
Skyra scanner (Siemens, Erlangen, Germany). Participants
were instructed to lie in the supine position and hold their
breath after expiration for the duration of the scan. Axial T1-
weighted volumetric interpolated breath-hold examination
Dixon sequence was used. Sequential parameters were report-
ed elsewhere [17].

All MRI scans were analyzed using the ImageJ software
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Figure 1. Quantification of visceral adipose tissue volume (a), subcuta-
neous adipose tissue volume (b) and total abdominal volume (c).

(National Institutes of Health, USA). Adipose tissue volumes
were quantified using series of fat images (Fig. 1a, b), identi-
fied from the second lumbar (L2) vertebral level to the fifth
lumbar (L5) vertebral level. The SAT and VAT compartments
were segmented and separated into two image series for sub-
sequent measurements. The gray-scale images were then con-
verted into binary images using the threshold-function to high-
light adipose tissue pixels from the non-adipose tissue (e.g.
organs and blood vessels) region. The pixel count of the high-
lighted area was measured for each image of the SAT and VAT
abdominal series. For quantification of SAT and VAT volumes,
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the total sum of pixel counts was multiplied by the pixel area
and slice thickness. For quantification of TAb volume, identi-
cal series of water images (from L2 to L5) were used. The
free-hand tool was used to select the outer boundary of the
abdomen (Fig. 1c) and the total sum of pixel counts (for the
entire abdominal series) was then multiplied by pixel area and
slice thickness to obtain the TAb volume.

Intra-class correlation coefficient (ICC) and associated
95% confidence interval (CI) were used to evaluate inter-rater
reliability of the three MRI measurements in all study par-
ticipants, done independently by two raters blinded to ethnic
group allocation and other characteristics. ICC values < 0.5,
0.5-0.75,0.75 - 0.9 and > 0.9 were indicative of poor, moder-
ate, good and excellent inter-rater reliability, respectively [18].
The average values of the two independent sets of measure-
ments were used for statistical analyses.

Other variables

On the study date, fasting blood samples were collected after at
least 8 h of fasting. Fasting blood glucose was analyzed using
enzymatic colourimetric assay (F. Hoffman-La Roche Ltd). In
line with the American Diabetes Association guidelines [19],
glycated hemoglobin (HbAlc) was measured using the boro-
nate affinity chromatography assay (Trinity Biotech, Wicklow,
Ireland), which is certified by the National Glycohemoglobin
Standardization Program (NGSP) and standardized to the Dia-
betes Control and Complications Trial reference assay. The
presence of prediabetes (HbAlc 39 - 48 mmol/mol and/or fast-
ing plasma glucose (FBG) 5.6 - 6.7 mmol/L) or diabetes mel-
litus (HbAlc > 48 mmol/mol and/or FBG > 6.7 mmol/L) was
determined according to the American Diabetes Association
guidelines [19].

Statistical analysis

All statistical analyses were performed using SPSS 23.0 for
Mac OSX (IBM Corp., 2015). Analysis of variance and Chi-
squared tests were used to assess differences in baseline char-
acteristics for continuous and categorical variables, respec-
tively. All data were reported as mean + standard deviation
(SD) or frequencies for continuous and categorical variables,
respectively.

First, multinomial logistic regression was conducted to
investigate the difference in abdominal volumes between the
ethnic groups. Ethnicity was analyzed as the dependent vari-
able, with Caucasians set as the reference group. Each MRI-
derived abdominal volume (VAT, SAT and TAb) was used as
the independent variable in one unadjusted and three adjusted
models. Model 1 was adjusted for demographic factors (age
and sex). Model 2 was adjusted for demographic and metabol-
ic (prediabetes/diabetes mellitus status) factors. Model 3 was
adjusted for demographic, metabolic and pancreatitis-related
(etiology, recurrence and time since acute pancreatitis) factors.
Data were presented as odds ratio (OR) and 95% CI.

Second, linear regression was performed to investigate the
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relationship between anthropometric indices and MRI-derived
abdominal volumes, in the entire cohort and each of the ethnic
groups. Data for VAT volume were not normally distributed
and were log,, transformed for analysis. Each abdominal vol-
ume (VAT, SAT and TAb) was used as the dependent variable
and each anthropometric index (WC and BMI) was used as
the independent variable in one unadjusted and three adjusted
models (as described above). Data were presented as 3 coef-
ficients, 95% CI and R? metric.

