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Abstract
Objective  The carotid intimal–medial thickness (CIMT) is a strong predictor of future cardiovascular events. We assessed 
the mean CIMT and evaluated associated factors in head and neck cancer (HNC) patients.
Materials and methods  Between January 2016 and March 2018, 70 volunteers underwent automatic ultrasound measurement 
of the common carotid artery CIMT. A mean CIMT ≥ 1.0 mm was regarded as an elevated risk for cardiovascular disease 
(CVD). We aimed to investigate the risk factors for an increased mean CIMT.
Results  We recruited 20 HNC survivors and 50 noncancer control individuals. Multiple linear regression analysis showed 
that old age (β = 0.006, 95% confidence interval, CI 0.004–0.008), increased weight (β = 0.003, 95% CI 0.001–0.005), hyper-
tension (β = 0.10, 95% CI 0.03–0.17), and prior irradiation (β = 0.13, 95% CI 0.08–0.19) were positively correlated with the 
mean CIMT. From logistic regression analysis, it was shown that patients who underwent radiotherapy (OR 13.5, 95% CI 
1.48–122.8) and who had higher bodyweight (OR 1.09, 95% CI 1.01–1.18) had a significantly higher risk of developing CVD.
Conclusion  Measurement of the mean CIMT using ultrasound could be useful for assessing CVD risk in HNC survivors 
after neck irradiation.
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Introduction

Head and neck cancer is increasing, and its survival rates 
are improving at the same time [1]. However, the treat-
ment of head and neck cancer will lead to disability, even if 
the patient is cancer-free [2]. Radiation over the neck will 
increase the risk for stroke in head and neck cancer patients, 
and this risk from high-dose irradiation is doubled [3]. Fur-
ther study of this association and possible interventions is 
warranted.

Recently, an increasing number of head and neck sur-
geons have used ultrasound (US) to assess the neck. US was 
mainly used to assess neck lumps, such as lymphadenopathy 
[4, 5], thyroid nodules [6, 7], and salivary gland tumors [8]. 
These surgeons may also use ultrasound to guide an aspira-
tion procedure with very good performance and high safety 
[9]. However, very few head and neck surgeons use ultra-
sound to assess neck vessels and guide therapy.

Currently, cardiovascular disease (CVD) remains as the 
leading cause of death, inducing 17.3 million deaths per year 
and accounting for 31% of all deaths globally [10]. There are 
a substantial number of prediction models for CVD risk in 
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the general population, which are based on traditional risk 
factors, including hypertension, diabetes mellitus, hyper-
lipidemia, and tobacco use, as well as obesity. However, it 
takes years to develop CVD, and early intervention should 
be provided to prevent premature death. The carotid inti-
mal–medial thickness (CIMT) has been adopted as a sur-
rogate endpoint in many cardiovascular studies [11].

To date, the CIMT has evolved into one of the most uti-
lized and most validated atherosclerosis imaging techniques, 
and it has been a strong predictor for future cardiovascular 
events since its first description in 1986 [12]. Its advantages 
of noninvasiveness, safety, and reproducibility has made it 
highly accessible to both clinical practice and research stud-
ies. While radiation-induced microvascular damage has been 
well-studied, increasing amounts of evidence show that radi-
ation can induce carotid artery atherosclerosis and increase 
the CIMT [13]. An observational study showed significant 
CIMT increase 6 month after RT without corresponding 
narrowing of the carotid lumen, but both the values reach 
significance difference at 12-month follow-up after RT [14]. 
Another study reported the similar result, showing RT pro-
duced greater CIMT and narrower carotid artery lumen. It 
also proved that the carotid plaques in irradiated head and 
neck cancer survivors do not differ from those arising from 
spontaneous atherosclerosis in the general population. Both 
the CIMT and the carotid plaque character were of prog-
nostic importance for HNC patients [15]. Therefore, postra-
diotherapy patients may benefit from a vascular assessment 
using CIMT to prevent further CVD.

Although the previous studies indicated that radiation 
could lead to an increased CIMT [13–16], the potential 
confounding factors, such as age and lifestyle, were never 
adjusted in these studies. In addition, the effect size of the 
factors related to carotid vasculopathy is not clarified. In 
our study, we aimed to test the utility of US in neck carotid 
assessment and used high-resolution US to assess the mean 
carotid intimal–medial thickness (mCIMT). In addition, 
we tried to evaluate the associated risk factors for carotid 
vasculopathy.

