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Normative Clinical Reference for Intima-media Thickness of Carotid

Arteries among Nigerian Adults

Abstract

Background: The intima-media thickness (IMT) of the carotid arteries is said to be predictive of the
risk of cerebrovascular accidents in patients and said to be affected by sex, age, and race. The lack of
normative reference values of carotid IMT can adversely affect the screening of subclinical atherosclerosis
in Nigeria. Sonography is the most widely used tool in clinical practice for IMT determination. Aim: This
study was aimed at obtaining sonographic reference values of the IMT of the carotid arteries of healthy
adult Nigerians for clinical use. Study Design: This is a prospective study, where participants were
selected by a simple random technique. Setting: The study was carried out in 2019 on adult Nigerians
from different ethnic backgrounds that resided in Bayelsa State. Materials and Methods: The study
population was 104 healthy Nigerian adults both male and female between 18 and 64 years of age.
Excluded were those without informed consent, Nigerians aged below 18 and above 65 years, anyone
with a history of cardiovascular, cerebrovascular, or metabolic disorders, and athletes. After confirming
normal blood pressure and taking their physical measurements, participants’ necks were scanned with an
“EcoMed” ultrasound machine version VERTU-3 Portable USG with a linear transducer and a frequency
of 7.0 MHz by an experienced radiologist. Results: The IMT was recorded for the subjects in millimetres
where common carotid artery: males = 0.487+0.014, females = 0.480+0.010 with a reference range of
0.200-0.750 mm; internal carotid artery: males = 0.500+0.019, females = 0.459+0.013 with a reference
range of 0.200-0.750 mm; external carotid artery: males = 0.479+0.018, females = 0.437+0.014 with
a reference range of 0.180-0.780 mm. The values for the males were higher than those of the females;
however, they were not statistically significant. There was also no statistically significant difference between
right and left sides in the IMT despite the right persistently being higher than the left in the general study
population. Conclusion: This study has been able to provide reference values for IMT of the carotid
arteries among Nigerians for clinical use in the meantime. We believe that a systematic review of similar
data can further be done for the standardisation of national reference.
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or their associations, which is important to
ascertain'®!! in every society. Sonography
is the preferred investigative modality for
the carotid IMT as it is easily accessible,
affordable, and reliable in experienced
hands." Most clinicians now rely on it for
diagnosis, especially in our environment
where other sophisticated modalities are not
readily available or affordable by patients.

Introduction

The intima-media thickness (IMT) of the
carotid arteries is said to be predictive of the
risk of cerebrovascular accidents in patients.!'!
Arterial wall thickness affects vascular
resistance and can influence the cerebral blood
flow velocity and perfusion pressure,’”! and
in the same vein, they can also be influenced
by sex, the size of the body, the size of the
neck, and some clinical parameters."® Because
carotid IMT is said to provide an index of
atherosclerotic vascular process that can be
used to study subclinical atherosclerosis,!
normative reference values in every society
become invaluable data. In addition, ethnicity
or race is said to further influence these values

Presently, Nigeria lacks standardised data
on healthy subjects. The lack of normative
reference values of measurable carotid
parameters makes the screening of subclinical
atherosclerosis unrealistic and practically
impossible.'¥) Where these standard values
are lacking (as in Nigeria), there is a need
for studies to determine reference values for
the different age groups, body sizes, and sex
in our environment. This study was aimed
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at obtaining sonographic values of the IMT of the carotid
arteries of healthy adult Nigerians that could serve as a national
standard for clinical reference in determining abnormality.

Materials and Methods

This is a prospective study. The study was carried out on
Nigerians from different ethnic backgrounds that resided in
Bayelsa State, Nigeria, in 2019. The study population was
104 healthy Nigerian adults both male and female between
18 and 64 years of age. Institutional ethical approval was
obtained for the study. All subjects gave an informed consent
and participated voluntarily. Participants were randomly
selected without ethnic restriction. There was also no intention
to skew the data to favour any ethnic Nigerian group as it was
not part of the inclusion/exclusion criteria. Excluded from
this study were those without informed consent, Nigerians
aged below 18 and above 65 years, anyone with a history
of cardiovascular, cerebrovascular, or metabolic disorders,
athletes, and foreigners.

