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Abstract

Introduction: Visceral fat, also known as visceral adipose tissue (VAT), has been the focus of
intensive research over the past several years, as ground breaking studies have investigated its
possible role in predicting long term cardiac dysfunction, hypertension, and diabetes. Historically,
Magnetic Resonance Imaging and Computed Tomography were the instruments of choice for
visceral fat quantification. However, with the introduction of visceral fat assessment software for
Dual-Energy X-Ray Absorptiometry (DXA) scanners, DXA’s use for VAT assessment has become
increasingly common. To effectively utilize DXA in future VAT research studies, information
about their precision and accuracy must be known. This study provides novel information
regarding the precision of the Hologic Horizon DXA scanner in the assessment of VAT.

Methods: 60 individuals (32.7+17.1 years, 51% male, 40% with BM1>25 kg/m?2) above the age
of 16 years were recruited to participate in this study. Subjects found to be pregnant, have a lumbar
vertebral compression fracture, non-removable metal implants in the abdomen, or scoliosis/
lordosis/kyphosis were excluded from the study. All subjects underwent three consecutive whole
body scans on a Hologic Horizon A DXA scanner.

Results: VAT mass ranged from 102g-1454g. VAT precision improved with increasing BMI
(p=0.025): CV% was 15.2% for underweight subjects (n=2), 7.1% for healthy subjects (n=34),
6.4% for overweight subjects (n=18), and 4.7% for obese subjects (n=6).

Conclusions: VAT measurement by Hologic DXA displays a satisfactory level of precision in
individuals with a body mass index of >18.5kg/m?2. Precision was found to be higher in those with
the greatest risk of cardio-metabolic dysfunction (individuals with high VAT). Due to its low cost,
brief examination time, non-invasiveness, and limited radiation exposure, DXA may be considered
the tool of choice for VAT determination in future studies.
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Introduction:

Visceral fat, also known as visceral adipose tissue (VAT), is found lining and filling the
abdominal cavity. Its primary purpose is to protect organs from mechanical damage. Recent
studies have proposed that VAT may also play a role in producing endocrine cytokines that
support and activate the immune system.(1) Measurement of VAT as a predictor of poor
health outcomes has become increasingly common in recent years; in 2012, ground-breaking
research using computed tomography (CT) indicated that VAT was strongly linked to
comorbidities such as type 2 diabetes and high blood pressure, in addition to early mortality.
(2) A separate study also indicated that VAT is predictive of dementia risk.(3) With the
recent introduction of VAT assessment software in the Hologic Dual Energy X-Ray
Absorptiometry (DXA, Apex software) and General Electric (GE) Lunar iDXA (CoreScan
software), VAT quantification is no longer confined to CT or Magnetic Resonance Imaging
(MRI) measurements, which can be expensive, invasive, or have increased radiation
exposure. Both CT and MRI have been validated against cadavers in their estimations of
VAT, (4,5) and previous comparison studies have indicated that VAT assessments by CT and
MRI are significantly correlated with those measured by DXA.(6,7,8) This affirms DXA’s
accuracy in the measurement of true VAT. Furthermore, recent studies have replicated the
relationship between VAT and comorbidities using DXA.(9,10) Because DXA is a cost
effective and low radiation alternative to CT and MRI, quantifying the precision of VAT
assessment is vital for planning investigational studies and determining sample size.

