
Neck Circumference as a Novel Measure of
Cardiometabolic Risk: The Framingham Heart Study

Sarah Rosner Preis, Joseph M. Massaro, Udo Hoffmann, Ralph B. D’Agostino, Sr.,
Daniel Levy, Sander J. Robins, James B. Meigs, Ramachandran S. Vasan,
Christopher J. O’Donnell, and Caroline S. Fox

National Heart, Lung, and Blood Institute’s and Boston University’s Framingham Heart Study (S.R.P.,
R.B.D., D.L., S.J.R., R.S.V., C.J.O., C.S.F.), Framingham, Massachusetts 01702; Center for Population
Studies (S.R.P., D.L., C.J.O., C.S.F.), National Heart, Lung, and Blood Institute, National Institutes of
Health, Bethesda, Maryland 20824; Department of Biostatistics (J.M.M.), Boston University School of
Public Health; Sections of Preventive Medicine and Cardiology (S.J.R., R.S.V.), Department of Medicine,
and Department of Radiology (U.H.), Massachusetts General Hospital; and General Medicine Division
(J.B.M.), Massachusetts General Hospital and Harvard Medical School, Boston, Massachusetts 02114;
Cardiology Division (C.J.O.), Massachusetts General Hospital and Harvard Medical School, Boston,
Massachusetts 02114; Department of Mathematics (R.B.D.), Boston University, Boston, Massachusetts
02215; and Division of Endocrinology and Metabolism (C.S.F.), Brigham and Women’s Hospital and
Harvard Medical School, Boston, Massachusetts 02115

Background: Neck circumference, a proxy for upper-body sc fat, may be a unique fat depot that
confers additional cardiovascular risk above and beyond central body fat.

Methods and Results: Participants with neck circumference measures who underwent multide-
tector computed tomography to assess visceral adipose tissue (VAT) were included [n � 3307, 48%
women; mean age � 51 yr; mean body mass index (BMI) � 27.8 kg/m2; mean neck circumference �

40.5 cm (men) and 34.2 cm (women)]. Sex-specific linear regression models were used to assess the
association between SD increase in neck circumference and cardiovascular disease (CVD) risk factors
(systolic and diastolic blood pressure; total, low-density lipoprotein, and high-density lipoprotein
cholesterol and triglycerides; and fasting plasma glucose, insulin, proinsulin, and homeostasis
model assessment of insulin resistance). Neck circumference was correlated with VAT [r � 0.63
(men); r � 0.74 (women); P � 0.001] and BMI [r � 0.79 (men); r � 0.80 (women); P � 0.001]. After
further adjustment for VAT, neck circumference was positively associated with systolic blood pressure,
diastolic blood pressure in men only, triglycerides, fasting plasma glucose in women only, insulin,
proinsulin, and homeostasis model assessment of insulin resistance and was inversely associated with
high-density lipoprotein (all P values �0.01). Similar results were observed in models that adjusted for
both VAT and BMI. In a secondary analysis of incident CVD as an outcome, there was no statistically
significant association observed for neck circumference in multivariable-adjusted models.

Conclusions: Neck circumference is associated with CVD risk factors even after adjustment for VAT
and BMI. These findings suggest that upper-body sc fat may be a unique, pathogenic fat depot.
(J Clin Endocrinol Metab 95: 3701–3710, 2010)

Visceral adipose tissue (VAT) is recognized as a unique,
pathogenic fat depot, conferring metabolic risk

above and beyond standard anthropometric measures,
such as body mass index (BMI) and waist circumference

(1). Individuals with large amounts of visceral fat are at
increased risk of insulin resistance, type 2 diabetes, and
atherosclerosis (2–4). However, VAT accounts for only
modest correlations between cardiometabolic risk factors,
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suggesting that other mechanisms, or other fat depots,
may also contribute to the development of cardiovascular
disease (CVD) risk factors (1).

Upper body sc fat, as estimated by neck circumference,
may confer risk above and beyond visceral abdominal fat.
Anatomically, upper-body sc fat is a unique fat depot lo-
cated in a separate compartment compared with VAT.
Systemic free fatty acid concentrations are primarily de-
termined by upper-body sc fat, suggesting that this fat
depot may play an important role in risk factor pathogen-
esis (5). Elevated free fatty acid concentrations have been
associated with insulin resistance, increased very-low-
density lipoprotein cholesterol production, and endothe-
lial cell dysfunction (6). Some studies have indicated that
neck circumference may be an independent correlate of
metabolic risk factors above and beyond BMI and waist
circumference (7–10). In addition, a small study of men
demonstrated that higher levels of upper-body sc fat, as
measured by magnetic resonance imaging, were associ-
ated with higher low-density lipoprotein (LDL) and lower
high-density lipoprotein (HDL) cholesterol levels (11).
However, studies examining the joint impact of neck cir-
cumference and VAT have not as yet been reported.