Third, linear regression was performed to derive ethnicity-
specific equations with a view to estimating VAT volume from
variables that do not require the use of MRI. Anthropometric
measures (height, weight, BMI and WC), demographic factors
(age and sex) and pancreatitis-related factors (etiology, recur-
rence and time since acute pancreatitis) were used as predictor
variables. In the linear model that included all predictor vari-
ables, collinear variables (as indicated by the highest variance
inflation factor (VIF)) were removed one at a time until multi-
collinearity was minimized (VIF < 5). Then, backward elimi-
nation method was used to remove predictor variables that did
not significantly contribute to the model (P > 0.05).

Results
Patient characteristics

A total of 87 participants were recruited into the study, of
whom 37 (42.5%) were Caucasians, 24 (27.5%) were Maori/PI
and 26 (29.8%) belonged to other ethnicities. The mean + SD
age of the entire cohort was 54.3 £ 1.6 years and 56 (64.4%) of
the study participants were men. Other baseline characteristics
are presented in Table 1.

Inter-rater reliability

The inter-rater reliability of the measurements of the three
MRI-derived abdominal volumes was as follows: ICC of
0.998 (95% CI: 0.996 - 0.998) for VAT volume, 0.998 (95%
CI: 0.997 - 0.999) for SAT volume and 0.998 (95% CI: 0.997
- 0.999) for TAb volume (Fig. 2).

Abdominal volumes stratified by ethnicity

The mean £+ SD of VAT volume was 1.74 + 1.04, 2.58 £ 1.10
and 1.82 + 0.98 L in Caucasians, Maori/PI and other ethnici-
ties, respectively. VAT volume was significantly higher among
Maori/PI in the unadjusted and all the three adjusted models,
with the highest OR (95% CI; P value) of 2.146 (1.095 - 4.209;
P=0.026) in model 3. The mean + SD of SAT volume was 3.18
+1.32, 3.62 + 1.64 and 3.00 £ 1.60 L in Caucasians, Maori/
PI and other ethnicities, respectively. SAT volume did not sig-
nificantly differ between the ethnicities in both the unadjusted
and adjusted models (Table 2). The mean = SD of TAb volume
was 9.64 +£2.69, 11.19 +2.45 and 9.00 + 2.89 L in Caucasians,
Maori/PI and other ethnicities, respectively. TAb volume was
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Table 1. Baseline Characteristics of the Study Participants

Characteristics Total Caucasian Maori/PI Other P
No. of participants 87 37 24 26
Age, years 543+1.6 58.6+2.5 559+2.2 46.6 £2.7 0.004*
Sex 0.092
Men 56 19 18 19
Women 31 18 6 7
Height, cm 1719+ 1.1 1714+ 1.4 174.8 £2.3 170.1 £2.0 0.221
Weight, kg 85.8 £2.1A 823+22 97.3+3.8 80.1 £4.0 0.0022
Body mass index, kg/m? 28.9+0.7 28.0£0.8 322+1.5 27.4+1.0 0.0122
Waist circumference, cm 989+ 1.6 96.8+2.2 106.3 £3.1 95.2+2.7 0.0192
Prediabetes/DM 0.715
Yes 59 26 17 16
No 28 11 7 10
Etiology of pancreatitis 0.577
Biliary 39 17 14
Alcohol-related 15 5 6 4
Other 33 15 10 8
Recurrence of pancreatitis 0.972
Yes 22 9 6 7
No 65 28 18 19
Time since pancreatitis, months 28.0+£2.2 28.4+3.2 31.7+4.6 242 +4.1 0.445

Data are presented as mean * standard deviation or count values. 2Significant differences (P < 0.05). DM: diabetes mellitus; PI: Pacific Islanders.

significantly higher among Maori/PI in the unadjusted model
with an OR of 1.233 (1.012 - 1.503; P = 0.038). However, it
was not significantly different in any of the adjusted models
(Table 2).

WC and abdominal volumes

Overall, WC explained up to 46.9% of variance in VAT volume
with a B coefficient of 44.519 (33.532 - 57.832; P < 0.001),
67.6% of variance in SAT volume with a 3 coefficient of 8.655
(7.272 - 10.038; P < 0.001) and 69.2% of variance in TADb vol-
ume with a 3 coefficient of 4.540 (3.840 - 5.239; P<0.001), in
the most adjusted model.

