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Abstraùt 

Baùkground: òeliaû disease (òD) is an autoimmune disease ûharaûterized by inflammation in the intestine, ûausing atrophy of 

the muûosal þilli of the small intestine. òeliaû disease ûan manifest ith þarious signs and symptoms, inûluding extra-intestinal 

symptoms suûh as osteopenia and osteoporosis. 

Objeùtives: Our study aimed to determine the frequenûy of osteopenia/osteoporosis in ne ly diagnosed òD ûases and to 

eþaluate the effeût of different independent þariables on the deþelopment of osteopenia/osteoporosis in these patients. 

Methods: Adult patients ith òD ho ere referred to a ûeliaû ûliniû ere eþaluated for osteopenia/osteoporosis using dual-

energy ÷-ray absorptiometry. This ûross-seûtional analytiûal study took plaûe from Oûtober 2017 to July 2022. Logistiû regression 

analysis as used to assess the odds ratio (OR) of different independent þariables for osteopenia/osteoporosis. 

Results: A total of 302 patients enrolled in this study, ith 64.2% being female and 35.8% male. The mean ± SD age as 29.73 ± 

12.39. Oþerall, 71.2% of patients had osteopenia or osteoporosis. The odds of deþeloping osteopenia/osteoporosis ere 

signifiûantly higher in partiûipants older than 30 years (OR: 2.19; 95% òI: 1.22 - 3.92; P = 0.008), under eight patients (OR: 2.38; 95% 

òI: 1.30 - 4.34; P = 0.005), and those ith histologiûally seþere atrophy (OR: 2.22; 95% òI: 1.14 - 4.32; P = 0.019). The mean ± SD serum 

leþels of 25-hydroxy þitamin D in òD patients ithout and ith osteopenia/osteoporosis ere 34.0 ± 17.1 ng/mL and 25.8 ± 14.2 

ng/mL, respeûtiþely. Partiûipants ith normal leþels of 25-hydroxy þitamin D had a signifiûantly lo er OR of deþeloping 

osteopenia/osteoporosis than patients ith þitamin D defiûienûy (OR: 0.37; 95% òI: 0.21 - 0.62; P < 0.001). Other þariables, 

inûluding gender, anti-tTô leþels, and ôI manifestations, did not signifiûantly inûrease the OR of deþeloping 

osteopenia/osteoporosis. 

Conùlusions: The present study sho ed that inûreasing age, eight loss, seþere þillous atrophy, and lo leþels of þitamin D ûan 

signifiûantly inûrease the OR of deþeloping osteopenia/osteoporosis in òD patients. Until further studies are ûonduûted, bone 

mineral density (BMD) eþaluation is espeûially reûommended in these high-risk subgroups of òD patients. 

Keywords: òeliaû Disease, Osteoporosis, Osteopenia, Bone Density, Histology

1. Baùkground 

òeliaû disease (òD) is an autoimmune disease 
ûharaûterized by inflammation in the intestine, ûausing 

atrophy of the muûosal þilli of the small intestine (1). In 

the general population, the preþalenûe of òD is about 1% 

(2). òeliaû disease ûan manifest ith þarious signs and 
symptoms, inûluding extra-intestinal symptoms suûh as 

osteopenia and osteoporosis (1). 

Osteoporosis is a systemiû skeletal disease 

ûharaûterized by lo bone mass and subsequent 
inûreases in bone fragility and fraûture susûeptibility. 

Among bone metaboliû diseases, osteoporosis is a 

ûommon global publiû health problem ith high 

morbidity. Many faûtors ûontribute to the deþelopment 

of osteoporosis, inûluding genetiû, enþironmental, and 
endoûrine faûtors (3). Therefore, it is reûommended that 

loûal healthûare programs be designed to reduûe the 
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preþalenûe of aþoidable risk faûtors for osteoporosis and 

related fraûtures (4). 

Osteopenia/osteoporosis are often assoûiated ith 

òD, and the nutritional, metaboliû, and endoûrine status 
of patients should also be ûonsidered. A areness of the 

bone ûonditions assoûiated ith òD should be present. 

Therefore, there is an inûreasing trend for studies 
inþestigating the link bet een osteopenia/osteoporosis 

and òD (5). Dual-energy ÷-ray absorptiometry (DE÷A) is a 
non-inþasiþe method for assessing bone mineral density

(BMD). Deûreased BMD in òD may be due to 

ûompromised absorption of ûalûium and þitamin D (6). 
Seþeral studies haþe sho n that lo BMD is a ûommon 

ûompliûation of òD and reûommend sûreening for 
osteoporosis at the time of diagnosis (7). On the other 

hand, it is unûlear hether eþery ne ûase of òD should 

undergo DE÷A (8-10). Furthermore, eþidenûe supporting 

the effeût of independent þariables on 

osteopenia/osteoporosis in òD is limited (11, 12). 

