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Evaluation of Serum Amyloid A Levels in Celiac Disease
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ABSTRACT

Objective: In celiac disease (CD), gluten intake triggers the release of T-cell-derived pro-inflammatory cytokines leading to an increase in the
level of serum amyloid A (SAA). To confirm inflammation caused by CD in patients, SAA level is expected to be a better biomarker candidate
than C-reactive protein (CRP). This study investigated the relationship between clinical and biochemical variables used in the follow-up of CD
patients and SAA levels.

Methods: This study is a cross-sectional observational study which was conducted in patients who presented with a diagnosis of CD in a
university hospital between June 1, 2019 and December 1, 2019. Patients were categorized into two groups based on the presence of tissue
transglutaminase (tTG) immunoglobulin. Statistical analysis of data was performed by considering the age, gender, duration of the disease,
frequency of compliance with a gluten-free diet, body mass index, and some laboratory parameters [vitamin D (VD), tTG IgA-IlgG, CRP] taken
simultaneously with the SAA levels.

Results: A total of 90 patients, 28 (31.1%) antibody positive and 62 (68.9%) antibody negative, were included in the study. We found out
that there was a statistically significant difference between between SAA level, VD levels, and the duration of CD in the patients (p=0.03 and
p=0.009, respectively).

Conclusion: VD levels <20 ng/mL, in advanced age, and duration of CD >5 years should be evaluated in the high-risk groups in terms of
high SAA levels. If there is a persistent increase in SAA level during follow-up visits of patients with CD, they should be evaluated in terms of
complications caused by the chronic inflammation.
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oz

Amag: Colyak hastaliginda (CH) gluten alimi, T-hiicre kaynakli pro-enflamatuvar sitokinlerin salinimini tetikleyerek serum amiloid A (SAA) diizeyinde
artisa neden olur. Hastalarda CH'nin neden oldugu enflamasyonun degerlendiriimesinde, C-reaktif protein (CRP) yerine SAA seviyesi daha iyi
bir biyobelirte¢ olabilir. Bu ¢alismada ¢élyak hastalarinin takibinde kullanilan klinik ve biyokimyasal degiskenler ile SAA diizeyleri arasindaki iligki
aragtinlmistir.

Gereg ve Yontem: Bu calisma kesitsel gézlemsel bir calisma olup, 1 Haziran 2019-1 Aralik 2019 tarihleri arasinda bir tiniversite hastanesinde CH
tanili hastalar ile yapilmistir. Hastalar doku transglutaminaz (tTG) varligina gére iki gruba ayrildi. SAA seviyeleri ile yas, cinsiyet, hastalik siiresi,
glutensiz diyete uyum sikhigi, viicut kitle indeksine ve es zamanli alinan bazi laboratuvar parametreler arasinda [D vitamini (VD), tTG IgA-IgG,
CRP] istatistiksel analizler yapildi.

Bulgular: Calismaya 28 (%31,1) tTG antikor pozitif ve 62 (%68,9) tTG antikor negatif olmak lzere toplam 90 hasta dahil edildi. Hastalarda VD
duizeyleri ve CH suresi ile SAA diizeyleri arasinda istatistiksel olarak anlamli bir fark oldugunu saptadik (sirasiyla p=0,03; p=0,009).

Sonug: 20 ng/mUnin altindaki VD dizeyleri, ileri yas ve 5 yildan fazla CH siiresi bulunan hastalarda SAA ylksekligi agisindan riskli gruplar
olarak distintlmelidir. Célyak hastalarinin takiplerinde SAA diizeyinde persiste eden bir yiikseklik varsa kronik inflamasyonun neden oldugu
komplikasyonlar acisindan degerlendiriimelidir.
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INTRODUCTION

Celiac disease (CD), a
enteropathy triggered by dietary gluten ingestion in
genetically predisposed individuals, is diagnosed by specific
serological and histological factors (1). Highly sensitive and
specific antibody tests have been developed and applied
to screen individuals with CD (2). Specifically, it is shown
that tests for the detection of tissue transglutaminase (tTG)
antibody in serum have a specificity of 96-100% for the
diagnosis of CD (1-3). Till date, the only treatment for CD is
based on a gluten-free diet, which targets mucosal healing
(Marsh O or 1 at follow-up biopsy) (4). However, the response
to CD treatment with a gluten-free diet is still under debate.
If patients were diagnosed with CD in their adolescence or
adulthood, approximately 60% who were on a gluten-free
diet in their first year of the treatment achieved mucosal
healing (5). In contrast, recent studies indicated that mucosal
healing was achieved in 81% of patients with CD if they were
under a long-term, gluten-free follow-up treatment (6).