Thus, the goal of this analysis is to characterize the
cardiometabolic correlates of neck circumference and to
ask the specific question of whether neck circumference is
associated with cardiometabolic risk factors indepen-
dently of VAT.

Subjects and Methods

Study sample
The study design of the Framingham Heart Study cohorts has

been previously described (12–15). Briefly, in 1948, the Fra-
mingham Heart Study began enrollment of an original cohort of
5209 men and women aged 28–62 yr who subsequently under-
went biennial examinations (12, 13). In 1971, 5124 offspring of
the original participants and their spouses were enrolled into the
offspring cohort and underwent examinations approximately
every 4 yr (14). In 2002, 4095 children of the offspring cohort
participants and their spouses were enrolled in to the third-gen-
eration cohort and have completed their first examination (15).
Offspring and third-generation cohort participants were invited
to participate in the multidetector computed tomography
(MDCT) substudy. Inclusion in this substudy was weighted to-
ward individuals from larger Framingham Heart Study families
who were residing in the New England area. To be eligible, par-
ticipants had to be at least 35 yr old if male, at least 40 yr old if
female, and nonpregnant and have a weight of less than 160 kg.
A total of 3515 participants (1422 from offspring and 2093 from
third generation) underwent MDCT scanning from 2002–2005.
For the present analysis, we excluded individuals with type 1
diabetes or who had missing data on neck circumference, waist
circumference, BMI, or VAT measurements, resulting in a final
sample size of 3307. Individuals who were excluded were com-

parable to those included in the analysis with respect to age, sex,
and levels of blood pressure, HDL cholesterol, LDL cholesterol,
triglycerides, fasting plasma glucose, insulin, proinsulin, and ho-
meostasis model assessment of insulin resistance (HOMA-IR).
The present analysis uses measurements from the seventh off-
spring examination (1998–2001) and the first third-generation
examination (2002–2005).

Adiposity measurements
Neck circumference was measured to the nearest quarter inch

using a tape measure.
Participants were asked to stand erect with their head posi-

tioned in the Frankfort horizontal plane. The superior border of
a tape measure was placed just below the laryngeal prominence
and applied perpendicular to the long axis of the neck. Waist
circumference was measured at the level of the umbilicus and was
recorded to the nearest quarter inch. Height and weight were
measured using standardized protocols. BMI was calculated by
dividing weight in kilograms by the square of height in meters.

Subcutaneous adipose tissue (SAT) and VAT were measured
as previously described (16). Briefly, participants underwent
MDCT scanning using an eight-slice scanner (LightSpeed Ultra;
General Electric, Milwaukee, WI). Twenty-five contiguous
5-mm-thick slices (120 kVp, 400 mA, gantry rotation time 500
msec, table feed 3:1) were acquired covering 125 mm above the S1
level. SAT and VAT were assessed by experienced technicians using
a dedicated offline workstation (Aquarius 3D Workstation; Ter-
aRecon Inc., San Mateo, CA). The volume (in cubic centimeters) of
SAT and VAT was determined by manually tracing the abdominal
wall separating the SAT and VAT compartments.

Cardiometabolic risk factor measurements
Systolic blood pressure (SBP) and diastolic blood pressure

(DBP) were measured twice by a study physician, and the average
of the two measurements was taken. Hypertension was defined
as a SBP of 140 mm Hg or higher or a DBP of 90 mm Hg or higher
or current use of antihypertensive treatment. Total cholesterol,
LDL cholesterol, HDL cholesterol, and triglycerides were mea-
sured after an overnight fast. Low HDL was defined as an HDL
less than 40 mg/dl for men and less than 50 mg/dl for women. A
high triglyceride level was defined as a measurement of 150 mg/dl
or higher or treatment with a lipid-lowering medication.

Participants underwent measurement of fasting plasma glu-
cose, insulin, and proinsulin. Insulin and proinsulin were mea-
sured using RIA in the offspring cohort and ELISA in the third-
generation cohort. Diabetes was defined as fasting plasma
glucose of 126 mg/dl or higher or treatment with insulin or a
hypoglycemic agent. The HOMA-IR measurement was calcu-
lated as previously described (17). A participant was considered
to have insulin resistance if they had a HOMA-IR value in the top
quartile of the distribution in the nondiabetic study sample. The
presence of metabolic syndrome was defined according to mod-
ified National Cholesterol Education Program criteria (18).