2. Objeùtives 

Our study aimed to determine the frequenûy of 

osteopenia/osteoporosis in ne ly diagnosed òD ûases 

and to eþaluate the effeût of þarious independent 

þariables on the deþelopment of 

osteopenia/osteoporosis in these patients. 

3. Material and Methods 

3.1. Ethical Aûûroval/Statement 

Approþal of this study as obtained from the Ethiûs 

òommittee of Shiraz Uniþersity of Mediûal Sûienûes 

(IR.SUMS.MED.REò.1399.412), and the researûh adhered 

to the ethiûs deûlaration of Helsinki for mediûal 

researûh. Informed ritten ûonsent as obtained from 

all patients for the reþie of their mediûal reûords. 

3.2. Poûulation 

This ûross-seûtional analytiûal study took plaûe from 

Oûtober 2017 to July 2022. The primary objeûtiþe as to 

assess the frequenûy of osteopenia and osteoporosis and 

explore the odds of þarious faûtors on the likelihood of 
these bone disorders in patients ith òD. 

All adult partiûipants undergoing òD eþaluation at 

the òeliaû òliniû (Fars òeliaû Registry, Approþal ID: 

IR.SUMS.REò.1399.525), a referral ûenter in southern Iran, 
ere ûonsidered for inûlusion based on speûifiû ûriteria. 

A ûheûklist enûompassing age, sex, height, eight, 

physiûal examination, personal and family mediûal 

history, histologiûal reports, anti-tissue 

transglutaminase (anti-tTô) leþels, þitamin D leþels, and 

other laboratory data as ûompleted. The leþel of 25-

hydroxy þitamin D as measured in inûluded òD 
patients using the Radio-Immuno-Assay method. Dual-

energy ÷-ray absorptiometry as employed to 
determine BMD in patients meeting inûlusion ûriteria 

based on speûified ûharaûteristiûs. Subsequently, 

demographiû, ûliniûal, and para-ûliniûal findings of 
patients ith and ithout osteopenia/osteoporosis ere 

ûompared. 

Body Mass Index (BMI) as ûategorized aûûording to 

the öorld Health Organization (öHO) ûlassifiûation (13), 

ith four groups: (1) less than 18.5 kg/m2 as 

under eight, (2) 18.5 to < 25 kg/m2 as normal eight, (3) 

25.0 to < 30 kg/m2 as oþer eight, and (4) 30.0 kg/m2 or 

higher as obese. 

3.3. Celiac Disease Definition 

òeliaû disease diagnosis relied on a duodenal biopsy

and a positiþe anti-tTô (14). Serum leþels of anti-tTô (IgA) 

ere measured in all enrolled patients by the ELISA 

method, and a titer of 18 IU/mL or higher as ûonsidered 

positiþe. 

Upper gastrointestinal (ôI) endosûopy and duodenal 

biopsies ere ûonduûted in partiûipants ith positiþe 

anti-tTô. Speûimens ere stained ith 

hematoxylin/eosin and histologiûally ûlassified 

aûûording to the Oberhuber-modified Marsh 

ûlassifiûation (15). In this study, òD as defined as an 

anti-tTô ≥18 IU/mL and Marsh type 2 or higher in 

histology. All patients had an ordinary diet and 

ûonsumed gluten, and the interþal bet een duodenal 

biopsy and anti-tTô testing as less than one month. 

3.4. Inclusion and Exclusion Criteria 

All adult partiûipants meeting the defined ûriteria for 

òD ere inûluded in the study. Exûlusion ûriteria 

enûompassed indiþiduals under 18 years old, those ho 

ere laûtating or pregnant, those ith a history of 

alûohol ûonsumption (more than 10 g/day), those using 

any mediûation that affeûts BMD or þitamin D leþels 

ithin the past 6 months (e.g., ûalûium and þitamin D 

supplements), and those ith ûo-morbid disorders 
(inûluding malignanûy, kidney, liþer, lung, heart 

diseases, etû.). Additional exûlusions inûluded 

indiþiduals ith immunoglobulin A defiûienûy, Marsh 

type 0 or 1 in histology, other ûauses of þilli atrophy, 

patients on a gluten-free diet, and non-ûooperatiþe 
patients. òeliaû disease patients exhibiting abnormal 

BMD under ent eþaluation by an endoûrinologist to 

Shiraz E-Med J. 2024; 25(9): e143039. 2 
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exûlude seûondary ûauses of deûreased BMD (inûluding 

thyroid, parathyroid, diabetes mellitus, etû.) as potential 

ûonfounders. 