There are two major types of DXA manufacturers: Lunar/GE and Hologic. As a previous
commentary on bone precision states, “Until precision studies are performed, the least
significant change cannot be determined for any level of statistical confidence, making the
interpretation of serial studies impossible.”(11) In essence, without preliminary precision
studies, further investigation into VAT by DXA is severely hampered. The earliest study into
the precision of VAT was done in 2013 on a Lunar iDXA (12), a year after CoreScan
software implementation, and the majority of VAT precision studies have also been
performed in Lunar scanners.(13) These investigations have indicated that in Lunar
Scanners, VAT precision improves with a higher body mass index (BMI) (14), and that the
coefficient of variation may range from 5.1%-54% depending on an individual’s BMI. The
previous research performed in Hologic DXA scanners have had many limitations. A
previous study comparing DXA to MRI suggested a VAT %CV of 6.7% in overweight
women, however the precision estimates were confined to 9 subjects. (15) Other research
using the Hologic APEX software has focused on the reproducibility and clinical utility of
DXA in the assessment of VAT by taking a longitudinal approach to collecting VAT values,
rather cross-sectional.(16,17) The present study will expand upon these previously observed
results, with focus into the effect of BMI on VAT precision.
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Therefore, this study quantified VAT precision from whole body Hologic DXA scans in a
healthy and diverse U.S. based population. Additionally, we investigated age, gender, and
BMI differences in VAT, and compared DXA-generated indices to similar anthropometric
measures.

This study was conducted in a convenience sample of healthy individuals above 16 years of
age from June 2017 to December 2018. Individuals were excluded from study participation
if they had a BMI of above 40 kg/m? (due to Hologic DXA table limitations), were pregnant,
had non-removable metal implants in the abdomen, had scoliosis/lordosis/kyphosis, or if
they had suffered a lumbar vertebral compression fracture. Potential subjects were
introduced to this study through disseminated fliers, word of mouth, and weekly newsletters
at a local University (identity retracted for peer review). Written consent was obtained from
all subjects or legal guardians, and assent from subjects 1617 years. The protocol was
approved by the Institutional Review Board at our institution (identity retracted).

Each subject was measured by a single anthropometrist: height, weight, and waist to hip
ratios were collected. While only one height and weight was collected, three waist/hip
measurements were gathered per subject, and the average used for statistics. Menstruating
female subjects were each required to provide a urine sample for pregnancy testing, which
was assessed via Quidel QuickVue HCG (San Diego, CA) urine tests, prior to DXA scan.

Each subject underwent three sequential whole body array scans on a Horizon A scanner
(Hologic APEX software v.5.6.0.4, Waltham, MA). As Bredella et al. has previously
described, in order to identify visceral fat within a DXA scan, Hologic software locates the
inner and outer margins of both sides abdominal wall as calculated by body composition
profiles in a region with a 5 cm height across the abdomen at approximately the height of
L4/L5, with the bottom edge situated 1 cm above the iliac crest. The software then measures
the total fat mass within the abdominal walls, a region which contains both subcutaneous
and visceral fat. To generate total VAT, the fat tissue is calculated for the entirety of the
abdominal region. All area denoted by reference markers as “subcutaneous fat” is then
subtracted from this number, to generate VAT.(18) When applicable, the automatically
generated reference lines denoting the separation between subcutaneous and visceral fat
were manually revised if they were deemed inaccurate by the analyst. Subjects were asked to
get off the scanner and be repositioned between each scan. All scans were performed by one
certified DXA technician. Analysis of scans were done by a single analyst, separate from the
DXA technician.

Statistical Analysis

Variables were initially visually represented via scatterplot to look for outliers, then
summarized (means + SD) using t-tests. Chi-squared was used to describe differences in
categorical data such as gender, ethnicity, or proportions of subjects. “Average” or “mean”
numbers described in figures are the mean of all three, whole body DXA measurements for
each subject. All tests were two-tailed with a threshold for significance of p<0.05. Individual
body mass index (BMI) data was categorized according to the CDC criteria: <18.5 kg/m?
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were classified as underweight, 15.5 to 24.9 kg/m? healthy weight, 25.0 to 29.9 kg/m?
overweight, and =30 kg/m? as obese.(19) Subjects were also categorized as adolescent or
adult, with adults defined by an age of >21.0 years. Data was analyzed using STATA v15
(College Station, TX) and Microsoft Excel 2013.