Participants were defined as current cigarette smokers if they
reported smoking at least one cigarette per day over the previous
year. Regular alcohol consumption was defined as more than 14
drinks per week for men or more than seven drinks per week for
women.

Statistical analysis
Neck circumference and VAT were standardized within each

sex to a mean of zero and a SD of one to facilitate comparisons of
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the regression coefficients across different fat depots. Triglycer-
ides, insulin, proinsulin, and HOMA-IR were log (ln) trans-
formed to improve normality of their distributions. All analyses
were sex specific. All analyses involving insulin measures (insu-
lin, proinsulin, and HOMA-IR) were restricted to participants
without diabetes. Age-adjusted Pearson correlation coefficients
were calculated between neck circumference and continuous car-
diometabolic risk factors. Linear regression models were con-
structed to assess the association between SD increase in neck
circumference and cardiometabolic risk factors. A logistic re-
gression model was constructed to assess the association between
neck circumference and dichotomous cardiometabolic risk fac-
tors. In model 1, we adjusted for age (years), current cigarette
smoking (yes vs. no), alcohol consumption (men, �14 vs. �14
drinks/wk; women, �7 vs. �7 drinks/wk), menopausal status
(yes vs. no), and hormone replacement therapy use (yes vs. no).
In model 2, we adjusted for the covariates in model 1 as well as
VAT. In model 3, we adjusted for the covariates in model 1 and
for BMI and waist circumference. In model 4, we adjusted for the
covariates in model 1 and for BMI and VAT. Because previous
work in the Framingham Heart Study has demonstrated that
VAT is much more strongly associated with cardiometabolic risk
factors than SAT, we chose to focus the comparison of neck
circumference with VAT only (1). The interaction between neck
circumference and sex was assessed by including a cross-product
term and determining its significance using a one-degree-of-free-
dom Wald test.

In a secondary analysis, we used a Cox proportional hazards
model to examine the association between neck circumference
and incident cardiovascular disease (defined as myocardial in-
farction, atherothrombotic infarction, cerebral embolism, intra-
cerebral hemorrhage, subarachnoid hemorrhage, and CVD
death) and incident coronary heart disease (CHD) (defined as
myocardial infarction and CHD death) occurring between the
date of the seventh offspring examination cycle and December
31, 2007. The third-generation participants were not included in
this analysis because they have insufficient numbers of events.
Additionally, we expanded the study sample to include all par-
ticipants who attended the seventh offspring examination cycle
rather than only those who were participants in the MDCT sub-
study. Individuals with prevalent CVD at the time of seventh
examination were excluded as well as those with missing data on
neck circumference, BMI, or waist circumference, resulting in a
final sample size of 3086 for the analysis. We constructed an age-
and sex-adjusted model as well as a multivariable model that
adjusted for age, sex, alcohol use, smoking, diabetes, SBP, hy-
pertension treatment, total cholesterol to HDL cholesterol ratio,
triglycerides, lipid treatment, menopausal status, and hormone
replacement therapy use.

All analyses were performed using SAS version 9.1 (SAS In-
stitute, Cary, NC). A P value �0.05 was considered statistically
significant.

Results

Study sample characteristics of the 3307 study partici-
pants are presented in Table 1. The sample was 48%
women, and the mean age was 49.8 yr among men and
52.1 yr among women.

Pearson correlation coefficients for neck circumference
Neck circumference was correlated with all cardiom-

etabolic risk factors (Table 2), with the exception of total
and LDL cholesterol. Among men, neck circumference
was not correlated with either total or LDL cholesterol,
whereas in women, there were statistically significant, al-
though weak, correlations for total (r � 0.09) and LDL
(r � 0.14) cholesterol.

Linear regression of continuous risk factors on
neck circumference

Table 3 presents �-coefficients [95% confidence inter-
vals (CI)] representing the association of risk factor levels
per SD increment in neck circumference (men, 1 SD � 2.9
cm; women, 1 SD � 2.8 cm). Among men, neck circum-
ference was correlated with all risk factors, except total
and LDL cholesterol. After further adjustment for VAT,
effect sizes were substantially attenuated but still remained
strongly associated with all risk factors. For example,

TABLE 1. Study sample characteristics

Men
(n � 1718)

Women
(n � 1589)

Continuous characteristics,
mean (SD)