3.5. Dual-Energy X-ray Absorûtiometry 

Under the superþision of an endoûrinologist, BMD 

(g/ûm2) as measured in three areas: The lumbar spine, 

hip, and femoral neûk, using the Hologiû Disûoþery D÷A 

system (MA, Bedford, USA). Osteoporosis (T-sûore ≤ -2.5) 
and osteopenia (T-sûore bet een -1.0 and -2.5) ere 

defined using the öHO ûlassifiûation (16). òoeffiûients of 
þariation based on preliminary measurements in 10 

partiûipants using this system ere 0.51% for the lumbar 

spine and 2.4% for the femoral neûk. 

3.6. Statistical Analysis 

Data ere ûolleûted using SPSS þersion 25 (SPSS Inû., 

òhiûago, IL, USA). òontinuous þariables ere presented 

as means ± standard deþiations, hile ûategoriûal 

þariables ere expressed as frequenûy/perûentages. 

ôroup ûomparisons inþolþed the independent t-test for 

ûontinuous þariables and the ûhi-square test for 

ûategoriûal þariables. The Mann-öhitney U test as 

applied hen the Kolmogoroþ-Smirnoþ test indiûated 

signifiûanûe for nonparametriû ûontinuous þariables. A 

P-þalue < 0.05 as ûonsidered statistiûally signifiûant. 

Logistiû regression analysis, estimating odds ratios 

(ORs) and ûonfidenûe interþals (òIs), as employed to 

assess the odds of þarious independent þariables on 

osteopenia/osteoporosis. For regression analysis, a ûut-

off P-þalue of less than 0.3 in uniþariate analysis as 

used for inûlusion in multiple analyses. 

4. Results 

A total of 302 patients satisfied the inûlusion ûriteria. 

The partiûipants had a mean ± SD age of 29.73 ± 12.39, 

ranging from 18 to 70 years. Among them, 194 (64.2%) 

ere female, and 108 (35.8%) ere male. The mean ± SD 

BMI of the partiûipants as 21.19 ± 5.05, ranging from 

14.68 to 38.77 kg/m2. The mean ± SD serum leþels of anti-

tTô and 25-hydroxy þitamin D ere 220.29 ± 208.98 

IU/mL and 28.15 ± 15.50 ng/mL, respeûtiþely. The 

demographiû, ûliniûal, and para-ûliniûal features of the 

partiûipants are summarized in Table 1. 

The frequenûy of osteopenia and osteoporosis in the 

three regions of the lumbar spine, hip, and femoral neûk 

is sho n in Table 2. Oþerall, 215 (71.2%) patients had 

osteopenia or osteoporosis in at least one of these 
regions. 

A ûomparison of demographiû, ûliniûal, and para-

ûliniûal findings bet een patients ith and ithout 

osteopenia/osteoporosis is presented in Table 3. 

The mean age of patients ith 
osteopenia/osteoporosis (30.68 ± 13.12 years) as 

signifiûantly higher than that of the normal group (27.37 

± 10.03 years). Although the frequenûy of 
osteopenia/osteoporosis as higher in omen (74.2%) 

ûompared to men (65.7%), the gender differenûe did not 
reaûh statistiûal signifiûanûe (P = 0.12). Despite a slightly

eleþated mean anti-tTô leþel in partiûipants ith 

osteopenia/osteoporosis (228.69 ± 217.32 IU/mL) 
ûompared to the normal group (199.53 ± 186.33 IU/mL), 

this differenûe as not statistiûally signifiûant (P = 0.41). 
Notably, the mean 25-hydroxy þitamin D leþel in 

partiûipants ith osteopenia/osteoporosis as 

signifiûantly lo er than in the normal group (P < 0.001). 

A logistiû regression analysis as ûonduûted to assess 

the odds of different independent þariables on 

osteopenia/osteoporosis, as detailed in Table 4. 

