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Abstract
Celiac disease is associated with decreased bone density, but there are conflicting data regarding
fracture risk. We determined the fracture incidence relative to matched controls in a population-based
cohort with celiac disease before and after diagnosis. Olmsted County residents with celiac disease
(n = 83) diagnosed between 1950 and 2002 were compared with 166 gender and age matched controls.
Fracture histories were ascertained from each subject’s medical records. Celiac disease is linked to
an increased fracture risk before and after diagnosis. Before the index date, cases had a fracture rate
twice that of controls (CI: 1.0–3.9, P = 0.045) and 2.5-fold greater after the index date (CI: 1.1–5.6,
P = 0.026). Appendicular and axial fractures were 2.5 (CI: 0.9–6.5) and 3.2 times more likely (CI:
1.0–10.5) after the index date. These observations support a rationale for earlier detection of celiac
disease, and active management of bone disease before bone effects have occurred, to reduce the
persistent risk of fractures.
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Introduction
Celiac diseaseis a chronic inflammatory disorder of the small intestine resulting from the
ingestion of gluten and related substances found in cereal grains such as wheat, barley and rye
[1]. The prevalence of diagnosed celiac disease varies widely from 1 per 5,000 to 2 per 300
[2,3]. Recent studies have indicated that the prevalence of diagnosed celiac disease has
increased from 1 per 4,800 to 1 per 2,000 in the United States [4]. This probably still greatly
underestimates the true prevalence as judged by population-based screening studies [5]. Still
considered a rare clinical entity in this country, potential celiac disease is often ignored by
clinicians, despite the fact that the condition predominantly affects Caucasians, who comprise
over 190 million residents of the United States.

Osteomalacia and osteoporosis have both been associated with celiac disease [6–10]. This has
been postulated to result from secondary hyperparathyroidism due to vitamin D deficiency as
well as systemic inflammation seen with celiac disease [4,11,12]. Indeed, decreased bone
mineral density (BMD) has been reported even in patients with clinically silent celiac disease
[13]. Despite this known correlation, few studies have investigated long-term fracture risk in
this group of patients. One study has reported an increased risk of peripheral fractures in those
with celiac disease. However, most fractures were recorded prior to diagnosis or in those non-
compliant with their gluten-free diet [14]. Another study challenged this finding by reporting
no increased risk of fractures before or after the diagnosis, yet verification of the diagnosis of
celiac disease was low (78%) [15]. Another study using a matched cohort design reported no
increase in fracture risk in celiac disease compared with controls. However, this was based on
patient recall and there was a lower response rate among controls than cases [16]. A recent
study from the UK used the general practitioner database to show a moderately increased risk
of fracture in those who were prescribed gluten-free products [17]. Similarly, it has previously
been demonstrated that Crohn’s disease does not put patients at increased risk for fracture
compared with controls, despite the frequent presence of osteoporosis in patients with Crohn’s
disease [18]. Without population-based data on fractures in known celiac patients, the true
burden of osteoporosis remains unclear [19].

The aim of this study was to determine the risk of fractures in a well-defined, population-based
cohort of individuals with celiac disease relative to matched controls derived from the same
community. By performing this study on a well-established cohort of Olmsted County,
Minnesota, residents with a diagnosis of celiac disease confirmed by standard clinical and
histologic criteria, it was the researchers’ hope that this issue might be more accurately
assessed. If an increase in fracture risk were clearly identified, then intervention via
measurement and replacement of vitamin D along with calcium supplementation or other
pharmacotherapy may prove beneficial. We also sought to specifically examine the risk of
fractures before and after diagnosis since the phenomenon of reversing osteopenia with
effective treatment raised the possibility that any increased fracture risk in celiac patients could
be more pronounced in the time period before diagnosis [20].

