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Does chronic low-dose aspirin use benefit  «a

bone health? A cross-sectional study on patients
with type 2 diabetes mellitus
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Abstract

Introduction Numerous studies have reported the striking result that aspirin use is associated with higher bone
mineral density (BMD), suggesting its potential as a population-wide osteoporosis prevention measure. Therefore, this
study aimed to examine the impact of chronic low-dose aspirin use on bone remodeling biomarkers and BMD in an
aging population.

Materials and methods Between September and November of 2019, clinical data regarding the medication use,
serum bone remodeling biomarkers, and BMD of 567 consecutively hospitalized patients, a minimum of 50 years old
with type 2 diabetes mellitus (T2DM), were collected. The cross-sectional associations between chronic low-dose
aspirin use and serum concentrations of bone remodeling biomarkers and BMD were estimated separately using
linear regression. Potential confounding variables were controlled for, including age, sex, and comorbidities.

Results Low-dose aspirin users had significantly lower serum bone alkaline phosphatase (BAP) concentrations than
non-users (82.44+28.03 U/L vs 90.71 £32.79 U/L, p=0.025). On the other hand, low-dose aspirin users had insig-
nificantly higher vertebral BMD (0.954+0.19 vs 0.91 £0.21, p=0.185), femoral neck BMD (0.80+0.15 vs 0.78 £0.17,
p=0.309) and Ward’s triangle BMD (0.46 £ 0.14 vs 0.44 +-0.13, p=0.209), regardless of adjustment.

Conclusions This cross-sectional study demonstrated that chronic use of low-dose aspirin was associated with sig-
nificantly lower serum concentrations of BAP in hospitalized patients with T2DM. The mechanism causing the insig-
nificantly higher BMD observed in chronic aspirin users in this study and the significant increments in BMD reported
in previous studies requires further clarification in other clinical trials.
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Introduction
Bone remodeling plays a vital role in renewing and sus-
taining the integrity of bones throughout the whole
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Aspirin, also known as acetylsalicylic acid (ASA), is one
of the most commonly used medicines, with an estimated
40,000 metric tons of ASA produced per year globally [2].
Different doses of aspirin may exhibit diverse biological
effects, and to date, the precise regulatory mechanisms
are yet to be fully elucidated. Generally, low-dose aspirin
(75-100 mg per day) inhibits the COX-1 isozyme more
robustly than COX-2, and it is commonly prescribed
for the prevention of cardiovascular disease (CVD)
[3]. Conversely, high-dose aspirin (>1000 mg per day)
more potently inhibits COX-2 than COX-1, suppress-
ing the conversion of prostaglandin E2 [3] and therefore
it is widely taken to alleviate pain and the inflammatory
response [4].

Recently, various studies have growing interests in the
potential for aspirin to offer broader medical benefits,
rather than simply cardiovascular protection, particularly
in the prevention of age-related conditions [5], including
osteoarthritis [6], neurodegenerative diseases [7, 8], age-
related hearing loss [9], and age-related macular degen-
eration [10]. Increasingly, studies [11-22] have begun to
focus on the relationship between aspirin use and bone
biology and have discovered that aspirin use is highly
correlated with bone remodeling and bone mineral den-
sity (BMD).

Positive results of aspirin use on BMD suggest that
it may exert beneficial effects on bone health and may
even prevent osteoporosis (comparably to how widely
it is currently used to prevent cardiovascular events).
According to the literature the exact effects of low-
dose aspirin on bone remodeling in preclinical studies
remains unclear, and to date no human studies have been
designed to investigate the impact of low-dose aspirin
on bone remodeling. Considering the high prevalence
of low aspirin use amongst the elderly population, who
are most susceptible to osteoporosis, investigating its
potential impact upon bone remodeling and BMD is of
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high clinical value. Therefore, the aim of this study was to
examine the precise impacts of low-dose aspirin use on
bone remodeling biomarkers and BMD.