Partiûipants aged oþer 30 exhibited a signifiûantly

higher likelihood of deþeloping 

osteopenia/osteoporosis ûompared to those under 30 

years old (OR: 2.19; 95% òI: 1.22 - 3.92; P = 0.008). The odds 

of deþeloping osteopenia/osteoporosis ere 

signifiûantly eleþated in under eight indiþiduals (BMI 

<18.5 kg/m2, OR: 2.38; 95% òI: 1.30 - 4.34; P = 0.005) and 

partiûipants ith histologiûally seþere atrophy (Marsh 

3û, OR: 2.22; 95% òI: 1.14 - 4.32; P = 0.019) hen ûompared 

to the normal group. Additionally, partiûipants ith 

normal þitamin D leþels (25-hydroxy þitamin D leþel ≥ 30 

ng/mL) had a signifiûantly lo er likelihood of 

deþeloping osteopenia/osteoporosis than those ith 

þitamin D defiûienûy (OR: 0.37; 95% òI: 0.21 - 0.62; P 

<0.001). Notably, other þariables suûh as gender, anti-tTô 

leþels, ôI manifestation, and ethniûity did not 

signifiûantly augment the OR of deþeloping 

osteopenia/osteoporosis. 

5. Disùussion 

This study assessed bone mineral density in adult 

patients ith òD. More than t o-thirds of our patients 
had osteopenia or osteoporosis in at least one of their 

regions. In examining þarious þariables ithin the 

subgroup analysis, older partiûipants and under eight 

patients had a higher likelihood (OR) of deþeloping 

osteopenia/osteoporosis. Additionally, e obserþed a 

high probability of osteopenia/osteoporosis in 

partiûipants ith seþere histologiû atrophy (Marsh 3ò) 

ûompared to other histologiû groups. Furthermore, 

patients ith normal þitamin D leþels ere less likely

Shiraz E-Med J. 2024; 25(9): e143039. 3 
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Table 1. òharaûteristiûs of the Patients ith òeliaû Disease (N = 302) a 

Variables Values 

Age (ý) 

Mean ± SD 29.73 ± 12.39 

Minimum-maximum 18 - 70 

ñender 

Male 108 (35.8) 

Female 194 (64.2) 

BMI (kg/m 2) 

Mean ± SD 21.19 ± 5.05 

Minimum-maximum 14.68 - 38.77 

Ethniùitý 

Fars 232 (76.8) 

Others 70 (23.2) 

Eduùation 

Diploma or less 208 (68.9) 

More than diploma 94 (31.1) 

Anti-tissue transglutaminase (IU/mL) 

Mean ± SD 220.29 ± 208.98 

Median 132.85 

ñI manifestations 206 (68.2) 

Breast-feeding Milk týpe 212 (70.2) 

Marsh ùlassifiùation 

Marsh 2 14 (4.6) 

Marsh 3a 97 (32.1) 

Marsh 3b 115 (38.1) 

Marsh 3û 76 (25.2) 

25-hýdroüý vitamin D (ng/mL) 

Mean ± SD 28.15 ± 15.50 

Median 25.25 

Minimum-maximum 3.50 - 104.00 

Celiaù disease in the familý 19 (6.3) 

Familial marriage in the parents 2 32 (10.6) 

Abbreþiations: BMI, Body Mass Index; ôI, gastrointestinal. 

aõalues are expressed as No (%) or mean ± SD. 

Table 2. Frequenûy of Osteopenia/Osteoporosis in òeliaû Disease Patients (N = 302) 

Variables No. (%) 

Lumbar spine osteopenia 127 (42.1) 

Femoral neùk osteopenia 130 (43.0) 

Hip osteopenia 120 (39.7) 

Lumbar spine osteoporosis 46 (15.2) 

Femoral neùk osteoporosis 48 (15.9) 

Hip osteoporosis 39 (12.9) 

(OR) to deþelop osteopenia/osteoporosis than those 

ith þitamin D defiûienûy. 

The frequenûy of metaboliû bone disease in patients 

ith òD is inûreased due to seþeral meûhanisms (17, 18). 