Age (yr) 49.8 (10.7) 52.1 (9.9)
Neck circumference (cm) 40.5 (2.9) 34.2 (2.8)
Waist circumference (cm) 100.8 (11.7) 93.2 (15.5)
BMI (kg/m2) 28.4 (4.5) 27.0 (5.8)
Abdominal SAT (cm3) 2632 (1202) 3144 (1516)
VAT (cm3) 2240 (1021) 1362 (833)
Insulin (pmol/liter)a 91.6 (42.8) 82.3 (35.1)
Proinsulin (pmol/liter)a 14.4 (10.3) 11.5 (7.3)
HOMA-IRa 3.2 (1.5) 2.7 (1.3)
Fasting plasma glucose (mg/dl) 102 (21) 96 (18)
SBP (mm Hg) 123 (15) 120 (18)
DBP (mm Hg) 78 (9) 74 (9)
Total cholesterol (mg/dl) 195 (34) 198 (36)
LDL cholesterol (mg/dl) 122 (30) 114 (33)
HDL cholesterol (mg/dl) 46 (12) 61 (17)
Triglycerides (mg/dl) 142 (105) 113 (69)

Categorical characteristics, n (%)
Hypertension 551 (32.1) 421 (26.6)
Diabetes 113 (6.6) 80 (5.0)
High triglycerides 749 (43.7) 427 (26.9)
Low HDL cholesterol 559 (32.6) 408 (25.7)
Hypertension treatment 340 (19.8) 294 (18.5)
Diabetes treatment 54 (3.2) 43 (2.7)
Lipid treatment 303 (17.6) 166 (10.5)
Metabolic syndrome 575 (35.8) 384 (25.5)
HOMA-IR �75th percentilea 465 (30.8) 259 (18.7)
Current cigarette smoker 229 (13.3) 199 (12.5)
Regular alcohol consumptionb 225 (13.3) 191 (12.2)
Postmenopausal 808 (50.9)
Current hormone replacement

therapy use
319 (20.2)

a Excludes individuals with diabetes.
b More than 14 drinks/wk for men or more than seven drinks/wk for
women.
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among men, an increment in neck circumference of 1 SD (2.9
cm) was associated with a 2.4 mm Hg increase (P � 0.0001)
in SBP in the primary model. Upon further adjustment for
VAT, the increase in SBP was 1.3 mm Hg (P � 0.002) per SD

increment in neck circumference. In models that adjusted for
BMI and waist circumference instead of VAT, the �-coeffi-
cients were also attenuated but remained statistically signif-
icant for all risk factors except for SBP, total and LDL cho-
lesterol, and fasting plasma glucose. In models that adjusted
for both BMI and VAT, neck circumference was strongly
correlated with DBP in men only, HDL, triglycerides, fasting
plasma glucose in women only, insulin, proinsulin, and
HOMA-IR. Details of the predictive power of models,
shown as adjusted model R-squares are presented in Supple-
mental Table 1, published on The Endocrine Society’s Jour-
nals Online web site at http://endo.endojournals.org.

Overall, the results for women were similar to those for
men, with the exception that women had an association of
neck circumference with total and LDL cholesterol. There
was evidence of an interaction between sex and neck cir-
cumference for SBP (P � 0.0001), total cholesterol (P �
0.002), LDL cholesterol (P � 0.0001), HDL cholesterol
(P � 0.0002), and fasting plasma glucose (P � 0.03). For all
risk factors,womenexhibiteda largereffect size in risk factor
levels per SD increment in neck circumference than men.

Logistic regression of dichotomous risk factors on
neck circumference

Table 4 presents the odds ratios (OR) for categorized
cardiometabolic risk factors per SD increase in neck cir-
cumference. Among both men and women, neck circum-
ference was associated with increased odds of hyperten-
sion (P � 0.0001), low HDL cholesterol (P � 0.0001),

high triglycerides (P � 0.0001), diabetes (P � 0.0001),
metabolic syndrome (P � 0.0001), and HOMA-IR of 75th
or higher percentile (P � 0.0001). In models that further
adjusted for VAT or for BMI and waist circumference,
neck circumference remained a significant correlate of all
categorical cardiometabolic risk factors. In models that ad-
justed for both BMI and VAT, neck circumference was no
longera statistically significant correlateofhypertensionand
of diabetes in women but remained associated with low
HDL, high triglycerides, metabolic syndrome, HOMA-IR of
75th or higher percentile, and diabetes in men.

Interaction between neck circumference and VAT
Figure 1, A–C, presents an analysis of the interaction

between tertiles of neck circumference and tertiles of VAT
on cardiometabolic risk factor levels. Within each tertile of
VAT, there was a stepwise increase in risk factor levels by
tertile of neck circumference. Among men, there was a
significant interaction between neck circumference and
VAT for insulin (P � 0.0001), proinsulin (P � 0.0009),
HOMA-IR (P � 0.0001), total cholesterol (P � 0.0004),
LDL cholesterol (P � 0.0002), and triglycerides (P �
0.008) (Fig. 1, A and B). Among women, there was a sig-
nificant interaction between neck circumference and VAT
for fasting plasma glucose (P � 0.003), insulin (P � 0.0001),
proinsulin (P � 0.0001), HOMA-IR (P � 0.0001), and LDL
cholesterol (P � 0.004) (Fig. 1, A and B).

