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ABSTRACT

Objective: Inflammation takes significant part in the pathogenesis of atherosclerosis and
secondary amyloidosis but little is known about its relationship with both. Assessment of
this relationship via carotid intima—media thickness (IMT) in patients with secondary amyloi-
dosis and suitable controls, is the aim of our study.

Methods: 14 amyloidal inflammatory disease patients, 34 non-amyloidal inflammatory dis-
ease patients and 34 healthy volunteers formed the study population. All patients were non-
smoker. Patient with history of atherosclerotic vascular disease and presence of diabetes
mellitus excluded the study. Investigating the measuring IMT from carotid arteries using
ultrasonography was managed to assess subclinical atherosclerosis and CRP levels were mea-
sured from the all study population.

Results: Amyloidal inflammatory disease patients demonstrated a significantly greater
carotid IMT (0.71+0.8 mm) compared with the non-amyloidal inflammatory disease patients
(0.56+0.1 mm; p<0.001) and the healthy controls (0.43+0.4 mm; p<0.001). The patients with
amyloidal inflammatory disease had a significantly greater CRP level (5.7£2.5 mg/L) than the
other groups (3.7+3.1 mg/L, 1.5£1.2 mg/L; p<0.001).

Conclusion: Increased carotid arterial wall thickness was associated with the presence of
amyloidosis, perhaps due to an increase in atherosclerotic changes related to chronic low-
level inflammation.

considered to have an increased risk for secondary AA
amyloidosis and atherosclerosis.”®!

Amyloid A (AA) amyloidosis and atherosclerosis are 2 dif-
ferent diseases, but uncontrolled inflammation plays a sig-
nificant part in the pathogenesis of both.'*l Amyloidosis
is characterized by the extracellular deposition of a pro-
tein-like material and classified according to a precursor
protein. Secondary AA amyloidosis is a complication of
chronic inflammatory disorders, such as familial Mediter-
ranean fever (FMF) and ankylosing spondylitis (AS),**! in
which the amyloid fibrils are derived from serum amyloid
A (SAA) protein. SAA, like C-reactive protein (CRP) is
produced in the liver in response to proinflammatory
cytokines.!¥! Patients with inflammatory diseases, such as
those with FMF, AS, and systemic lupus erythematous, are

Inflammation plays a significant part in the pathogenesis
of both diseases, but little is known about the relation-
ship. Carotid intima-media thickness (IMT) is used to de-
fine preclinical atherosclerosis.’® Therefore, the objective
of this research was to determine whether inflammatory
disease patients with AA amyloidosis have a greater risk
of subclinical atherosclerosis than inflammatory disease
patients without AA amyloidosis or healthy controls by
assessing carotid IMT.

MATERIAL AND METHODS

This was a cross-sectional, observational study. After the
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study protocol was approved by the hospital ethics com-
mittee, a total of 82 participants were studied. There were
14 inflammatory disease patients with AAA (6 AS, 8 FMF),
34 inflammatory disease patients without AAA (16 AS,
I8 FMF), and 34 sex, age, and excluded-criteria matched
healthy controls.

All of the patients were non-smokers and at least 18 years
of age. Patients with a history of atherosclerotic vascu-
lar disease (myocardial infarction, stroke, or peripheral
vascular disease), uncontrolled hypertension, diabetes
mellitus, malignancy, tuberculosis, acute/chronic infection,
or chronic kidney disease were excluded. All of the FMF
patients were on colchicine treatment (1.5 mg/day). The
diagnosis of FMF was made according to the Tel Hashomer
criterial®® and the diagnosis of AS was made according to
the modified New York criteria.l'y

Based on renal biopsy findings, 8 FMF patients and 6 AS
patients were diagnosed with AA amyloidosis (n=14).
Healthy participants were chosen according to the study
exclusion criteria.