Methods

Study population and design

This study was approved by the institutional review board 
(IRB 104180-E). Between January 2016 and March 2018, 70 
volunteers underwent US for measurement of the mCIMT. 
Twenty of the eligible participants were head and neck can-
cer (HNC) survivors who had received treatment including 
either neck radiotherapy alone or concurrent chemoradio-
therapy. The other 50 participants composed the noncancer 

control group. Written informed consent was obtained from 
all participants.

Data collection and carotid ultrasound measures

The mCIMT was assessed by automated measurement over 
the bilateral carotid arteries using a Toshiba Aplio 500 
ultrasound system (Otawara, Japan) with a 5–14 MHz L 
probe. All assessments of the CIMT were performed by a 
single experienced sonographer who is also a head and neck 
surgeon (LJ Liao). Images with a plaque-free area at least 
1.0 cm in length of the far wall of common carotid artery 
(CCA) were obtained from at least 1.0 cm proximal to the 
origin of the carotid bulb. The IMT was defined as the dis-
tance from the lumen–intimal interface to the medial–adven-
titial interface (the “double-line pattern”) in the far walls of 
the vessels (Fig. 1). We measured the CIMT three times and 
averaged the results of the CIMT values, which we termed 
the mCIMT [17]. A mean CIMT greater than 1.0 mm was 

Fig. 1   a Longitudinal ultrasound of the right CCA in a 27-year-
old female without any comorbidity showed a right CCA far mean 
CIMT = 0.59  mm. b Longitudinal ultrasound of the right CCA in a 
61-year-old male with tongue cancer and hypertension showed a right 
CCA far mean CIMT = 0.81 mm
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regarded as an indicator of abnormality and elevated risk 
for CVD [18].

Statistical analysis

Univariate and multivariate linear regression analyses were 
used to assess the associations between the mCIMT and the 
following variables: age, gender, body mass index (BMI), 
weight, height, smoking status, hypertension, diabetes mel-
litus, hyperlipidemia, and prior cervical irradiation. When 
collinearity between covariates was suspected, the variables 
most strongly correlated with the mCIMT were selected for 
the analysis. All statistically significant variables in the uni-
variate analysis were selected for inclusion in the multivari-
ate linear regression. Logistic regression was used to inves-
tigate the risk for an abnormal mCIMT result. Moreover, 
we divided the variables into two groups and performed the 
difference of the mCIMT using an independent t test and 
evaluated the magnitude of the difference between groups by 
the “effect size” using Cohen’s d [19]. Effect size estimates 
can provide information for judgments of practical signifi-
cance. A Cohen’s d greater than 0.8 is considered “large”. 
A p value < 0.05 was considered statistically significant. All 
statistical analyses were carried out using Stata software, 
version 12.0 (Stata Corp. LP, College Station, TX).

Results

The demographic data of the recruited volunteers are shown 
in Table 1. Among the 70 participants recruited for the study, 
the mean participant age was 43.1 ± 14.7 years, and 56% 
of the participants were men and 29% were HNC patients. 
One-fourth of the HNC patients were oral cancer patients 
(Table 1).

In the univariate linear regression, the mCIMT was pos-
itively correlated with age (β = 0.009 95% CI 0.007–0.01), 

weight (β = 0.005 95% CI 0.002–0.007), BMI (β = 0.02 
95% CI 0.01–0.03), hypertension (β = 0.21 95% CI 
0.14–0.28), diabetes mellitus (DM) (β = 0.16 95% CI 
0.04–0.28), hyperlipidemia (β = 0.14 95% CI 0.08–0.26), 
smoking history (β = 0.16 95% CI 0.04–0.28), prior irra-
diation (β = 0.24 95% CI 0.18–0.30), and chemotherapy 
(β = 0.20 95% CI 0.13–0.27). (Table 2). In the multivari-
ate linear regression, after all adjustments were made, 
elder age (β = 0.006 95% CI 0.004–0.008), higher weight 
(β = 0.003 95% CI 0.001–0.005), hypertension (β = 0.10 
95% CI 0.03–0.17), and prior irradiation (β = 0.13 95% 
CI 0.08–0.19) were associated with a higher mCIMT. Due 
to multicollinearity, BMI, weight and chemotherapy were 
removed in the multivariate linear regression.

We further evaluated the risk for CVD (defined as a 
mean CCA CIMT ≥ 1.0 mm) using the logistic regres-
sion method (Table 3). In the univariate analysis, age (OR 
1.06, 95% CI 1.01–1.12), weight (1.07, 1.01–1.13), BMI 
(1.26, 1.05–1.51), prior irradiation (24.8, 2.98–205.5), and 
chemotherapy (5.05, 1.27–20.1) were associated with a 
higher risk for CVD. Irradiation (13.5, 1.48–122.8) and 
increased weight (1.09, 1.01–1.18) were independent risk 
factors for CVD in the multivariate analysis after adjusting 
for other variables.