In Caucasians, WC explained up to 50.7% of variance in
VAT volume with a B coefficient of 38.766 (19.700 - 57.832; P
=0.001), 66.8% of variance in SAT volume with a 3 coefficient
0f 7.980 (5.216 - 10.743; P < 0.001) and 64.3% of variance in
TAD volume with a f coefficient of 4.540 (3.840 - 5.239; P <
0.001), in the most adjusted model.

In Maori/PI, WC explained up to 72.9% of variance in
VAT volume with a B coefficient of 64.270 (35.571 - 92.969; P
<0.001), 67.8% of variance in SAT volume with a 3 coefficient
of 11.404 (5.486 - 17.321; P=10.001) and 81.4% of variance in
TAD volume with a f coefficient of 5.439 (3.609 - 7.269; P <
0.001), in the most adjusted model.

In other ethnicities, WC explained up to 41.7% of vari-
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ance in VAT volume with a B coefficient of 39.052 (6.548 -
71.556; P=0.021), 90.5% of variance in SAT volume with a 3
coefficient of 8.919 (6.915 - 10.924; P < 0.001) and 75.9% of
variance in TAb volume with a [ coefficient of 4.928 (2.946 -
6.911; P <0.01), in the most adjusted model.

Other ethnicity-specific associations between WC and
VAT, SAT and TAb volumes are presented in Table 3.

BMI and abdominal volumes

Overall, BMI explained up to 49.9% of variance in VAT
volume with a B coefficient of 19.941 (15.057 - 24.825; P <
0.001), 76.9% of variance in SAT volume with a B coefficient
of 3.846 (3.342 - 4.350; P < 0.001) and 78.6% of variance in
TAb volume with a B coefficient of 2.059 (1.802 - 2.316; P <
0.001), in the most adjusted model.

In Caucasians, BMI explained up to 52.1% of variance in
VAT volume with a f coefficient of 14.857 (7.817 - 21.898; P
<0.001), 74.5% of variance in SAT volume with a 3 coefficient
of 3.149 (2.312 - 3.985; P < 0.001) and 80.8% of variance in
TAb volume with a B coefficient of 1.763 (1.378 - 2.148; P <
0.001), in the most adjusted model.

In Maori/PI, BMI explained up to 67.6% of variance in
VAT volume with a f coefficient of 21.205 (6.288 - 36.122; P
=0.008), 89.8% of variance in SAT volume with a 3 coefficient
of 5.868 (4.273 - 7.463; P < 0.001) and 91.5% of variance in
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Figure 2. Comparison of VAT volume (a), SAT volume (b), and TAb
volume (c) measurements between the independent raters. VAT: vis-
ceral adipose tissue; SAT: subcutaneous adipose tissue; TAb: total
abdominal.

TAb volume with a f coefficient of 2.436 (1.846 - 3.027; P <
0.001), in the most adjusted model.

In other ethnicities, BMI explained up to 44.1% of vari-
ance in VAT volume with a f coefficient of 14.749 (0.047 -
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29.453; P = 0.049), 88.3% of variance in SAT volume with a
B coefficient of 3.296 (2.454 - 4.138; P < 0.001) and 74.0% of
variance in TAb volume with a [ coefficient of 1.813 (1.031 -
2.594; P <0.001), in the most adjusted model.

Other ethnicity-specific associations between BMI and
VAT, SAT and TAb volumes are presented in Table 4.

Ethnicity-specific predictive equations

Ethnicity-specific equations that estimate VAT volume were
constructed. In Caucasians, only BMI, age and sex were signif-
icantly associated with VAT volume (Table 5). The predicted
VAT volume in Caucasians was calibrated with MRI-derived
VAT volume, which yielded an R? value of 0.636. In Maori/
PI, only WC and sex were significantly associated with VAT
volume (Table 5). The predicted VAT volume in Maori/PI was
calibrated with MRI-derived VAT volume, which yielded an
R? value of 0.593. In other ethnicities, only WC and height
were significantly associated with VAT volume (Table 5). The
predicted VAT volume in other ethnicities was calibrated with
MRI-derived VAT volume, which yielded an R2 value of 0.546.