Methodology

Subjects

This study was designed as a single center, hospital-based,
cross-sectional study involving consecutively hospitalized
patients with type 2 diabetes mellitus (T2DM) admitted
to the Second People’s Hospital of Wuhu. Only patients
who consented to participate in the study were included.
T2DM was diagnosed according to the diagnostic crite-
ria of the American Diabetes Association [23]. The study
period spanned three months, between September and
November of 2019. The primary inclusion criteria were
as follows: (1) patients are aged>50 years at the time
when informed consent was obtained; (2) patients have
a diagnosis of T2DM. Participants were excluded if they
had: (1) concurrent treatment for a malignancy; (2) clini-
cal diagnosis of type 1 diabetes (diagnosis of diabetes and
insulin use before the age of 35); (3) concurrent medi-
cation likely to influence skeletal metabolism (exclud-
ing calcium supplements of 500 mg daily or below); (4)
known malabsorptive states; (5) underlying metabolic
bone disease (e.g., osteomalacia); (6) calcium disorders
(other than primary hyperparathyroidism); (7) chronic
kidney disease. This study was approved by the Institu-
tional Review Boards of the Second People’s Hospital of
Wuhu and was conducted in accordance with the Decla-
ration of Helsinki. All participants provided full written
informed consent to the use of the collected data in all
analyses.

Data collectors approached 702 subjects throughout
the study period. Of these, 135 were excluded from the
study, thus a total of 567 patients with a median age of
69 years were enrolled in the study (Fig. 1).

Ineligible (n=16)
Not in age range (n=48)
without Type 2 Diabetes Mellitus  (n=34)

In accordance with exclusive criteria (n=25)

l .

567 subjects included in this study

Unwilling to participate in this study (n=12)

Fig. 1 The flow of study participants that were eligible and finally included in the study
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Data collection and medication use

Detailed and comprehensive assessments of each par-
ticipant were carried out during the screening visit to
the Second People’s Hospital of Wuhu, including the col-
lection of data regarding their sex, date of birth, blood
pressure, pulse, medical history, height (m), weight (kg),
current medication and supplement use. Weight was
measured on a digital scale (TanitaBWB-600), while
wearing indoor clothing without shoes. Height was
measured using a Harpenden stadiometer (Dyfed, UK).
Body mass index (BMI) was calculated using weight (kg)/
height (m?). Participants were asked to take all medica-
tions that they were currently using (including over-
the-counter drugs and supplements) to the screening
visit where study nurses recorded the pharmacy data,
including drug name, dosage, date started, and duration.
Chronic use of low-dose aspirin was defined as using
aspirin (75-100 mg) for >1 year at baseline [24]. Patients
received various anti-diabetic treatments: metformin
(n=284), subcutaneous insulin (#=104), sulfonylureas
(n=53), glinides (n=26), glitazones (#=19), and dipep-
tidyl peptidase-4 inhibitors (»=281). Furthermore, par-
ticipants reported their medical history of brain diseases,
pulmonary nodules, hepatobiliary diseases, hyperten-
sion, gastric diseases, osteoporosis and thyroid nodules.

Laboratory methods

Venous blood samples were collected from each patient
between 8:00 and 10:00 am following an overnight fast
and were frozen at -20 °C after collection. Bone alka-
line phosphatase (BAP, Hybritech, Liege, Belgium) is the
enzyme that demonstrates osteoblastic activity and is the
primary marker of bone formation [25]. The N-terminal
peptide of type 1 collagen (PINP, Espoo, Finland) is also
a specific product of proliferating osteoblasts and is con-
sequently a marker of bone formation [25]. On the other
hand, carboxy-terminal type I collagen crosslinks (CTX-
1, Roche Diagnostics, Penzberg, Germany) resulting
from the degradation of cross-linked telopeptides is the
predominant marker of bone resorption [26].