The Coefficient of Variation (%CV) for our cohort was calculated using the equation
provided by the International Society of Clinical Densitometry (ICSD):

60 healthy subjects (32.7+17.1 years, range: 16-67 years, 51% male) participated in this
study. Mean BMI of males in this cohort was >25 kg/m2, indicating that the majority in this
cohort were overweight or obese. (Table 1) Men were also found to have significantly more
VAT than women. (Figure 1)

Age was positively correlated with VAT deposition (r2=0.34, p<0.001, Figure 2), a result that
was primarily driven by the male subjects (r2=0.43, p<0.001) as there was no correlation
between age and VAT in females. The relationship remained significant, even after
adjustment for height and whole body fat (R2=0.51, p=0.01). While absolute visceral fat was
significantly higher in adults than adolescents (p=0.002), precision (demonstrated by %CV)
was found to be similar between age groups (Figure 3). Whole body fat (as a percentage of
total body weight) was also found to be positively correlated to mean VAT in both women
(R2=0.31, p=0.004) and men (R2=0.75, p<0.001) after controlling for age and height. When
the two gender groups were combined without covariates, whole body fat percentage was no
longer significantly correlated to mean VAT (r2=0.05, NS). (Figure 4)

The variability of VAT measurement (%CV) was lower in individuals with a larger BMI. For
individuals who were considered underweight by CDC criteria, BMI <18.5 kg/m? (n=2,
female, age: 54 and 61 years), measurement of VAT had the poorest precision (10.2% and
20.3%CV). When variability in VAT measurement is categorized by BMI, there is a
significant stepwise decrease in %CV as BMI level increases (Table 2, p=0.025). Females
were found to have double the %CV of male subjects (9.2% in females, 4.8% in males,
p<0.001).

The android and gynoid measures generated by whole body DXA scan analysis displayed a
significant positive correlation with anthropometric waist to hip measurements (r2=0.60,
p<0.001) (Figure 5). While this correlation was found to be significant in both sexes, the
correlation was found to be stronger in males (r=0.60, p<0.001 in males vs. r2=0.30,
p=0.006 in females).

Discussion:

VAT precision for lean and overweight subjects by Hologic DXA is markedly different than
that of Lunar iDXA, which calculates its %CV of VAT measurements to be between 5.1%
and 54%. (12,13, 14) However, in the VAT quantification of obese individuals, both the
Lunar iDXA and Hologic DXA perform similarly (5.1% Lunar vs. 4.7% Hologic).(9) These
results suggest that both Lunar iDXA’s and Hologic DXA’s are suitable for quantifying VAT
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in obese subjects. Given that the Hologic DXA'’s precision lowered to 15% in the few
underweight individuals assessed (BMI <18.5 kg/m?), if a greater degree of precision is
desired scientists may be advised to consider techniques such as MRI or CT.

A previous study compared VAT measurement by a Hologic scanner to MRI in a cohort of
67 women with polycystic ovarian syndrome.(15) The study concluded the %CV of VAT
measurement to be 6.7%, for a small subsample of their cohort (9 out of 67 subjects), but did
not provide separate analysis by BMI or gender. Despite including a relatively small number
of individuals to generate %CV, and only having women in their cohort, the %CV value
closely mirrors the %CV in obese individuals within the current study. This is likely due to
the mean BMI of their cohort being 32.8+4.6 kg/m?2, which would further reinforce our
conclusion that VAT precision improves as BMI increases. A separate investigation into VAT
precision was done three years ago by a Master’s student studying at Clemson University.
(20) Though the work has yet to be formally published, the findings are nevertheless a
reference point for Hologic visceral fat precision. A %CV of 15.95% was reported for their
entire cohort (n=42, 7 male), a value much higher than what is observed within healthy
individuals in the present study. We hypothesize this difference is likely driven by the high
proportion of females (83%) in their cohort. In the current study, females had nearly double
the %CV of men in VAT, though similar %CV in whole body fat percentage (1.2% vs 1.3%,
male vs female, data not shown). Other studies which have investigated the reproducibility
of VAT measurement using Hologic DXA are not comparable with the present study, due to
their longitudinal study design (weeks between duplicate measurements).(16,17)