Methods
Data source

Olmsted County is well suited for studies of disease associations such as this because
comprehensive medical records for the residents are available for review and because these
records are accessible through a centralized index of diagnoses made by essentially all medical
care providers used by the local population [21]. Most gastro-intestinal and trauma care, for
example, is provided by the Mayo Clinic, which has maintained a common medical record
with its two affiliated hospitals in the community (St. Marys and Rochester Methodist) for the
past 100 years. This dossier-type record contains both inpatient and outpatient data [22].
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Medical records of other providers who serve the local population, most notably the Olmsted
Medical Center (with its affiliated hospital), are also indexed into this system and are available
for use in approved studies [20]. This medical records linkage system (Rochester Epidemiology
Project) permitted the identification of all health care records containing a diagnosis of celiac
disease whether resulting from inpatient or outpatient care, death certification, or autopsy.

Study sample
Following approval by the Institutional Review Boards of Mayo Clinic and the Olmsted
Medical Center, the complete inpatient and outpatient medical records of each candidate case
were retrieved and reviewed for the diagnosis of celiac sprue between 1950 and 2002 by study
criteria previously used in an epidemiologic review of celiac patients in Olmsted County [4].

The Olmsted County residents with celiac disease (cases) were matched by age (±2 years), sex,
and closest clinic number to two county residents who did not have celiac disease (controls).
The pool of controls included all Olmsted County residents who were medically attended
during the calendar year of diagnosis of each case; because almost all residents have at least
one contact with the medical system in any 3-year period, this pool is essentially an enumeration
of the population [20]. Among potential controls, the one with the closest medical registration
number was chosen. These clinic numbers are unique to each individual and are assigned at
the initial visit for each patient, so this procedure matches for the duration of documented
clinical history before the index date (the date of diagnosis for cases and the date of closest
clinic visit for controls).

Data collection
The 83 case and 166 matched control sets were then followed forward (retrospective cohort
study) and backward (retrospective case-control study) in time through their linked medical
records in the community. All cases and controls had provided authorization for review of their
medical records for research [23]. Each subject’s complete inpatient and outpatient record at
each local provider of medical care was searched for the occurrence of any fracture. Follow-
up continued until death or the most recent clinical contact documented in community medical
records. The records contained the clinical history and the radiologist’s report of each fracture,
but the original images were not consistently available for review. Consequently, the diagnosis
of vertebral fracture was accepted on the basis of the radiologist’s report of compression or
collapse of one or more thoracic or lumbar vertebrae [24]. Fractures were also classified
according to the circumstance of the injury; by convention, falls from standing height or less
are considered moderate trauma, whereas motor vehicle accidents and falls from a height are
deemed severe trauma. Fractures of the hip, spine, or distal forearm that result from minimal
or moderate trauma in patients 35 years or older are considered to represent osteoporotic
fractures [25].

Statistical analysis
Comorbidity was estimated using the clinically based and convenient measure developed by
Charlson et al. [26]. This comorbidity measurement tool is a weighted index which takes into
account the number and seriousness of 17 chronic comorbid diseases and was readily available
for this population. With each increased level of the Charlson comorbidity score, a significant
step-wise increase in cumulative mortality has been demonstrated [27], therefore representing
a valid approach to estimating illness burden (defined as risk of death) attributable to comorbid
disease. In order to address whether comorbid conditions could have affected the risk of
fractures in our analyses, we estimated the accumulated level of comorbidity in our study
population, from birth to the index date, by analyzing the frequency of the comorbid conditions
in cases and controls using the computerized database available through the Rochester
Epidemiology Project database as previously described [18].
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Stratified Cox proportional hazards models were used to compare cases and controls on the
time to the first fracture after the index date [28]. Each individual case and the two matched
controls form a stratum. In this analysis, the follow-up of all members of a stratum was censored
at the earliest event or follow-up date of any member of the stratum. These models were
estimated for any type of fracture and for peripheral, axial, and osteoporotic fractures, both
unadjusted (no covariates) and adjusted for the Charlson comorbidity score. Hazard ratios (with
95% confidence intervals) were used to estimate the relative risk of fractures in cases relative
to controls, and the effect of age at diagnosis of celiac disease. Kaplan–Meier cumulative
incidence plots were also provided. In these plots, the follow-up times of all members of a
matched set were censored as in the modeling setting.