All of the participants provided a complete history and
had a physical examination. Clinical and laboratory as-
sessments of patient with inflammatory disease were per-
formed during an attack-free period, defined based on a
lack of clinical symptoms. Blood sampling was carried out
after an overnight fast. Laboratory variables of glucose,
creatinine, C-reactive protein (CRP), and total cholesterol
(T-Chol), high-density lipoprotein (HDL), and low-density
lipoprotein (LDL) were measured using routine methods.
Body mass index (BMI) was calculated by dividing weight
(kilograms) by height (meters squared). Creatinine clear-
ance (CrCl) was calculated according to the Cockeroft-
Gault formula.l'

Carotid intima-media thickness measurement

Bilateral assessment was made of wall thickness in the
common carotid artery (CCA). Carotid IMT was mea-
sured as the distance from the leading edge of the first
echogenic line (intima interface) to that of the second
echogenic line (upper layer of the tunica adventitia).
Carotid IMT measurement of both the right and left CCA
was performed at 3 points on the far walls in each CCA
from | cm proximal to the bifurcation of the CCA. The 3
locations were then averaged to produce a mean IMT for
each side. The carotid IMT was reported as the average
thickness of both CCAs.

Statistical analysis

All analyses were conducted using SPSS for Windows, Ver-
sion 15.0 (SPSS, Inc., Chicago, IL, USA) and the mean+SD
or median (interquartile range) was used to present the
data, as applicable. The mean differences between groups
were compared using one-way analysis of variance or the

Kruskal-Wallis test, according to the distribution. A post
hoc Tukey Honest Significant Difference test was used to
determine which group differed from the others. A two-
sided p value of <0.05 was considered statistically signif-
icant.

RESULTS

The study population included 26 FMF, 22 AS patients, and
34 healthy participants. The |4 members of the amyloidal
inflammatory disease group were 8 FMF and 6 AS patients.
Table | provides a summary of the clinical features and lab-
oratory values of all of the study groups. Differences be-
tween groups as to age, sex, BMI, CrCl, systolic blood pres-
sure, diastolic blood pressure, serum level of T-Chol, LDL,
HDL, or fasting blood glucose, were not significant. T-Chol,
LDL, HDL, fasting glucose, and creatine were measured
at normal intervals. Serum CRP levels were significantly
higher in the patients with amyloidal inflammatory disease
compared with the control group (p<0.001) (Table 1).

The carotid CRP difference was statistically higher in amy-
loidal inflammatory disease patients (p<0.001). As shown
in Figure | and Table 2, the carotid IMT was determined
to be significantly greater in the amyloidal inflammatory
disease patients when compared with the non-amyloidal
inflammatory disease patients and the healthy controls
(p<0.001). The amyloidosis patients had a higher IMT
measurement as well as a higher CRP level compared with
the non-amyloidal inflammatory disease patients (0.70
mm [range: 0.65—0.80 mm] vs. 0.60 mm [range: 0.50-0.60
mm], p<0.001; 6.7 mg/L [range: 2.95-13.9 mg/L) vs. 0.65
mg/L (range: 0.33—1.02 mg/L, p<0.001), and the non-amy-
loidal inflammatory disease patients had a greater IMT and
CRP when compared with the healthy participants (0.60
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Figure 1. Mean carotid intima media thickness in familial
Mediterranean fever (FMF) and ankylosing spondylitis (AS) pa-
tients with amyloidosis, FMF and AS without amyloidosis, and
the healthy group.
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Table I.  Clinical and laboratory characteristic of patient with or without amyloidosis and healthy controls
Inflammatory Inflammatory Healthy p
disease with disease without subjects
amyloidosis (n=14) amyloidosis (n=34) (n=34)
n % n % n %
Age (years) 44.8 13.2 37.5 12 378 59 0.66
Male 8 57.1 17 50 17 50 0.34
Body mass index (kg/m?) 26 3 25 4 27 2 0.28
Diastolic blood pressure (mmHg) 77 9.6 774 7 758 6 0.67
Systolic blood pressure (mmHg) 116 17.3 122 12.2 117.1 10 0.19
Creatinine (mg/dL) I 0.1 | 0.1 0.9 0.1 0.30
Creatinine clearance (mL/min) 95.5 20.3 102.3 23.1 112.2 21.7 0.57
Total cholesterol (mg/dL) 185.6 38.6 180 38.6 176.8 25.8 0.71
Low-density cholesterol (mg/dL) 109.6 28.1 110.9 26.8 Il 25.5 0.98
High-density cholesterol (mg/dL) 46.7 15.8 432 9.1 42.6 9.7 0.46
Triglyceride (mg/dL) 147.4 59.2 122 58.9 124.7 5553 0.33
Fasting blood glucose (mg/dL) 94.5 19.5 93.2 5.8 91.4 72 0.59
C-reactive protein (mg/dL) 5.7 2.5 3.7 3.1 1.5 1.2 <0.001
Table 2. Ultrasound findings
Inflammatory Inflammatory Healthy P’
disease with disease without subjects
amyloidosis amyloidosis (n=34)
n % n % n %
Ejection fraction (%) 64.2 34 67.1 47 66.8 29 0.54
Left ventricle diastolic diameter (mm) 48.1 2 453 35 454 3.6 0.20
Left ventricle systolic diameter (mm) 31.2 1.6 29 2.7 29.1 22 0.11
Mitral E (m/s) 674 18.4 76.5 18 76.8 13.4 0.17
Mitral A (m/s) 65 20 69.7 13.8 6l.1 1.7 0.60
Carotid intima media thickness 0.71 0.8 0.56 0.1 0.43 0.4 <0.001