As whole body fat increases, VAT presumably increases proportionally.(21) The present
study found that whole body fat was significantly correlated with VAT in both males and
females, though the slope of the correlation differed by gender. Etiologies behind fat
deposition differences between the sexes are not fully understood, though a review study
from 2012 has implicated sex hormones as the primary instigator of gender differences in
VAT accumulation.(22) This is evidenced by visceral adiposity rising during the peri-
menopausal transition when estrogen levels are low, and by women with polycystic ovarian
syndrome who display hyperandrogenism and frequently exhibit an increase in VAT.(23,24)
The lack of a significant correlation between VAT and whole body fat in all subjects may
have been due to radical differences in fat deposition between males and females; females
primarily deposit subcutaneous fat in the gynoid area, while males develop VAT in the
abdomen. Due to these dispositions, males and females each display significant, but very
differentially driven correlations between visceral and whole body fat. When combined,
these correlations combat each other and obscure any overarching deposition pattern,
leading to a lack of significance. In the whole cohort, lower VAT values were indicative of a
higher %CV. This same phenomenon is leading to the high %CV observed in women, due to
their inherent tendency to have less VAT than their male counterparts.

VAT has historically been measured by either MRI or CT. However, due to the expense and
time limitations of most MRI scanners, and the radiation exposure exhibited by CT, finding
a viable alternative is paramount. There are no published guidelines on what is considered to
be an acceptable %CV for a novel instrumentation. Given this lack of relevant information,
we may only state that Hologic scanners have shown precision in-line with previously
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reported %CV’s in Lunar iDXA machines. The precision of VAT quantification by MRI and
CT has been found to be within the 1-3% (%CV) range--better than that of DXA (in normal
and overweight subjects).(25,26) The present findings reinforce that given the many
strengths of DXA instrumentation, DXA may be utilized for the measurement of VAT in
investigational settings, unless a subject is too large for the scanner table (>4501bs/204kg),
or has a BMI<18.5 kg/m?2, wherein the increased precision of MRI/CT will be required to
precisely determine their VAT mass.

VAT measurement is less precise than that of whole body fat assessment by DXA, where
literature reports range from 1.9%-3.5% (%CV) for whole body fat percentage, and 0.7%
—2.0% for lumbar spine bone mineral density (BMD). (27,28) In comparison, our study
measured whole body fat percentage %CV to be 1.2%, and 0.8% for lumbar spine BMD
(data not shown). The imprecision demonstrated by VAT is likely due to DXA’s limited
ability to fully differentiate visceral from subcutaneous fat in the abdominal region and the
inherent variability caused by analyst-initiated reference line placement. Measurements are
more precise in obese individuals because each movement of the reference lines in the DXA
analysis software increases or decreases their fat compartments by a smaller proportion than
it would on a lean individual, which subsequently leads to less analyst-initiated variation. As
software is refined and becomes better at differentiating the density of visceral versus
subcutaneous fat tissue, the precision of VAT assessments by DXA should continue to
increase, making it an even more robust tool.

While this study was well-executed and straightforward, there were several limitations.
Variation in subject positioning, subjectivity in the analysis, and instrument variability may
all lead to measurement error.(29,30) We reduced these sources of possible error wherever
possible by having all scans conducted by one certified DXA technician, one separate
analyst, and a single scanning device. Artifacts may also have created artificial variability in
VAT. This was mediated by a preclusion of individuals with any significant pelvic or
abdominal abnormality that may have interfered with or influenced reference line placement.

