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Introduction
Ectopic fat deposition within organs triggers structural, 
metabolic and inflammatory changes that contribute to 
obesity-related pathology.1–4 Axillary lymph nodes are 
organelles that demonstrate variable size and architecture 
on mammograms due to marked differences in the degree 
of fat-infiltration of the lymph node hilum (Figure  1). 
Ectopic adipose tissue is associated with an increased risk 
of cardio-metabolic disease in the obese population and 
ectopic fat deposition within organs may lead to organ 
dysfunction.1–7 Obesity is associated with impairment of 
the lymphatic system; however, the underlying mecha-
nisms are unclear. Considering the known adverse effects 
of ectopic fat in other organs, fat-infiltrated lymph nodes 

may play a role in obesity-related lymphatic and immune 
system pathology.

The high utilization of screening mammography in up to 
85% of age-eligible females in the United States and Europe 
provides an opportunity to study fat deposition within axil-
lary lymph nodes.8,9 It is generally accepted that fat-infil-
trated nodes are more commonly seen on mammograms 
of obese females and older females; however, to our knowl-
edge no studies have established an association between 
obesity and mammographically visualized, fat-infiltrated 
nodes. The aim of our study was to evaluate the relation-
ship between lymph node (LN) morphology and body mass 
index (BMI).
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Objective: Using screening mammography, this study 
investigated the association between obesity and axil-
lary lymph node (LN) size and morphology.
Methods: We conducted a retrospective review of 188 
females who underwent screening mammography at an 
academic medical centre. Length and width of the LN 
and hilum were measured in the largest, mammograph-
ically visible axillary node. The hilo-cortical ratio (HCR) 
was calculated as the hilar width divided by the cortical 
width. Measurements were performed by a board certi-
fied breast radiologist and a resident radiology physi-
cian. Inter-rater agreement was assessed with Pearson 
correlation coefficient. We performed multivariable 
regression analysis for associations of LN measurements 
with body mass index (BMI), breast density and age.
Results: There was a strong association between 
BMI and LN dimensions, hilum dimensions and HCR  

(p < 0.001 for all metrics). There was no significant 
change in cortex width with increasing BMI (p = 0.15). 
Increases in LN length and width were found with 
increasing BMI [0.6 mm increase in length per unit BMI, 
95% CI  (0.4–0.8), p < 0.001 and  0.3 mm increase in 
width per unit BMI, 95% CI (0.2–0.4), p < 0.001, respec-
tively]. Inter-rater reliability for lymph node and hilum 
measurements was 0.57–0.72.
Conclusion: We found a highly significant association 
between increasing BMI and axillary LN dimensions 
independent of age and breast density with strong 
interobserver agreement. The increase in LN size was 
driven by expansion of the LN hilum secondary to fat 
infiltration.
Advances in knowledge: This preliminary work deter-
mined a relationship between fat infiltrated axillary 
lymph nodes and obesity.
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Methods and Materials
An institutional review board approved this retrospective study. 
Screening mammograms from randomly selected days between 
January 2014 and June 2015 were chosen, resulting in 293 patients 
for initial review. Inclusion required BMI data in the medical 
record; exclusion criteria included history of breast cancer, breast 
biopsy in the past 3 years, and history of breast surgery. These 
criteria yielded 188 patients for analysis. Data were collected 
from the electronic medical record (Epic Systems Corporation, 
Verona, WI). Obesity was defined as BMI ≥ 30, overweight as 
BMI < 30 and ≥ 25, and normal weight as BMI <25.

Two-dimensional full field digital mammograms were obtained 
with Selenia and Dimensions Hologic units (Hologic Incorpo-
rated, Bedford, MA). Images were reviewed on Barco 3-megapixel 
MDCG-3221 monitors (Kortrijk, Belgium) with Philips PACS 
v. 3.6 (Philips Healthcare; Best, Netherlands). Independent LN 
measurements while blinded to patient history were performed 
by a breast radiologist with 14 years of experience (RDA) and 
a junior radiology resident (SJH). For each patient, the medial 
lateral oblique views were reviewed for visible axillary lymph 
nodes. The single largest LN within either axilla was chosen as 
the index node and was included for analysis if at least 80% of the 
node was visible. The LN cortex was defined as the radiodense 
peripheral portion of the node, and the LN hilum was measured 
as the radiolucent central area (Figure 1). The hilo-cortical ratio 
(HCR) was defined as the width of the radiolucent fatty hilum 
divided by the width of the mammographically dense cortex.

We evaluated the association of LN dimensions and hilum 
dimensions, breast density, and age with BMI, using indepen-
dent samples t-test and the Fisher’s exact test. Multivariable 

linear regression models assessed the independent associations 
of LN dimensions (length and width) with BMI, adjusting for age 
and breast density. Inter-rater reliability between the two readers 
was assessed with Pearson correlation coefficient using a stan-
dard interpretation of strength of association. The measurements 
reported in the manuscript are the measurements of reader 1 
(RDA). Statistical analysis was performed with IBM SPSS v. 22 
(Armonk, New York, NY).