Secondary analysis of incident CVD and CHD as an
outcome

After a mean of 6.7 yr of follow-up, 178 incident CVD
events (110 in men, 68 in women) and 109 CHD events
(70 in men, 39 in women) occurred among the 3086 eli-
gible participants at baseline. The hazard ratio for CVD
per SD increase in neck circumference was 1.20 (95% CI �
1.04–1.38; P � 0.01) in the age- and sex-adjusted model
and 1.05 (95% CI � 0.89–1.23; P � 0.56) in the multi-
variable-adjusted model. After further adjustment of the
multivariable model for BMI and waist circumference, the
hazard ratio for CVD was 1.10 (95% CI � 0.87–1.39; P �
0.45). ForCHD,thehazardratiowas1.13(95%CI�0.94–
1.36; P � 0.19) in the age- and sex-adjusted model and 0.97
(95% CI � 0.79–1.19; P � 0.75) in the multivariable-ad-
justed model. After additional adjustment of the multivari-
able model for BMI and waist circumference, the hazard
ratio for CHD was 0.90 (95% CI � 0.66–1.23; P � 0.52).
There was no statistically significant interaction between
neck circumference and sex for either CVD or CHD.

Discussion

In this study, we examined the association between neck
circumference and cardiometabolic risk factors among

TABLE 2. Age-adjusted Pearson correlation
coefficients between neck circumference and
cardiometabolic risk factors, by sex

Men Women
Waist circumference (cm) 0.75b 0.78b

Body mass index (kg/m2) 0.79b 0.80b

Abdominal SAT (cm3) 0.60b 0.69b

VAT (cm3) 0.63b 0.74b

Log insulina 0.48b 0.47b

Log proinsulina 0.46b 0.47b

Log HOMA-IRa 0.49b 0.51b

Fasting plasma glucose (mg/dl) 0.25b 0.34b

SBP (mm Hg) 0.18b 0.27b

DBP (mm Hg) 0.22b 0.26b

Total cholesterol (mg/dl) 0.00 0.09c

LDL cholesterol (mg/dl) �0.01 0.14b

HDL cholesterol (mg/dl) �0.29b �0.34b

Log triglycerides (mg/dl) 0.31b 0.39b

a Excludes individuals with diabetes.
b P value �0.0001.
c P value �0.001.
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participants in the Framingham Heart Study. First, neck
circumference is associated with cardiometabolic risk fac-
tors. Second, neck circumference was more strongly asso-
ciated with adverse risk factor levels in women compared

with men. Third, neck circumference, VAT, and BMI in-
dependently contribute to cardiometabolic risk. Fourth,
we observed an interaction between neck circumference
and VAT for several cardiometabolic risk factors, where

TABLE 3. Multivariable linear regression of continuous cardiometabolic risk factors on neck circumference

Men Women P value for sex
interactiona� (SE) P value � (SE) P value

SBP (mm Hg)b

Multivariable 2.42 (0.34) �0.0001 3.99 (0.40) �0.0001 �0.0001
Multivariable � VAT 1.29 (0.42) 0.002 1.83 (0.58) 0.002
Multivariable � BMI, waist 0.65 (0.54) 0.23 1.25 (0.66) 0.06
Multivariable � BMI, VAT 0.43 (0.55) 0.43 0.69 (0.69) 0.31

DBP (mm Hg)b

Multivariable 2.00 (0.22) �0.0001 2.20 (0.23) �0.0001 0.19
Multivariable � VAT 1.09 (0.27) �0.0001 1.15 (0.33) 0.0006
Multivariable � BMI, waist 0.91 (0.35) 0.01 0.74 (0.38) 0.05
Multivariable � BMI, VAT 0.75 (0.35) 0.03 0.52 (0.40) 0.19

Total cholesterol (mg/dl)c

Multivariable 0.58 (0.83) 0.49 3.73 (0.89) �0.0001 0.002
Multivariable � VAT �1.56 (1.06) 0.14 �0.60 (1.30) 0.65
Multivariable � BMI, waist �0.69 (1.36) 0.61 0.81 (1.49) 0.59
Multivariable � BMI, VAT �1.47 (1.37) 0.28 �0.60 (1.55) 0.70