chronic  immune-mediated

Serum amyloid A (SAA), produced by hepatocytes, are
acute-phase reactants that rise rapidly in infections, trauma,
and other inflammatory conditions. It is involved in the
pathogenesis of many inflammatory diseases (IDs) such as
diabetes mellitus, Alzheimer's disease, rheumatoid arthritis,
and ulcerative colitis (7-9). It is shown that high levels of SAA
and C-reactive protein (CRP) in biological fluids increases
cardiovascular risk, and SAA reached a level which was
much higher than CRP and then declined rapidly (10).
Increased SAA in patients with rheumatoid arthritis has
been associated with disease activity, disease-associated
autoantibodies, and other acute-phase reactants (9).
Amyloidosis, which is a serious complication in chronic IDs,
is formed by the accumulation of amyloid A fibrils, which
are degradation products of SAA in certain vital organs (11).

This study aimed to determine the correlation between
SAA and various clinical and laboratory parameters in CD
patients.

METHODS

Patients

This study is a cross-sectional observational study, and the
patients who were presented to the University of Health
Sciences Turkey, Ankara Keciéren Training and Research
Hospital between June 1, 2019 and December 1, 2019 and
were diagnosed with CD after the clinical, serological, and
histological evaluations, and followed-up, were included
in the study. Patients with a serious ID other than CD
such as malignancy, active infection, rheumatological and

inflammatory bowel disease (IBD), and patients <18 years
of age were excluded from the study. Written consent was
obtained from all patients who participated in the study.
Celiac patients were classified as antibody-positive (tTG Ig
A or any antibody from tTG IgG positive) and negative (tTG
IgA and tTG IgG antibody negative).

Clinical-Demographic Characteristics

Age, gender, body mass index (BMI), smoking, CD duration,
presence of any gastrointestinal symptoms at the time of
(abdominal pain, diarrhea, constipation,
flatulence, dyspepsia, etc.), and dietary compliance were

examination

questioned face-to-face by the gastroenterologist.

Laboratory Variables

Along with the laboratory parameters taken during routine
controls of the patients, simultaneous SAA levels were
measured [complete blood count, tTG IgA-IgG antibodies,
vitamin D (VD), CRP, serum iron, ferritin, vitamin B12, folate,
alanine aminotransferase (ALT)].

Serum Amyloid A Assay

Venous blood was collected in a red-capped tube from celiac
patientswho were admittedto the outpatient clinicwith fasting
for at least 8 hours. The blood was centrifuged for 10 minutes
at 4,000 rom without waiting. Subsequently, serum was stored
at -80 °C until the day of analysis. SAA measurements were
made for a quantitative determination of SAA (from mg/L
level) utilizing N-Latex SAA kit immunnefelometer (OQMP11
Germany/Siemens N-Latex SAA Kit, 105 Test Kit). The upper
normal limit of SAA is 6.4 mg/L.

Statistical Analysis

Collected data were analyzed with the SPSS.22 program
(Chicago, IL, USA). Descriptive data were presented as
the mean =+ standard deviation, median, and minimum-
maximum values. Chi-square test was used to determine
whether there is a relationship between the two variables.
When comparing the parameters of more than two patient
groups, it was first examined whether the data showed a
normal distribution or not with the Kolmogorov-Smirnov
tests. For analytical tests, the t-test or Mann-Whitney U
test was used to compare the two means. On comparing
the three non-parametric analyzed groups, it was tried
to be understood between which groups the difference
was by performing the dual analyses on data that had a
significant difference. Bonferroni correction was made in
these analyses. Then, correlation analysis was performed for
all parameters in the tTg positive and tTg negative patient
group. Non-parametric correlation analysis was used, and
p<0.05 was considered significant.
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RESULTS

Demographic Data

In this study, 90 patients were included, who were
subsequently divided into two groups depending on the
antibody test results. The mean age of all patients was
36.71 years (Table 1). Summarizes the comparison of clinical-
laboratory parameters and SAA levels between the groups
according to antibody test results.

Findings on Serum Amyloid A

Although 75.9% of patients with high SAA levels were female
and only 24.1% of them were male, there was no statistically
significant difference observed between the gender of the
patients and SAA groups (high or normal level) (p=0.493).
The summary of the relation between laboratory variables
and SAA levels are presented in Table 2. The results showed
that there was a statistically significant difference between
SAA levels and the duration of CD, serum CRP level, and
age.

More specifically, high SAA level was found in one (10%) of
the patients with a duration of CD for less than one year.
High SAA levels were found (mean, 15.25 mg/L) in four
(15.4%) of those with durations of CD between 1-5 years,
while 24 (44.4%) of the patients with CD for >5 years had
a high SAA level (mean, 18.34). Additionally, the results
indicated that the duration of CD >5 years in 82.8% of those
with a high SAA level, between 1-5 years in 13.8%, and less
than one year in 3.4%, which were statistically significant
for comparison between CD duration and SAA groups
(p=0.009) (Figure 1).

The CRP level was found high (mean, 11.35) in 31% of the
patients with high SAA levels. In 77.8% of the patients with
high CRP levels, the SAA level was also high. There was
a statistically significant relationship observed between

90, SAA yUksek

82,8

<1 year

1-5 years

>5 years
Duration of Celiac Disease

Figure 1. Percentages of higher SAA according to duration of Celiac
disease

SAA: Serum Amyloid A
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CRP and SAA levels (p=0.001). There was no statistically
significant relationship found between SAA groups and
generalized finite differencing compliance, BMI, tTG IgA or
tTG 1gG positivity (p>0.05).

The age was divided into three groups using the k-means
cluster method among SPSS analysis programs. SAA levels
were found to be higher in 12 of the groups (41.4%) with a
median age of 55.11 (37.9%) of those with a median age of
37, and 6 (20.7%) of those with a median age of 23 years.
There was a significant relationship found between the age
groups and SAA (p=0.032). When the median age of 23
years and the median age of 55 years were compared with
the chi-square method, a statistically significant difference
was found in terms of SAA levels (p=0.009).

SAA level was also found to be high when VD levels were
examined. VD levels in patients with high SAA levels were
<20 ng/mL in 16 of patients (42.1%), between 20-30 ng/mL
in seven of the patients (18.4%), and >30 ng/mL in six of
the patients (54.5%) (p=0.03). The results showed that the

Table 1. Evaluation of clinical-laboratory parameters according
tTG* results

. tTG positive  tTG negative
Variables (n=28) (n=62)
Gender (F/M) 17/11 47/15 0.1442
Presence of the 14 (50%) 20 (32.3%) 0.0612
symptoms
;\'°t following gluten- 4553 4oy 4 (6.5%) 0.0002
ree diet
fAdher.e“C‘a togluten- 5 (7 19) 42 (67.7%) 0.0002
ree diet
Smoking 17 (60.7%) 24 (38.7%) 0.052
Anemia T 6 (21.4%) 2 (3.2%) 0.012
Duration of celiac
disease, years median 4 (0-19) 6 (0-21) 0.063
Duration of celiac 5.61+1.01 7.95+0.77 ’
disease, mean
Alanine
aminotransferase, 21.5(10-92) 16 (7-54) 0.0023
median (U/L)
C-reactive protein, 2.05
median (mg/L) (0.5-16.9) 2.05(0.5-14.1) 0.8343
Vitamin D, median
(ng/mL) 19.5 (5-114) 21 (6-139) 0.4613
Serum Amyloid A 7.65
(mg/L) (3.69-202) 7.22 (3.57-17.9) 0.6263

'Independent simple t-test, chi-square test, >Mann-Whitney U test. Values
p<0.05 are expressed in bold

tTG: Anti-tissue transglutaminase, tAnemia definition: According to the
Turkish hematology society’s guideline, hemoglobin limit was accepted as
13 g/dL for men, 12 g/dL for women, and 11 g/dL for pregnant women
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patients with a VD level of <20 ng/mL are 3.23 times more
likely to have a higher SAA level than those between 20-30

Table 3. Correlation results between SAA and study variables
levels

ng/m L. Variables r P
As aresult of the correlation analysis performed to determine Age (years) 0.053 0.718
the relationship between SAA and study variables in CD Alanine aminotransferase (U/L) 0.366 0.01
patients, a statistically significant positive correlation was B12 (ng/L) 0.007 0.964
found between the SAA level and CRP (r=0.453, p=0.001), c ) i (/L 0418 0.003
-react t . :
ALT (r=0.314, p=0.026) (Table 3). reactive protein Img
Iron (ug/dL) 0.080 0.585
DISCUSSION Vitamin D (ng/mL) -0.177 0.223
Ferritin (ng/mL) 0.251 0.082
Table 2. Evaluation of laboratory parameters according to Folic acid (ng/mL) -0.027 0.856
SAA results
Hemoglobin (g/dL) 0.229 0.113
High SAA Normal SAA R
(n=28) (n=61) p Lymphocyte (mm?/L) -0.003 0.983
Age (years) 40.96+14.02 34.85+12.85 0.046' Values p<0.05 are expressed in bold, SAA: Serum Amyloid A
B.U"ation of celiac 8 (0.8-21) 475 (0-21) 0.0232 chronic respiratory diseases, Hashimoto's disease, and IBDs
Isease . . .
have been also associated with the increased SAA levels
Alanine (8,15-19). CD may present with a variety of extraintestinal
aminotransferase 19 (8-36) 16 (7-92) 0.136? . . . . .
(U/L) manifestations (20). Other studies showed the increase in
B12 (ng/L) 2125 (81-685) 241 (84-1344)  0.349° acute and chronic kidney diseases in CD patients who need
renal replacement therapy (21,22). However, to the best
C-reactive protein ) . . . .
(mg/) 3.55(1.2-14.1) 1.7 (0.5-10.4)  0.000 of our knowledge, there is no information regarding the
relation between SAA level and CD in the literature.
Iron (ug/dL) 80 (28-170) 77.50 (10-235)  0.4042
Vitamin D (ng/mL) 175 (6:50) 22 (5-139) 0.1302 !n add|t|gn, it is observed that VD déﬂ(:ler.]cy causes
inflammation. In our study, we found a relationship between
HY - _ 2
Ferritin (ng/mL) 17.7-115) 18(2-93) 0.710 low VD levels and high SAA levels. Many studies on VD and
Folic acid (ng/mL) 8(2-13) 8 (1-23) 0.6252 some markers of inflammation are available. For example,
Hemoglobin (g/dL) 14.39+1.57 13.95+1.73 0.262 VD replacement has been shown to reduce the CRP levels
Lymbhocvte (mm3/|_) 1965 (1160- 1910 (900- 0.354° ina meta-analysis (23) The eﬁect O'F VD |eVe| on “_—10, “_—6,
ymphocy 3640) 3900) : and tumor necrosis factor - levels were also examined (24).

'Independent simple t-test, 2Mann-Whitney U test values p<0.05 are
expressed in bold, SAA: Serum Amyloid A

For CD patients’ follow-up, there is a high need for a
noninvasive marker that may be used to show the active
inflammation, disease activity, and further complications.
T-cell-derived pro-inflammatory cytokines triggered by a
gluten intake in CD patients may increase SAA level. Most
of the studies mainly focused on the effect of SAA level
on acute or chronic IDs. For example, SAA was compared
with other acute-phase reactants such as CRP, and the SAA
level was found to be more sensitive than CRP in terms of
screening of the inflammation in various diseases, such as
rheumatoid arthritis, primary biliary cirrhosis, and chronic
active hepatitis (9,12,13). Besides, the SAA levels increase
rapidly within a few hours of infection, trauma, cancer, or
otherinflammatory events (14). Familial Mediterranean fever,

Although there is no study showing the relation of the SAA
level with VD in the literature, there is a study focusing on
the relation of VD with serum amyloid p level in the Arabian
race, the results of which indicated that serum amyloid p
levels decreased with the replacement of VD (25).

Various cardiac pathologies occur as inflammatory mediators
cause atherosclerosis and vascular damage due to their
increase by the result of the autoimmune mechanisms
triggered in CD (10). It has been shown that high SAA and
CRP levels are associated with increased cardiovascular
risk (26). In AA amyloidosis, amyloid burden and circulating
concentration of SAA was >10 mg/L, and subsequently, a
significant decrease in survival of the patients with persistent
inflammatory activity was found. During the patients’ follow-
up, most of the patients with SAA level consistently >50
mg/L have showed an increase of amyloid burden and a
deterioration of the organ function (27). Moreover, in some
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studies, CD has been connected with both primary and
secondary isolated cases of cutaneous amyloidosis (28).
Together, there has also been a case report emphasizing
the connection between CD and renal amyloidosis with
systemic secondary amyloidosis (28). In our study, we found
a positive correlation between SAA and CRP as an important
inflammation marker. We found a hypothesis that SAA may
be an alternative and more sensitive marker compared to
CRP to show inflammation, which has not been considered
before in the literature. Larger series should be evaluated to
reach more precise results.

In this study, we determined the relationship between SAA
level and the duration of CD. SAA levels were found to be
significantly higher in patients with a duration of CD >5
years, regardless of the current antibody of the disease.
Patients with CD should be followed-up in terms of SAA
level, and those with persistent inflammatory activity should
be further tracked to monitor complications caused by
chronic inflammation.

Study Limitations

This study could not include endoscopically evaluated
patients with SAA due to the lack of mucosal damage for
the comparison. At the time of diagnosis, the patients were
seronegative CD, and thus, the initial antibody levels of
patients could not be reached.

CONCLUSION

In this study, SAA level might have been a more sensitive
marker candidate than the CRP level to show inflammation
in patients with CD. Groups at a risk for chronic inflammation
(VD level <20 ng/mL, advanced age, CD duration >5 years)
should be carefully evaluated. More comprehensive studies
on SAA level should be conducted.
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