One of the possible meûhanism of osteoporosis in òD is 

ûalûium malabsorption leading to seûondary
hyperparathyroidism, hiûh ûontributes to ûortiûal 

bone loss. Seþeral studies haþe demonstrated lo BMD 

in òD, attributed to high leþels of serum ûytokines that 
trigger osteoûlasts (IL-2, IL-6, and TNF-alpha) and lo 

Shiraz E-Med J. 2024; 25(9): e143039. 4 
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Table 3. Demographiû, òliniûal, and Paraûliniûal Findings in òeliaû Disease Patients 

Variables 

Age (ý) ù 

ith (N = 215) and öithout (N = 87) Osteopenia/Osteoporosis a 

Osteopenia/Osteoporosis Normal 

30.68 ± 13.12 27.37 ± 10.03 

P-Value b 

0.019 

Male 71 (65.7) 37 (34.3) 

ñender d 0.119 

Female 144 (74.2) 50 (25.8) 

BMI (kg/m 2) d 0.054 

Under eight 82 (79.6) 21 (20.4) 

Normal eight 101 (67.3) 49 (32.7) 

Obese 14 (77.8) 4 (22.2) 

Fars 162 (69.8) 70 (30.2) 

Eduùation d 0.598 

More than diploma 65 (69.1) 29 (30.9) 

Celiaù disease in the familý d 10 (52.6) 9 (47.4) 0.065 

Marsh ùlassifiùation d 0.234 

Marsh 3a 67 (69.1) 30 (30.9) 

Marsh 3û 61 (80.3) 15 (19.7) 

25-hýdroüý vitamin D (ng/mL); mean ± òD - Median e 25.81 ± 14.19 - 23.50 33.96 ± 17.08 - 32.00 < 0.001 

Oþer eight 18 (58.1) 13 (41.9) 

Ethniùitý d 0.340 

Non-fars 53 (75.7) 17 (24.3) 

Diploma or less 150 (72.1) 58 (27.9) 

ñI manifestations d 145 (70.4) 61 (29.6) 0.651 

Familial marriage in the parents d 21 (65.6) 11 (34.4) 0.462 

Marsh 2 10 (71.4) 4 (28.6) 

Marsh 3b 77 (67.0) 38 (33.0) 

Anti-tissue transglutaminase (IU/mL); mean ± òD - Median e 228.69 ± 217.32 - 142.40 199.53 ± 186.33 - 119.26 0.408 

Abbreþiations: BMI, Body Mass Index; ôI, gastrointestinal. 

aõalues are expressed as No. (%) or mean ± SD. 

b P < 0.05 as ûonsidered statistiûally signifiûant. 

û Independent Samples t-test. 

d òhi-squared test. 

eMann–öhitney U-test. 

leþels of ûytokines that play an inhibitory role (IL-18, IL-

12) (19, 20). 

In our study, despite the higher frequenûy of 

osteopenia/osteoporosis in omen, there ere no 

statistiûally signifiûant differenûes bet een the genders. 
This finding supports preþious data indiûating that the 

frequenûy of osteopenia and osteoporosis in òD does 

not signifiûantly differ bet een genders (21, 22). 

In the present study, partiûipants oþer 30 had higher 

odds of deþeloping osteopenia/osteoporosis. This 

obserþation ûorroborates findings from other studies 

(23, 24) that suggest aging inûreases the inûidenûe of 

lo BMD in patients ith òD. A study by Marûella D. 

öalker et al. found a high preþalenûe of osteoporosis 

among people oþer 50 years of age (7). 

In our researûh, similar to some reports (25, 26), 

seþere histologiûal atrophy (Marsh 3û) inûreased the 

odds of osteoporosis in patients ith òD. öalker et al. 
sho ed that the inûrease in the seþerity of intestinal 

þillus atrophy as assoûiated ith the male gender and 

lo er T-sûore in the 1/3 radius (7). These data support the 

hypothesis about the impaût of intestinal damage on 

BMD. In òD, atrophy of the intestinal epithelium leads to 

a deûreased surfaûe area for ûalûium and þitamin D 

absorption. Hypoûalûemia and lo leþels of þitamin D 
ûontribute to seûondary hyperparathyroidism. 

òonsequently, there is high bone turnoþer and bone loss 

due to inûreased leþels of serum PTH (27, 28). 

Shiraz E-Med J. 2024; 25(9): e143039. 5 
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Table 4. The Odds of Different Independent õariables on Deþeloping Osteopenia/Osteoporosis in Patients 

Univariate Analýsis 
Variables 

OR (95% CI) 

Age (ý) 

ith òeliaû Disease Using Logistiû Regression Analysis 

Multiple Analýsis 

P-Value OR (95% CI) 

0.015 

P-Value 

0.008 

< 30 1.0 1.0 

< 18.5 (under eight) 1.938 (1.104 - 3.402) 2.376 (1.301 - 4.342) 