LDL cholesterol (mg/dl)c

Multivariable 0.38 (0.74) 0.61 4.86 (0.80) �0.0001 �0.0001
Multivariable � VAT �1.30 (0.95) 0.17 0.38 (1.17) 0.74
Multivariable � BMI, waist �1.41 (1.21) 0.24 1.33 (1.34) 0.32
Multivariable � BMI, VAT �1.95 (1.21) 0.11 �0.13 (1.39) 0.92

HDL cholesterol (mg/dl)c

Multivariable �3.85 (0.28) �0.0001 �5.52 (0.39) �0.0001 0.0002
Multivariable � VAT �2.20 (0.35) �0.0001 �2.75 (0.57) �0.0001
Multivariable � BMI, waist �2.90 (0.46) �0.0001 �3.73 (0.66) �0.0001
Multivariable � BMI, VAT �2.42 (0.46) �0.0001 �2.54 (0.68) 0.0002

Log triglycerides (mg/dl)c

Multivariable 0.18 (0.01) �0.0001 0.19 (0.01) �0.0001 0.17
Multivariable � VAT 0.09 (0.02) �0.0001 0.07 (0.02) �0.0001
Multivariable � BMI, waist 0.14 (0.02) �0.0001 0.12 (0.02) �0.0001
Multivariable � BMI, VAT 0.12 (0.02) �0.0001 0.07 (0.02) 0.0001

Fasting plasma glucose (mg/dl)d

Multivariable 3.63 (0.45) �0.0001 4.66 (0.34) �0.0001 0.03
Multivariable � VAT 2.98 (0.57) �0.0001 2.13 (0.50) �0.0001
Multivariable � BMI, waist 1.12 (0.72) 0.12 2.64 (0.57) �0.0001
Multivariable � BMI, VAT 1.16 (0.73) 0.11 1.78 (0.59) 0.003

Log insulin (pmol/liter)e

Multivariable 0.19 (0.01) �0.0001 0.18 (0.01) �0.0001 0.20
Multivariable � VAT 0.11 (0.01) �0.0001 0.08 (0.01) �0.0001
Multivariable � BMI, waist 0.08 (0.01) �0.0001 0.07 (0.01) �0.0001
Multivariable � BMI, VAT 0.06 (0.01) �0.0001 0.05 (0.02) 0.001

Log proinsulin (pmol/liter)e

Multivariable 0.25 (0.01) �0.0001 0.22 (0.01) �0.0001 0.08
Multivariable � VAT 0.16 (0.01) �0.0001 0.10 (0.02) �0.0001
Multivariable � BMI, waist 0.13 (0.02) �0.0001 0.10 (0.02) �0.0001
Multivariable � BMI, VAT 0.11 (0.02) �0.0001 0.06 (0.02) 0.0007

Log HOMA-IRe

Multivariable 0.21 (0.01) �0.0001 0.21 (0.01) �0.0001 0.79
Multivariable � VAT 0.12 (0.01) �0.0001 0.10 (0.01) �0.0001
Multivariable � BMI, waist 0.09 (0.02) �0.0001 0.09 (0.02) �0.0001
Multivariable � BMI, VAT 0.07 (0.02) �0.0001 0.06 (0.02) 0.0001

Neck circumference and VAT are standardized to a mean of 1 and SD of 0. � represents the change in risk factor level per SD of neck
circumference. Multivariable means adjusted for age, smoking, alcohol, menopausal status, and hormone replacement therapy use.
a Interaction between neck circumference and sex.
b Additionally adjusted for hypertension treatment.
c Additionally adjusted for cholesterol treatment.
d Additionally adjusted for diabetes treatment.
e Excludes individuals with diabetes.
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individuals who had both large neck circumference and
high levels of VAT had the most adverse risk factor levels.
Finally, there was no association between neck circum-
ference and risk of incident CVD or CHD.

Recent research has focused extensively on body com-
position and CVD risk. Emphasis has been placed on
whether an individual has an upper-body or lower-body
fat distribution or what proportion of fat is stored in vis-
ceral vs. sc fat depots. Typically, central obesity, particu-
larly high levels of upper-body visceral fat, is associated
with adverse metabolic outcomes such as insulin resis-
tance, diabetes, hypertension, and elevated triglycerides,
whereas individuals with lower-body obesity tend to have
lower levels of these adverse metabolic outcomes (19).
Now, in the current study, we show that neck circumfer-
ence, as a proxy of upper-body sc fat, is a novel, discrete,
and pathogenic fat depot both independent of and syn-
ergistic with VAT. Although we observed that adjust-
ment for VAT attenuates the association between neck
circumference and cardiometabolic risk factors, it is im-

portant to note that most associations remained statis-
tically significant.