In the effect size estimation (Table  4), the mCIMT 
was higher in the patients with an age ≥ 65 years (mean 
0.86 mm vs. 0.63 mm; p < 0.01; effect size: 1.19), body-
weight ≥ 65 kg (mean 0.69 mm vs. 0.61 mm; p < 0.01; 
effect size: 0.45), BMI ≥ 23 (mean 0.72 mm vs. 0.57 mm; 
p < 0.01; effect size: 0.73), hypertension (0.81 mm vs. 
0.60 mm; p < 0.01; effect size: 1.06), DM (0.79 mm vs. 
0.63  mm; p < 0.01; effect size: 0.79), hyperlipidemia 
(0.77 mm vs. 0.64 mm; p = 0.04; effect size: 0.68) smok-
ing history (0.79 mm vs. 0.63 mm; p < 0.01; effect size: 
0.80), prior irradiation (0.82 mm vs. 0.58 mm, p < 0.01; 
effect size: 1.22), and previous chemotherapy (0.81 mm 
vs. 0.60 mm, p < 0.01; effect size: 1.03).

Table 1   Demographic data of 
the volunteers

a Oral cancer: 5; nasopharyngeal cancer: 4; oropharyngeal cancer: 3; hypopharyngeal cancer: 3; parotid 
cancer: 2; submandibular gland cancer: 1; laryngeal cancer: 1; other (unknown primary cancer): 1

Volunteers (n = 70) Noncancer volunteers 
(n = 50)

Head and neck 
cancer survivorsa 
(n = 20)

Male gender, [n (%)] 39 (56%) 25 (50%) 14 (70%)
Age, (years) 43 ± 15 39 ± 14 53 ± 10
Weight, (kg) 65 ± 14 63 ± 13 71 ± 14
Height, (cm) 166 ± 9 166 ± 8 166 ± 10
BMI, (kg/m2) 24 ± 4 23 ± 4 26 ± 3
HTN, [n (%)] 16 (23%) 8 (16%) 8 (40%)
DM, [n (%)] 6 (9%) 2 (4%) 4 (20%)
Hyperlipidemia, [n (%)] 5 (7%) 3 (6%) 2 (10%)
Smoking, [n (%)] 6 (9%) 3 (6%) 3 (15%)
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Discussion

In our study, we found the previous irradiation as a fac-
tor that is strongly associated with an increased CIMT 
after controlling for multiple associated factors, such as 
DM, hypertension, hyperlipidemia, and smoking. The 
effect size of the previous irradiation was as large as 1.22 
(Table 4). The CIMT measurements using high resolution 
US provided a more visualized way to evaluate the risk 
stratification of CVD beyond traditional risk factors for 
CVD, including age, hypertension, and bodyweight, which 

were also significantly associated with an increased CIMT 
in our study.

We highlight the importance of the assessment of the 
CIMT by US for head and neck cancer survivors with prior 
neck radiation.

In recent years, several studies have examined the rela-
tionship between the CIMT and future adverse events, 
including myocardial infarction (MI), angina pectoris, 
coronary intervention, and stroke, as well as transient 
ischemic attack (TIA). In the general population, for an 
absolute carotid IMT difference of 0.1 mm, the future risk 
for MI increases by 10–15%, and the stroke risk increases 
by 13–18% [11]. Though the CIMT had been widely used 
as a predictor for CVD in the general population, there 
is a scarcity of the literature that evaluates the CIMT in 
irradiated patients.

Currently, multimodality including surgery, chemo-
therapy, and radiotherapy is the mainstay for treatment of 
malignancies of the head and neck. Successful treatment 
increases survival, but also puts the patient at risk for radi-
ation-related side effects, such as radiation vasculopathy. 
The complex and broad ranges of the effects of radiation 
on vessels may cause cerebrovascular events, which are 
often under-recognized [20]. Vascular injury is believed 
to be associated initially with endothelium dysfunction 
and subsequently with abnormal proliferation and fibrosis 
after radiation [21]. Furthermore, radiation was thought to 
accelerate atherosclerosis and augment the initial injury 
[22, 23]. Both short-term and long-term effects of radio-
therapy have been shown in recent studies. Although a 
longer latency period is required to develop a symptomatic 
cerebrovascular event, vascular changes can take place as 
soon as 90 days after the end of radiation treatment [24].