mm [range: 0.50-0.60 mm] vs. 0.45 mm [range: 0.40-0.50
mm], p<0.001; 0.65 mg/L [range: 0.33—1.02 mg/L] vs. 0.43
mg/L [range 0.40-0.46 mg/L], p=0.04).

DISCUSSION

The results of this study demonstrated that the carotid
IMT was significantly greater in the patients with amyloidal
inflammatory disease than in those with non-amyloidal in-
flammatory disease and the healthy participants. To the
best of our knowledge, this is the first study to demon-
strate an association between amyloidosis and carotid
IMT in inflammatory disease patients matched for major
atherosclerotic risk factors.

Atherosclerosis is a slow, progressive inflammatory dis-
ease. The presence of atherosclerosis can be identified
using various noninvasive imaging techniques, such as mea-
suring carotid IMT with ultrasound, which is a widely ac-
cepted screening method of subclinical atherosclerosis.!'?
Excessive carotid IMT is associated with atherosclerosis
in the coronary arteries.I'”! Previous studies have demon-
strated that patients with inflammatory disease have
greater carotid IMT levels, and our results, which revealed
an increased carotid IMT in the group with inflammatory
disease, are consistent with previous study data.l’® The
study data were collected with care and matched for ma-
jor risk factors for atherosclerosis, including smoking sta-
tus and diabetes mellitus.
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According to our findings, AA amyloidosis was associated
with carotid IMT, though there are several possible ex-
planations for the relationship observed between carotid
arterial wall thickness and AA amyloidosis. First, there is
a possible association between AA amyloidosis and in-
flammation. Systemic AA amyloidosis is a long-recognized,
severe complication of several chronic inflammatory dis-
eases. Inflammatory diseases and atherosclerosis share a
number of similarities, including inflammatory cell activa-
tion and the production of pro-inflammatory cytokines.
[14-16] Patients with inflammatory diseases have an elevated
level of CRP, a marker of inflammation relevant to in-
creased cardiovascular risk.l'*'”] Among various markers
of inflammation, CRP level was suggested as a particularly
powerful predictor of cardiovascular disease independent
of serum lipid levels in a general population study in the
United States.!'! It is also hypothesized that CRP may be
causally involved in the pathophysiology of atherosclerosis
and its complications.['”! Tanasescu et al.l'¥l reported that
the IMT of inflammatory disease patients was correlated
with CRP level. Secondary amyloidosis occurs in 5% of
patients with poorly controlled chronic inflammatory dis-
ease, mainly AS and FMER!"l The low-level inflammatory
reaction may lead to an increase in arterial wall thickness.
As supporting data, we also found that the mean CRP level
was greater in the inflammatory disease patient group
without amyloidosis than in the healthy control group.
However, the highest mean CRP level was in the group of
inflammatory disease patients who had amyloidosis.