In the context of the current literature
Several previous studies have examined the association

between neck circumference and cardiometabolic risk fac-
tors. However, none of these previous studies have com-
pared neck circumference directly with VAT with respect
to their association with cardiometabolic risk factors. In a
cross-sectional study of 43,595 women participating in
the Take Off Pounds Sensibly (TOPS) Club, those with a
self-reported neck circumference in the top tertile were
found to have a 2-fold increased risk of diabetes relative to
those in the bottom tertile, even after adjustment for mul-
tiple other measures of adiposity (9). In a cross-sectional
analysis of 541 Finnish individuals, neck circumference in
the highest quintile was associated with nearly a 5-fold
increased risk of impaired fasting glucose in women after
adjustment for BMI (10). No association was seen for
men. Additionally, neck circumference was associated

TABLE 4. Multivariable* logistic regression of cardiometabolic risk factors on neck circumference

Men Women

P interactionaOR (95% CI) P value OR (95% CI) P value
Hypertension

Multivariable 1.62 (1.44–1.81) �0.0001 1.90 (1.67–2.16) �0.0001 0.07
Multivariable � VAT 1.25 (1.08–1.44) 0.003 1.37 (1.14–1.66) 0.0009
Multivariable � BMI, waist 1.20 (1.00–1.44) 0.05 1.36 (1.11–1.68) 0.004
Multivariable � BMI, VAT 1.12 (0.93–1.35) 0.23 1.23 (0.98–1.53) 0.07

Low HDL
Multivariable 1.72 (1.54–1.93) �0.0001 1.90 (1.68–2.14) �0.0001 0.23
Multivariable � VAT 1.11 (1.06–1.17) �0.0001 1.39 (1.16–1.66) 0.0003
Multivariable � BMI, waist 1.65 (1.38–1.97) �0.0001 1.61 (1.32–1.97) �0.0001
Multivariable � BMI, VAT 1.53 (1.28–1.83) �0.0001 1.40 (1.14–1.73) 0.002

High triglycerides
Multivariable 1.75 (1.57–1.95) �0.0001 2.01 (1.77–2.29) �0.0001 0.09
Multivariable � VAT 1.32 (1.16–1.51) �0.0001 1.37 (1.14–1.65) 0.0008
Multivariable � BMI, waist 1.62 (1.37–1.92) �0.0001 1.76 (1.44–2.17) �0.0001
Multivariable � BMI, VAT 1.48 (1.24–1.76) �0.0001 1.48 (1.19–1.84) 0.0004

Diabetes
Multivariable 2.28 (1.88–2.76) �0.0001 2.26 (1.80–2.82) �0.0001 0.85
Multivariable � VAT 2.16 (1.71–2.72) �0.0001 1.52 (1.10–2.10) 0.01
Multivariable � BMI, waist 1.72 (1.28–2.30) 0.0003 1.67 (1.17–2.40) 0.005
Multivariable � BMI, VAT 1.73 (1.29–2.33) 0.0003 1.40 (0.95–2.06) 0.09

Metabolic syndrome
Multivariable 3.38 (2.90–3.95) �0.00001 4.33 (3.61–5.19) �0.0001 0.04
Multivariable � VAT 2.06 (1.73–2.46) �0.0001 2.34 (1.86–2.94) �0.0001
Multivariable � BMI, waist 1.63 (1.32–2.02) �0.0001 2.52 (1.96–3.23) �0.0001
Multivariable � BMI, VAT 1.50 (1.20–1.86) �0.0001 2.05 (1.57–2.67) �0.0001

HOMA-IR �75th percentileb

Multivariable 3.20 (2.74–3.74) �0.0001 3.32 (2.79–3.95) �0.0001 0.80
Multivariable � VAT 2.10 (1.76–2.51) �0.0001 1.91 (1.52–2.40) �0.0001
Multivariable � BMI, waist 1.75 (1.41–2.18) �0.0001 1.88 (1.46–2.43) �0.0001
Multivariable � BMI, VAT 1.58 (1.26–1.97) �0.0001 1.53 (1.17–2.01) �0.0001

*Multivariable means adjusted for age, smoking, alcohol, menopausal status, and hormone replacement therapy use. Neck circumference and VAT
are standardized to a mean of 0 and a SD of 1. OR is of risk factor per SD increase in neck circumference.
a Interaction between neck circumference and sex.
b Excludes individuals with diabetes.
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with approximately a 3-fold increased OR of hyperten-
sion, after adjustment for BMI, in both men and women.
Although neck circumference is a proxy measure for up-
per-body sc fat, only one study has examined the associ-
ation of upper-body sc fat as measured by MRI (11, 20).
Among 258 men from the control group of the Fat Redis-

tribution and Metabolic Change in HIV Infection study,
upper-body sc fat was shown to be independently associ-
ated with insulin resistance even after adjustment for VAT
(20). Additional analyses of 145 control participants from
the Fat Redistribution and Metabolic study showed that
increased levels of upper-body sc fat were positively asso-