All subjects had their clinical vitals (pulse, blood pressure
within normal range) and anthropometric values (weight,
height, and neck and waist circumferences) taken before
the sonographic study. The ultrasound machine used was a
VERTU-3 Portable USG by “EcoMed” (Shenzhen, China) with
a linear transducer and a frequency of 7.0 MHz that could be
enhanced to l0MHz. An experienced radiologist scanned the
subjects. The subjects were positioned supine and each carotid
triangle exposed by tilting the head to the contralateral side.
Doppler ultrasound scans of the common carotid artery (CCA),
internal carotid artery (ICA), and external carotid artery (ECA)
on both sides of the neck were done and measurements of
their IMT taken 1cm before the bulb of the CCA for CCA
IMT measurement and 1 cm after bifurcation for either ICA or
ECA in the end-diastole.!'*!] Two-dimensional measurements
in B-mode and greyscale were made to obtain the values. Data
were analysed using IBM SPSS v22 for t-test, and results were
expressed as tables.

Results

The descriptive statistics of the IMT of the carotid arteries
(CCA, ICA, as well as the ECA) is presented in Table 1. The
mean age of subjects was 28.32+9.09 years with 62 males

and 42 females. The following mean values were recorded
for male subjects in millimetres: CCA = 0.487+0.014 [right
(R) =0.490+0.014, left (L) = 0.484+0.014 with a reference
range of 0.200-0.800], ICA =0.500+0.014 (R =0.497+0.013,
L = 0.503+0.014) with a reference range of 0.200-0.800,
ECA =0.479+0.018 (R = 0.487+0.020, L = 0.471+0.016)
with a reference range of 0.150-0.850, whereas for females:
CCA =0.480+0.010 (R = 0.481+0.009, L = 0.479+0.011)
with a reference range of 0.300-0.700, ICA = 0.459+0.013
(R=0.474+0.014, L = 0.445+0.013) with a reference range
of 0.200-0.700, ECA = 0.437+0.014 (R = 0.448+0.001,
L =0.426+0.018) with a reference range of 0.200-0.700. The
values for the males were higher than those of the females;
however, they were not statistically significant. There was
also no statistically significant difference between the right
and left sides in the IMT despite the right persistently being
higher than the left except for the ICA in the males; however
in the general study population, the right was still higher than
the left in all three arteries. The reference range of values
for the IMT of the carotid arteries was calculated using
the formulae according to Kirkwood and Sterne, 2003, and
Lawless and Fredette, 2005, which are represented in Table 2.
The sonography of the carotid arteries is shown in Figure 1.
n+1

Range=m=t ;5 . X,|[—— XS.D
o n

where {g75., =1.96, m = mean, n = sample size, and
S.D = standard deviation.

Discussion

There are numerous studies globally on the IMT of the carotid
arteries in the literature. Even among Nigerians, there are several
published works; however, they lack a normative range of values
for clinical references for Nigerian subjects as these studies are
mostly on hypertensive, diabetic, or unhealthy patients. This is
the only study that provides a reference range among the few
on normotensives that tend to bridge that research gap that
would help Nigerian clinicians to diagnose an abnormal carotid
thickness based on local data for clinical reference as the values
vary globally because of race or ethnicity.['%!!!

From our study, sexual dimorphism in the carotid IMT was
not found as seen in other studies despite the males having

Table 1: Descriptive statistics of the measured IMT of carotid artery (mm)

Carotid artery Male (62) Female (42) Total (104)

Min Max Mean SD Min Max Mean SD Min Max Mean SD
Right
CCA 0.200 0.900 0.490 0.0139 0.300 0.700 0.481 0.0089 0.200 0.900 0.487 0.0121
ICA 0.200 0.900 0.497 0.0132 0.200 0.900 0.474 0.0136 0.200 0.900 0.488 0.0133
ECA 0.200 1.700 0.487 0.0200 0.200 0.600 0.448 0.0099 0.200 1.700 0.471 0.0168
Left
CCA 0.200 1.200 0.484 0.0139 0.300 0.900 0.479 0.0112 0.200 1.200 0.482 0.0128
ICA 0.200 0.900 0.503 0.0144 0.200 0.800 0.445 0.0129 0.200 0.900 0.480 0.0140
ECA 0.100 0.800 0.471 0.0159 0.200 1.400 0.426 0.0180 0.100 1.400 0.453 0.0168

Max = maximum, Min = minimum, SD = standard deviation
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Table 2: Reference value ranges for the IMT of the carotid arteries (as summarised)

Parameter (mm) Male Female Total sample
CCA IMT 0.20-0.80 0.30-0.70 0.20-0.75
ICA IMT 0.20-0.80 0.20-0.70 0.20-0.75
ECA IMT 0.15-0.85 0.20-0.70 0.18-0.78