We also assessed the risk for a fracture prior to the index date in cases relative to controls for
each fracture type (any, peripheral, axial, and osteoporotic) using conditional logistic
regression [29]. We estimated separate models for each fracture type, with and without
adjusting for the Charlson comorbidity score. Odds ratios (with 95% confidence intervals) were
used to estimate the risk of a prior fracture in cases relative to controls.

Results
Baseline characteristics (at index date)

The median age at diagnosis of celiac disease was 46 years (range 1–84 years), and 58 (70%)
were female. The sex and age distribution of the controls was similar because of the matching.
Table 1 demonstrates clinical characteristics for patients with and without celiac disease.
Patients with celiac disease were more likely to have used bisphosphonates (5% vs 2%),
corticosteroids (13% vs 7%) and supplemental calcium per se (28% vs 18%), though these
rates were not significantly different (P = 0.264, 0.063, and 0.074, respectively). The diagnosis
of osteopenia or osteoporosis was significantly more prevalent in cases than controls (17% vs
7%, P = 0.016) but rates of thyroid disease did not differ appreciably (5% vs 9%, P = 0.238).
The mean period of observation between the date of first registration and the index date was
9.7 years in both groups due to matching, and median follow-up was 5.1 years for cases and
4.5 years for controls.

Overall fracture occurrence
A total of 39 cases had one or more fractures, with 40% occurring prior to their diagnosis date.
A total of 45 controls had one or more fractures, with 32% occurring prior to the index date.
Of the patients with celiac disease, 53% had no fracture, 23% had one fracture, 15% had two
fractures, and 10% had three or more fractures. Among controls, 73% had no fracture, 18%
had one fracture, 5% had two fractures, and 4% had three or more fractures.

Fractures before the index date
The odds that a patient with celiac disease had a fracture before the index date was greater than
in controls (adjusted odds ratio = 2.0; CI: 1.0–3.9; P = 0.044; Table 2). There were similarly
increased odds for appendicular (peripheral) and axial (central) fractures, although the latter
was not statistically significant. A seven-fold elevation in the odds for a prior osteoporotic
fracture had a large confidence interval and was not statistically significant (Table 2).

Fractures after the index date
The cumulative incidence of an initial fracture (of any type) following the index date is
displayed in Fig. 1. Based on the stratified proportional hazards model with comparable
duration of follow-up in the two groups, the relative risk (RR) of having a fracture after the
index date was greater in patients diagnosed with celiac disease than in their matched controls
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(adjusted RR = 2.5; CI 1.1–5.6; P = 0.030; Table 3). Figure 2 demonstrates the cumulative
incidence of axial fractures in celiacs and controls. Celiac cases had an increased risk for axial
fractures after the index date relative to controls (RR = 4.2; CI: 1.0–17.6; P = 0.050). A
borderline statistically significant increase in the incidence of initial peripheral fractures (Fig.
3) was also observed in celiac cases (RR = 2.7; CI: 1.0–7.8; P = 0.066; Table 3). Although the
cumulative incidence of osteoporotic fractures appeared to increase late in the follow-up for
celiac patients this was not significantly different (Table 3).

Fractures were similarly distributed among peripheral (64 and 67%) and axial (36 and 33%)
regions in cases and in controls respectively. In cases, a greater predominance of fractures
affected small peripheral bones of the upper limb (30% vs 15%), whereas fractures of the lower
limb long bones predominated in the controls (25% vs 12% in cases). Non-vertebral fractures
could be clearly lateralized in almost all patients except five controls for whom definite
lateralization information was not obtainable. Interestingly, almost two-thirds (61%) of non-
vertebral fractures were left-sided in cases versus less than half (42%) in the control population.

A greater percentage of the fractures observed in celiac cases occurred “spontaneously” in the
absence of a significant traumatic event (17% vs 8%) or were fractures of unknown causation
(32% vs 26%).