FIG. 1. A, Multivariable adjusted fasting plasma glucose and log insulin levels by neck circumference and VAT tertiles; B, multivariable adjusted
HDL cholesterol and log triglyceride levels by neck circumference and VAT tertiles; C (on next page), multivariable adjusted SBP and DBP by neck
circumference and VAT tertiles.
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ciated with LDL cholesterol and inversely associated with
HDL cholesterol levels, after adjustment for demographic
and lifestyle factors (11). In contrast, in our study, we did
not observe any association between neck circumference
and LDL cholesterol level among men.

One interesting finding from the present study was a
greater association of neck circumference with cardiom-
etabolic risk factors in women compared with men. This
differential effect of neck circumference by sex has previ-
ously been observed (7). Previous analyses in the Framing-
ham Heart Study have also shown that fat depots, espe-
cially VAT, are more strongly associated with an adverse
risk factor profile in women compared with men (1). The
mechanisms by which there is a stronger adverse effect
associated with increased body fat in women are un-
known. However, it has been suggested that in women,
there is a greater proportion of free fatty acid delivery to
the liver from VAT than in men (5).

It is possible that the association we observed between
neck circumference and cardiometabolic risk factors may
be mediated by its relationship to sleep-disordered breath-
ing, which often occurs among individuals with larger
neck circumferences. Previous studies have shown that
sleep apnea is associated with hypertension, high total
cholesterol, low HDL cholesterol, diabetes, and insulin
resistance (21–26). However, the mechanisms to explain
this association are unclear. Furthermore, it is unknown

whether sleep apnea is a causal factor in the development
of metabolic risk factors or if it is merely a correlate due to
its strong association with obesity.

Potential biological mechanisms
Obesity and elevated levels of plasma free fatty acids are

associated with insulin resistance and increased very-low-
density lipoprotein triglyceride production (27–29). In-
creased levels of free fatty acids have also been correlated
with markers of oxidative stress and vascular injury and
are associated with the development of hypertension (29).
Much of the literature has focused on the adverse effects
of visceral fat; however, whereas visceral fat may be a
marker for excess free fatty acids, it is not the primary
source of circulating levels (30). It has been demonstrated
that upper-body sc fat is responsible for a much larger
proportion of systemic free fatty acid release than visceral
fat, particularly in obese individuals (5). Obese men and
women have a 2- to 3-fold larger fraction of fatty acids
stored in sc fat compared with normal-weight men and
women (6). The excess free fatty acid release associated
with upper-body sc fat may be one mechanism to explain
the association between neck circumference and cardio-
metabolic risk. Although free fatty acid release from up-
per-body sc fat is the primary contributor of abnormal free
fatty acid metabolism in obese individuals, lipolysis of
VAT is also an important contributor to hepatic free fatty

FIG. 1. (Continued).
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acid delivery, which may explain why we observed an
interaction between neck circumference and VAT (5).

Differences in free fatty acid metabolism between men
and women may explain the sex differences we observed
in the relationship between neck circumference and car-
diometabolic risk factors. It has been shown that women
store a much larger proportion of free fatty acids in sc
tissue than do men (6, 29, 31). This difference in free fatty
acid storage between men and women may account for the
stronger association we found between neck circumfer-
ence and cardiometabolic risk factors among women.

Implications for further research
Upper-body sc fat is a novel, easily measured fat depot,

which may be an important predictor of cardiometabolic
risk. This fat depot may lead to a better understanding of
the differential effects of adiposity in men and women.
Further studies are needed to examine the relationship
between neck circumference and cardiometabolic risk fac-
tors in a longitudinal setting.

Strengths and limitations
Our study adds to the current literature by showing that

neck circumference is a correlate of cardiometabolic risk
after adjusting for levels of VAT. We were able to compare
the effects of neck circumference and VAT in a large, well-
defined cohort. One of the limitations of our study is that
our results may not be generalizable to other racial or
ethnic groups because the Framingham Heart Study is pre-
dominantly white. Additionally, this study was a cross-
sectional, observation design so we cannot infer causality
from our results. A final limitation is that neck circumfer-
ence is a proxy for upper-body sc fat; we did not have
radiographic measures to directly quantify this fat depot.

Conclusions
Neck circumference is associated with cardiometabolic

risk factors even after adjustment for VAT. Further study
of the role of upper-body sc fat in cardiometabolic risk is
warranted.
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