Results
Axillary lymph nodes were visible in 78% of patients (145/188) 
and were more commonly visualized in females with higher BMI 
(Table  1). The overall lymph node dimensions, hilum dimen-
sions and HCR increased significantly with increasing BMI from 
normal to obese (p < 0.001 for these measurements for both 
readers, RDA and SJH. Reader RDA's measurements are shown in 
Table  1  and  SJH  measurements  are  shown  in  Supplementary 
Table 1). However, cortex width was not associated with BMI  
(p = 0.15, Table 1). There was good to strong inter-rater agree-
ment for most measurements with Pearson correlation coeffi-
cient of 0.64 for lymph node length, 0.57 for hilum length, 0.72 
for LN width, 0.68 for hilum width and 0.40 for cortex width. 
In 10/11 (91%) cases with discrepant measurements between 
readers, different nodes were chosen as the index node for anal-
ysis when multiple large nodes were present (Figure 2). Nonethe-
less, both sets of LN and hilar measurements were significantly 
associated with obesity (p < .001) despite lack of agreement.

We found that a one-unit increase in BMI was associated 
with increased LN length and width [0.6 mm increase in LN 
length per unit BMI, 95% CI (0.4–0.8), p < 0.001 and 0.3 mm 
increase in LN width per unit BMI, 95% CI (0.2–0.4), p < 0.001, 
respectively], after adjusting for age and breast density. There 
was a strong association between increasing hilum length and 
increasing lymph node length (R2 = 0.90). Similarly, we found a 
strong association between the widths of the hilum and lymph 
node (R2 = 0.80). In contrast, there was no association between 
LN cortex width and width of the entire lymph node (R2 = 0.09).

Discussion
Our study demonstrates a significant association between 
increased BMI and increased fat accumulation within the LN 
hilum that is independent of patient age and breast density. LN 
and hilar length, LN and hilar width, and HCR increased with 
increasing BMI; and this change was due to an increase in the 
size of the fatty hilum without any significant change in the 
width of the parenchymal cortex (Figure 1). The enlargement 
of the LN is therefore driven by hilar fat deposition. There 
is strong interobserver agreement for lymph node and hilar 
width and modest interobserver agreement for LN and hilar 
length. Of note, despite modest inter-rater agreement for some 
measurements, all of these measurements were independently 
significantly associated with obesity for both readers (p < 
0.001). This was in part due to the selection of a different 
index LN by each reader when multiple nodes were present 
(Figure  2). Although measurements varied when a different 
index node was chosen by each reader, significance was main-
tained for both readers. Strong interobserver agreement for 

Figure 1. Screening mammogram of a 60-year-old female with 
BMI of 34: Left MLO view. (a) Left (MLO) view demonstrates a 
combination of normal (thin white arrows) and fat-infiltrated 
(open white arrow) axillary lymph nodes. (b) Magnified view 
of fat-infiltrated node Left MLO view with measurement axes 
as follows: total node length (solid black line), hilum length 
(dashed black double arrow), total node width (solid white 
line), hilum width (dashed white double arrow) and cortical 
width (solid white double arrow). MLO, medial lateral oblique.
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several measurements and independent highly significant 
measures of diverse index nodes suggests that these findings 
are reproducible.

The width of the cortex was the measurement with the lowest 
inter-rater correlation, and there may be several reasons for this. 
The cortical width is the smallest dimension measured, usually 
within the range of 2–4 mm. Small variations in measurement 
may lead to bigger discrepancies relative to the absolute width 

Table 1. Association between body mass index (BMI), lymph node dimensions and clinical characteristics

Characteristics

BMI

Normal weight Over-weight Obese p
Patients (N) 75 55 58

Age 59 years (10) 57 years (10) 59 years (10) 0.49

Fatty or scattered breast density 25 (33%) 31 (56%) 48 (83%) <0.001

Patients with visible lymph node 51 (68%) 45 (82%) 50 (86%) 0.03

Lymph node length 14 mm (6) 16 mm (7) 23 mm (8) <0.001

Lymph node width 8 mm (3) 9 mm (3) 12 mm (3) <0.001

Hilum length 9 mm (5) 11 mm (7) 18 mm (8) <0.001

Hilum width 4 mm (3) 5 mm (3) 9 mm (4) <0.001

Cortex Width 2.5 mm (1.0) 2.7 mm (1.2) 3.0 mm (1.3) 0.15

Hilo-cortical ratio 2.0 (1.5) 2.2 (1.1) 3.5 (2.2) <0.001

Lymph node length ≥ 20 mm 6 (12%) 7 (16%) 33 (66%) <0.001

Hilo-cortical ratio ≥ 2.0 16 (31%) 22 (49%) 37 (74%) <0.001

Values in the table are reported as N (%) or mean (standard deviation).
Normal weight is BMI <25. Overweight is BMI ≥ 25 and < 30. Obese is BMI ≥30.

Figure 2. Screening mammogram of a 47-year-old female with 
BMI of 30: Superior portion bilateral MLO views. Bilateral fat 
infiltrated nodes in which reader one measured the largest 
axillary LN in the right axilla (black double arrow) and reader 
two measured the largest axillary node in the left axilla (white 
double arrow). Dimensions were discrepant from each other, 
yet both sets of measurements were highly significantly asso-
ciated with obesity (p < 0.001). MLO, medial lateral oblique.

Figure 3. Screening mammogram of a 42-year-old female 
with BMI of 47: Magnified superior left MLO view. Thin, 
effaced cortex (white arrow) around expanded radiolucent 
fat-infiltrated hilum (black double arrow). Thinned cortex 
may be due to cortical atrophy or may represent a stable 
volume of cortical tissue stretched over a markedly enlarged 
hilum. BMI, body mass index; MLO, medial lateral oblique.
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Our study evaluates the morphology of axillary lymph nodes 
on mammograms obtained to screen for breast cancer. Axil-
lary lymph nodes represent the watershed drainage for 
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nodes are associated with increased BMI independent of 
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mammograms could serve as a surrogate biomarker of obesity 
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obese females.
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