Effect of age at diagnosis on fracture risk
There was an increased risk of fracture with age at diagnosis of celiac disease [HR = 1.050
95% CI (1.011, 1.090) P = 0.0110]. Among celiac disease cases, the age of diagnosis as a
predictor of having any future fractures is significantly predictive even after controlling for
Charlson count. That is, the older one’s age at diagnosis of CD, the higher one’s risk of
developing at least one fracture [OR = 1.04 (per 1 year change), 95% CI: (1.01, 1.07), P =
0.0004], or alternatively, the younger the age, the lower the risk.

An “interaction model” was also ran using age, case status, and case by age using ALL subjects
(i.e. the strata are the matched sets of case and two controls, with follow-up adjusted for early
“censoring” in the matched set). This model again indicated an age effect, but not a case status
effect, and most importantly, no case by age interaction. Thus, it would appear that the “age”
effect in cases is essentially a general one, the older at index date one is the higher the fracture
risk.

Discussion
Osteoporosis and osteomalacia are commonly associated with celiac disease [30,31]. Whilst
osteomalacia may be the first presentation of celiac disease, many patients with otherwise
asymptomatic celiac disease are found to have significantly diminished bone density [32,33].
Numerous factors have been postulated to effect BMD in celiac disease. For example, celiac
disease has been linked to calcium malabsorption with secondary hypersecretion of PTH [6,
34–36]. Vitamin D activity is also impaired, with reduced vitamin D dependent transporter
protein seen in active celiac disease [37–39]. Celiac disease has also been linked to impaired
zinc absorption, leading to a reduction of IGF-1 that has been correlated with decreased BMD
[12,40–43]. Celiac disease has also been associated with amenorrhea or male hypogonadism
which could also contribute to decrease bone mass [44,45].

While it is well accepted that reduced bone density may increase fracture risk, it is less clear
that the diagnosis of celiac disease per se is associated with a substantially increased risk of
fractures [7,46]. This risk is greater than that reported in a study from England [47], while it
is similar to the risk of first hip fractures in Swedish children with celiac disease [48]. In this
population-based study, we demonstrate that fracture risk is, in fact, elevated among patients
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with celiac disease. Most significantly, the increase in fracture risk persists after the diagnosis
of celiac disease. This suggests the bone disease at diagnosis is often sufficiently advanced as
to preclude a return to health even with subsequent diet restriction and medical management
[47–49]. It is also possible that the persistent risk of fractures is due to other factors such as
muscle weakness or neurologic disturbance, though that would not necessarily explain the trend
for increased frequencies of spontaneous and axial fractures in the celiac cases. Based on
studies involving other skeletal disorders, axial sites would be expected to show greater
response to gluten-free diet, with previous studies showing a greater increase in axial BMD
than appendicular BMD [50–54].

With the increase in osteoporotic fractures, as well as the increased diagnosis of osteopenia
and osteoporosis in celiac patients, generalized osteoporosis would appear to be a pressing
problem in these patients. Even in clinically silent disease, celiac patients without treatment
have lower BMD than treated patients, with bone density increasing over time after initiation
of a gluten-free diet [53–56]. Physicians need to give attention to the early detection and
treatment of celiac disease, as well as active detection and management of bone disease,
secondary hyperparathy-roidism and vitamin D deficiency in celiac disease [17,18,55]. Celiac
disease patients diagnosed and treated at a young age are more likely to return to normal bone
density than those diagnosed and treated later in adulthood [56–59]. Given the general tendency
for advancing age to increase fracture risk in both cases and controls, physicians should
consider early measurement of bone mineral density in celiac patients, as well as measuring
serum vitamin D levels with therapy including supplementation with calcium or vitamin D, as
appropriate.

The present study has a number of strengths. The study subjects represented a population-based
inception cohort, and we examined comprehensive medical records from both before and after
the time that their celiac disease was first recognized. Because of the unique records linkage
system in Olmsted County, which provides access to the medical records of the entire
community [20], we obtained a complete ascertainment of celiac disease to the extent that the
condition came to clinical attention. This allowed for inclusion of all known patients in a
defined population base [4]. The resulting fractures were documented in the detailed inpatient
and outpatient records that spanned each subject’s entire period of residency in the community.
Fracture ascertainment was as complete as possible given the detailed clinical records reviewed
(including radiology reports) for each case. As osteoporosis is not the only determinant of risk
for fractures, we also addressed comorbidities using the Charlson comorbidity index
convenient surrogate for secondary osteoporosis which is an important predictor of fractures
in the elderly [27]. This showed that accounting for common disorders which impact morbidity
did not affect the substantive increase in fracture risk seen among the celiac cases. However,
the Charlson Index may be limited as a measure of all fracture risks in this population.