Discussion

To the best of our knowledge, this is the first MRI study to
investigate differences in adult abdominal body composition
between Maori/PI and Caucasians as well as other ethnicities.
State-of-the-art MRI was used to derive three abdominal vol-
umes (VAT, SAT and TAb) in the present study, whereas most
of the previously published studies in the field elected to use a
time-saving (but less accurate) approach - VAT and SAT areas.
All abdominal MRI series were analyzed by two independent
raters and an excellent inter-rater reliability (ICCs > 0.9) was
achieved. Results were yielded using multi-level statistical
modelling that adjusted for several covariates, including age,
sex and prediabetes/diabetes status. There were three key find-
ings. First, VAT volume was significantly higher among Maori
and PI compared with Caucasians, consistently across all the
statistical models. Second, there were ethnicity-specific asso-
ciations between conventional anthropometric indices (BMI
and WC) and VAT volume (as well as the other two abdominal
volumes). Third, ethnicity-specific equations that predict MRI-
derived VAT volume from non-MRI-related variables (specifi-
cally, demographic factors and anthropometric indices) were
developed.

One of the novel findings of this study was that Maori
and PI have significantly higher VAT volume compared with
Caucasians, despite having similar SAT volume. Maori and
PI have the highest rates of obesity in adult population of
New Zealand, with 50% of Maori and 69% of PI classified
as obese [20]. The findings of the present study further show
that excessive fat accumulation in the VAT compartment, and
not the SAT compartment, primarily contributes to the overall
adiposity in this ethnic group. Further, there was no statisti-
cally significant difference in SAT volume between the eth-
nicities. Physiologically, SAT acts as a “metabolic sink” with
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. 5 high propensity to absorbing excess circulating free fatty acids
- 38 and glycerol, which in turn gets stored as triglycerides in adi-
° E < pocytes [7]. Once SAT exceeds its lipid storage capacity, fat
N~ £ begins to accumulate in other compartments, in particular VAT
I 5 g p p
o9 E [21]. Tt is believed that individuals with higher VAT volume
2 <>C ¢ § are at an increased risk of developing metabolic disturbances
LR =A ] 18, 22-24]. While demographic factors (such as age and sex
S5 2 grap g
§ é- gz g are known to influence VAT accumulation [25], emerging evi-
= == w dence also shows that certain genetic mutations disturb lipid
_ © 2 0 v B w w z storage and energy homeostasis, leading to an increased pro-
Es 828223838 3 pensity for' VAT accumulation (independen‘F of the pres.ence.of
> | = = = = A e = = A28 general adiposity) [26-28]. In the same vein, ethnic diversity
N . § and associated genetic backgrounds were also reported to in-
5 = 2 & n Q=L fluence fat distribution and abdominal composition in African
IS o o o N <t —~| T 8 ] p .
&l o S 1 oS o3 S| S Americans [29] and Asians [30]. The finding that Maori and
S g
5 PI have higher VAT volume (compared with Caucasians), in-
—_ (9] >
o g § dependent of demographics and diabetes status, suggests that
3 g i this ethnic group might be prone to excessive fat accumulation
i 3 < in the VAT compartment [31]. Future studies investigating ge-
oo g netic variants and gene expression patterns related to metabo-
g < - o lism in Maori and PI will provide deeper insights into genetic
A 2 p P g g
s =~ ks susceptibility in these individuals
s oY @ ) - . .
= 330 z e To further explore the effect of ethnicity, we investigated
S the strength of associations between the abdominal volumes
@©
- - g - N N and conventional anthropometric indices (in both the un-
=B En 2538 o adjusted and adjusted analyses) in the three studied ethnic
|| AN = ¥ === groups. In the overall cohort, both WC and BMI had stronger
E e I S o o o £ associations with SAT and TAb volumes than VAT volume,
K 4 8 88 = a3 8 which is in concordance with the findings from previous
B B O M R studies in the USA [9, 32-34]. Although WC is considered
= -§‘ a more accurate measure of abdominal adiposity than BMI,
,;C% 2 WC does not distinguish between SAT and VAT. Further,
g = SAT comprises a larger proportion of abdominal adipose tis-
2 = p ger prop p
= 2 = sue [32, 35], which may explain why anthropometric indices
N I have a stronger association with SAT than VAT. However,
=t 5 we also found that WC was better at estimating VAT volume
e o ,L.\ é § among Maori and PI than other ethnicities, in both the un-
3 | &8 <>t ot S adjusted gnd adjusted models. From prev.ious studies, ﬁt is
L g% <3 I worth noting that the degree of variance in VAT explained
R g by WC was different in African Americans [32] and Filipi-
> (O] =~ E nos [36] (compared with Caucasians). This suggests that WC
Q X
- S o does not estimate visceral adiposity with the same accuracy
£ =2 &z oS Edg g across various ethnic groups and, hence, its thresholds may
2 52 S SSSE 2z gl s not be appropriate to use in a “one size fits all” way. This
I} % also highlights the need for a more accurate ethnicity-tailored
@ & 83252 g2zl ¢ method to estimate VAT volume.
-% s 2222 223 s ~ In the present study, ethnicity-specific equations that pre-
S £ dict VAT volume were constructed using a combination of de-
i 2l g mographic and anthropometric variables. Of the anthropomet-
£ é § ric variables investigated, BMI was a better predictor of VAT
S L= 1 in C ians whereas WC was a better predictor of
@ - 6 volume in Caucas p
& Ié .:9) 2 VAT volume in Maori/PI and other ethnicities. The predicted
= 8 3 E VAT volume explained 54.6-63.6% of variance in the MRI-
2 ‘é g E derived VAT volume, which is similar to the goodness of fit of
ﬁ . N " o | 88 other published equations that estimate VAT volume in other
; g ‘\EQ o 5 ~ % 2 %; ethnic settings (51-81%) [34, 37, 38]. Previous studies have
‘g > j S %; =y & E 22 g established VAT as a significant risk factor for metabolic syn-
) & 5 = g 5 g £ 8 E| v drome [39, 40] and diabetes mellitus [41]. While the useful-
pu < . © = L = ness of VAT to predict an individual risk of morbidity is well
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recognized, it is not a routinely used marker of metabolic risk
because of the complex, labor-intensive and time-consuming
post-processing of CT/MRI images. Further, MRI and CT are
costly and access to them is limited (especially in develop-
ing countries). Therefore, an indirect and accurate estimation
of VAT volume might be a valuable tool to identify high-risk
individuals. Ethnicity-specific equations based on simple and
readily available variables, as derived in the present study,
might prove useful in estimation of VAT volume in the general
population. This method could be easily used in health screen-
ing and grading metabolic health risk, hence allowing timely
preventative interventions (e.g. diet and lifestyle modifica-
tions). However, predictive power of the equations and perfor-
mance not only at a group level but also at an individual level
need to be tested in future studies.