Table 2   Univariate and 
multivariate linear regression 
analyses using the mean CIMT 
of the CCA as the dependent 
variable

β coef. β coefficient, 95% CI 95% confidence interval, SE standard error, BMI body mass index, HTN 
hypertension, DM diabetes mellitus
a Due to multicollinearity, BMI, BH, and chemotherapy are removed

Univariate Multivariate

β coef. (95% CI) p β coef. (95% CI) p

Male gender 0.02 (− 0.05 to 0.09) 0.551
Age 0.009 (0.007 to 0.01) < 0.01 0.006 (0.004 to 0.008) < 0.01
Weight 0.005 (0.002 to 0.007) < 0.01 0.003 (0.001 to 0.005) < 0.01
Heighta − 0.0003 (− 0.004 to 0.003) 0.843
BMIa 0.02 (0.01 to 0.03) < 0.01
HTN 0.21 (0.14 to 0.28) < 0.01 0.10 (0.03 to 0.17) < 0.01
DM 0.16 (0.04 to 0.28) 0.008 − 0.08 (− 0.19 to 0.02) 0.11
Hyperlipidemia 0.14 (0.08 to 0.26) 0.038 − 0.01 (− 0.12 to 0.10) 0.86
Smoking 0.16 (0.04 to 0.28) 0.008 − 0.02 (− 0.12 to 0.09) 0.77
Irradiation 0.24 (0.18 to 0.30) < 0.01 0.13 (0.08 to 0.19) < 0.01
Chemotherapya 0.20 (0.13 to 0.27) < 0.01

Table 3   Logistic regression analysis of risk for an abnormal CIMT 
result (mean CIMT ≥ 1.0 mm)

OR odds ratio, 95% CI 95% confidence interval, SE standard error, 
BMI body mass index, HTN hypertension, DM diabetes mellitus
a Due to multicollinearity, BMI, BH and chemotherapy are removed

Risk factor Univariate Multivariate

OR (95% CI) p OR (95% CI) p

Male gender 1.64 (0.39–6.84) 0.498
Age 1.06 (1.01–1.12) 0.019 1.07 (0.99–1.16) 0.077
Weighta 1.07 (1.01–1.13) 0.016 1.09 (1.01–1.18) 0.027
Height 1.05 (0.97–1.14) 0.219
BMIa 1.26 (1.05–1.51) 0.014
HTN 2.94 (0.74–11.69) 0.125
DM 3.46 (0.63–18.90) 0.152
Hyperlipidemia 1.69 (0.19–15.08) 0.636
Smoking 1.36 (0.16–11.93) 0.779 0.22 (0.02–2.93) 0.252
Irradiation 24.75 (2.98–

205.52)
0.003 13.50 (1.48–

122.81)
0.021

Chemotherapya 5.05 (1.27–20.13) 0.022
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In addition to conventional two-dimensional RT, inten-
sity-modulated radiotherapy (IMRT) is an innovative radia-
tion technique to modify the radiation distribution and extri-
cating normal tissue from radiation damage. Previous study 
in nasopharyngeal cancer patients revealed that IMRT could 
reduce the incidence of significant carotid stenosis com-
pared to conventional RT [25]. However, it is not feasible to 
eliminate RT dose to carotid in most clinical scenario, even 
with advanced RT techniques, because the carotid arteries 
are often included in the clinically treatment volume [26]. 
Therefore, ultrasound measurement of the CIMT should also 
be considered for all head and neck cancer survivors after 
RT. Further research should be conducted on the function of 
the anatomic sites of malignancy that would determine the 
target tissues for radiotherapy.

A patient who had head and neck radiotherapy appears to 
have at least double the relative risk (RR) for a TIA or stroke 
than normal individuals [16, 27]. The exception is adjuvant 
neck radiotherapy for breast cancer due to the minimal 
carotid radiation exposure from this therapy [20]. A recent 
systematic review showed an increased relative risk (RR)/
hazard ratio (HR) for stroke/TIA in patients with head and 
neck cancer, for whom it was 5.6, compared with patients 
with breast cancer, for whom it was 1.12 [16].

In our study, the mCIMT was significantly associated 
with age, bodyweight, hypertension, and prior irradiation. 
In the multiple logistic regression, prior irradiation (OR 
13.5, 95% CI 1.48–122) was independently associated with 
higher CVD risk when we regarded a mean CIMT greater 
than 1.0 mm as an indicator of elevated risk for CVD [16].

Increasing numbers of otolaryngologist head and neck 
surgeons use US to evaluate the neck due to its advantages of 
noninvasiveness, feasibility, and reproducibility. Ultrasonog-
raphy is widely utilized in the neck to assess the cervical 
lymph nodes, thyroid nodules, vocal fold, and other adjacent 
structures. HNC survivors usually receive regular follow-up 
at departments of otolaryngology. However, there are limited 

studies using ultrasonography to assess the CIMT and lim-
ited studies that focus on the postirradiated neck. Our study 
adds novel insight to the importance of cervical ultrasonog-
raphy in this high-risk group for otolaryngologists, though 
the efficacy and cost-effectiveness of routine screening still 
warrant further investigation.