Conversely, there are also clear limitations of this retrospective study based on medical records.
The relatively small numbers of cases diagnosed in the community setting limited the power
to analyze some subcategories. However, the precision of case identification and the rigorous
evaluation of fracture history before and after diagnosis would be difficult to obtain in other
settings. Although it is not possible in a medical record study such as this to blind the reviewers
to the subject’s status (case or control), it was only necessary to record the occurrence of specific
fractures so this end-point is not prone to bias. Measurements of BMD were not routinely
performed, and the role of bone loss or elevated bone turnover in fracture risk could not be
directly assessed. However, BMD is largely used as a surrogate measure of fracture risk
whereas this study directly assessed actual fracture occurrence. Other potentially important
risks for fractures such as body mass index or smoking status were not addressed and may be
important factors. Although the celiac disease population in general is largely Caucasian, it
may also be difficult to generalize these data from the largely white, educated community in
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Olmsted County to other ethnic groups in society [20]. Despite these limitations, these data
quantify the risk of fracture associated with an initial diagnosis of celiac disease and point to
a need for much earlier detection and treatment of celiac disease if excess fractures are to be
avoided both before and after diagnosis. The current relatively advanced age at diagnosis of
celiac disease in this cohort and its evident association with excess fractures would suggest
strategies to detect presymptomatic disease may be needed.
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Fig. 1.
Kaplan–Meier cumulative incidence of any fracture after the index date among 83 Olmsted
County, Minnesota, residents following a diagnosis of celiac disease during 1950–2002 and
in 166 age- and sex-matched controls
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Fig. 2.
Kaplan–Meier cumulative incidence of an axial fracture after the index date among 83 Olmsted
County, Minnesota, residents following a diagnosis of celiac disease during 1950–2002 and
in 166 age- and sex-matched controls
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Fig. 3.
Kaplan–Meier cumulative incidence of a peripheral fracture after the index date among 83
Olmsted County, Minnesota, residents following a diagnosis of celiac disease during 1950–
2002 and in 166 age- and sex-matched controls
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Table 2
Conditional logistic regression models for fractures before the index date among 83 Olmsted County, Minnesota,
residents with celiac disease and 166 age- and sex-matched controls

Fracture type Unadjusted odds ratioa
(95% CI)

P Adjustedb odds ratioa (95%
CI)

P

Any fracture 2.0 (1.0, 3.9) 0.045 2.0 (1.0, 3.9) 0.044
Peripheral 2.0 (1.0, 3.8) 0.052 2.0 (1.0, 3.9) 0.054
Axial 1.7 (0.7, 4.1) 0.273 1.7 (0.7, 4.2) 0.258
Osteoporotic 8.0 (0.9, 72) 0.063 6.9 (0.7, 65) 0.093

a
Celiacs versus controls

b
Adjusted for Charlson comorbidity index
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Table 3
Stratified Cox proportional hazards models for fractures after the index date among 83 Olmsted County, Minnesota,
residents with celiac disease and 166 age- and sex-matched controls

Fracture type Unadjusted hazard ratioa
(95% CI)

P Adjustedb hazard ratioa (95%
CI)

P

Any fracture 2.5 (1.1, 5.6) 0.026 2.5 (1.1, 5.6) 0.030
Peripheral 2.5 (0.9, 6.5) 0.072 2.7 (1.0, 7.8) 0.066
Axial 3.2 (1.0, 11) 0.058 4.2 (1.0, 18) 0.050
Osteoporotic 1.5 (0.4, 5.3) 0.516 1.6 (0.4, 6.8) 0.499

a
Celiacs versus controls

b
Adjusted for Charlson comorbidity index
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