A second feasible explanation for the increased IMT in
amyloidosis patients may be SAA. SAA is a major inflam-
matory molecule and AA amyloid fibrils are derived from
SAA.T An elevated level of circulating SAA is present in
secondary amyloidosis patients as well as patients with
atherosclerosis.?'! SAA has been suggested as a marker of
atherosclerotic disease and it has been found in many cell
types in atherosclerotic lesions.??21 SAA level was not
measured in our study, and represents an issue that should
be addressed in future research.

The third cause may renal involvement in AA amyloidosis.
This can be a cause of proteinuria, nephrotic syndrome,
and/or renal dysfunction.”™ The results of a large cohort
study and a meta analysis indicated that sustained de-
creases in estimated glomerular filtration rate (eGFR) be-
low 60 mL/minute/1.73 m* were associated with increased
rates of atherosclerotic diseases.***1 Furthermore, stud-
ies have described increased cardiovascular mortality and
morbidity risk in renal disease associated with amyloidosis.
(28301 | this study, AA amyloidosis patients were diagnosed
based on renal biopsy findings, and the mean level of blood
creatinine and eGFR were in the normal range, with no
significant difference between groups; however, we calcu-
lated the eGFR using the Crockcroft-Gault formula and
it may not be accurate in patients with factors affecting

creatinine production because serum creatinine is a main
component of the formula. Direct measurement of CrCl
using 24-hour urine creatinine clearance data would be
helpful in a similar population group in future studies.

Amyloidosis series reported from Turkey are generally
associated with FMF, but in the colchicine-treatment era,
FMF patients with amyloidosis are becoming extremely
rare and it is difficult to recruit cases.! Therefore, the
number of patients in the amyloidosis group was relatively
small and the study groups consisted of mixed inflamma-
tory disease patients.

Conclusion

Our results suggested that increased arterial wall thick-
ness is associated with the presence of amyloidosis, pos-
sibly due to an increase in atherosclerotic changes related
to inflammation. In order to confirm these correlations,
prospective studies with a larger number of participants
are warranted.
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Enflamatuvar Hastaliklarda Sekonder Amiloidoz ile Karotis intima Media Kalinhig iliskisi

Amag: Ateroskleroz ve sekonder amiloidoz patogenezlerinde enflamasyonun gok 6nemli rolii olmasina ragmen, her iki hastalik arasindaki
iliski tam olarak bilinmemektedir. Bu galismanin amaci, karotis intima media kalinligi (IMK) degerlendirerek, sekonder amiloidoz olan hasta-
larla, olmayan uygun kontrol gruplarinda bu iliskiyi incelemek.

Gereg ve Yontem: Calisma popiilasyonu 14 amiloidoz gelismis enflamatuvar hastalikli hasta ile 34 amiloidoz gelismemis enflamatuvar
hastalikli hasta ve 34 saglikli goniilliiden olusmaktadir. Tiim hastalar sigara igmeyenlerden segildi. Aterosklerotik damar hastaligi ve diyabetes
mellitus tanisi olan hastalar galismaya alinmadi. Subklinik ateroskleroz B-mod ultrasonografi kullanilarak karotis arterden IMK &lgiilerek
degerlendirildi ve tiim hastalarin CRP diizeyleri 6lgiildi.

Bulgular: Korotis IMK istatiksel olarak anlamli olarak, amiloidoz bulunan hastalarda (0.71+0.8 mm), bulunmayan hastalara (0.56+0.1 mm,
p<0.001) ve saglikl kontrol grubuna (0.43+£0.4 mm, p<0.001) gére daha kalin &lgiildi. Ayni zamanda C-reaktif protein diizeyleri de amiloidoz
hastalarinda (5.7£2.5) kontrol gruplarina gére anlamli olarak yiiksek olgiildi (3.7+3.1, 1.5+1.2) (p<0.001).

Sonug: Amiloidoz hastaliginin varliginda bulunan artmig IMK, enflamasyona bagl gelisen aterosklerotik degisikliklere bagl olabilir.

Anahtar Sozciikler: Ailevi Akdeniz atesi; aterosklerosis; carotid artery; intima-media-thickness; sistemik amiloyidosis AA.