BMD and dual-energy X-ray absorptiometry methods

BMD, defined as total bone mineral content (g) divided
by the area (cm?), was used to measure the quantity of
calcium in the bone (bone density) and to determine
the fracture risk [27]. Dual-energy X-ray absorptiom-
etry (DXA) was employed to measure absolute BMD
in g/Cm2 for the lumbar spine (L1-L4, vertebral BMD),
femoral neck (NCKBMD) and Ward’s triangle (WRD-
BMD) using a Hologic QDR4500 Acclaim densitometer
in all participants. The precision error of this instrument
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was 1%. Additionally, total fat mass (kg) was determined
according to whole body DXA scans. All DXA scans were
performed in the same center.

Statistical analysis

Characteristics of participants were expressed as
mean + standard deviation (SD) or proportion, stratified
by chronic use of low-dose aspirin. Continuous variables
were initially evaluated by a normal distribution test; if
they were not normally distributed, they were trans-
formed into standard normal variables and assessed
using independent t-tests. However, if the continuous
variables failed to be converted into normally distributed
variables, a nonparametric 2-Independent-Samples test
was chosen to compare between these groups. Mean-
while, categorical variables were examined with the chi-
square or Fisher’s exact test. Crude and adjusted mean
differences in serum bone remodeling biomarkers and
BMD values between chronic aspirin users and non-
users alongside the corresponding 95% confidence inter-
vals (CI) were calculated using linear regression analysis.
Differences were anticipated between these two groups,
which may influence bone biology and BMD. Therefore,
adjustments were made for the following potential con-
founding factors: age, medical history of brain diseases
or hypertension, use of calcium and vitamin D, statins,
antihypertensive drugs, and acid-inhibitory drugs. P val-
ues below or equal to 0.05 were considered statistically
significant. All statistical analyses were conducted using
IBM SPSS Statistics, version 25.

Results

Characteristics of the study population

Of the 567 patients, 210 (37%) reported chronically using
low-dose aspirin on a daily basis for a mean of 8.6 years
(from one year to up to 32 years). Thecharacteristics of
chronic low-dose aspirin users and non-users are dis-
played in Table 1. The mean age of recruited patients
was 65.03 years (ranging from 50-94). Compared with
non-users, chronic low-dose aspirin users were older
(67.14£9.72 vs 63.91£11.16 years old, p=0.011), and
were more likely to have a self-reported history of brain
diseases (42.9% vs 11.7%, p<0.001) and hypertension
(62.9% vs 41.2%, p<0.001). Additionally, chronic low-
dose aspirin users were less likely to take combined cal-
cium and vitamin D (14.7% vs 24.3%, p=0.037) and
acid-inhibitory drugs (3.3% vs.14.6%, p=0.001). How-
ever, they were more likely to take statins (82.8% vs
40.1%, p<0.001), blood pressure medication (53.3% vs
30.5%, p<0.001), and cardiovascular drugs (15.2% vs
6.2%, p=0.008).
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Table 1 Characteristics of the study population (567 patients) with and without chronic low-Aspirin use
Variable Nonusers (n=357) Low-dose Aspirin users (n=210) P value
Age (years) 6391£11.16 67.14+£9.72 0.011
Male (%) 150 (42.0%) 94 (44.8%) 0.822
BMI (kg/m?) 24644340 24.55+3.86 0.867
Medical history (%)
Brain diseases 42 (11.7) 90 (42.9) 0.000
Pulmonary nodules 29(8.1) 17 (8.1) 1.000
Hepatobiliary diseases 53(14.8) 29(13.8) 0.872
Gastric diseases 35(9.8) 8(3.8) 0.057
Osteoporosis 60 (16.8) 30 (14.3) 0.645
Thyroid nodule 81(22.7) 59 (28.1) 0.288
Hypertension 147 (41.2) 132 (62.9) 0.000
Medication use (%)
Calcium plus Vit D 87 (24.3) 31(14.7) 0.037
Statins 143 (40.1) 174 (82.8) 0.000°
Alendronate 8(22) 9(4.2) 0316
Mecobalamin 48 (13.4) 45(21.4) 0.062
Blood pressure medicine 109 (30.5) 112 (53.3) 0.000
NSAIDs 9(25) 7(323) 0.740
Acid-inhibitory drugs 52 (14.6) 7(3.3) 0.001
Cardiovascular drugs 22(6.2) 32(15.2) 0.008