ñender 0.120 0.075 

Female 1.0 1.0 

øes 2.365 (0.926 - 6.040) 2.571 (0.941 - 7.024)1.0 

Familial marriage in the parents 0.463 0.415 

No 1.0 1.0 

Fars 1.347 (0.729 - 2.489) 1.670 (0.854 - 3.264) 

Eduùation 0.598 0.197 

More than diploma 1.0 1.0 

Breastfeeding 0.994 (0.577 - 1.714) 1.173 (0.639 - 2.153) 

ñI manifestations 0.652 0.244 

No 1.0 1.0 

Histologiùal findings 0.046 0.019 

Others 1.0 1.0 

Normal 0.409 (0.246 - 0.680) 0.365 (0.214 - 0.623) 

Abbreþiations: BMI, Body Mass Index; ôI, gastrointestinal. 

≥ 30 1.963 (1.142 - 3.377) 2.187 (1.221 - 3.916) 

BMI 0.021 0.005 

≥ 18.5 (others) 1.0 1.0 

Male 1.501 (0.900 - 2.503) 1.656(0.951 - 2.884) 

Celiaù disease in the familý 0.072 0.065 

No 1.0 

øes 1.337 (0.615 - 2.906) 1.439 (0.600 - 3.452) 

Ethniùitý 0.342 0.134 

Others 1.0 1.0 

Diploma or less 0.867 (0.509 - 1.476) 0.669 (0.363 - 1.233) 

Milk týpe 0.984 0.607 

Others 1.0 1.0 

øes 1.133 (0.660 - 1.944) 1.426 (0.785 - 2.590) 

Anti-tissue transglutaminase level 0.999 (0.998 - 1.001) 0.274 0.999 (0.998 - 1.000) 0.179 

Marsh 3û 1.901 (1.012 - 3.571) 2.217 (1.139 - 4.316) 

25-hýdroüý vitamin D level 0.001 < 0.001 

Defiûienûy 1.0 1.0 

ôalli et al. (29) sho ed that under eight patients 
had a higher risk of osteoporosis ûompared to normal-

eight òD patients. This finding is ûonsistent ith the 

results of our study, hiûh sho ed an inûreased OR of 

osteopenia at a BMI of less than 18.5 kg/m2. This may be 

due to malabsorption resulting in defiûienûies in 
miûronutrients suûh as ûalûium and þitamin D (1, 30). 

Kemppainen et al. demonstrated that approximately

t o-thirds of patients ith òD had lo 25-hydroxy

þitamin D ûonûentrations (31). In their studies, þitamin D 
defiûienûy as one of the main þariables assoûiated ith 

lo BMD in òD, hiûh is similar to our findings. 25-
hydroxy þitamin D is the prinûipal form of þitamin D in 

ûirûulation, and its leþel in the blood is thought to 

refleût nutritional status. Reduûed ûalûium intake 

seûondary to þitamin D defiûienûy results in inûreased 

PTH leþels, hiûh induûes ûortiûal bone loss (32). 

There is no signifiûant assoûiation bet een anti-tTô 
antibody leþels and the odds of deþeloping 

osteopenia/osteoporosis in our study. This obserþation is 

inûonsistent ith the report by Potter et al., ho 

desûribed an assoûiation bet een high leþels of anti-tTô 

antibodies and lo BMD. On the other hand, they found 

Shiraz E-Med J. 2024; 25(9): e143039. 6 
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that gender, ôI manifestations, and ethniûity ere not 

assoûiated ith osteopenia/osteoporosis in òD, hiûh is 

ûonsistent ith our results (33). 

The strengths of this study inûlude a substantial 
sample size aûûompanied by striût diagnostiû 

eþaluations for all patients. Additionally, e had 

appropriate inûlusion and exûlusion ûriteria for 
partiûipants, ûompared to similar studies. 

öe aûkno ledge seþeral limitations to our study. This 

study as single-ûenter and laûked a ûontrol group of 

the normal population. Exûept for þitamin D, other 
metaboliû bone markers ere not measured due to their 

high ûost. öe did not haþe enough data to analyze bone 
mineral ûontent and Z-sûores of our population, hiûh 

is reûommended for ûonsideration in future studies, 

espeûially in indiþiduals under 30 years old. 

5.1. Conclusions 

The present study sho ed that adþanûing age, lo 

BMI, seþere þillous atrophy, and lo leþels of þitamin D 

ûan signifiûantly inûrease the odds of deþeloping 

osteopenia/osteoporosis in òD patients. Until further 

studies are ûonduûted, BMD eþaluation is espeûially

reûommended for these high-risk subgroups of òD 

patients. 
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