There are several limitations that need to be addressed.
First, the present study included individuals with a history of
acute pancreatitis [42, 43]. This is because the project that had
received funding was focused on glucose metabolism in indi-
viduals following acute pancreatitis [16, 18]. However, com-
plete clinical resolution was achieved in all study participants
prior to MRI acquisition and no conventional abnormalities of
the pancreas were detected in all study participants. Further, all
the studied associations were adjusted for pancreatitis-related
characteristics to yield the most conservative estimates. Never-
theless, findings of the present study should be considered only
hypothesis-generating and purposely designed studies are now
warranted. Second, sexes were not evenly distributed between
the groups whereas sex is an important determinant of fat distri-
bution. However, all the studied associations were adjusted for
sex. Third, the present study did not investigate genetic varia-
tions; therefore inferences cannot be made regarding innate dif-
ferences in adipose tissue distribution [44, 45]. While our analy-
sis did control for demographic and metabolic factors, future
studies should investigate the prevalence of genetic variations
among ethnic groups that may contribute to variance in patterns
of fat accumulation. Fourth, the developed predictive equations
were not validated because of the relatively small sample size.
Internal and external validations of the equations are now war-
ranted. Last, diet and physical activity might have influenced the
studied associations. Unfortunately, these data were not availa-
ble. However, if there were a bias, it would be a non-differential
bias as there are no published data on differing patterns of diet
and physical activity between the studied ethnicities.

In conclusion, Maori and PI have significantly increased
accumulation of fat in the VAT compartment than Caucasians,
even after controlling for demographic and metabolic factors.
WC and BMI reflect different volume of the abdominal fat
compartments in the studied ethnic groups. Accurate identifi-
cation of individuals with high VAT volume across all ethnic
groups may help to facilitate earlier lifestyle modification in
high-risk individuals.
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