Brain disease defined as Dementia, Parkinson’s disease, Strokes/transient ischemic attack (TIA)

BMI Body mass index, NSAIDs Nonsteroidal anti-inflammatory drugs; °Means significant difference

Relationship between chronic low-dose aspirin use

and serum levels of bone remodeling biomarkers
Low-dose aspirin users had significantly lower
serum concentrations of BAP (82.44428.03 U/L vs
90.71+£32.79 U/L, p=0.025) compared with non-users
(as illustrated in Fig. 2A). After adjusting for age, mul-
tivariable liner regression analyses demonstrated that
there were no significant differences between groups
(p=0.077, 95% CI -13.94-0.72). However, following full
adjustment for age, brain diseases, hypertension, calcium
and vitamin D intake, statin use, antihypertensive drugs,
and acid-inhibitory drugs, serum BAP concentrations of
low-dose aspirin users were significantly lower than non-
users (p=0.048, 95% CI -15.86— -0.07). This suggests
that low-dose aspirin use is associated with a decreased
concentration of serum BAP, the bone formation bio-
marker. Conversely, there were no significant differences
in the serum levels of PINP and CTX-1 (low-dose aspirin
users: 58.391+22.26 U/L vs non-users: 49.02 4+27.07 U/L;
0.381£0.123 ng/ml vs 0.395+0.115 ng/ml, respectively)
(Fig. 2B and C), regardless of adjustment.

Relationship between chronic low-dose aspirin use and
BMD

BMD values at two sites of low-dose aspirin users were
invariably elevated compared to those of non-users,

although this difference was not statistically signifi-
cant, irrespective of adjustment (Table 2). For example,
low-dose aspirin users had insignificantly higher verte-
bral BMD (0.95+0.19 vs 0.91£0.21, p=0.185), femo-
ral neck BMD (0.80£0.15 vs 0.78+0.17, p=0.309)
and Ward’s triangle BMD (0.46+0.14 vs 0.4440.13,
p=0.209) compared with non-users. Following full
adjustment, there were no significant differences
between aspirin users and non-users for vertebral
BMD, NCKBMD and WRDBMD (Table 2). No collin-
earity was detected in these models.

Discussion

This analysis implies that chronic low-dose aspirin use
is associated with lower concentrations of serum BAP,
meanwhile it is correlated with insignificantly elevated
BMD, regardless of adjustment. Epidemiological studies
demonstrated that T2DM is associated with an increased
risk of fractures [28, 29], and suggested that T2DM
should be considered as a cause of more fractures [30].
Therefore, this research only studied patients with T2DM
aged over 50 years old, since this population are more
susceptible to osteoporosis. This analysis, conducted in
a well-documented, hospital-based clinical study, ena-
bled the identification of and adjustment for multiple
confounders.
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Zhang et al. BMC Endocrine Disorders (2023) 23:79 Page 6 of 8

Table 2 Comparisons in BMD (g/cm?2) between low-dose aspirin users and non-users

Variable Nonusers (n=357) Low-dose Aspirin users Crude Model 1 Model 2
(n=210)

vertebral BMD 0914021 09540.19 0.185 0.727 0.998

NCKBMD 0.78+0.17 0.80+0.15 0.309 0.930 0.853

WRDBMD 0444013 04640.14 0.209 0.811 0.665

Model 1: adjusted for age; Model 2: adjusted for model 1 plus Brain diseases, Hypertension, Calcium plus Vitamin D intake, statin use, antihypertensive drugs and Acid-

inhibitory drugs;

BMD Bone mineral density, NCKBMD BMD of Femoral neck, WRDBMD BMD of Ward'’s triangle