Conclusion:

The precision of VAT measurement by Hologic DXA is within previously observed
precision ranges. Precision is further improved when measuring overweight or obese
subjects. However, in comparison to other DXA parameters such as bone or subcutaneous
fat, the coefficient of variation for VAT remains relatively high. Given this, the software used
by the Hologic DXA to quantify VAT may require further refinement. Due to the precision
of the method being worse in underweight individuals, this report suggests that DXA be
recommended for use in investigational quantification of VAT in individuals with a
BMI>18.5 kg/m?.
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Figure 1: Visceral Fat (Absolute and Precision) Derived from Whole Body DXA Scan, Separated

by Gender

a) Difference in VAT by gender, p<0.001, 1b) Difference in VAT precision by gender,

P<0.001.
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Figure 3: Visceral Fat is Significantly Higher in Adults vs. Adolescents, but Precision is Similar
a) Difference in VAT by age category (Adolescents vs. Adults, p<0.02), 3b) Difference in

VAT precision by age category (p=NS).
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Figure 4:
Visceral Fat is Significantly Correlated with Whole Body Fat in Men and Women when

Analyzed Separately, but not when Combined (Unadjusted)
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Figure 5:

Anthropometric Waist to Hip Ratio Correlates with Android to Gynoid Ratios Derived from
DXA
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Demographic and Body Composition Characteristics for Healthy Enrolled Subjects, by Gender

Table 1:

Total Male Female p-valu 2

No. of Subjects 60 31 29

Age, years 32.7#17.1 | 37.7+185 | 27.3£13.9 0.017
Height, cm 169.8 £12.1 | 178.0£85 | 161.1+9.0 <0.001
Weight, kg 717191 | 841170 | 585+10.2 | <0.001
BMIb, kg/m? 245+4.4 26.5+4.6 225431 <0.001
Whole Body Fat® % 29.7 6.4 26.5+5.9 33.245.0 <0.001
Visceral Fat, g 363 + 287 509 331 208 + 87 <0.001
Android to Gynoid Ratiod 0.95+0.20 | 1.05+0.21 | 0.84+0.11 <0.001
Waist to Hip Ratio® 0.91+0.08 | 0.96+0.07 | 0.86+0.07 <0.001
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a I . . .
For continuous variables, data is presented as mean +SD, and p-values are generated from t-tests for differences between males and females. For

categorical variables, data is presented as a % of total subject’s population p-values are from chi-squared with Fisher’s exact follow-up test. P-

values were considered statistically significant at a level of p<0.05.

bBMI: body mass index, calculated as kg/m

DWhoIe body fat percentage generated from average analysis of 3 whole body DXA scans.

2

dAndroid/Gynoid Ratio calculated from average analysis of 3 whole body DXA scans.

e . . . . .
Waist to Hip Ratio, average of 3 anthropometric measures per subject.
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Absolute Visceral Fat (g and cm3) and Visceral Fat Variability by BMI Criteria

Table 2:

Page 15

Underweight BMI <18.5

Healthy Weight BMI 18.5-

Overweight BMI 25-29.9

Obese BMI = 30 kg/m?

kg/m? 24.9 kg/m2 kg/m?
N in Group 2 34 18
Units g Cm3 g Cm?3 g Ccm?3 g Cm?3
Visceral Fat 132+13 142+15 222+75 240481 471+285 509+308 917+300 9924324
Amount
%CVa’b 15.2% 15.2% 7.1% 7.2% 6.4% 6.3% 4.7% 4.7%

a . -, . . . - . . . .
Calculation for coefficient of variance (%CV) is presented in the statistical analysis section of the manuscript. Data calculated from analysis of 3
whole body DXA scans per subject.

bSignificantIy different by BMI category, p=0.025 (ANOVA).

J Clin Densitom. Author manuscript; available in PMC 2021 October 01.




	Abstract
	Introduction:
	Methods:
	Statistical Analysis

	Results:
	Discussion:
	Conclusion:
	References
	Figure 1:
	Figure 2:
	Figure 3:
	Figure 4:
	Figure 5:
	Table 1:
	Table 2:

