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Abstract

Background & Aims—cCeliac disease is an increasingly recognized disorder in Caucasian
populations of European origin. Little is known about its prevalence in non-Caucasians. Although
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it is thought to be a cause of iron deficiency anemia, little is known about the extent to which
celiac disease contributes to iron deficiency in Caucasians, and especially non-Caucasians. We
analyzed samples collected from participants in the Hemochromatosis and Iron Overload
Screening (HEIRS) study to identify individuals with iron deficiency and assess the frequency of
celiac disease.

METHODS—We analyzed serum samples from white men (25 y old or older) and women (50 y
old or older) who participated the HEIRS study; cases were defined as individuals with iron
deficiency (serum level of ferritin <12 mg/L) and controls were those without (serum level of
ferritin >100 mg/L in men and >50 mg/L in women). All samples were also analyzed for human
recombinant tissue transglutaminase immunoglobulin A; positive results were confirmed by an
assay for endomysial antibodies. Patients with positive results from both celiac disease tests were
presumed to have untreated celiac disease, and those with a positive result from only 1 test were
excluded from analysis. We analyzed HLA genotypes and frequencies of celiac disease between
Caucasians and non-Caucasians with iron deficiency.

RESULTS—Celiac disease occurred in 14 of 567 of cases (2.5%) and in only 1 of 1136 controls
(0.1%; Fisher’s exact test, P=1.92 x 1078). Celiac disease was more common in Caucasian cases
(14/363, 4%) than non-Caucasian cases (0/204; P=.003). Only 1 Caucasian control and no non-
Caucasian controls had celiac disease. The odds of celiac disease in individuals with iron
deficiency was 28-fold (95% confidence interval, 3.7-212.8) that of controls; 13/14 cases with
celiac disease carried the DQ2.5 variant of the HLA genotype.

CONCLUSIONS—cCeliac disease is associated with iron deficiency of Caucasians. Celiac
disease is rare among non-Caucasians—even among individuals with features of celiac disease,
such as iron deficiency. Celiac disease is also rare among individuals without iron deficiency. Men
and post-menopausal women with iron deficiency should be tested for celiac disease.
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INTRODUCTON

Iron deficiency is one of the most common nutritional deficiencies in both the developed
and developing populations (1). In those with adequate intake of iron, deficiency can occur
either from loss of blood or via the failure of absorption of sufficient iron from the diet by
the enterocytes of the proximal small intestine. Iron deficiency is the most common
nutritional disorder in the world with an estimated four to five billion affected persons.
Disorders of iron metabolism underlie some of the most prevalent diseases in humans and
encompass a broad spectrum of clinical manifestations, ranging from anemia to iron
overload and neurodegenerative diseases (2).

We hypothesized that as iron is exclusively absorbed via the proximal small intestinal
mucosa, celiac disease (CD) should be more commonly found in those with iron deficiency
and not often in iron replete individuals. Furthermore, we examined whether or not the
extent of the occurrence of CD in Caucasians is replicated in non-Caucasians. A unique
multiethnic population of iron-deficient individuals was identified in the Hemochromatosis
and Iron Overload Screening (HEIRS) Study (3). In the HEIRS Study, 101,168 participants
were screened with serum biochemical tests of iron status (4). As expected, the HEIRS
Study identified not only those with biochemical evidence of iron overload, but also iron
deficiency (5). To identify CD associated with iron deficiency, we performed a sequential
serological strategy using sera collected from HEIRS Study participants who were iron
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deficient and iron replete. Case status was determined by serum ferritin concentration. The
association between case status and CD serology was examined.

We further hypothesized that low serum ferritin and an appropriate Human Leukocyte
Antigen (HLA) variant, may be predictive of CD. If so, it could be important for
identification of asymptomatic cases that should be monitored for CD.

Study population

The current study utilized a subset of subjects who had been enrolled in the initial screening
phase of the HEIRS Study at five Field Centers encompassing six geographic locations
including Alabama, California, District of Columbia, Hawaii, and Oregon in the United
States, and Ontario, Canada (3, 4). Participants were eligible for the current study if they had
not withdrawn consent and had agreed to blood storage. Selection criteria for this sub-study
of the HEIRS population included self-report of white or Caucasian, African-American,
Hispanic or Asian race/ethnicity, males at least 25 years of age and females at least 50 years.
Females younger than 50 years were excluded because of the possibility of pre-menopausal
iron depletion from blood loss. Cases of iron deficiency were defined as having a serum
ferritin concentration (SF) < 12 pg/L which is indicative of depletion of iron stores (6, 7).
Controls (SF >100 pg/L in men, SF >50 pg/L in women) were frequency matched 2:1 to
cases by sex and geographic location. Serum hemoglobin was not available.

Approval for the study was obtained from the following: Institutional Review Board of the
University of California, Irvine; Institutional Review Board of the University of California,
Berkeley; Institutional Review Board of the University of Minnesota; Howard University
Institutional Review Board; Institutional Review Board of the University of Alabama at
Birmingham; Institutional Review Board of Kaiser Permanente Center for Health Research;
Institutional Review Board of Wake Forest University Health Sciences; the University of
Western Ontario Research Ethics Board for Health; and the Institutional Review Board of
the Department of Veterans Affairs Long Beach Healthcare System. Written informed
consent was obtained from all participants.

Laboratory Methods

Celiac disease serology—The CD screen was performed using a sequential approach
that we have used with high sensitivity and specificity for CD and is illustrated in Figure 1
(8, 9). First, for all samples, the IgA was measured against human recombinant tissue
transglutaminase by ELISA (Inova Diagnostics, San Diego, CA). For those samples
showing positive or borderline results for the TTG-IgA, an anti-endomysial antibody (ema-
IgA) test was then performed. Double positives were presumed to have untreated CD. Single
positives were considered to have indeterminate CD status and were excluded from analysis
(9). C-reactive protein (CRP), alanine aminotransferase (ALT), and gamma-
glutamyltransferase (GGT) were measured to identify acute phase protein elevations in
serum ferritin.

Genome-wide genotyping and quality control procedures—Buffy coat DNA was
extracted and purified by SDS cell lysis followed by a salt precipitation method for protein
removal using commercial Puregene® reagents (Gentra System, Inc., Minneapolis, MN,
now Qiagen, Valencia, CA). Using a genome-wide association study (GWAS) approach,
genotyping was performed on a subset of Caucasian samples including all available cases
and controls frequency-matched 1:1 to cases by sex and geographic location (361 cases and
352 controls) using the Illumina HumanCNV370K BeadChip platform as reported
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elsewhere (5). Eight samples were excluded due to misclassification of sex with data from
706 samples (357 cases and 349 controls) remaining for further analysis.

Predicting HLA risk variants

For Caucasians, the genotypes that confer susceptibility to CD were predicted using the
method described and validated in several populations of European origin (10). Briefly, we
utilized the single nucleotide polymorphism (SNP) data from a larger genome-wide search
undertaken in the subset of iron-deficient Caucasian cohort (5). Information was extracted
using the specific six SNPs thought to be informative for HLA class 2 typing and to be able
to distinguish between DQ2.2, DQ2.5, DQ7, and DQ8 risk variants based on strong linkage
disequilibrium (LD) at the HLA loci. Out of six SNPs, rs2187668, rs2395182, rs7775228
and rs4639334 were available on the Illumina chip, while rs4639334 and rs4713586 were
not measured. Therefore we were able to infer the DQ2.5 and DQ8 variants, but not the DQ7
variant, and we could not differentiate between DQ2.2 and DQ4 status. Details of HLA
variant prediction can be found in Monsuur et al. (10) Briefly, predictive alleles are T on
rs2187668 for DQ2.5, G on rs7454108 for DQ8, and T and G on rs2395182 and rs7775228,
respectively, for DQ2.2 and DQ4, with rs4713586 further differentiating between these two
variants.

Statistical analyses

Samples with indeterminate results for CD were excluded from analyses. From the
remainder, the proportion of iron-deficient cases and iron-replete controls with CD was
estimated for the Caucasian and non-Caucasian cohorts. Exact 95% confidence intervals for
these proportions were computed. Fisher’s exact test was used to examine the association
between iron deficient case control status and the presence of CD, in combined data from
Caucasians and non-Caucasians. Log-binomial regression was applied to estimate the odds
of CD in iron-deficient cases relative to that of controls. Models were examined to assess the
effect of including covariates representing race-ethnicity and presence of an HFE mutation.
For the subset of Caucasians, Fisher’s exact test was applied to examine the association
between the presence of CD and HLA risk variants, represented as categorical variables
(absent, heterozygous, homozygous).

RESULTS

Serological Testing

A total of 1713 subjects were tested for TTG IgA antibodies. Participants included 1100
Caucasians, 221 African Americans, 153 Asians, and 239 Hispanics. Of these, 25 subjects
had TTG > 3 AU/mL and had EMA testing done; of these, 15 were positive (Fig. 2).
Fourteen of 571 iron-deficient cases were positive for the double serology compared to just
one control (Fig. 3). All of the seropositive tests were seen in Caucasians and none in the
non-Caucasians (Fig. 4; Table 1). Only one Caucasian control was also positive, suggesting
that CD is relatively rare in iron-replete people.

Frequency of Celiac Disease

Excluding data from participants with indeterminate serological screen results (6
Caucasians, 4 non-Caucasians), evidence of CD was found in 14 of the remaining 567 iron—
deficient cases (2.5%, 95% C.1I., 2.4%, 4.1%) but in only 1 of 1136 (0.1%; 0.0%, 0.5%)
iron—replete controls (Table 1, Fisher’s exact test, p=1.92x107%). From log binomial
regression, the odds of CD in individuals with iron deficiency was 28 (3.7, 212.8) times that
in controls. The estimated odds of CD remained 28 (3.7, 214.3) when a variable was
included in the model that represented the presence of any HFE genotype (Wald chi-square,
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p=0.054). All individuals with CD were Caucasian (15 of 1094); CD was absent in non-
Caucasians (0 of 609, Fisher’s exact test p = 0.002). Of the 363 Caucasian iron deficient
cases, 14 (3.9%; 2.1%, 6.4%) had CD. Of the 204 non—Caucasian cases, none had CD
(Fisher’s exact test, p = 0.003). Only one Caucasian control and no non—Caucasian controls
had CD.

Table 1 shows distributions of sex, HFE genotype mutations and self-reported clinical
complications in iron-deficient and iron replete cases of iron deficiency and iron—-replete
controls for 364 Caucasians and 736 non-Caucasians as well as summary statistics for age,
CRP, ALT, GGT, and CEA measures. The observed frequency of HFE genotypes was
similar in iron-deficient and iron-replete cases and controls within Caucasians and non-
Caucasians. Observed mean values for CRP, ALT, and GGT were lower in cases of iron
deficiency than in controls for both race/ethnic groups. The observed proportion of subjects
with self-reported arthritis was higher in Caucasians than in non-Caucasians, for both iron
deficient cases and iron-replete controls, and lower in cases of iron deficiency than iron-
replete controls for both race/ethnic groups.

Table 2 summarizes HFE genotype mutations, laboratory measures, and self-reported
clinical complications in iron-deficient and iron replete Caucasians by categories of CD
status (present, absent, indeterminate). There were no iron-deficient cases with
homozygosity for either C282Y or H63D mutations in the HFE gene and no compound
homozygotes for these mutations. Six of 14 cases of iron deficiency with CD (43%) had
self-reported arthritis, but no other assessed clinical complications. The single iron-replete
control with CD did not report any of the assessed clinical complications.

For Caucasian males and females, Table 3 displays the distribution of iron deficient cases
and controls and those excluded from the study. For 17,342 men at least 25 years old, there
were 0.78% of eligible HEIRS participants with iron deficiency and 72.4% who were iron
replete. There were 3.03% of 15, 289 females at least 50 years of age who were iron
deficient and 74.8% who were iron replete. In this case-control study serum ferritin
thresholds were used to determine a subsample of all eligible HEIRS participants that
consisted of iron-deficient cases (SF < 12 ug/L) and iron-replete controls (SF >100 pg/L in
men, SF >50 pg/L in women). Celiac disease serology was not assessed in 4,658 (26.9%) of
eligible males with 12 pg/L <SF <100 pg/L nor in 3,389 (22.2%) of eligible females with12
Mg/L <SF <50 pg/L.

Frequency of HLA risk variants

Using four SNPs from HLA type 2 genes genotyped in a subset of 706 Caucasians (357
cases and 349 controls) we were able to identify the DQ8 variant in 139 samples (135
heterozygous for the variant, and four homozygous), DQ 2.2 or DQ4 variants in 177 samples
(165 heterozygous, 12 homozygous) and the DQ2.5 variant in 161 samples (147
heterozygous, 14 homozygous). None of the DQ8 variants were identified in 14 iron-
deficient cases with CD; however, 5 of these cases had DQ 2.2 or DQ4 heterozygous
variants and 13 had the DQ2.5 variant (12 heterozygous, 1 homozygous). Presence of DQ2.5
was highly significantly associated with CD status in iron-deficient cases compared to
controls (Fisher’s exact test, p = 7.183 x 1078), while the presence of other variants showed
no significant association with CD.

DISCUSSION

In this case-control study of participants in the HEIRS Study, analyses of data from iron-
deficient cases and iron-replete controls identified an increased rate of CD in those within
the iron-deficient cases and just one case on the iron-replete controls. This finding is
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consistent with iron absorption in the part of the intestine that is the most affected in CD
(11-13). It has been suggested that there may be loss of blood from the intestine in CD,
particularly in children—Dbut, this is a matter of some controversy (14-18).

Iron deficiency anemia is commonly observed in CD and can occur even in the absence of
GI symptoms. Iron deficiency anemia without evidence of intestinal malabsorption is
encountered in approximately 50% of patients with subclinical CD (19, 20). A prospective
study of 300 consecutive patients referred for hematologic evaluation of obscure or
refractory iron deficiency anemia, identified 13 new cases of adult CD (4%) in those with
iron deficiency anemia only (21, 22). Additional studies have found that among patients who
have unexplained iron deficiency anemia, CD is responsible for anemia in 5%—-6% of cases
(23-25). A characteristic of iron deficiency anemia associated with CD is that it is refractory
to oral iron treatment (26). The prevalence of CD in those studies may be biased to those
who have iron deficiency anemia. Other causes of iron deficiency anemia are possible in
CD, including blood loss.

Looker and colleagues estimated the prevalence of iron deficiency and iron deficiency
anemia in the United States based on data collected in third National Health and Nutrition
Examination Survey (NANES I11, 1988-1994) (27). In females from 50 to 69 years of age,
the prevalence of iron deficiency was 5%, and the prevalence of iron deficiency anemia was
2%. For those at least 70 years old, these values were 7% and 2%, respectively. In males
under age 50, there was less than 1% prevalence of iron deficiency and iron deficiency
anemia. In those from 50 to 69 years of age, the prevalence of iron deficiency was 2%, and
the prevalence of iron deficiency anemia was 1%. For those at least 70 years old, these
values were 4% and 2%, respectively.

We examined CD in iron deficiency without a selection bias for the presence of anemia.
There is little data on the frequency of CD in individuals with iron deficiency that have not
been selected for investigation of anemia. Our data showing a low prevalence of CD in iron-
replete people suggests a low likelihood of unrecognized CD in those who are iron replete.

While it has been well established practice to test for CD as part of the investigation of
subjects with unexplained iron deficiency anemia, it has not been clear whether finding iron
deficiency itself is enough to justify testing for CD. Our study indicated a significant number
of individuals with unrecognized CD who could benefit from appropriate treatment among
the iron-deficient Caucasian men and postmenopausal women. We suggest that evidence of
iron deficiency warrants an assessment for CD. We note, however, that pre-menopausal
women were excluded in this study and it will be important to assess the role of CD in the
etiology of iron deficiency in this population.

Using only six tagging SNPs that predict the CD-associated HLA variants has been shown
to be very effective, correctly identifying risk types for >95% of CD patients (10) The most
important risk factor for CD is DQ2.5, with the highest risk of CD in people homozygous
for this variant (28, 29). In our study, for the subset of Caucasian samples, this variant was
present in 13 of 14 iron-deficient CD subjects, significantly greater than the frequency in
non-CD subjects (p = 7.183 x 1078). This confirms previous findings of usefulness of
tagging SNP approach as an initial screening tool for CD in Caucasians since the number of
subjects with DQ2.5 is overrepresented among subjects with CD. Our findings also raise the
question of the need to not only serologically test the individuals carrying HLA risk variants
to confirm CD, but also further test them for presence of iron deficiency.

While CD has become relatively common in Caucasians (30, 31), the occurrence of CD has
been little studied in ethnic groups. A single study suggested that CD was quite rare in Type
| diabetes in African Americans in New York City (32). In a second study, the prevalence of
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CD was low (0.33%) in an urban, predominately male, African-American population with
iron deficiency (33). The present study examines CD in non-Caucasians, who would
otherwise be considered at risk for CD due to iron deficiency anemia, and in iron-replete
controls and found none in these subgroups. This suggests that CD is primarily a disease
affecting Caucasians and, if replicated in larger datasets, would indicate that CD is not a
significant clinical concern in non-Caucasian individuals. Thus, it is possible that non-
Caucasians either lack genes that drive susceptibility for CD, such as DQ2, or have
protective genes that protect them from the development of CD. Alternatively, it is possible
that there may be some culturally-directed cuisine or that dietary habits may be substantially
different in those non-Caucasians, reducing for example their intake of gluten. However,
there are little data to suggest that this is true in residents of the United States as for the
majority of participants in the HEIRS Study.

A limitation in the Non-Caucasian group is the likely low representation of south Asians
who have been shown to have a prevalence of CD similar to Caucasians (34). It is likely,
though not addressed in this study, that CD could contribute to Iron deficiency in South
Asians.

A limitation to this study may be the relatively small number of cases with iron deficiency
determined through screening of 101,168 adults. Nevertheless, we identified an enriched
number of subjects with CD that met our robust serological criteria for CD (35). Of course,
replication of this study in other groups is necessary. For example, testing for CD in larger
cohorts of non-Caucasians is needed.

Our study design differs from previously reported studies in that the testing was conducted
on samples from iron-deficient and control groups identified through population-based
screening of participants. In summary, CD was found in 4% (14/364) of Caucasians with
iron deficiency, and in only 0.1% (1/736) of Caucasians who were iron-replete. In contrast,
there were no cases of CD found in 207 iron-deficient and 406 iron-replete non-Caucasians.
Testing for CD should be considered in those with iron deficiency irrespective of the
presence of anemia. In this study, CD was confined to those Caucasians with iron deficiency
and did not appear to affect other races, even those with iron deficiency.
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Schema for detection of celiac disease status
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Percentage of positive celiac serology in iron-deficient cases versus iron-replete controls.

Fisher’s exact test (p = 1.96x1076).
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Figure 4.

Positive celiac serology in Caucasians and non-Caucasians. All individuals with celiac
disease were Caucasian (15/1094); celiac disease was absent in non-Caucasians (0/609,
Fisher’s exact test p = 0.002).
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TABLE 1

Characteristics of Caucasian and non-Caucasian Cases and Controls
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Caucasian non-Caucasian
Characteristics Iron-deficient cases (n=364)  Iron-replete controls (n=736)  lron-deficient cases (n=207)  Iron-replete controls (n=406)
Age, mean (SD) 59 (10.2) 61 (10.7) 57 (10.9) 57 (11.5)
Male, n (%) 91 (25.0%) 179 (24.3%) 64 (30.9%) 131 (32.3%)
Celiac disease, n (%)
Yes 14 (3.8%) 1(0.1%) 0 0
Indeterminate 1(0.3%) 5(0.7%) 3(1.4%) 1(0.2%)

No

HFE genotype, n (%)
C282Y/C282Y
C282Y/H63D
H63D/H63D
C282Y fwt
H63D/wt
wt/wt

Laboratory measures

CRP (mg/dL),
mean (SD)

ALT (U/L),
mean (SD)

GGT (UIL),
mean (SD)

CEA (ng/mL),
mean (SD)

349 (95.9%)

4 (1.1%)
7 (1.9%)
9 (2.5%)
36 (9.9%)

90 (24.7%)

218 (59.9%)

3.95 (5.53)

20.05 (8.04)

24.9 (33.41)

1.67 (1.46)

730 (99.2%)

8 (1.1%)

17 (2.3%)

21 (2.9%)
75 (10.2%)
169 (23.0%)
446 (60.6%)

6.16 (12.27)

21.18 (16.4)

32.05 (46.93)

1.51 (1.49)

204 (98.6%)

0
1(0.5%)
1(0.5%)
3 (L5%)
18 (8.7%)

184 (88.9%)

3.85 (4.98)

15.46 (10.08)

28.83 (38.82)

1.51 (1.49)

405 (99.8%)

0
2 (0.5%)
1(0.3%)
11 (2.7%)
47 (11.6%)
345 (85.0%)

5.25 (7.47)

18.99 (34.59)

37.09 (64.94)

1.46 (0.93)

'ZThe CD screen was performed using a sequential approach. First, for all samples, the IgA was measured against human recombinant tissue
transglutaminase by ELISA (Inova Diagnostics, San Diego, CA). For those samples showing positive or borderline results for the TTG-1gA, an
anti-endomysial antibody (ema-1gA) test was then performed. Double positives were presumed to have untreated CD. Single positives were
considered to have indeterminate CD status and were excluded from analysis.
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TABLE 3

Distribution of Caucasian HEIRS participants by serum ferritin levels

Iron Deficiency Status

Gender Iron Deficient Excluded from Study Iron Replete

SF>100 for men  total
0<SF<12 12 < SF <100 for men, 12 < SF < 50 for women  SF > 50 for women

Male, age = 25y (N, %) 136 (0.78%) 4,658 (26.9%) 12,548 (72.4%) 17,342
Female, age =50y (N, %) 464 (3.03%) 3,389 (22.2%) 11,436 (74.8%) 15,289
Total 600 8,047 23,984 32,631
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