People with hypertension, DM, or smoking habits were 
generally more likely to have an increased mean CIMT. 
After multivariate linear and logistic regression analyses 
were performed, our study demonstrated that HNC patients 
with prior radiotherapy were at higher risk for CVD, which 
is consistent with the results of prior studies [16, 20, 27] 
(Table 3). Therefore, in our opinion, previously irradiated 
patients who have multiple CVD risks, such as a higher 
bodyweight, hypertension, diabetes mellitus, and smoking 
status, should have strict lifestyle modifications to delay 
the progression of atherosclerosis and prevent both cardiac 
events and cerebrovascular events. In addition, it is of great 
importance to pay attention to further preventive strategies 
of the postirradiation group, since HNC patients may outlive 
their malignancies and may suffer from sequelae of treat-
ment [28].

Limitations

The first limitation of this study is mainly related to the 
small sample size and all of the data being from patients at 
one institution. Second, this is a cross-sectional study using 
the CIMT as an earlier indicator for atherosclerosis. It is not 
a prospective cohort study that investigates stroke/TIA or 
coronary heart disease as direct endpoints. Third, because 
the design of this study did not include HNC patients with-
out irradiation treatment, it remains unclear whether the 
observed increased CIMT can be fully explained by the 
effect of prior irradiation or whether malignancy itself may 
play a role. It could be expected that mCIMT might be 
greater for head and neck survivors with the previous neck 

Table 4   Comparisons of the 
mean CIMT and effect size 
among different variables

SD standard deviation, BMI body mass index, HTN hypertension, DM diabetes mellitus

Variables Mean CIMT ± SD (mm) Effect size p value

Gender (male vs. female) 0.66 ± 0.21 vs. 0.64 ± 0.19 0.10 0.55
Age (≥ 65 vs. < 65) 0.86 ± 0.14 vs. 0.63 ± 0.19 1.19 < 0.01
Weight (kg) (≥ 65 vs. < 65) 0.69 ± 0.22 vs. 0.61 ± 0.17 0.45 < 0.01
Height (cm) (≥ 165 vs. < 165) 0.63 ± 0.21 vs. 0.67 ± 0.19 − 0.23 0.18
BMI (kg/m2) (≥ 23 vs. < 23) 0.72 ± 0.21 vs. 0.57 ± 0.16 0.73 < 0.01
HTN (yes vs. no) 0.81 ± 0.19 vs. 0.60 ± 0.18 1.06 < 0.01
DM (yes vs. no) 0.79 ± 0.21 vs. 0.63 ± 0.19 0.79 < 0.01
Hyperlipidemia (yes vs. no) 0.77 ± 0.24 vs. 0.64 ± 0.19 0.68 0.04
Smoking (yes vs. no) 0.79 ± 0.23 vs. 0.63 ± 0.19 0.80 < 0.01
Irradiation (yes vs. no) 0.82 ± 0.20 vs. 0.58 ± 0.15 1.22 < 0.01
Chemotherapy (yes vs. no) 0.81 ± 0.21 vs. 0.60 ± 0.17 1.03 < 0.01
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surgery than those without neck surgery. In our study, there 
are only 4 in the 20 cancer survivors have received neck 
dissection before RT. Although there was no difference of 
the mCIMT between patient who received neck dissection 
and those who did not (0.80 ± 0.30 mm vs. 0.76 ± 0.21 mm 
[Median ± IQR], p = 0.47 by non-parametric M–U test), 
surgical intervention still might be a potential confounding 
factor. Further studies are necessary to define the relation of 
neck dissection and CIMT in the future. Another limitation 
of our study is that most of our irradiated patients had a post-
RT interval less than 5 years, so the longer post-RT interval 
may cause a higher risk for developing vascular disease [29]. 
We also found that the distribution of age and bodyweight 
is different between the cancer survivors and controls. We 
further selected an additional comparable control group, 
and the results from this analysis are summarized in Sup-
plemental Table 1 for completeness. The results show that 
the mCIMT is still significantly different between these two 
groups.

Conclusion

In summary, we have provided evidence that irradiation was 
significantly associated with a higher risk for CVD. An auto-
mated measurement of the CIMT using high-resolution US 
can be an effective tool to assess this risk. Further studies 
are needed to establish preventive strategies against CVD 
for radiation-treated head and neck cancer (HNC) patients.
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