Figure 1: Doppler scan of carotid arteries with measurements from our study

higher values than the females. This has been demonstrated
in similar studies in other climes.["" Umeh et al. from Nigeria
had reported a significant sexual difference in IMT values,!”!
which we could not demonstrate in the index study. Apart from
the above, we like to infer that the measurements of either
right or left CCAs can be used for an individual in clinical
practice as the differences in their thickness from our study
was not statistically significant; more so, atherosclerosis (if
it is the diagnosis of interest) is a systemic disease!’® and
would not be side-selective. Another Nigerian study has also
shown this side-to-side statistically insignificant difference in
normotensives.!'”! Interestingly, except for the IMT of the right
ICA, which was noted to be slightly higher than that of the
right CCA, wall thickness followed a pattern of CCA > ICA
> ECA. In addition to this, findings from our study appeared
to be peculiar in comparison with the two other studies from
Nigeria that measured IMT of normotensive subjects with
respect to our lower mean values, which is explainable as a
majority of our study subjects were young and healthy between
the ages 20 and 40 years with a mean age 0f 28.32+9.09 years
and had a body mass index (BMI) between 18 and 24 with no
obvious atherosclerotic risk factors. As such, the different wall
changes that occur because of aging, blood pressure stress,
or hypercholesterolemia in the different parts of the vessel
are not yet registered on regular ultrasound. Summarily, from
our study, the mean IMT of the CCA in a young and healthy
adult Nigerian is 0.49 (~0.50) mm with a reference range
of 0.20-0.75mm. Generally, values of CCA IMT between
0.09 and 0.14cm are considered as abnormal thickening,
and thickness greater than 0.14cm is a characteristic of
atheromatous plaque.”*”

In Nigeria, in comparing IMT of CCA in hypertensive and
normotensive groups, Umeh et al. reported 0.64 mm + 0.088

and 0.67mm = 0.107 for the latter group on the left and
right sides, respectively,!”’ whereas Soneye et al. reported
0.65+0.06 mm and 0.64+0.06 mm for the left and right,
respectively.!'” Although, these mean values from their studies
are higher than our mean values (0.05 mm), they fall within our
reference range. Explicably, a majority of these normotensive
subjects from Umeh et al. were in the 50-59 years age group.
There is no doubt that age-related changes of vessels occur and
tend to favour increasing wall thickness with older age.!'*?!7 As
expected, the hypertensives from Umeh ef al. had significantly
higher IMT values than the normotensives with mean CCA
IMT values of 0.756mm =+ 0.130 and 0.751 mm = 0.129 on
the left and right sides, respectively,!!'”? which appear to be
lower than the values obtained from a multiracial study in
the United States with mean CCA IMT = 0.78+0.21 mm.
Like our study, the left-sided mean CCA IMT value in the
normotensive subjects of their study was lower than the right,
whereas the left CCA IMT of the hypertensives was higher,
which they attributed to its direct relation to the aortic arch.

Normative values of IMT of the CCAs in Sudan, another
African country, ranged between 0.4 mm and 0.7 mm,?"
which is similar in range to ours. The age bracket of their
subjects was 17-46 years, which falls within the group most
of our study participants were in. In Turkey, children aged
7—15 years with a mean IMT of 0.46 mm had no significant
sexual difference, whereas sexual dimorphism has been
reported in the same population.['! In Finland, healthy
subjects with IMT had sexual difference that was attenuated
when adjusted for risk factors and carotid diameter. Their
men had 0.59 mm whereas the women had 0.57 mm.!"3! So,
for men and women with similar risk factors and carotid
diameter, sexual dimorphism was not demonstrable in their
study. This is what was obtained in our study: both sexes had
similar BMI, age group, and low risk for cardiovascular or
cerebrovascular disease; hence their carotid wall thicknesses
were similar despite the males having higher values. In
contrast, the Sudanese study showed that the females had
higher IMT values than the men, which was also not significant
statistically. Furthermore, it was also noted that the BMI of
the females was also higher than that of males in the latter
study.?! In the United States, different study subgroups show
differential increased wall thickening. Even though, IMT of
carotid arteries among blacks was reported to be higher than
whites in the United States,® it may not be solely because
of race as we have seen from the results of our index study,
where findings were even lower than some Caucasian values.
Other factors relating to food, environment, and lifestyle need
be explored too; hence there is a need for society-based or
group-based reference values.?%
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Because carotid wall thickness assesses the risk of ischaemic
stroke in adults, normative IMT values would serve as a
reference and better guide clinical decision-making in terms
of prevention and lifestyle modification at early stages of
disease during screening among subclinical persons with
abnormality.

Conclusion

We believe that results of our study could be used as a reference
for assessing subclinical abnormality of the IMT of the
carotid arteries, which are very useful in risk stratification in
cerebrovascular disease in adults. Although the index study
may be limited in sample size and stratification for all age
groups, it is still useful data. We believe that systematic reviews
may be necessary for further evaluation and finalisation of
Nigerian data to fill the gap as a national standard.
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