We believe this is the first clinical study that has
reported the association between low-dose aspirin use
and bone remodeling biomarkers. In the literature, pre-
vious cell studies and animal experiments have explored
this association but found inconsistent results. Low-dose
aspirin (1-10 uM) significantly suppressed osteoblas-
tic differentiation and decreased alkaline phosphatase
(ALP) synthesis in the MG-63 cell line [12]. Nonethe-
less, in animal studies, aspirin-treated OVX mice (fed
with 0.6 mg/ml aspirin) exhibited a significant increase
in the expression of bone formation biomarkers, such as
RUNX2, ALP, and osteocalcin [13]. Also, low-dose aspi-
rin treatment (200 pg/kg) significantly raised osteocalcin
levels in adult male mice [14]. This result concurred with
that of higher dose of aspirin use (9.0 mg/kg/d), which
significantly increased dynamic bone formation param-
eters (including MS/BS and Ob.S/BS) and the osteocalcin
concentration in OVX rats [15]. Our study illustrated the
significant, negative correlation between low-dose aspi-
rin use and the bone formation biomarker BAP in human
study, though this still requires further investigation to
definitively clarify the impact on bone health.

Despite the negative correlation between low-dose
aspirin use and the bone formation biomarker BAP,
our study discovered that low-dose aspirin use was not
associated with lower BMD, but with insignificantly
higher BMD at all sites. This result was consistent with
another cross-sectional analysis, The Netherland BMDs
Epidemiology of Obesity (NEO) study including 6,671
residents 45 to 65 years old [22]. In this NEO study, the
mean vertebral BMD and femoral BMD of low-dose
aspirin users were insignificantly higher than non-
users. However, the majority of other studies in the
literature reported that aspirin use consistently led to
significant increases in BMD [18-21]. In animal mod-
els, aspirin use at dose of 9.0 mg/kg/d [15] up to 45 mg/
kg/d [17] significantly increased BMD, compared with
control animals In the Health ABC cohort comprised
of 2,853 adults (mean age: 73.6 years), aspirin users
had significantly higher BMD across the whole body
according to DXA and at both the trabecular and cor-
tical spine according to quantitative CT [18]. In 7,786

white postmenopausal women over the age of 65, daily
use of aspirin was associated with an increased BMD
of the hip and spine, both prior to and following full
adjustment [19]. In The Concord Health and Ageing in
Men Project, which involved 1,705 men aged 70-97,
aspirin use was associated with elevated spinal BMD
in multivariate regression models [20]. In a partially
randomized comprehensive cohort study comprised
of 2,016 perimenopausal women on hormone therapy.
Aspirin users presented a significant increase in spinal
BMD from baseline to ten years compared to non-users
[21]. It should be noted that very few of these human
studies disclosed the exact dose of aspirin use and
therefore it is not clear whether aspirin users in these
studies are low-dose users. Considering the biological
differences between low-dose and high-dose aspirin
use, clinical data are lacking regarding the association
between chronic low-dose aspirin use and BMD in the
general population.

Based on our study, these paradoxical results regard-
ing the impact of low-dose aspirin on bone formation
and BMD might be ascribed to its multiple, yet conflict-
ing mechanisms of action on bone metabolism. It has
been reported that low-dose aspirin increases physi-
ologically relevant nitric oxide (NO) production [1, 31],
which may result in decreased osteoblast and increased
osteoclast activity, in turn reducing BMD [5]. On the
other hand, low-dose aspirin could increase BMD by
limiting the formation of osteoclasts through inhibit-
ing the NFkB pathway and stimulating the formation of
osteoblasts by blocking apoptosis of its progenitor stem
cells [32]. Thereby, in theory, aspirin can have both pos-
itive or negative effects on bone metabolism and con-
sequently BMD. However, considering the diverse and
complex biological effects of aspirin at different doses,
the paradoxical results from this cross-sectional analy-
sis must be interpreted with great caution.

Our analysis had several strengths and limitations.
This study was especially designed to investigate the
association between chronic low-dose aspirin use
and bone remodeling biomarkers alongside BMD in a
specific population group (patients with T2DM from



Zhang et al. BMC Endocrine Disorders (2023) 23:79

a single center, over 50 years old). Furthermore, low-
dose aspirin use was confirmed to be present for a
minimum of one year to up to 32 years in the study
participants, suggesting relative stability of exposure.
However, the study population was comprised of a lim-
ited number of patients with T2DM and the findings
may not translate into younger, healthy individuals. In
this study actually all the results were statistically not
significant, except serum BAP. Therefore, we should
not exclude the possibility that this BAP result arose
by chance and that all of the results in this study were
negative. In addition, it has been reported that differ-
ent anti-diabetic drugs may exert conflicting effects
on bone health [33], but in this study further analyses
attempting to eliminate this influencing factor were
not conducted. Moreover, our study was unable to
explore the impact of aspirin use on alternative bone
resorption biomarkers, for example cathepsin K and
TRAP (tartrate-resistant acid phosphatase), and most
vitally, on fracture risks.

Conclusion

This cross-sectional study demonstrated that chronic
use of low-dose aspirin was associated with significantly
lower serum concentrations of BAP in hospital-based
patients with T2DM. The mechanism underpinning the
insignificantly elevated BMD observed in chronic aspi-
rin users discovered in this study in addition to the sig-
nificant increase in BMD reported in previous studies,
requires further clarification in future clinical trials.

Acknowledgements
Not applicable.

Authors’ contributions

Li Zhang and Xuelei Ji wrote the manuscript and contributed to the concep-
tion of the study; they contributed equally to this paper; Jun Chen, Yu Zhu
and Zhen Wang performed the data analyses and interpretation; Zhen Ma and
Yu Wu collected and assembled the data; Faguo Wu contributed significantly
to manuscript preparation and constructive discussions; Zhangan Zheng
contributed to the revision and final approval of article. The authors read and
approved the final manuscript.

Funding
None.

Availability of data and materials
The datasets used or analysed during the current study are available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study has been approved by the Ethics Committee and Institutional
Review Board of the Second People’hospital of Wuhu. Written, informed
consent was obtained from all individual participants included at the begin-
ning of the study and all the methods was conducted in accordance with the
Declaration of Helsinki.

Page 7 of 8

Consent for publication
Not applicable.

Competing interests
Li Zhang, Xuelei Ji, Jun Chen, Yu Zhu, Zhen Wang, Zhen Ma, Yu Wu, Faguo Wu
and Zhangan Zheng declare that they have no competing interests.

Received: 15 August 2022 Accepted: 28 February 2023
Published online: 07 April 2023

References

1. Victor K, Skelly M, Mulcahy K, Demler TL, Trigoboff E. A review and study
of aspirin utilization for the primary prevention of cardiovascular events
in a psychiatric population. Int Clin Psychopharmacol. 2018;33(5):274-81.

2. ZhangY, Fang XM, Chen GX. Clinical use of low-dose aspirin for elders
and sensitive subjects. World J Clin Cases. 2019;7(20):3168-74.

3. Nelson MD, Rosenberry R, Barresi R, Tsimerinov El, Rader F, Tang X, et al.
Sodium nitrate alleviates functional muscle ischaemia in patients with
Becker muscular dystrophy. J Physiol. 2015;593(23):5183-200.

4. Forder S, Voelker M, Lanas A. Gastrointestinal safety of aspirin for a
high-dose, multiple-day treatment regimen: a meta-analysis of three
randomized controlled trials. Drugs R D. 2016;16(3):263-9.

5. Barker AL, Soh SE, Sanders KM, Pasco J, Khosla S, Ebeling PR, et al. Aspirin
and fracture risk: a systematic review and exploratory meta-analysis of
observational studies. BMJ Open. 2020;10(2):263.

6. Gao F, Zhang S. Salicin inhibits AGE-induced degradation of type Il col-
lagen and aggrecan in human SW1353 chondrocytes: therapeutic poten-
tial in osteoarthritis. Artif Cells Nanomed Biotechnol. 2019;47(1):1043-9.

7. Pomponi M, Di Gioia A, Bria P, Pomponi MF. Fatty aspirin: a new perspec-
tive in the prevention of dementia of Alzheimer’s type? Curr Alzheimer
Res. 2008;5(5):422-31.

8. Waldstein SR, Wendell CR, Seliger SL, Ferrucci L, Metter EJ, Zonder-
man AB. Nonsteroidal anti-inflammatory drugs, aspirin, and cognitive
function in the Baltimore longitudinal study of aging. J Am Geriatr Soc.
2010;58(1):38-43.

9. Chen GD, Kermany MH, D’Elia A, Ralli M, Tanaka C, Bielefeld EC, et al. Too
much of a good thing: long-term treatment with salicylate strengthens
outer hair cell function but impairs auditory neural activity. Hear Res.
2010;265(1-2):63-9.

10. Xu X, Ritz B, Coleman AL, Liew Z, Deapen D, Lee E, et al. Non-steroidal
Anti-inflammatory Drug Use and Risk of Age-Related Macular Degenera-
tion in the California Teachers Study. Drugs Aging. 2021;38(9):817-28.

11. De Luna-Bertos E, Ramos-Torrecillas J, Garcia-Martinez O, Diaz-Rodriguez
L, Ruiz C. Effect of aspirin on cell growth of human MG-63 osteosarcoma
line. Sci World J. 2012;2012.

12. De Luna-Bertos E, Ramos-Torrecillas J, Garcia-Martinez O, Guildford A,
Santin M, Ruiz C. Therapeutic doses of nonsteroidal anti-inflammatory
drugs inhibit osteosarcoma MG-63 osteoblast-like cells maturation,
viability, and biomineralization potential. Sci World J. 2013,;2013.

13. YamazaT, Miura, Bi Y, Liu Y, Akiyama K, Sonoyama W, et al. Pharmaco-
logic stem cell based intervention as a new approach to osteoporosis
treatment in rodents. PloS One 2008;3(7):€2615.

14. Coe LM, Denison JD, McCabe LR. Low dose aspirin therapy decreases
blood glucose levels but does not prevent type i diabetes-induced bone
loss. Cell Physiol Biochem. 2011;28(5):923-32.

15. Lin'S, Lee WYW, Huang M, Fu Z, Liang Y, Wu H, et al. Aspirin prevents bone
loss with little mechanical improvement in high-fat-fed ovariectomized
rats. Eur J Pharmacol. 2016;791:331-8.

16. Zeng YP Yang C, LiY, Fan 'Y, Yang HJ, Liu B, et al. Aspirin inhibits osteoclas-
togenesis by suppressing the activation of NF-kB and MAPKs in RANKL-
induced RAW264.7 cells. Mol Med Rep 2016;14(3):1957-62.

17. GuoY, Zhang CY, Tian Y, Di JM, Qin S. [Effect of cyclooxygenase-2
on bone loss in ovariectomized rats]. Zhonghua fu chan ke za zhi
2012;47(6):458-62.

18. Carbone LD, Tylavsky FA, Cauley JA, Harris TB, Lang TF, Bauer DC, et al.
Association between bone mineral density and the use of nonsteroidal
anti-inflammatory drugs and aspirin: impact of cyclooxygenase selectiv-
ity. J Bone Min Res. 2003;18(10):1795-802.



Zhang et al. BMC Endocrine Disorders

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31

32.

33

(2023) 23:79

Bauer DC, Orwoll ES, Fox KM, Vogt TM, Lane NE, Hochberg MC, et al.
Aspirin and NSAID use in older women: effect on bone mineral density
and fracture risk. Study of Osteoporotic Fractures Research Group. J Bone
Min Res 1996;11(1):29-35.

Bleicher K, Cumming RG, Naganathan V, Seibel MJ, Sambrook PN, Blyth
FM, et al. Lifestyle factors, medications, and disease influence bone min-
eral density in older men: findings from the CHAMP study. Osteoporos
Int. 2011,22(9):2421-37.

Vestergaard P, Hermann P, Jensen JE, Eiken P, Mosekilde L. Effects of
paracetamol, non-steroidal anti-inflammatory drugs, acetylsalicylic

acid, and opioids on bone mineral density and risk of fracture: results

of the Danish Osteoporosis Prevention Study (DOPS). Osteoporos

Int 2012;23(4):1255-65.

Bonten TN, de Mutsert R, Rosendaal FR, Jukema JW, van der Bom

JG, de Jongh RT, et al. Chronic use of low-dose aspirin is not associ-
ated with lower bone mineral density in the general population. Int J
Cardiol 2017,244:298-302.

Diagnosis and classification of diabetes mellitus. Diabetes Care 2011;34
Suppl 1(Suppl 1):562-9.

Ajrouche A, De Rycke Y, Dalichampt M, Messika Zeitoun D, Hulot JS, Estel-
lat C, et al. Reduced risk of cancer among low-dose aspirin users: Data
from French health care databases. Pharmacoepidemiol Drug Safety.
2019,28(9):1258-66.

Goksel F, Akmansu M, Senttrk E, Demircioglu F. Effects of palliative
radiotherapy and bisphosphonate usage on bone turnover marker
levels in cancer patients with osteolytic bone metastases. Joint Dis Relat
Surg 2021;32(3):705-12.

Swaminathan R. Biochemical markers of bone turnover. Clin Chim

Acta 2001;313(1-2):95-105.

Chow LW, Yip AY, Chu WP, Loo WT, Toi M. Bone metabolism and
quality-of-life of postmenopausal women with invasive breast cancer
receiving neoadjuvant hormonal therapy: sub-analyses from celecoxib
anti-aromatase neoadjuvant (CAAN) trial. J Steroid Biochem Mol

Biol 2011;125(1-2):112-9.

Chiodini |, Catalano A, Gennari L, Gaudio A. Osteoporosis and Fragility
Fractures in Type 2 Diabetes. J Diab Res 2020;2020:9342696.

Walsh JS, Vilaca T. Obesity, Type 2 Diabetes and Bone in Adults. Calcified
Tissue Int 2017;100(5):528-35.

Eller-Vainicher C, Falchetti A, Gennari L, Cairoli E, Bertoldo F, Vescini F,

et al. DIAGNOSIS OF ENDOCRINE DISEASE: Evaluation of bone fragility in
endocrine disorders. Eur J Endocrinol 2019.

Bliuc D, Nguyen ND, Milch VE, Nguyen TV, Eisman JA, Center JR. Mortality
risk associated with low-trauma osteoporotic fracture and subsequent
fracture in men and women. JAMA 2009;301(5):513-21.

Nguyen ND, Ahlborg HG, Center JR, Eisman JA, Nguyen TV.

Residual lifetime risk of fractures in women and men. J Bone Min

Res 2007,22(6):781-8.

Adami S. Bone health in diabetes: considerations for clinical manage-
ment. Curr Med Res Opin 2009;25(5):1057-72.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Does chronic low-dose aspirin use benefit bone health? A cross-sectional study on patients with type 2 diabetes mellitus
	Abstract 
	Introduction 
	Materials and methods 
	Results 
	Conclusions 

	Introduction
	Methodology
	Subjects
	Data collection and medication use
	Laboratory methods
	BMD and dual-energy X-ray absorptiometry methods
	Statistical analysis

	Results
	Characteristics of the study population
	Relationship between chronic low-dose aspirin use and serum levels of bone remodeling biomarkers
	Relationship between chronic low-dose aspirin use and BMD

	Discussion
	Conclusion
	Acknowledgements
	References


